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H i s t o r i c a l  Notes - 

The Symposium o f  North-Eas t e r n  ,Accel e r a t o r  Personnel was founded i n  1967 
by McMaster U n i v e r s i t y ,  U n i v e r s i t 6  de Montrga l ,  and Chalk R i v e r  Nuc lear  Labor- 
a t o r i e s .  The purpose was t o  p r o v i d e  a  forum f o r  t h e  d i s c u s s i o n  o f  p r a c t i c a l  ; 
day-to-day problems and t h e i r  s o l u t i o n s  t h a t  a r e  never presented i n  formal  
papers a t  t h e  l a r g e r  meet ings.  

The name was chosen on t h e  bas i s  t h a t  some o f  t h e  nearby U.S. l a b s  m i g h t  
w i sh  t o  ' j o i n  o u r  meet ings.  The term "Symposium" was suggested by N e i l  Burn 
because o f  i t s  c l a s s i c a l  Greek d e f i n i t i 0 n . l  

The group has now outgrown i t s  o r i g i n a l  geographic boundaries t o  i n c l u d e  
members from eve ry  c o n t i n e n t  except  As ia .  The formal o r g a n i z a t i o n  c o n s i s t s  o f  
one f i l i n g  c a b i n e t  a t  McMaster, a  m a i l i n g  l i s t ,  and a  bank account .  The annual 
meet ing  i s  handled e n t i r e l y  by t h e  sponsor ing i n s t i t u t i o n .  The t a b l e  below 
l i s t s  t h e  sponsor ing i n s t i t u t i o n s  and t h e  number o f  p a r t i c i p a n t s  f o r  t h e  f i r s t  
f o u r t e e n  Symposia. 

Through t h e  years  t h e  s t y l e  o f  t h e  meet ing has changed from t ' ime t o  t ime,  
b u t  t h e  emphasis has always been on i n f o r m a l i t y  and spontaneous d i scuss ion .  
The p r o d u c t i o n  o f  ve rba t im  proceedings s t a r t e d  w i t h  t h e  second meet ing.  I t  i s  
a  d i f f i c u l t  task ,  b u t  t he  r e s u l t i n g  volumes a r e  ext remely  va luab le  t o  a l l  mem- 
bers,  e s p e c i a l l y  those who were unable t o  a t t e n d  t he  annual meet ing. Hope fu l l y ,  
SNEAP. w i l l  con t i nue  t o  be a  sma l l ,  b u t  u s e f u l  o r g a n i z a t i o n  o f  people respons ib l e  
f o r  t h e  o p e r a t i o n  o f  e l e c t r o s t a t i c  acce le ra to r s .  --- John W .  McKay 

"Anc ien t  Greek a f t e r - d i n n e r  p a r t y  w i t h  music ,  dancers, o r  conve rsa t i on .  . ." 
Oxfo rd  Concise D i c t i o n a r y  ( f o u r t h  e d i t i o n ,  1951 ) . 

Date - 
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1970 

SNEAP 1  967-80 

Number o f  
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Univers i t i !  de Montr6a l  12 
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Queen's U n i v e r s i t y  

McMaster U n i v e r s i t y  

F l o r i d a  S t a t e  U n i v e r s i t y  

Los Alamos S c i e n t i f i c  ~ a b o r a t o r ~  

Oak Ridge Na t i ona l  Labora to ry  . 

U n i v e r s i t y  o f  Pennsylvania 

U n i v e r s i t y  o f  Wisconsin 83 
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Biographical Note 

Professor David Huber, Chairman of t h e  Department of Physics,  
presented a s h o r t  welcoming address and introduced t h e  f i r s t  speaker of 
t h e  symposium. Raymond G. Herb i s  p res iden t  of National E l e c t r o s t a t i c s  
Corporation and Charles Mendenhall Professor  of Physics,  Emeritus, a t  t h e  
Universi ty of Wisconsin. I n  1933 a s  a second-year graduate s tudent  a t  
Wisconsin,Herb began the  development work t h a t  l e d  t o  t h e  f i r s t  e l e c t r o -  
s t a t i c  acce le ra to r  insu la ted  by high-pressure gas.  I n  1935, with D.B. Par- 
kinson and D.W. Kerst ,  he developed the  f i r s t  column enclosed by c l o s e l y  
spaced metal r i n g s  graded i n  p o t e n t i a l :  This second a c c e l e r a t o r  operated 
a t  2.6 MV and a f t e r  Herb and C.M. Turner remodeled t h e  machine it achieved 
4.5 MV with a beam of protons. 

During 1940-1945 Herb worked on microwave rada r  a t  the  Massachu- 
setts I n s t i t u t e  of Technology Radiation Laboratory. I n  1946 he re turned 
t o  Wisconsin with one of two Wisconsin a c c e l e r a t o r s  t h a t  had been taken 
t o  Los Alamos and re-established t h e  research  program i n  nuclear  physics.  
A broad development program was undertaken which u t i l i z e d  undergraduate 
and beginning graduate s tudents .  This work l e d  t o  t h e  f i r s t  ge t ter - ion  
vacuum pump and t o  t h e  f i r s t  beams of H- and ~ e -  making t h e  tandem accel -  
e r a t o r  p r a c t i c a l .  Herb and h i s  s tuden t s  developed metal-to-ceramic bonding 
techniques and the  pel le t -chain  charging system. 

I n  1965 Herb with J.A.  E'erry:and T. Pauly founded National Elec- 
t r o s t a t i c s  Corporation. He was named a member of t h e  National Academy of 
Sciences (1955) and has received honorary degrees from t h e  Universi ty of 
Base1 and t h e  Universi ty of S ~ O  Paulo: In  1968 he received t h e  Tom W. Bonner 
Award. 
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ELECTROSTATIC ACCELERATOR DEVELOPMENT IN THE 1930's 

Raymond G. Herb 

The Ear lv  1930's 

Developments i n  physics and e s p e c i a l l y  i n  nuclear  physics and accel -  
e r a t o r  development movcd forward very rap id ly  i n  t h e  USA during t h e  1930's.  
Most of  t h e  developments I w i l l  d i scuss  came i n  t h i s  period.  

I n  1930, t h e r e  was r e l a t i v e l y  l i t t l e  physics i n  t h i s  country a n d , t h e r e  
was no nuclear  physics.  Students i n  physics were expected t o  go t o  Europe 
f o r  a t  l e a s t  p a r t  of t h e i r  graduate work t o  be adequately t r a ined .  There 
was a p o r t a n t  nuclear  pllysi~'8 in Canada and very a c t i v c  programs in France, 
Germany and England. 

My i n t e r e s t  i n  nuclear  physics d a t e s  from 1929 when Fowler, a t h e o r i s t  
a t  Cambridge, gave a t a l k  i n  Madison on nuclear  physics a t  t h e  Cavendish 
Laboratory. I w a s  then a physics major with junior  s tanding.  He repor ted  
extens ive  and, T thought, spectacular  experimental r e s u l t s .  I was sold.  I n  
1930 physics i n  t h i s  country w a s  changing rap id ly  and by 1933 many v i s i t o r s  
from Europe came t o  l e a r n  r a t h e r  than,  a s  previously,  only t o  teach.  This 
complete turnabout  was due p a r t i a l l y  t o  p o l i t i c a l  d i f f i c u l t i e s  in Europe. 
Many g i f t e d  p h y s i c i s t s  i n  Europe took p o s i t i o n s  i n  t h i s  country. Another 
f a c t o r  of g r e a t  importance was, I bel ieve ,  the  successful  demonstration of 
a high vol tage  a c c e l e r a t o r  f o r  nuclear  t ransmutat ions.  Americans l i k e d  
machines and t h e  discovery of Cockroft and Walton s e t  i n  motion a g r e a t  
surge of a c c e l e r a t o r  development and bui ld ing t h a t  c a r r i e d  t h i s  country 
forward t o  prominence i n  nuclear  physics and served t o  s t imula te  o t h e r  a r e a s  
of  physics. 

The Cyclotron of E.O. Lawrence and the  b e l t  charged sphere of R o b e r L  
Van de Graaff shared popu la r i ty  and importance with the  Cockroft Walton 
machines i n  our  l a b o r a t o r i e s  of physics.  My account of f u r t h e r  develop- 
ments w i l l  be concerned only with t h e  e l e c t r o s t a t i c  a c c e l e r a t o r s  t h a t  
evolved from t h e  Van de Graaff innovation. Van de Graaff f i r s t  published 
i n  1931. Figure 1 is a diagram he included i n  h i s  pa ten t  appl ica t ion .  In  
t h e  f a l l  of  1931 he took a pos i t ion  a t  MIT. Karl Compton, then Pres ident  
of MIT was very i n t e r e s t e d  i n  Van de Graaff ' s  machine. 

A t  MIT, Robert Van de Graaff with t h e  e n t h u s i a s t i c  support of Karl 
Compton b u i l t  t h e  machine of Fig. 2. The spheres were 4.57 meters  i n  . 
diameter (15 f e e t )  and the  machine was housed i n  a former d i r i g i b l e  hanger 
a t  Round H i l l ,  Connecticut. Measurements of high voltage were then com- 
monly achieved by observation of sparking between spheres u t i l i z i n g  t h e  
accepted g rad ian t  value of 30 kV/cm f o r  t h e  d i e l e c t i c  s t r eng th  of a i r .  A 
smooth i s o l a t e d  sphere of 4.57 meters  diameter was expected t o  have a 
sparking p o t e n t i a l  of 13.7 MV. With a p o s i t i v e  ion  source i n  one sphere 
a t  a p o s i t i v e  p o t e n t i a l  and a t a r g e t  i n  t h e  second, which was t o  be nega- 
t i v e ,  ion  ene rg ies  up t o  25 MeV were expected. Figure 3 shows e a s i l y  
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nal~ievecl :-;parking i.rcrtc?ntinlr; wi.t.11 sl ,ar$s From :imooth ::;urfaces o f  t h e  
sphe.re. Such sr3arking indica ted  achievement of expected vol tage .  An 
acce le ra t ing  tube connecting the  two spheres gave t roub le  a t  r e l a t i v e l y  
low voltage.  Accurate measurements o f - spa rk ing  p o t e n t i a l s  gave about 
3 MV, l e s s  than one four th  of t h e  expected value f o r  t h e  maximum vol tage  
on each sphere. The Round H i l l  i n s t a l l a t i o n  was abandoned. The sphere 
and t h e i r  supports  were moved t o  the  MIT campus and,were arranged t o  
provide a s i n g l e  p o s i t i v e  terminal  which operated s t a b l y  up t o  2.7 MV 
and was used f o r  many years f o r  nuclear  s tud ies .  This machine i s  now on 
d i sp lay  a t  t h e  Museum of Science i n  Boston. 

The DTM Program 

The b e l t  charged spheres t h a t  Van de ~ r a a f f  had b u i l t  a t  Princeton 
were taken on loan t o  the  Department of T e r r e s t r i a l  Magnetism of the  
Carnegie I n s t i t u t i o n  of Washington. S t a r t i n g  i n  1926 a group a t  DTM 
under the  d i r e c t i o n  of Gregory B r e i t  had worked on a charged p a r t i c l e  
a c c e l e r a t o r  u t i l i z i n g  a Tesla c o i l  and a subdivided acce le ra t ing  tube i n  
high pressure o i l .  Gregory B r e i t  moved t o  New York Universi ty leaving 
Merle Tuve a s  d i r e c t o r  of the  group. S t a r t i n g  with Van de Graa f f ' s  belt 
charged spheres Merle Tuve, Lawrence Hafstad and Odd Dahl launched a pro- 
gram t h a t  was t o  l ead  t o  the  f i r s t  successful  nuclear  transmutation ex- 
periments u t i l i z i n g  e l e c t r o s t a t i c  acce le ra to r s .  

Figure 4 shows t h e i r  f i r s t  successful  machine. The mul t i sec t ion  ac- 
c e l e r a t i n g  tube which cannot be seen in t h i s  photograph extended from an 
i o n  source i n  t h e  te rminal  t o  a pumpilig system and t a r g e t  chamber toward 
the  f a r  wall  of the  p i c t u r e .  In  November and December of 1932 Tuve, Haf- 
s t a d  and Dahl observed, t ransmutat ions from a number of l i g h t  elements 
bombarded by protons and by deuterons. ~ i g u r e  5 shows t h e i r  next  machine 
with a terminal  cons i s t ing  of two hemispheres of 1-meter r ad ius  joined by 
a c y l i n d r i c a l  sec t ion .  It was put  i n t o  operat ion i n  1933 and was used 
over a period of t h r e e  decades f o r  a wide v a r i e t y  of experiments with ions  
of energies  up t o  1.2 MeV. This machine i s  now on e x h i b i t  a t  t h e  Museum 
of Science & Indust ry  of the  Smithsonian I n s t i t u t i o n ,  Washington, D.C. 

The Wisconsin Program 

Soon a f t e r  Van de Graaff ' s  1931 publ ica t ion  Glen Havens, a postdoc- 
t o r a t e  fe l low a t  t h e  Universi ty of Wisconsin was given support f o r ' a  vacuum- 
insu la ted  belt-charged machine and some months l a t e r ,  a s  a f i r s t  year grad- 
ua te  s tudent ,  I joined him i n  t h i s  work. Vacuum discharges between t h e  
spher ica l  te rminal  and the  tank wal l  of which t h e r e  was no understanding 
l imi ted  p o t e n t i a l  t o  300 kV. Glen Havens l e f t  and a f t e r  much discuss ion 
with m e m b e r s  of t h e  physics s t a f f  I decided t o  convert  t o  high pressure 
f o r  insu la t ion .  Barton, Mueller and Van Atta had previously obtained 
high voltage u t i l i z i n g  high pressure a i r  but  had no t  attempted t o  bu i ld  an 
acce le ra to r .  Two beginning graduate s tudents ,  David Parkinson and Donald 
Kerst  joined me i n  building the  a c c e l e r a t o r  of Figure 6 with an out lay  f o r  
c a p i t a l  equipment of about $150.00. The f l a t  end p l a t e s  of t h e  tank w e r e  
n o t  designed f o r  high pressure.  I held a meter s t i c k  ac ross  one end p l a t e  
when we f i r s t  pressur ized  and,when it had bowed ou t  5 mm, I s a i d  "That 's  
enough". We thereby adopted a working pressure  of 3.3 atmospheres (50 p s i g ) .  



A hal f  mi l l ion  v o l t s  came quickly.  One day working alone on a s e l f -  
induced charging system which el iminated the  belt charging power supply, 
I thought t h e  belt needed cleaning.  I se lec ted  a b o t t l e  of CcR4 f o r  the  
c leaning and was su rp r i sed  by g r e a t l y  improved performance which rever ted  
t o  normal a f t e r  a few minutes. Another cleaning again gave spectacular  
improvement f o r  s e v e r a l  minutes. Pouring a few c c ' s  of CCR4 i n  the  tank 
gave t h e  same spec tacu la r  performance. With prospects  looking i n t r i g u i n g ,  
I nex t  poured acetone i n t o  t h e  tank.  With the  f i r s t  spark it caught on 
f i r e .  Of e a s i l y  a v a i l a b l e  a d d i t i o n s  t r i e d ,  CCRI, proved t o  be best and 
wi th  CCR4 i n  air  we  reached one mi l l ion  v o l t s  in 1933. 

Then came mwths  of t e s t s  with a g r e a t  number of acce le ra t ing  tube 
conf igura t ions .  W e  w e r e  forced t o  subdivide and f o r  p o t e n t i a l  d i s t r i b u t i o n  
we  w e r e  forced t o  use corona gaps because of t h e  compact geometry. Our 
b e s t  tube,  about 42 c m  long, using 7-cm lengths  of pyrex tubing held 400 kV 
dependably. This was t h e  f i r s t  tube t o  opera te  i n  high pressure  gas. 

With a few more months of development we had a s u f f i c i e n t l y  compact ion  
source with low power requirements and i t s  power supply. Donald K e r s t  
wound the  transformers f o r  t h i s  supply. F i r s t  observations of C1 p a r t i c l e s  
from l i th ium bombarded by protons were made i n  1934 u t i l i z i n g  s c i n t i l l a -  
t i o n s  from a z inc  s u l f i d e  screen. Then, with point  counters  w e  developed 
and without t h e  b e n e f i t  of a s c a l e r  we obtained a y i e l d  curve up t o  400 
keV which I used f o r  my Ph.D. t h e s i s .  

With papers w r i t t e n ,  t h e s i s  accepted and f i n a l  examination passed I 
l e f t  f o r  t h e  Eas t  with Gregory B r e i t  i n  t h e  spr ing  of  1935 and spent  t h e  
summer with Tuve, Hafstad and Dahl a t  DTM where I b u i l t  a 1-MV voltmeter  
us ing one thousand 1-kV r e s i s t o r s .  

The 2.5-MV Accelerator  

~ a c k  i n  Madison i n  the  f a l l  of 1935 on a pos tdoctora l  appointment, 
I worked with Dave Parkinson and Donald K e r s t  on p lans  f o r  a l a r g e r  ac- 
c e l e r a t o r .  nis machine, shown i n  Figure 7 ,  was t h e  f i r s t  t o  u t i l i z e  a 
column f o r  f i e l d  c o n t r o l ,  with i n s u l a t i n g  supports ,  charging belt and 
a c c e l e r a t i n g  tube  i n  a uniform f i e l d .  This machine went e a s i l y  t o  2.4 MV 
with very l i t t l e  tube condit ioning and gave dependable da ta  up t o  a maxi- 
mum proton energy of 2.6 MeV. Data u t i l i z i n g  proton beams from t h i s  
machine were used by Dave Parkinson and Donald K e r s t  f o r  t h e i r  Ph.D. 
theses .  Groups from many l a b o r a t o r i e s  came f o r  v i s i t s  and then b u i l t  
l a r g e r  machines, with expecta t ions  of going t o  10 MV o r  beyond. ~ i g u r e  8 
shows the  pear shaped tank b u i l t  by Westinghouse a t  t h e i r  Eas t  P i t t sburgh 
Laboratory. Results  wi th  the  l a r g e  a c c e l e r a t o r s  were disappoint ing.  

The 4.5-MV Accelerator  

~t Wisconsin we made p lans  f o r  a very l a rge  acce le ra to r  b u t  decided 
i n  1938 t o  undertake ins tead  a complete r ev i s ion  of our machine. Figure 9 
shows the  a c c e l e r a t o r  we completed i n  1940 u t i l i z i n g  t h e  tank of t h e  machine 
of Figure 7. I t  went quickly t o  4.5 MV in t he  f a l l  of 1940. J.L. McKibben 
and C.M. Turner played major r o l e s  i n  t h e  development work, and i n  the  
design and i n  cons t ruct ion  of t h i s  machine. A t  t h a t  time t h e  range of 
protons  i n  a i r  gave t h e  most dependable energy measurements. With the  
beam emerging through an  aluminum f o i l  I held  a meter s t i c k  up t o  t h e  beam 
t o  determine t h e  4.5-MeV energy. In  1940 s a f e t y  standards were n o t  s t r i c t .  



Later - 
In December of 1940 E.O. Lawrence v is i ted  me i n  Madison, and invited 

m e  t o  join the newly formed Radiation Laboratory a t  MIT for  work on what 
was t o  become radar. War appeared imminent. I was number forty when I 
arrived a t  the Radiation Laboratory l a t e  i n  December. Almost a l l  of the 
forty were nuclear physicists. Four years l a t e r  the laboratory had ex- 
panded t o  over 2000. 

My students remained a t  Wisconsin. Later they moved t o  the newly 
organized laboratory a t  Los Alamos with the accelerator of Figure. 9 and 
with a second machine b u i l t  by McKibben fo r  developnent studies. 

In the f a l l  of 1945 a s  the Radiation Laboratory was disbanding there 
was much uncertainty about the futGre. There was widespread feeling t h a t  
almost a l l  of nuclear physics was understood. Julian Schwinger gave a 
ta lk  i n  which he pointed out tha t  t h i s  feeling was not ent i re ly  correct 
since the quadrupole moment of the deuteron was not fu l ly  understood. 

In 1947 HVEC was founded for  construction of machines f o r  s t e r i l i za -  
t ion and for  polymerization. Surprisingly, they received an order fo r  a 
5-MV research machine for  Oak Ridge, Apparently some people thought 
there was some nuclear physics still t o  be done. The machine was bui l t .  
It worked. In a discussion a t  HVEC I mentioned t o  Denis Robinson tha t  I 
thought the country could use a second research machine. Denis quoted 
me. To the surprise of a l l  physicists conditioned t o  the  1930's a second 
machine was buil t .  It  went t o  the Rice Ins t i tu te .  

In the summer of 1948 I was eating lunch on the Wisconsin Union ter -  
race with Alvin Wienberg and Eugene Wigner. Alvin Weinberg commented on 
the surprising growth of the Physical Review which was more than 1-cm 
thick and came out every two weeks. Eugene replied that t h i s  was a 
s t r i c t l y  temporary expansion due t o  events of the war and l i k e  a de l ta  
function, it would soon revert t o  its previous lean form. 

Viewed fram the 80's ac t iv i ty  i n  nuclear physics and i n  a l l  of science 
may appear t o  be a b i t  slow. There is concern about funding lag and in- 
novation lag. Viewed from the 1930's the present level  of sc ien t i f i c  ac- 
t i v i t y  i s  a dazzling spectacle. These levels  of funding and research ac- 
t i v i t y  are being accepted a s  normal i n  many countries so t h a t  there is now 
the stimulus of competition. The pace of sc ient i f ic  and technical advance 
has been gathering momentum for  twenty years. The next twenty years w i l l  
be fabulous. I expect t o  be in  the thick of it for  the f u l l  twenty years. 



Fig. 1 .  Line drawing from Van de Graaf f 's  o r ig ina l  
patent appl ica t ian  . 
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Fig .  4 .  ( 1  932) =irst  electrostatic acceleratc~r F i g .  5 .  (1 933) Two-neter DTM acml erator accel er- 
used i n  nuclear shysics res~arch.  ated Ions to 1 . 2  MeV. I n  backgrwnd f rom l e f t  are 

M.A. Tuve, L.W. Hoafstat, end 0 .  Oahl. 





F i g .  8. Westinghouse Research Laborator ies i n  
Pi t tsburgh,  Pennsylvania housed a 4-MV machine. 
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ARGONNE NATIONAL LABORATORY 

1979-80 TANDEM ACCELERATOR REPORT 

J. L. YNTEMA, P. K. DENHARTOG, P; BILLQUIST, F. MUNSON 

The Argonne FN tandem ope ra t ed  d u r i n g  t h e  p a s t  yea r  f o r  20 weeks 

a s  an  i n j e c t o r  t o  t h e  ~ u p e r c o n d u c t i ' n ~  l i n a c  b o o s t e r  and a s  a s t a n d  a lone  

tandem t h e  remainder of  t h e  time. It i s  expec ted  t h a t  du r ing  t h e  coming 

y e a r  t h e  tandem w i l l  f u n c t i o n  a s  a n  i n j e c t o r  f o r  t h e  boos t e r  f o r  about  

26 wceks. A completc r e p o r t  on t h e  s t a t u s  of t h e  tandem-linac system 

w i l l  b e  g iven  i n  a l a t e r  s e s s ion .  

The a c c e l e r a t o r  ope ra t ed  w e l l  d u r i n g  t h e  yea r  w i t h  no major 

problems. An ' increas ing  i n s t a b i l i t y  e v i d e n t  i n  t h e  most demanding of 

exper iments  accompanied by d e c r e a s i n g  t r a n s m i s s i o n  l e d  t o  t h e  removal and 

r e b u i l d i n g  of t h e  dua l  enc losed  corona t u b e  systems. Both t h e  column and 

a c c e l e r a t o r  tube  corona tube  systems had logged i n  excess  of  15,000 hour s  

o f  o p e r a t i o n  a t  t h e  t ime of  t h e i r  removal. The r e l a t i v e  need le  wear on 

t h e  two systems i n d i c a t e s  t h a t  t h e  tube  corona should probably b e  r ep l aced  

a t  a more f r equen t  i n t e r v a l ,  p o s s i b l y  10,000 hour s ,  whi le  t he  column system 

can  probably  f u n c t i o n  w e l l  i n  exces s  of  15,000 hours .  During t h e  p a s t  

y e a r  t h e  a c c e l e r a t o r  tubes  have n o t  been vented  and have n o t  r equ i r ed  baking. 

A microcomputer h a s  been i n s t a l l e d  i n  t h e  t e rmina l  of  t h e  FN 

tandem and h a s  func t ioned  we l l .  The computer i s  p r e s e n t l y  used t o  index 

f o i l  p o s i t i o n s  and more a p p l i c a t i o n s  a r e  planned f o r  t h e  f u t u r e .  Coauuun- 

i c a t i o n  between t h e  t e rmina l  computer and ground i s  through a f i b e r  o p t i c  

l i n k .  I n  a d d i t i o n ,  a s e p a r a t e  l i n k  is used t o  cont inuous ly  monitor  a 

25 L/s i o n  pump. 



We continue to utilize the ~lorida State inverted sputter source 
. . 

of Dr. Chapman almost exclusively. The negative ion extraction efficiency 

has been doubled by a redesign o£ the extraction geometry. The potential 

is now split between the original Pierce.lens and an additional gap lens. 

- 
The sputter target-ionizer distance wasalso shortened. CaH3 output from . 

this source has been increased by hydrogenating the Ca cone and work is 

continuing on the development of beams using very small pellets of separ- 

ated IsuLoprs. 

Two other ion sources are being prepared for use wi-th the FW,' 

These are an NEC Aarhus type cesium sputter source and a University of Wis- 

consin SNICS source. Also, a new He injector is being designed which will 

use the General Ionex Model 711 charge exchange canal. A new test stand is 

being built to aid us in these ion source development activities. -.. .. 

Noc?': What i s  t h e  impetus f o r  o p e r a t i n g  t h e  charge- exchange source? - 

Den Har tog:  The He beam i s  wanted f o r  some experiments on t h e  l i n a c .  

Say lo r :  What i s  t h e  t r ansm iss ion  o f  a p a r t i c l e s ?  

Den Har tog:  A t  Argonne i t s  about  30%. What do o t h e r  people g e t  w i t h  
t h e i r  machines? 

Berners:  A t  N o t r e  hame we u s u a i i y  g e t  50% o r  -60%. 

Rowton: We a l s o  g e t  50-60% a t  LASL. 

McKay: What i s  t h e  charg ing  c u r r e n t  on t h e  P e l l e t r o n ?  

Den Hartog: About 45 PA per  cha in .  We a r e  l i m i t e d  by feedthroughs t o  
i n d u c t o r  v o l  tages o f  30 kV . 



Brookhaven Na t i ona l  Labora to ry  

Robert  L indgren 

Brookhaven tandem facility is still operating 3 shifts per day 'but in the '.- 

past year we have had to shut down operations for one weekend out of every three 

for economic considerations. As the first t.able shows, we were on for 78.6% of 

the year. This is thc first year we've dropped below 80%. The previous year we 

were at 84.6% as shown in table 2. The graph of terminal voltage of MP7 vs. 

operating time shows we were running about 19% of the time be'tween 1 3 . 2 5  and 

1 3 . 7 5  MV with about I X  at 14  MV. I find tllnt a f t e r  a tank openinp,, on an average, 

we are not able to operate at 14 MV for a period of about 3 weeks. 

We have been having chain breaking problems - 3 in 14  months - that I will 
discuss I.ater in the session on charging systems. 

The MP6-MP7 upgrading is continuing, these following subjects will be dis- 

cussed at the last session on Wednesday. 

MP6 ~odif icat ions 

Pelletron installation Improved resistor protection 
Power drive shaft ; 5-6 dead section foil stripper 
HVEC 14" SS Accel tubes Cryopump replacement for diffusion 
Dead section ion pump pumps . 

Ongoing Improvements - 

Solid tc.r~aln;ll shi.elds for both mncl~lnes 
l'awcr drivcb sl~;~lt's :~nd dcntl sect Lon pumps for M1'7 
Fi.lli11. rct;i'Stor iilstal. lation MP7 
'Turbo ant1 cryo pumps for Neg ion i1i:jectors 
Tml>rnvrrl #*st ract ion s u p p l , i ~ s  Ncg ion injectors 

1)evelopments and Future Plans 

Insulating gas optimization 
Kedcsign oS Pcllctron drive sl~caves 
Accelerator tube extension 
Accslorat Lon tube cwnd 1 t ioni~ig syatcm .. o u  pel- H O L ~ I C ~ ~ C I  
4  stage acc:eleratiori and deceleration system 



3 S T M C  WERATION ?flllg . ,  . 

2 BTMP OPERATION 58.5X 
S C ~ ~ M I ~ E D  rurrrtrm~ 3.2: 
~ S C W I # K E D  M 1)ITENAIKO 3.3X 
UI~ADI 16 2.6X 

Smnb~m~ 12,3Z t 

SHIFTS 1 

2 STAGE OPERATIOM 641 60.6 
3 STAGE OPERATION 265 24.2 
SCMMCLED ~IIITEIAMCL 67 6.1 
r w ~ ~ r p r r t  + C o a ~ r ~ r o c l r r o  23 2.1 
STAND-BY + HDCIM~S 38 3.5 
II#MI;EMR~D ~INTENA)(CL + m u  FAILURES 41 9.7 

Sr(O# DAYS 



Weitkamp: For you r  nega t i ve  o p e r a t i o n  a t  what v o l t a g e  i s  t h e  n e g a t i v e  
t e rm ina l  ? 

L indgren:  Th i s  would be f o r  t h r e e  s tage  ope ra t i on .  I n  t h a t  case t h e  
n e g a t i v e  t e r m i n a l  i s  always opera ted  between 6 . 5  and 7 MV. 

McKay: I n  you r  tab1e.s o f  u t i l i z a t i o n  t ime  how do you d e f i n e  a v a i l a b l e  
t ime?  

L indgren :  These a r e  percentages o f  t h e  t o t a l  number o f  hours i n  a  y e a r .  
I s  t h e r e  some o t h e r  way t o  d e f i n e  i t ?  

McKay: I n  f a c t  t h e r e  seems t o  be q u i t e  a  range o f  d e f i n i t i o n s  used these  
days. Some o n l y  i n c l u d e  usual  dayt ime work ing  'hours, f o r  example. That  
i s  why I asked. 

Lund: When you say t h a t  you cannot ope ra te  a t  maximum v o l t a g e  f o r  t h r e e  
o f  f o u r  weeks a f t e r  a  tank  opening does t h a t  i n c l u d e  openings i n  which 
t h e  beam tube  was n o t  opened? 

L indgren :  ,No, we can go up f a s t e r  i n  t h a t  case. 



b Y 

N .  Burn 

Apart  from two - i n c i d e n t s  descr ibed  below, t he  Chalk River ZIP Tandcm Accelera tor  
o p e r a t e d  r e l i a b l y  and unevent fu l ly  dur ing  the  p a s t  year .  By A p r i l  1, 1980, the  
h igh  g r a d i e n t  tubes  i n s t a l l e d  i n  1972 had accumulated 52,000 h of ope ra t ion  and 
the  P e l l e t r o n  cha ins  i n s t a l l e d  j.n .I974 had acc:i~lnuI.ai:cd 38,000 h.  I~cr::ing t h e  
y e a r ,  t h e  a c c e l e r a t o r  was condi t ioned  as h igh  as 13 .8  MV with the h i g h e s t  
o p e r a t i o n  f o r  exper iments  a t  13.2 MV. 

, One o f '  t h e  major advances dur ing  t h e  p a s t  year. h a s  been the reliable and. rouc ine  
p roduc t ion  of c racked  . 'e thylene , s lackened  stl :%pper ~ o ~ . I . s ' . ) ~ )  ' w h i c h  Y;i:ve u s e f u l  -' 

l i f e r $  mes 30 times longe r  than those  p rev ious ly  i n  use. 1n5. t l a l  t e s t s  were made 
i n  t h e  t e r m i n a l  o f  t h e  MP a c c e l e r a t o r  a t  4.9 MV with, a one microampere i n j e c t e d  
beam of ' 2 7 ~  . Comparative l i f e t i m e s  a r e  shown i n  Figure I.. 

P e l l e  t r o n  Chain Break 

On February 7, 1980, one of  t he  t h r e e  cha ins  i n  t h e  Low Energy end o f  t h e  
a c c e l e r a t o r  broke  dur ing  r o u t i n e  ope ra t ion ;  t h e  ter ininal  v o l t a g e  was 4 PlV 
a t  t h e  time. The only  previous  chain break  occurred  dur ing  the i n i t i a l  i n s t a l l a -  
t i o n  of t he  P e l l e t r o n  i n  1974; i t  was caused by an i d l e r  cm-ing l o o s e  and jamming 
i n  t h e  cha in ,  r e s u l t i n g  i n  a break  a t  one p o i n t  only.  Th i s  t i n e ,  u n l i k e  the  
earlier break ,  t h e  cha in  s h a t t e r e d  i n t o  about  30 p i eces  vary ing  i n  l eng th  from 
one o r  two p e l l e t s  up t o  about  30. No damage was caused t o  any other components 
i n  t h e  a c c e l e r a t o r  o t h e r  than one o r  two minor dents  on t h e  outside nf the ac- 
c e l e r a t o r  tube  e l e c t r o d e s  i n  s e c t i o n  No. 1: Subsequent tensile tests s h n w ~ d  
t h a t  t h e  nylon l i n k s  i n  t h e  f a i l e d  cha in  had a l l  become b r i t t l e .  However, 
t h e s e  test f a i l u r e s  occurred  a t  l oads  i n  excess  of 700 kg,  whereas normal 
o p e r a t i n g  cha in  t e n s i o n  is  l e s s  than 30 kg. 

C 

One d i s t u r b i n g  a s p e c t  of t h e  l a t e s t  f a i l u r e  is  t h a t  no undue l o a d  1:as be ing  
p l aced  on t h e  cha in  and t h e  break  occurred  i n  a nylon l i n k ;  a l l  o f  t h e  m e t a l  
connec t ing  p i n s  were s t i l l  i n  p l ace .  I t  has  n o t  been determined whether  t he  
embr i t t l emen t  and subsequent  f a i l u r e  of t h e  nylon w a s  caused by f a t i g u e  due t o  
v i b r a t i o n ,  i n s u l a t i n g  gas decomposition p roduc t s ,  poor p e l l e t  a r t i c u l a t i o n  due 
t o  mechanical misal ignment  o r  some o t h e r  cause. I n  any c a s e ,  the d e c i s i o n  has  
been  made t o  r e p l a c e  a l l  s i x  cha ins  w i t h  new ones.  

Column Member Break 

When t h e  a c c e l e r a t o r  tank was opened f o r  r o u t i n e  maintenance on June 29, 1980, 
a small q u a n t i t y  of broken g l a s s  was found under t h e  Low Energy column. Fur- 
ther i n v e s t i g a t i o n  r evea l ed  t h a t  one of t he  upper h o r i z o n t a l  column members i n  

' s e c t i o n  No. 1 had broken, t he  h e a v i e r  p i e c e  having dropped about 5 mm i n  
r e l a t i o n  t o  t h e  o t h e r  p i ece .  The' broken ends of t h e  g l a s s  uere s t i l l  i n  



c o n t a c t  a t  t h e  t op  b u t  had s e p a r a t e d  by about  3 mm a t  t h e  b o t t o x .  The two upper  
-:olumn members a t  t h e  Low and High Energy ends of  t h e  a c c e l e r a t o r  are n o t  i n  ' 

:ompression; t hey  a r e  s imply suppor ted  a t  bo th  ends and s e r v e  on ly  t o  ho ld  - 
g t a d i e n  t rods ,  hoops,  e  t c  . 
The two p i e c e s  of t h e  broken nember, weighing a  t o t a l  of  300 kg, were removed 
from t h e  a c c e l e r a t o r  and sh ipped  back t o  High Voltage Engineer ing  Corpora t ion  
(HVECj i n  Bur l ing ton ,  Massachuse t t s ,  USA. The member was r e p a i r e d ,  baked and 
s u b j e c t e d  t o  t h e  s t a n d a r d  t e n s i l e  p u l l  t e s t  of 9000 kg f o r  30 minutes .  It was 
r e t u r n e d  t o  Chalk River ,  r e - i n s t a l l e d  and the acceles-at .or was o p e r a t i n g  a g a i n  
OII J u l y  1 6 ,  1980. Thanks t o  t h e  skilLet1 tradesmen invol.ved, the coope ra ra t i on  
of tlVI'C and the inunediate a s s i s t a n c e  from top l e v e l s  of a d m i n i s t r a t i o n  a t  
chaik River ,  t h e  whole o p e r a t i o n  was expedi ted  smoor:hly and e f f i c i e n t l y  i n  o n l y  
1 8  days.  HVEC have been unable t o  sugges t  any cause f o r  t h e  b reak -  

Furthe]: s tidy shows that had t l ~ e  brok.t?u co3 ,an11 ~nen!bc:~- l,ec:~r nl., Ie I:& rauve 1011g:L-. 
t u d i n a l l y  , i t  could have swung do la  and wou1.d 111ost l i k e l y  Iiave baoke i~  the 
d iagona l  member inmedia te ly  below i t ,  caus ing  a complete and c a t a s t r o p h i c  
c o l l a p s e  of t h e  whole column s t r u c t u r e .  The ends of t h e s e  upper column mem- 
b e r s  are, i n  f a c t ,  f r e e  t o  move longi tudins3. ly  towards t:he base c ~ f  t h e  acce l e r - -  
a t o r .  An e longa t ed  h o l e  permi.ts a two t:o I:h~:cc: cm ~noveinent: of t h e  f r ee .  end 
t o  compensate f o r  changes i n  a c c e l e r a t o r  tank 1.ength d t ~ r i n g  p r e s s u r i z i n g ;  
however, t h e s e  changes a r e  probahly  less than one mm. The broken member was 
on ly  r e s t r a i n e d  from moving by a  c ross -p iece  t .ying i t .  t.o tlse. ba.se end of: the 
corresponding upper member on t h e  o t h e r  s 5 . d ~  of t h e  colilmn. T h e  sudden stress 
caused by t h e  break  might have caused a simi1.a). f racttrre i.n t.irat member. 
Accordingly,  i t  has  beer1 decided t o  inst.a.13. s11j.m~ behj.nc1 t:Iw f ree  e n d s  of i.he 
upper column members a t  both ends of  t h e  a c c e l e r a t o r .  l ' hese  shims w i l l  t a k e  
up most o f  t h e  e x i s t i n g  space b u t  l e ave  suff j .c j .ent  fo r  t r a v e l  du r ing  p r e s s u r i z -  
i ng .  The e x t e n t  of t h i s  t r a v e l  w i l l  be  determined by a c t u a l  measurement. 
These shims w i l l  then prevent  exces s ive  l o n g i t u d i n a l  uovenlent. i n  t h e  event  of  
any f u t u r e  f a i l u r e s .  

Superconduct ing Cyclotron S t a t u s  

A heavy i o n  superconduct ing cyc lo t ronb )  i s  planned a s  a p o s t  a c c e l e r a t o r  f o r  t h e  
MP Tandem (F igu re  2 ) .  The main nagnet  ha s  been bu i l t :  and ope ra t ed  i n  t he  super -  
conduct ing mode; f i e l d  mapping is  complete. The EZF system w i l l  be  i n s t a l l e d  i n  
t h e  magnet late i n  1980. F i f t y  p e r c e n t  of t he  conc re t e  f o r  t he  new b u i l d i n g  h a s  
been poured and o r d e r s  have been p laced  f o r  t h e  Phase 1 beam t r a n s p o r t  system. 
I t  is expec ted  t h a t  t h e  cyc3:otron w i l l  .tic?. moved i n t o  t h e  b u i l d i n g  e a r l y  i n  1982. 
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Berners: On the column break did .the glass actually break or did the 
m e p a r a t e  from the metal a t  the glue joint?  

Burn: In the f i r s t  case the glass broke. The second time the glass - 
also broke b u t  the break was closer to the metal. 

, 



The Chalk R i v e r  H igh  Vol tage Mass Separator  

D.A.S. Walker 

Th i s  f a c i l i t y  i s  s t i l l  averaging approx imate ly  100 hours/month f o r  an 
accumulated runn ing  t ime  o f  6000 hours.  S i n g l y  and doubly  charged beams o f  
heavy i ons  accounted f o r  90% o f  o u r  o p e r a t i n g  t ime  d u r i n g  t h e  pas t  12  months. 

We a r e  unab le  t o  r u n  r e l i a b l y  above - 1.7 MV because o f  suspected tube  
l o a d i n g .  The f requent  shutdowns f o r  c leanup o f  t h e  i n j e c t i o n  system, repo r ted  
l a s t  year ,  a r e  no l o n g e r  necessary f o l l o w i n g  a  4-week shutdown d u r i n g  which 
t h e  e n t i r e  t e r m i n a l  l e n s  and X-Y s t e e r i n g  systems were c a r e f u l l y  r e a l i g n e d  
and suspect e l e c t r o n i c  components rep laced .  I t  i s  n o t  a t  a l l  u n l i k e l y  t h a t  
some f r a c t i o n  o f  t h e  source m a t e r i a l  has found i t s  way i n t o ,  and e v e n t u a l l y  
formed a  d e p o s i t  on, t h e  a c c e l e r a t o r  tube  proper ,  caus ing increased leakage 
from t h e  t e r m i n a l ,  A  f u l l  cnmpl~ment  o f  tube  sec t i ons  and coup l i ng  f langes ,  
t o g e t h e r  w i t h  a  complete s e t  o f  NEC "second generat. ionfl corona p o i n t s  a r e  
ready  f o r  f n s t a l l a t i o n .  WP a r e  i n  t h e  prolonged "HOLD" s t a t e  w i t h  which most 
o f  you a re  s u r e l y  f a m i l i a r ,  where in  t h e  a c c e l e r a t o r  i s  i n  need o f  maintenance 
t o  r e t u r n  i t  t o  r a t e d  s p e c i f i c a t i o n s ,  b u t  such t ime  cannot be f i t  i n t o  t h e  
schedule because you can s t i l l  p rov ide  a  b i t  o f  beam t o  t he  t a r g e t  area.  

Our 2UH s t i l l  uses t h e  o r i g i n a l  p u l l e y  des ign,  based on s p r i n g  c o n t a c t  
w i t h  t h e  cha in .  Dur ing  " l o s s  o f  upcharge" i n v e s t i g a t i o n s  we i n s t a l l e d  a  p e l -  
l e t  m o n i t o r i n g  system s i m i l a r  t o  t h e  BNL des ign  descr ibed  a t  SNEAP ' 7 8 .  Th is  
l e d  t o  t h e  i n s t a l l a t i o n  o f  a  new s e t  o f  sp r i ngs  i n  o u r  base p u l l e y  and im- 
proved charg ing  u n i f o r m i t y .  D e t a i l s  o f  t h i s  i n v e s t i g a t i o n  w i l l  be g i ven  i n  
a  l a t e r  sess ion.  

No SNEAP meet ing would be complete w i t h o u t  r e fe rence  t o  a  p o r t a b l e  SF 
d e t e c t o r .  We r e c e n t l y  purchased an A l l  temp Products Co. model HH300 "Hal i 8 e  
Hound". Th is  i ns t rumen t  has impress ive  s e n s i t i v i t y  and, w i t h  SF6 p r e s e n t l y  
a t  $435.00 p e r  c.yl i n d e r ,  i t  p a i d  f n r  i t s e l f  i n  s h o r t  o r d e r ,  

User r eques t s  f o r  more complete beam d iagnos t i cs  have l e d  t o  t he  deve l -  
opment o f  an " i n  l i n e "  beam c u r r e n t  mon i t o r  and a  massmeter. A l e n g t h y  e f f o r t  
i n t o  t h e  use o f  f a s t  i n t e g r a t o r s  and sample and ho ld  c i r c u i t s ,  based on t h e  
t i m e  r e l a t e d  i n f o r m a t i o n  p rov ided  by ou r  f i v e  NEC Beam P r o f i l e  Moni tors ,  
proved u f  1  i t t l e  p r a c t l c a l  use as an "abso lu te "  dev ice  because o f  t h e  uncer-  
t a i n t i e s  assoc ia ted  w i t h  secondary e l e c t r o n  p roduc t i on  w i t h i n  t h e  mon i t o r ,  
and d i f f e r e n c e s  i n  scanning motor  speeds. A  much s imp le r  system, based on 
s lower  i n t e g r a t i o n  o f  t h e  RPM preamp o u t p u t  p rov ides  an adequate m o n i t o r .  
Once t h e  beam shape and i n t e n s i t y  have been op t im ized  f o r  a  q i ven  exper iment,  
l t ~ e  a lon i to r  r eadou t  can be normal ized w i t h  a  Faraday cup and used as a  measure 
o f  beam i n t e n s i t y  d u r i n g  t h a t  r u n .  Th i s  method n f  m~aslrrr?ment obv ia te6  d i r e c t  
connec t ion  t o  t h e  t a r g e t  and i s ,  t h e r e f o r e ,  independent o f  t a r g e t  m a t e r i a l  
( i  .e. no v a r i a t i o n  i n  secondary e l  e c t r o n  emiss ion)  . 

Analog s i g n a l  s, d e r i v e d  from the  a c c e l e r a t o r  genera t ing  vo l tme te r  (GVM) , 
and Ilr.um a  H a l l  probe l o c a t e d  i n  t h e  d t l a l y r i r ~ g  magnet, are fed  i n t o  a  c i r c u i t  
whose o u t p u t  generates a  s i gna l  p r o p o r t i o n a l  t o  M = k  B ~ / v ,  where M i s  t h e  
mass (amu), B  i s  t h e  magnet ic f i e l d ,  V i s  t h e  a c c e l e r a t o r  v o l t a g e  and k i s  a 
c a l i b r a t i o n  cons tan t .  Bench t e s t s  i n d i c a t e  a  system accuracy o f  approx imate ly  
0.3%. Once norma l i zed  "on - l i ne " ,  no change i n  k  was r e q u i r e d  f o r  t h e  f o l l o w i n g  
c o n d i t i o n s :  a )  gene ra t i ng  v o l t m e t e r  v a r i a t i o n s  o f  0.6-1.5 MV a t  mass 28 and 
b) mass v a r i a t i o n s  o f  12-44 a t  1.5 MV. Case ( b )  i l l u s t r a t e s  ou r  most p r a c t i c a l  
a p p l i c a t i o n .  Subsequent runs  have extended t h e  range t o  mass 132. I nhe ren t  



n o n l i n e a r i  t i e s  i n  t h e  GVM n e c e s s i t a t e  minor  r e c a l  i b r a t i o n ,  p r i m a r i l y  a t  lower  
(<  500 kV) t e rm ina l  p o t e n t i a l s .  As m igh t  be expected, r e c a l i b r a t i o n  becomes 
more c r i t i c a l  f o r  l a r g e  masses a t  l ow  te rm ina l  p o t e n t i a l s .  To da te  t h e  maxi-  
lliuni r e c d l i b r a t i o n  c o r r e c t i o n  i s  l e s s  than  1% which i s  w e l l  w i t h i n  t h e  o r i g i n a l  
dos iqn goa l .  

For p a r t  of  t he  year  we had an e l e c t r o s t a t i c  charge s t a t e  and energy an- 
a l y z e r  i n  o p e r a t i o n  i n  the  t a r g e t  a rea .  We have made use o f  t h e  charge s t a t e  
d i s t r i b u t i o n s  and energ ies o f  i ons  t r a n s m i t t e d  th rough a  f o i l  p laced i n  t h e  
beam t o  p e r m i t  i d e n t i f i c a t i o n  o f  t h e  beam c o n s t i t u e n t s  ( b o t h  atomic and molec- 
u l a r ,  t h e  l a t t e r  d i s s o c i a t i n g  i n t o  equa l . . ve loc i t y  f ragments i n  t h e  f o i l  ) . 
Wi th  t h e  he1 p  o f  t h i s  d i a g n o s t i c  method we have i d e n t i f i e d  1 4 ~ * +  
1bN ++ 

(2E) and 
( E )  beams a t  a  magnet s e t t i n g  a p p r o p r i a t e  t o  a  mass 7 ,  charge s t a t e  1 ,  

beam o f  energy E, t he  mo lecu la r  beam charge changing t o  2+ i n  t h e  f l i g h t  pa th  
between t h e  accel  e r a t i o n  tube and ana l yz i ng  magnet. The i n t e n s i r 1  r a t i o  
N2++/N2+ was - 1 0 - j .  S i m i l a r  analyses have i d e n t i f i e d  an (A1C1) beam a t  
"mass 31" and a  ( B F ~ ) +  beam a t  "mass 49".  A  f u l l  r e p o r t  w i l l  be presented a t  
n e x t  month's conference on t h e  A p p l i c a t i o n  o f  Acce le ra to r s  i n  Research and 
I n d u s t r y  t o  be he ld  i n  Denton, Texas. 



Duke S t a t i o n  
Durham, Nor th  C a r o l i n a  27706 

J o h n  F, W i l k e r s o n  a n d  C h r i s  R, U e s t e r f e l d t  

I n  t h e  l a s t  year s e v e r a l  p r o j e c t s  i n  t h e  l a b o r a t o r y  h a v e  
c o n t i n u e d  o r  bequn: 

1) P o l a r i z e d  I o n  S o u r c e  Upqrad inq  - The Lamb - S h i f t  
p o l a r i z e d  s o u r c e  is b e i n g  m o d i f i e d  a s  q u i c k l y  a s  t h e  e x p e r i m e n t a l  
p roq ram wi L1 a l l o v ,  N e w  i n t e r l o c k  and  c o n t r o l  s y s t e m s  b a s e d  on  a  
(n-6800) m i c r o p r o c e s s o r  h a v e  been b u i l t  and a re  b e i n q  i n s t a l l e d ,  
Neu s p i n  f i l t e r  c o i l s ,  ref, c a v i t y ,  a r q o n  c rpopumpihq ,  a n d  f a s t  
s p i n  - f Z i p  systems are i n  various s t a q e s  o f  d e s i q o ,  a s s e m b l y ,  
a n d  t e s t i n q ,  The bunched p o l a r i z e d  beam c o n t  i n l l e s  t o  r u n  
r e l i a b l y  and  o f t e n  f o r  a n  a c t i v e  proqram u s i n q  p u l s e d  p o l a r i z e d  
n e u t r o n s  from t h e  old,%) JXe r e a c t i o n -  

2) C r y o g e n i c  P o l a r i z e d  T a r q e t  F a c i l i t y  - With in  t h e  last s i x  
m o n t h s  t h e  l a b o r a t o r y  h a s  r e c i e v e d  f u n d s  t o  p u r c h a s e  a 3 H e  - @ H e  
d i l u t i o n  r e f r i q e r a t o r ,  a  c r y o s t a t ,  and a s a p e r c o n d u c t i n q  magnet 
s y s t e m  as a b a s i s ,  f o r  a  new s y s t e m  fo r  p r o d u c i n q  s p i n  p o l a r i z e d  
t a rqe t s  b y  b r u t e  - force c o o l i n g  t o  low t e m p e r a t u r e .  The basic  
p h y s i c s  i n t e r e s t  is . i n  s p i n  - s p i n  efLects i n  neutron - nucleus 
s c a t t e r i n q  a s  o b s e r v e d  i n  e x p e r i m e n t s  u s i n q . p o l a r F z e d  n e u t r o n  
beams i n c i d e n t  o n  t h e s e  p o l a r i z e d  t a r g e t s -  T h e  r e f r i q e r a t o r  a n d  
maqnet  h a v e  b e e n  o r d e r e d ,  a n d  t h e  c r y o s t a t  is b e i n g  d e s i q n e d ,  
Component  d e l i v e r y  and i n i t i a l  sys t e rn  tes ts  a r e  e x p e c t e d  i n  l a t e  
summer o r  fall 1991, . . 

3 1 A P u l s e d  Beam I n j e c t o r  f o r  t h e  C y c l o t r o n  - To f a c i l i t a t e  
e x p e r i m e n t s  a t  c y c l o q r a f f  e n e r q i e s  ( E p  = 17 t o  32 H e V ,  Ed = 17 t o  
25 M e V )  w h i c h  u t i l i z e  n e u t r o n  time of f l i g h t  t e c h n i q u e s  t o  detect  
t h e  o u t q o i n q  p r o d u c t s  of elastic scatter i n q  o r  r e a c t i o n s ,  a 
p r o j e c t  h a s  j u s t  bequn  t o  d e v e l o p  a  new e x t e r n a l .  i o n  s o u r c e  f o r  
t h e  TUNL c y c l o t r o n  p u l s e d  a t  2.5 o r  5  nHz, T h e  q o a l  is t o  p u l s e  
and  b u n c h  t h e  e x t e r n a l  beam from t h i s  s o u r c e  e f f i c i e n t l y  a t  1 1 5  
or 1/10 t h e  c y c l o t r o n  f r e q u e n c y ,  inject this beam i n t o  t h e  
c y c l o t r o n ,  acceleteatc iL, a n d  e x t r a c t  i.t. c l e a n l y  i n  b u r s t s  a t  
200 us o r  490 n s  i n t e r v a l s ,  D e s i q n  and c o n s t r u c t i o a  of  t h e  new 
i o n  s o u r c e  h a s  j u s t  bequn. Tests of p r o t o t y p e  r,f, s y s t e m s  f o r  
b u n c h i n q  t h e  beam a r e  p r o c e e d i n q  s e p a r a t e l y ,  

4)  N e w  D e t e c t o r  f o r  t h e  R a d i a t i v e  C a p t u r e  Proqtam - The'gamma- 
r a v  d e t e c t o r  p r e s e n t l y  u sed  in t h e  TUNL r a d i a t i v e  c a p t u r e  program. 
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4s a .  A i c r o n  2 5 - 4  x 2 5.4 cm NaI d e t e c t o r  v i e v e d  by s i x  RCA 8575 
p h o t o m u l t i p l i e r  t u b e s ,  The Ha1 d e t e c t o r  is s u r r o u n d e d  by a n  
NE- 11 0. p l a s t i c  a n n u l u s  'v iewed,  by. e i q h t  XP-1031 p h o t o m u l t i p l i e r  
t u b e s ,  The s h i e l d  is o p e r a t e d ,  i n  a n t i c o i n c i d e n c e .  w i t h  t h e  NaI 
d e t e c t o r  p r i m a r i l y  t o  e l i n i n a t e  c o s m i c  r a y  b a c k g r o u n d  i n  t h e  
d a t a , .  The  d e t e c t o r  a s s e m b l y  is e n c l o s e d  i n  a  m a s s i v e  s h i e l d  o f  
l e a d  a n d  p a r a f f i n  ( d o p e d .  w i t h  ' L k C O , )  and mounted o n .  a steel 
c a r r i a q e  w h i c h  r o l l s  o n  steel p l a t e s  t o  e n a b l e  a n q l e  a n d  t a r q e t -  
d e t e c t o r  d i s t a n c e  s e l e c t i o n ,  We h a v e  o r d e r e d  a  d u p l i c a t e .  o f  t h e  
N ~ I  d e t e c t o r  a n d ,  a n t i c o i n c i d e n c e  a n n u l u s  f r o m  B i c r o n ,  and i t  is 
t o  b e  d e l i v e r e d  d a r i n q  1980, Work on  t h e  s n p p o r t i n q  c a r r i a g e  is 
n e a r l y  c o m p l e t e d ,  i n ' t h e  TUNL s h o p ,  The a v a i l a b i l i t y  of a s e c o n d .  
d e t e c t o r  w i l l .  r e d u c e  t h e  time r e q u i r e d  f o r  d a t a  t a k i n q  a n d  
s u b s t a n t i a l l y  i m p r o v e  t h e  a c c u r a c y  o f  a n a l y z i n g  p o v e r  d a t a  s i n c e  
it w i l l  p e r m i t  s i m u l  t a n e o u s  measu remen t s '  on bo th  s i d e s  o f  t h e  
beam, 

5 1 A N e w  Comput iaq  F a c i l i t y  a t  TUHL - E a r l y  t h i s  y e a r ,  TUBL 
t o o k  d e l i v e r y  of a  DEC V A X  11/780  c o m p u t e r  s y s t e m ,  which  w i l l  
s o o n  r e p l a c e  t h e  two DDP-224 c o m p u t e r s ,  i n  use s i n c e  1965,  f o r  
d a t a  a c q u i s i t i o n  and a n a l y s i s ,  The  p r e s e n t  c o n f  i q u r a t i o n  o f  t h i s  
new syste 'm is diagrammed below, 
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T h i s  s y s t e m  was up  f o r  i n t e r a c t i v e  a n d  b a t c h  j o b  u s a q e  s o o n  
a f t e r  a c o e p t a n c e ,  A t  t h i s  time, e n o u q h  o f  t h e  d a t a  a c q u i s i t i o n  . 
i n t e r f a c e  h a s  b e e n  i mplemented t o  a l l o w  a c q u i s i t i o n  of ' s i n g l e  
parameter d a t a ,  T h e  d a t a  a c q u i s i t i o n  proqrarnming t h a t  h a s  b e e n  
i n s t a l l e d  is a n  e v e n t  a n a l y s i s  l a n q u a q e  ( S V A L )  , EVAL p r o v i d e s  a 
l a n q u a q e  w h i c h  is b r o a d  e n o u q h  t o  a l l o w  d a t a  s o r t i n g  a l q o r i t h m s  
t o  b e  e a s i l y  s p e c i f i e d ,  b u t  w h i c h  is s i m p l e  e n o u g h  t h a t  t h e  
c o m p i l e r  is  a b l e  t o  q e n e r a t e  c o d e  w h i c h  e x e c u t e s  q u i t e  q u i c k l y ,  
W i t h  EVAL, a l l o c a t i o n  o f  d a t a  a r r a y s ,  parameters, a n d  d e v i c e s  is 
done d v n a m i c h l l v ,  T h i s  m e a n s  t h a t  there is n o  h e e d  t o  c o m p i l e  
s e p a r a t e  d a t a  t a k i n q  p r o q r a a s  s p e c i f i c  t o  e a c h  e x p e r i m e n t , .  + I n  a 
s e n s e ,  t h e r e  i s  o n l y  one s u c h  p r o q r a m ,  g e n e r a l  e n o u g h  t o  l e t  e a c h  
u s e r  c o n f i q u r e  it t o  h i s  ovn  n e e d s  a t  r u n  time, A t  t h i s  time ue 
expect t o  be a b l e  t o  use the V A X  f o r  d a t a  a c q u i s i t i o n  e a r l y  n e x t '  
y e a r -  

6 )  T h e  3 JeV A c c e l e r a t o r  L a b o r a t o r y  - Ue are p r e p a r i n g  t o  
n p q r a d e  o u r  3 t¶V KW Van d e  Graaff a c c e l e r a t o r  i n  s e v e r a l  areas, 
He h a v e  o r d e r e d  f r o m  EVEC, a s t a i n l e s s  s tee l  e l e c t r o d e  
a c c e l e r a t o r  t u b e ,  w i t h  which  v e  h o p e  to  o b t a i n  s t a b l e  o p e r a t i o n  
a t  4 flV, A t  p r e s e n t  we are a b l e  t o  o p e r a t e  a s  h i g h  a s  3- 5 M V .  
w i t h  n o  i n s t a b i l i t y  or breakdown,  

We are a l s o  u p g r a d i n q  o u r  electrostatic a n a l y z e r  a n d  
associated h i q  h r e s o l u t i o n  s y s t e m ,  T h i s  s y s t e m  a t i l i z e s  t h e  HH+ 
beam f r o m  t h e  i o n  s o u r c e  t o  m e a s u r e  t h e  b e a n  e n e r q y  f l u c t u a t i o n s  
a n d  p u t  a c o r r e c t i o n  s i q n a l  on t h e  t a r q e t  r o d ,  T h e  p r e s e n t  
s y s t e m  l i m i t s  h i q h - r e s o l u t i o n  w o r k  t o  3 -3  M e V -  

The t h i r d  u p q r a d i n q  p r o j e c t  i n v o l v e s  t h e  d e s i q n  a n d  
i n s t a l l a t i o n  of a  t e r m i n a l  s t a b i l i z e r  f o r  t h i s  mach ine ,  O u r  
d e s i q n  i s  a n  i m p r o v e d  v e r s i o n  o f  t h e  s y s t e m  i n s t a l l e d  i n  t h e  5.5 
HV CN Van d e  G r a a f f  a t  Z u r i c h  i n  1967, U e  p l a n  t o  o b t a i n  o u r  
e r r o r  s i q n a l  from t h e  e l e c t r o s t a t i c  a n a l y z e r  a s  b e f o r e ,  o r  in t h e  
case of other b e a m s ,  from a s y s t e m  o f  slits l o c a t e d  i n  t h e  
e x p e r i m e n t a l  beam leq, The t e r m i n a l  s t a b i l i z e r  h a s  been d e s i q n e d  
and is i n  t h e  p r o c e s s  of b e i n q  debuqged ,  We h o p e  t o  b e  ab le  t o  
i n s t a l l  it f o r  t e s t i n q  l a t e r  o n  t h i s  f a l l -  

McKay: What beam c u r r e n t s  do you g e t  from the  po la r i zed  source? 

Wi lkerson:  1'1 '1 answer f o r  Chr is .  From the  source we get. ahout 358 
nA continuout; b c m .  I n  pulsed lllode we g e t  20U nA o f  po la r i zed  deuterons. 
Analyzed beam i s  about 75 t o  100 nA. 
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The S.F.N. tandem a t  F l o r i d a  S t a t e  h a s ' o p e r a t e d  r e F i a b l y  d u r i n g  t h e  l a s t  

,year .  Most o f  o u r  e f f o r t  h a s  been d i r e c t e d  towards  p l a n n i n g  and t h e  i n i t i a l  

s t a g e s  o f  c o n s t r u c t i o n  and i n s t a l l a t i o n  f o r  t h e  c r y o g e n i c  boos t -e r .  

A s o u r c e  d a t a  l i n k  w a s ' b u i l t  and i n s t a l l e d  and h a s  worked w e l l .  T h i s  u s e s  

a f i b e r  o p t i c  i s o l a t i o n  b u n d l e  and d i g i t a l ' r e a d  o u t .  The s t a b i l i z e r  on t h e  

p r e - a c c e l e r a t o r  supp ly  was r e d e s i g n e d  t o  p r o v i d e  a h i g h e r  d e g r e e  o f  stabili- 

z a t i o n  and h a s  proved q u i t e  h e l p f u l .  

A new b e l t  w a s  i n s t a l l e d  i n  January .  The o l d  one  had n o t  f a i l e d ,  b u t  was 

i n  v e r y  poor  c o n d i t i o n .  W e  fo l lowed  o u r  u s u a l  p r o c e d u r e  o f  c o n d i t i o n i n g  f o r  

t h i s  new b e l t  and a f t e r  approx imate ly  two weeks,  a t a n k  e n t r y  was made t o  re -  

t r a c k  t h e  b e l t  and c l e a n  t h e  s c r e e n s .  It h a s ,  t o  d a t e ,  r u n  a p p r o x i m a t e l y  
# 

4.,000 hours .  

One t roublesome problem t h a t  developed i n  J u l y  was t h e  development  o f  a 

p r e s s u r e  s e n s i t i v e  l e a k  i n  t h e  t e r m i n a l  r e g i o n .  T h i s  w a s  f i n a l l y  t r a c e d  down 

t o  a f a u 1 . t ~  l e a d  th rough  i n s u l a t o r  on t h e  s t r i p p e r  box f o r  t h e  t e r m i n a l  s t e e r e r s .  

Water c o o l i n g  h a s  a l s o  caused c o n s i d e r a b l e  d i f f i c u l t y  d u r i n g  t h e  y e a r  though 

l i t t l e  down t ime .  I n  March o u r  w a t e r  c h i l l e r ,  which was i n s t a l l e d  i n  1959, 

f a i l e d  due t o  c o r r o s i o n  i n  a h e a t  exchanger  a l l o w i n g  water i n t o  t h e  compressor 

and f r e o n  c i r c u i t .  W e  c o n t i n u e d  t o  r u n  by t a p p i n g  i n t o  t h e  campus wide c h i l l e d  

w a t e r  sys tem b u t ,  u n f o r t u n a t e l y ,  t h i s  s u p p l y  i s  con tamina ted  w i t h  s o i l .  T h i s  

r e q u i r e d  u s  t o  change o u r  main w a t e r  f i l t e r s  e v e r y  5 days ;  and s t i l l ,  s u f f i c i -  

e n t  v e r y  f i n e  m a t e r i a l  p a s s e d  th rough  t h e  f i l t e r s  t h a t  t h e  c o o l i n g  c o , i l s  on  

d i f f u s i o n  pumps s t a r t e d  t o  b lock .  T h i s  h a s  now been  c u r e d  by i n s t a l l a t i o n  o f  

a new h e a t  exchanger  coo led  by t h e  campus sys tem and we r e c i r c u l a t e  c l e a n  w a t e r  

i n  a c l o s e d  sys tem th rough  t h e  pumps. 

A t e r m i n a l  d a t a  l i n k  w a s  i n s t a l l e d  d u r i n g  t h e  y e a r .  I n  J a n u a r y  t h e  f a s t  

l i g h t  l i n k  t o  t h e  t e r m i n a l  c o n t r o l l i n g  t h e  p o t e n t i a l  on t h e  modulated s t r i p p e r  

w a s  i n s t a l l e d - a n d  worked w e l l .  I n  May t h e  d a t a  l i n k  from t h e  t e r m i n a l  t o  t h e  

c o n t r o l  c o n s o l e w a s  p u t  i n t o  o p e r a t i o n .  Some problems w i t h  c r o s s - t a l k  between 

t h e  up and down l i g h t  l i n k s  a n d v u l n e r a b i l i t y o f  t h e  p h o t o  d i o d e s  t o  s p a r k  damage 



s t i l l * n e e d s  more work, b u t  t h e  system works w e l l  and no problems have been en- 

countered w i t h  damage t o  t h e  t e r m i n a l  e l e c t r o n i c s .  

A comprehensive system o f  tandem parameter  monitor ing i s  near ing  completion 

and monitor boxes were i n s t a l l e d  on a l l  s u p p l i e s  du r ing  t h e  year .  These g ive  

an ou tpu t  s i g n a l  compatable w i th  t h e  micro-computer which w i l l  scan  t h e s e  ou tpu t s .  

Data w i l l  be a v a i l a b l e  a s  hard copy by i n t e r f a c i n g  wi th  a  p r i n t e r  and t h e  com- 

. p u t e r  w i l l  r e t a i n  d a t a  obta ined  p r i o r  t o  a  f a u l t  f o r  l a t e r  recovery. 

A s  descr ibed  i n  o u r  l a s t  r s p o r t ,  t h e  pre-tandem p u l s e r  and new low energy 

beam l i n e  were i n s t a l l e d  l a s t  year .  Th i s  year  t h e  r e s o n a t o r  c r y o s t a t  was com- 

p l e t e d  and t h e  r e s o n a t o r  i n s t a l l e d  and t e s t e d  o f f  l i n e .  I n  August t h i s  c r y o s t a t  

was i n s t a l l e d  between t h e  90° and beam swi tch ing  magnets. Considerable  changes 

were made t o  t h e  h igh  energy vacuum systems t o  p r o t e c t  t h e  r e sona to r .  A vacuum 

p r o t e c t i o n  system was b u i l t  and i n s t a l l e d  wi th  pneumatic va lves  on e i t h e r  s ide 

of t h e  c r y o s t a t  and sens ing  u n i t s  i n  a l l  exper imenta l  beam l i n e s .  The pump 

under t h e  swi tch ing  magnet was rep laced  by a  turbo-molecu1,ar one. The two 

yunrps before  and a f t e r  t h e  90O magnet were rcpl.aced wi th  a  s i n g l e  t u r b o  pump, 

ptlmnpincj i n t o  both bcarn 1.i.nes by means of  a 6 inch  pumpir~g l i n k .  

The sweeping p l a t e s  and phase senso r  were a l s o  i n s t a l l e d ,  t h e  former be fo re  

and t h e  l a t t e r  a f t e r  t h e  90O magnet. 

The high energy pumping s t a t i o n  was rep laced  w i t h  a  cryopump a l s o  i n  August. 

Th i s  w a s  of t h e  same type  i n s t a l l e d  i n  t h e  low energy l i n e  l a s t  yea r .  W e  have 

been very  s a t i s f i e d  wi th  t h e s e  p u w s .  The low energy one h a s  now been operating 

f o r  over  a yea r  w i t h  no s e r i o u s  problems and t h e  e f f i c i e n c y  of t h e  system i s  

i n d i c a t e d  by a r e c e n t  f o i l  change. The tube  was l e t  up t o  dry n i t r o g e n  and 

t h e  f o i l s  changed. The system was evacuated t o  approximately lOOp wi th  a mech- 

a n i c a l  pump and then  opened t o  t h e  cryopumps. By t h e  t ime the  o p e r a t o r  had 
- 5 r e tu rned  t o  t h e  c o n t r o l  room, bo th  h igh  and low enerqy vacuwns were < 10 mm. 

- 7 The vacuum continued t o  improve r a p i d l y  t o  approximately 10 mm. 

~ e s t i n g  of  t h e  r e s o n a t o r  w i t h  beam is j u s t  s t a r t i n g .  I t  h a s  been cooled t o  

l i q u i d  helium tempera ture  i n  its new p o s i t i o n  and R. F. t e s t s  completed. Beam 

tests w i l l  be  conducted dur ing  t h e  next  weeks. 

The b u i l d i n g  t o  house t h e  l i n a c  boos t e r  is  w e l l  under way. The a r c h i t e c t  

has  completed t h e  p l a n s  and t h e  c o n t r a c t  is  about  t o  be b id .  
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Acce le ra tor  

Model KN3000, HVEC, 3Mv. 
Ion Source - pro tons ,  a lpha  p a r t i c l e s .  
Beam c u r r e n t  i s  t y p i c a l l y  l e s s  than 10 pa because 
of t he  a c c e l e r a t o r  proximity t o  p u b l i c  a r e a s  and 
t h e  type of experiments done. 

E x ~ e r i m e n t a l  F a c i l i t i e s  
-A ---- 

Targe t  chamber f o r  Rutherf0r.d Backsca t t e r ing  and 
channel ing experiments .  
Target  chamber f o r  PIXE (Proton induced X-ray Emmision) . 
Proton p Probe f o r  PIXE. (Under development). 

Problems 

I n s t a b i l i t y  i n  t h e  c r o s s  s e c t i o n a l  homogeneity of  t h e  
beam, cha rac t e r i zed  by blowing up, f l i c k e r i n g  and 
s w i r l i n g .  (Kaleidoscope e f f e c t ) .  



Ctiap~ran: What i s  t h e  hum id i t y  o f  your  tank  gas? 

G inger ich :  Accord ing t o  t h i s  modern dev ice  .we have f o r  measuring dew p o i n t  
t h e  dew p o i n t  i s  -65°F. 

Janzen: Can t h i s  be one o f  those Arrow I n d u s t r i e s  t h i n g s  f o r  m o n i t o r i n g  
r e l a t i v e  h u m i d i t y  t h a t  have carbon d i o x i d e  coo led  condensat ion tubes? 

G inger ich :  I ' m  n o t  sure.  

Walker :  I s  i t  t h e  s tandard  HVEC dev ice  i n  t h e  b l a c k  box? 

G inge r i ch :  Yes. 

Janren: It's very u n r e l i a b l e .  You p robab ly  need t o  d r y  t h e  gas; 

G inge r i ch :  I t  was a  v e r y  1 o w - C Q S ~  dev i ce .  We a r e  r e c i r c ~ r l a t i n g  nlrr gat vow 
That  seems t o  have he1 ped. 

Fauska: D id  I understand you t o  ask e a r l i e r  i f  t h e r e  was .a low-cos t  dev i ce  
f o r  m o n i t o r i n g  t h e  hum id i t y?  

. . 

G inger lch :  Yes. 

Fauska: We use a  sensor made by Panametr ic.  I t  i s  porous aluminum w i t h  a  
l a y e r  o f  g o l d  on each s i d e  t h a t  i s  t r anspa ren t  t o  a i r  o r  gases. You measure 
t h e  c a p a c i t y  o f  t h a t .  That  was t h e  dev i ce  I was speaking o f  e a r l i e r  t h a t  we 
had t o  move o u t s i d e  t h e  tank  a f t e r  we l o s t  f o u r  o f  them. I t  has worked t h e r e  
f o r  severa l years  now. 

G inger ich :  Did you buy t he  e l e c t r o n i c s  o r  d i d  you make your  .own? 

Fauska: We e v e n t u a l l y  designed ou r  own. 

NO;: You m i g h t  be i n t e r e s t e d  i n  an E n g l i s h  u n i t  made by Shaw t h a t  we use t o  - 
m o n i t o r  t he  dewpoint  o f  t he  he l ium gas i n  o u r  r e f r i g e r a t o r .  I t a l s o  works 
f o r  SF6. 

L indgren :  I would l i k e  t o  no te  on t h e  Panametr ic 's  dewpoint  t h a t  when t h a t  
u n i t  f a i l s  i t  i n d i c a t e s  a  ve ry  good dewpoint .  
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D-1000 ~ e r l i n  39 

by K. Z i e g l e r  

'rhe main e v e n t  o n  t h e  e lec t ros ta t ic  p a r t  o f  o u r  a c c e l e r a t o r  i n  t h e  p a s t  y e a r ,  

was t h e  n e c e s s a r y  c l l a r~ge  of t h e  cl.~arg.iriy b e l t .  . W e  u s e  a r e b u i l t  HVEC CN macl\ir\e 

w j .  t-11 arl N I X -  I-.ube a s  i 11 j ( ? c t o r  for  o u r  separated s e c t o r  i s o c h r o n o u s  cyc1otror .r .  

The q u a l i t y  and  s t a b i l . i t y  o f  t h e  beanr ou t - . o f  t h e  c y c l o t r o n  i s  s t r i c t l y  c o r r e l a t e d  

to t h e  pl lase o f  t h e  beanr i n j e c t e d  illto t h e  c y c l o t r o n ,  which  i n  t u r n  d e p e n d s  

d i r e c t l y  from t h e  t e r m i n a l  r i p p l e  o f  t h e  Van-de-Graaff i n j e c t o r .  I n  t h e  b e s t  

times w e  I lave a t e r m i n a l  r i p p l e  be tween 200 - 250 V o l t s  a t  a t e r m i n a l  v o l t a g e  

of  G MV which  g i v e s  a q u i t e  s a t i s f a c t o r y  p h a s e  s t a b i l i t y .  However t h e  t e r , m i n a l  

r i p p l e  k e p t  s l o w l y  i n c r e a s i n g  to  as much a s  f o u r  t i m e s  t h e  b e s t  v a l u e  w i t h  a 

d r a m a t i c a l l y  n e g a t i v e  e EL'ect on  t l ie  beam q u a l i t y  a n d  s t a b i l i t y .  F u r t h e r m o r e  it 

t u r n e d  o u t  t h a t  w e  needed i r l c r eas ing1 .y  h i j h e r  b e l t  c h a r g i n g  v o l t a g e s  h i t t i n g  

t h e  v o l t a g e  l i r n i t  o f  t h e  c h a r g i n g  power s u p p l y .  T h i s  made it n e c e s s a r y  t o  re- . . 

d u c e  t h e  t e r r r i n a l  vo l . t ayes  t o  v a l u e s  be low t h e  s p e c i f i e d  6 MV. A s  t h e  c h a r g i n g  

b e l t  had  o v e r  ltlOOO I1ouxs o f  o p e r a t i o r 1  w e .  f i n a l l y  d e c i d e d  t o  change  it arld 

i n s t a l l  a r l ew  b e l t .  l ' l i i s  m e a r r t  a comple t e '  d i s m a n t l i n g  o f  t h e  column. T l ~ e  d i . s -  

ma~~t .Li .ng ,  c l c a l l i n g ,  c h e c k i n g  o f  r e s i s t o r s  e tc .  and  i n s t a l l a t i o n  o f  t h e  new 

b e l t  t ook  a b o u t  5 weeks.  With t h e  riew b e l t  t h e  r i p p l e  w a s  back  t o  normal  v a l u e s ,  

liowever w e  s t a r t e d  t o  o b s e r v e  from t i r n e  t r ~  t i m e  l a r g e r  excur s i . ons  of t h e  terr!linal.  

v o l t a g e .  A r e w o r k i n g  o f  t h e  s l i t  c o n t r o l - s y s t e m  a m p l i f i e r s  improved t h e , .  

s i t u a t i o n  somewhat, however w e  f i n a l l y  b e l i e v e ,  t h a t  t h i s  p rob lem is c a u s e d  

b y  a s l i p p i n g  b e l t .  W e  are u s i n g  p u r e  SF6 a s  i n s u l a t i n g  g a s  and  are  r u n n i n g  

r o u t i n e l y  a t  a p r e s s u r e  o f  6 b a r .  We p l a n  t o  make measurements  t o  c o n f i r m  

t h i s  s u s p i c i o n  o f  b e l t  s l i p a g e ,  and w e  w i l l  t h e n  i n s t a l l  g rooved  p u l l e y s  to  

improve  t h e  s i t u a t i o n .  



Ashbaugh: We d i d  a  number o f  years  ago some c a l c u l a t i o n s  on b e l t  s l i ppage  
i n  pure  SF6 i n  ou r  FN, and we be1 i e v e  t h a t  a t  a  pressure o f  6  bars t h e  be1 t 
w i l l  f l o a t  on t h e  p u l l e y .  You can g e t  around t h i s  by g roov ing  t h e  d r i v e  
p u l l e y  on t h e  d r i v e  motor .  The grooves need o n l y  be a  few m i l s  deep and a  
few m i l s  w ide  and spaced perhaps a  cen t ime te r  a p a r t .  

K .  Z i e g l e r :  And t h i s  w i l l  cause t h e  b e l t  t o  go s t r a i g h t  th rough  t he  p u l l e y ?  

Ashbaugh: Yes, s t r a i g h t  around t h e  p u l l e y s .  I would be happy t o  send you 
these c a l c u l a t i o n s .  

K .  Z i e g l e r :  Thank you. 

Rowton: H igh  Vo l tage  has been g roov ing  t h e  p u l l e y s  t h a t  they  have designed 
f o r  d r i v i n g  b e l t s  i n  pure  SF6 f o r  a  number o f  years  now. I f  I remember cor -  
r e c t l y ,  t h e  dimensions a r e  f o r  t h e  groove w i d t h  1.5 mm and f o r  t h e  depth o f  
t h e  s l o t  0.75 mm on a . 1 - i n c h  p i t c h ,  . . 

{. Z i e g l e r :  We d i d  g c t  t h i s  drawing b u t  wc were n o t  q u i t e  sure how ou r  p u l -  
ey was b u i l t .  They d i d  n o t  have drawings o f  t h a t  anymore. So we d i d n ' t  

want t o  go ahead and p u t  i n  t h i s  groove. Perhaps t he  w a l l  was n o t  t h i c k  
enough. 

Rowton: I t h i n k  on a l l  o f  you r  p u l l e y s  and a l t e r n a t o r  motors t h e  w a l l  i s  
t h i c k  enough t o  t ake  a  0.030-inch speed groove s a f e l y .  

K .  Z i e g l e r :  OK. Thank you. 

Say. lor:  Can you say a  l i , t t l e  b i t  more about what you obser i ie WhEiii t h e  be1 t 
s l  i p s ?  

K .  Z i e g l  e r  : We1 1, sometimes t h e  t e rm ina l  power supply  v o l  tages w i  11 d rop .  
We have two generators  there,  a  3-phase and a  1-phase. We d o n ' t  observe 
t h e  f l u c t u a t i o n s  i n  t h e  t e rm ina l  r i p p l e ,  b u t  we observe i t  on t h e  beam. Th is  
c o u l d  me'an t h a t  some o f  the  power supp l i es  i n  t he  t e rm ina l  d o n ' t  have t h e  
p roper  i n p u t  v o l t a g e  . 
Say lo r :  What k i n d  o f  t ime  f l u c t u a t i o n s  do you see? 

K .  Z i e g l e r :  I t ' s  i n  t h e  second range. 

Janzen: You s a i d  you g o t  200 v o l t s  o f  r i p p l e  on t h e  6-MV terminal .?  

K. Z i c g l c r r  T h a t ' s  what we measure on t h e  p ickup .  

Janzen: What do you use as  a  plckup? 

K .  Z i e g l e r :  A  c a p a c i t i v e  p ickup .  I would guess i t  i s  accura te  t o  about 20%. 

Say lo r :  Do you c o n t r o l  the  charge on t h e  be1 t i n  any way? 

K. Z i e g l e r :  No. 



Say lo r :  I was a t  U t r e c h t  , r e c e n t l y  and they  a r e  a c t u a l l y  modu la t ing  t h e t r  
be1 t charge c u r r e n t  t o  reduce te rmina l  r i p p l e .  

K .  Z i e g l e r :  We a r e  observ ing  an excess ive f l u c t u a t i o n  o f  t h e  b e l t  charg ing  
vo l t age .  Because i t  i s  c u r r e n t  s t a b a l i z e d  t h e  c u r r e n t  i s  r a t h e r  cons tan t  
b u t  t h e  v o l t a g e  i s  r e a l l y  go ing up and down. I thought  t h a t  m igh t  be an i n -  
d i c a t i o n  o f  t h e  be1 t s l  i p p i n g  . 
e: Can you say a  1  i t t l e  b i t  more about you r  tandem i n j e c t o r ?  

K .  Z i e g l e r :  We a r e  p repar ing  t o  add a  s t r a i g h t - t h r o u g h  8-MV NEC 8 UD which 
w i l l  be p u t  i n  a  separate p lace .  W e ' l l  k e e p t h e  CN so t h a t  we w i l l  be a b l e  
t o  s w i t c h  between t h e  two. We w i l l  be fleeding i n t o  t h e  i n j e c t i o n  beam l i n e  
about 8  meters i n  f r o n t  o f  t h e  cyc lo t ron !  so t h e  match ing from t h e  EN beam 
w i l l  be i d e n t i c a l  t o  t h e  matching o f  the:  CN beam i n t o  t h e  c y c l o t r o n .  There 
w i l l  be a  200-kV p l a t f o r m  as an i n j ec to r . .  And we p l a n  t o  p u t  i n  a  s p u t t e r  
source. W i th  t h e  8 UD we w i l l  be a b l e  t o  g e t  32 MeV per  nucleon u p  t o  about  
mass 40. 

NO&: Does t h a t  r e q u i r e  a  new b u i l d i n g  and tower? - - 

K. Z i e g l e r :  I t  r e q u i r e s  a  new b u i l d i n g  and tower .  I t  w i l l  be a  v e r t i c a l  
niachine s t r a i g h t  through.  Th i s  i s  because o f  b u i l d i n g  r e s t r a i n t s .  There 
a r e  b u i l d i n g s  a l l  around so t h e  o n l y  way we can do i t  i s  w i t h  a  tower .  



~ n i  v e r s i  ty of  I f e  Nuclear Sciences Laboratory 

. . 

[ E d i t o r ' s  note:  G.A.  Oso and J.A. Idowu.of  t he  U n i v e r s i t y  0.f I f e , h a d  
p l  anned t o  a t tend  SNEAP and had prepared the  f o l l o w i n g  1  aboratory r e -  
p o r t .  Unfor tunate ly ,  problems w i t h  overseas a i r  t r a n s p o r t a t i o n  con.- . 
nec t ions  delayed t h e i r  a r r i v a l  i n  Madison u n t i l  a f t e r  t he  Symposium 
had ended.] , . 

,The Nuclear j3eseur.ch Program a t  the  University of Xfe. is 
cur ren t ly  i n  the  development and implementation stage.  

A 9 M V  upgra6.bd FN modcl Van Dc C,raaf accelerator has been 
purchased fmm,!.Xigh Voltage ~ n g i n k e r i q ;  Corporation and w e  expect 
i l u l i v c r y  uld cu~u~crrcurne~~t  of installa!tlols by end sf '1 90'1 ., 
The buildine; f o r  .the accelera tor  has been designed and construct ion 
work is expected t;o stmt by March 1981, The building layout 
is typ ica l  of m a i v  FN labora tor ies  i n  t he  U.S .  The accelera tor  
and t a rge t  halls assUme an L-shape and a large  con t ro l  and da t a  
room is  sandwitched between them, Three functional  beam l i n e s  
are  planned initia1:'i.y and th ree  interchangable i n j e c t o r s  w i l l  
be used. &Provisions a re  included. i n  the  building design f o r  
possible fu tu re  :post acce le ra t ion  work and the  add i t ion  of fu ture  
new in j ec to r s .  Yhc gas s torage and t r ans fe r  system is expected 
t o  handle simultaneously the use of loo?; SF6 gas and the mixture 
of C G p  + N + 30,- SFGo This approach is  t o  f o r e s t a l l  ant ic ipated 
d i f f i c u l t i a s  i n  tlic procurement and handling of SF6 gas. We intend 
to t e s t  t h e  accelera tor  system for  acceptance with loo$..: SF gas 
but make i n i t i a l .  runs with gas mixture while conserving th$ 
expensive SF6 u n t i l  adequate exnerience is acquired i n  i t s  
handling. 

The i n i t i a l  research a c t i v i t i e s  planned with t he  accelera tor  
include n u c l e a ~  s t ruc tu re  and material  s tud ies ,  gamma-ray 
spectroscopy, elec-Lron-capture , ion  chanelling and r ad i a t i on  
damage s tud ie s ,  radio-nuclide production and some ac t iva t ion  
analysis 

Other nuclear research f a c i l i t i e s  b e i x  planned f o r  t h e  
l abora tor ies  besifies the accelera tor  include a 1-2MW research 
r e a c t o r ,  gamma source, a neutron ,generator ,  an2 materials  
s t u d i e s  equipment such as  s c a n n i x  e lect ron microscnpe, transmission 
e l ec t ron  microscope, an2 x-ray un i t s .  No commitment has been made 
on a reactor  yet  but we have on ground already,  a model 1254 
neutron generator from Kaman Sciences which we expect t o  i n s t a l  
e a r l y  i n  1281. It w i l l  d e l i v e r  14MeV neutrons with a f l u x  of 10" 
neutron/cm /set, It w i l l  be u ~ e d  pr inc ipa l ly  f o r  ac t i va t ion  
analys is .  The Geolopj Department of t h e  University i~ in te res ted  
i n  analysing geological s a m ~ l e s  of uranium deposi ts  and t a r  sand 



of which Nigeria  has one of the l a r g e s t  depos i t s .  The Agr icu l tu re  
lepartments w i l l  use  t h e  f a c i l i t y  t o  s tudy the  e f f e c t s  of germicide 
sprays on cocoa pla .ntat  ions ,  Nuclear physics  experiments us ing  . 
the neutron generator w i l l  include neutron cross-sec t ion  
measurements and neutron radiography, Ul t imate ly ,  the neutron 
senera to r  w i l l  be used f o r  t h e  determinat ion 
of t h e  oyygen and s i l i c o n  con ten t s  i n  s,teef produced .by 
t h e  n a t i o n ' s  s t e e l  companies. 

We a l s o  have on ground a  co60 gamma source with an 
a b t i v i t y  ~ f  about 10 k i l o  Curie. It w i l l  be used f o r  
s t e r e l i s a t i o n ,  fo rd  preserva t ion  and gene t i c  s tud ies .  

Otis data a c q u i s i t i o n  sys te~n 1.8 t11e PDPI 1 /40 based 
,(Scopio 3000) cornpuler. It i s  a1reacj.y i n s t a l l e d .  and t e s t ed .  
It is prescrlt ly beink; used 'with NaI d e t e c t o r s  and some radio-  
a c t i v e  sourses  lor c a l i b e r a t i o n ,  and measurement and computation 
ana lys i s .  The system i s  a l s o  used t o  t r a i n  some of our d a t a  
technic ians .  

The above s t a t e d  programs form t h e  b a s i s  of t h e  f i r s t  phase 
of our planned a c t i v i t i e s  f o r  the  per iod 1980-1982. We 
a n t i c i p a t e  a  number of problem, t h e  l a r g g e s t  of which i s  perhaps 
t h e  l ack  of t r a ined  t e c h n i c a l  personcls .  We a r e  ~nakirlg e f f o r t s  
i n  t h i s  d i r e c t i o n  by a t t ach ing  our t e c h n i c a l  s t a f f  t o  o the r  
e s t a b l i s h  l a b o r a t o r i e s .  We maintain a  working agreement with 
?lcMaster Unive r s i ty in  Canada and we in tend  t o  e s t a b l i s h  s i m i l a r  
a ~ r e e m e n t s  with o the r  i n t e r e s t e d  l a b o r a t o r i e s  t h a t  a r e  w i l l i n g  
t o  a s s i s t  us. Areas we a r e  paying urgent  a t t e n t i o n  t o  a r e  
Data Acquis i t ion ,  Elec t ronic  Technology, Health Physics and 
Radiation Pro tec t ion ,  Vacuum Technology, and opera to r s  t r a i n i n g  
011 t he  major nuclear  equipment. 

We a r e  working under very adverse condi t ions,  Lack of 
e s s e n t i a l  s e r v i c e  f a c i l i t i e s  l i k e  cons tant  e l e c t r i c a l  power 
supply, d i f f i c u l t i e s  i n  t h e  procurement of e s s e n t i a l  equipment 
and accessor i e s ,  comunica t ion  d i f f i c u l t i e s  between us. and 
our overseas  vendors a r e  sonie of t h e  major set-backs , tha t  a re  
respons ib le  f o r  delays i n  t h e  execution of t h e  program. 



. . Lehigh U n i v e r s i t y  .. . . 3 .  Sherman Fa i  r c h i  1 d Laboratory  , . 
" . .- . . I .. .; . . . 

. . .  . . : Presented by Richard 0. Whi te  

Sherman F a i r c h i l d  L a b o r a t o r i e s  h a s . a  KN-2 Hor izon ta l  3 MeV a c c e l e r a t o r  . 

i n  o p e r a t i o n .  The pr imary usage i s  f o r  e- r a d i a t i o n  of samples used i n  
. . , . . . 

EPR, DLTS and ODMR s t u d i e s  performed by D r .  G. D. Watkinsf  resear.ch group. 

Major a d d i t i o n s  t h i s  yea r  have been a  t a r g e t  chamber d i f f u s i o n  pump and 

f o u r  bcam 1 i n e s .  One I i n e  i s  dedica  tcd  t o  ~ u t l l e r t ' o r d  backscarr.er:lng, uue 

t.0 Ip:I,XE ( p r o t o n  :i nc111c:ed X-I-;.iy c.!ll~.i!;s.ic)n) , hc.)th projects  d i r e c t e d  by D r .  

Smith; one f o r  channel ing  s t r i d i e s  by D L .  Kanofsky, and t h e  f o u r t h , f o r  h3gh 

energy gamma r a d i a t i o n .  

E a r l y  i n  ou r  a t t empt  t o  ach i eve  p o s i t i v e  beam o p e r a t i o n ,  we modif ied , 

t h e  o r i g i n a l  p o s i t i v e  RF sou rce  u s i n g  t r a n s f o f i e r  coup l ing  i n s t e a d  of 

c a p a c i t i v e  coup l ing .  Th i s  technique  i s  used a t  B e l l  Labs a t  Murray H i l l ,  

NJ, and was sugges ted  t o  u s  by M r .  W. Augustyniak t o  overcome a  tun ing  . . 

problem (Fig .  1 ) .  

O u t  system hiis c ~ l ~ e ~ ~ t e d  wi th  p o a i t i v c  bcrlms of H and H with c u r r e n t s  
2 e 

up to  10 UA a t  1 MeV. Because t h e  source  f a i l s  t o  i g n i t e  when t h e  tank  

press l l re  exceeds 200 PSI,  w e  have had t o  lower t h e  p r e s s u r e  t o  195 PSI,  

which a l l ows  a  maximum s t a b l e  v o l t a g e  of  1 .5  MeV, We a r e  concluding e x t e r n a l  

p r e s s u r e  tests on t h e  sou rce  t o  f i n d  o u t  why t h e  sou rce  Idlls La ignite 

when t h e  t a n k  p r e s s u r e  exceeds 2 U U  PSI. No s p e c i I i c  r e s u l t s  havc bccn 

reached t h u s  f a r .  

Because of  t h e  need f o r  an  e l e c t r o n  beau, an  a t t empt  t o  geneza te  

+ 
e l e c t r o n s  u s i n g  secondary emission from a H Learn was t r i c d  b u t  had d o u b t f i ~ l  

e 

succes s .  A d i f f u s e  3 UA 1 .5  MeV e- beam was c r e a t e d  b u t  t e rmina l  v o l t a g e  



became u n s t a b l e  and i n t e r n a l  focus ing  had l i t t l e  e f f e c t  on t h e  e l e c t r o n  

beam s i z e .  With a  TV monitor we viewed an  angled l u c i t e  t a r g e t  i n  a i r  

placed a t  t h e  end of t h e  beam l i n e .  It showed no c o n c i s e  beam p a t t e r n .  

However, a  dim c i r c u l a r  f l u o r e s c e n t  a r e a  approximately 1 8  cm2 i n  t h e  l u c i t e  

showed t h a t  we had v e r y  d i f f u s e  unusable  beam. F u r t h e r  exper imenta t ion  

w i t h  t h i s  method has  been suspended u n t i l  t h e  R F  sou rce  h a s  completed i t s  

t e s t s .  We w i l l  t r y  a g a i n  when t h e  system i s  conver ted  back t o  p o s i t i v e  

i o n s  i n  November o f  t h i s  year .  ; 

Wi.th such a  low y i e l d  of  e- by secondary,  emi.ssj.on we had t o  adapt  t h e  

pos i . t i ve  tube  t o  a  s t anda rd  e l -ec t ron  f i l a m e n t  source .  Our requi rements  

were f o r  e- beams of 20 t o  80 UA c u r r e n t s .  The KN-2 system i s  now i n  
, . 

o p e r a t i o n  w i t h  a  p o s i t i v e  a c c e l e r a t o r  t ube  and an  e l e c t r o n  f i l a m e n t  sou rce ,  

and can  be  reconf igured  t o  p o s i t i v e  RFrion o p e r a t i o n  w i t h i n  a  down t i m e  
. . " .  

of thr'ee t o  f o u r  days.  Our e l e c t r o n  o p e r a t i o n  has  u s a b l e  beam c u r r e n t s  .of 

5  t o  80 UAmps and e n e r g i e s  of 1 . 5  t o  2 .5  MeV. 

F igure  2 shows thermofax t a r g e t s  of t h e  e l e c t r o n  beam i n  a i r  112" 

away from t h e  5  m i l l  A 1  e x i t  window. The beam diameter  v a r i e s  from 1 . 5  

t o  3 .0  cm. The only  focus ing  of t h e  beam i s  done by a  h i g h  v o l t a g e  supply  

i n  t h e  te rmina l .  It i s  connected t o  t h e  e x t r a c t i o n  tube  i n t e r n a l  t o  the  

a c c e l e r a t o r  tube.  

Other i t e m s  brought  on l i n e  t h i s  y e a r  a r e  t h e  o r i g i n a l  corona s t a b i l i z e r  

u n i t ,  and t h e  v o l t a g e  s t a b i l i z e r  f o r  e l e c t r o n  o p e r a t i o n .  
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Berners: Some 15 years ago we a lso had t o  open the tank and beam tube t o  
change between p o s i t i v e  ions and electrons.  I t  used t o  take 2 days, but a f t e r  
a r o t a t i n g  source mounting arrangement was i n s t a l l e d  i n  the terminal the time 
requ i red was o n l y  2 hours. I can g ive you a reference t o  a paper on the device. 

Janzen: When you say t h a t  the source doesn't  i gn i t e ,  are you sure the RF i s  on? 

White: As f a r  as we know, yes. But we have no telemetry equipment ins ide  the 
te rm ina l .  The source d i d  come on when we lowered the tank pressure. We s tar ted 
a t  275-280 p s i .  As we went down i n  steps o f  25 p s i  the source came on a t  195 ps i .  

Janzen: I t ' s  important t o  make sure the RF does come on. We had exact ly  the 
same problem. I found t h a t  i t  was due t o  a small mica capaci tor  which under 
pressure shorted out. I t  was a l l  r i g h t  a t  atmospheric pressure. 

White: Where i s  the capaci tor  located? - 
Janzen: I t  i s  a decoupling capaci tor  from the RF tank c i r c u l t  t o  ground. One 
way to  f i n d  o u t  i f  your RF i s  coming on i s  t o  mount a l i t t l e  antenna i n  the tank. 

White: We have an external  s ta in less  s tee l  tank t h a t  we w i l l  be able t o  pres- - 
sur ize  t o  ,about 300 ps i  f o r  checking the e n t i r e  system. We'l l  l ook  i n t o  t ha t  
capac i tor  e f f e c t .  The capaci tor  i n  the c i r c u i t  now i s  probably the o r i g i na l  
one suppl ied w i t h  the  source. 

Connol l y :  I ' ve had the same problem i n  a 2-MV machine. As the pressure went 
up the  source would go out .  This machine had a window tha t  allowed us t o  see a 
meter t h a t  read the B+ voltage. A t  a ce r t a i n  pressure the B+ would cu t  out. We 
traced i t  t o  a 5T4 tube t h a t  was breaking down under pressure. The problem was 
sol  ved by g e t t i n g  tubes t h a t  had been pressure tested.  

Goldie: If there i s  any doubt about t ha t  you can hear the RF from outs ide the 
tank w i t h  an FM rece iver .  

Larson: That l a s t  suggestion i s  very good. I was goilng t o  suggest t h a t  you 
have the source running and then increase the pressure and see i f  i t  cuts  ou t -  
This could be a s t a r t i n g  problem as opposed t o  an o s c i l l a t o r  problem. 

White: We d i d  do t h a t  and i t  d i d  go out  a t  about 220 ps i .  The source f l i c k e r e d  - 
between 195 p s i  and 220 ps i  pressure. 

* C.P. Browne, A.L. Schal ler, W.C. M i l l e r ,  and S.E.  h rden ,  Nucl. Instrum. & 
Meth. 30, 145 (1  964). 
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presented by RO ber ' t  Hardekopf 

-: 

T h e  m a j o r  deve lopment  a t  t h e  LASL Van d e  Graaff  f a c i l i t y  t h i s  
y e a r  was t h e  i n s t a l l a t i o n  of a heavy--ion s p u t t e r  s o u r c e  in  t h e  
t e r m i n a l  of our  s ingle-ended "Ver t i ca l "  a c c e l e r a t o r .  S ince  
i n i t i a l  opera t ion  in J u l y  1980, we h a v e  run  o v e r  800 hours  of 
3-s tage heavy  ions in  which n e g a t i v e  beam f r o m  t h e  V e r t i c a l  
a c c e l e r a t o r  i s  in jec ted  i n t o  t h e  FN .tandem a c c e l e r a t o r .  The most 
popular a c c e l e r a t e d  p a r t i c l e  has  been 14c, and most of t h e  
3-stage t i m e  has been at abou t  6 MV on t h e  V e r t i c a l  and 8.5 MV 
on the  tandem f o r  a 6 5  MeV 6+ 14c beam. 

The  t o t a l  amount  of running t i m e  f o r  t h e  V e r t i c a l  a c c e l e r a t o r  
dur ing  th i s  y e a r ,  about  1900 hours, i s  a r e c o r d  fo r  t h e  l a s t  5 
years .  Th i s  i s  e s p e c i a l l y  s i g n i f i c a n t  s i n c e  d u r i n g  m o r e  than 
half  of th i s  per iod t h e  a c c e l e r a t o r  was o p e r a t e d  on1.y one week 
out  of four  t o  a l l o w  t i m e  f o r  d e v e l o p  nen t  of t h e  heavy- ion  
ter r r l i~ra l .  Tab le  1 i s  a breakdown of t h e  hours  fo r  th i s  
period.  

S e v e r a l  h u ~ d r e d  h w r s  w e r e  s p e ~ l t  t e s t ing  t h e  light-iorr t e r -  
mina l  pu l sed-bea~n  opera t ion ,  and t h e  i n i t i a l  p r o b 1 e . n ~  a b s e r v e d  
wi th  th i s  t e r : n i n a i  see:n t o  now b e  under c o n t r o l .  

T e r m i n a l  vo l t age  c a p a b i l i t i e s  a r e  s t i l l  less than a n t i -  
c ipa ted .  Exper iments  h a v e  been run  at 7.6 MV nega t ive ,  but 
on ly  a f t e r  t h e  tube p r e s s u r e  n e a r  t h e  t e r m i n a l  was increased.  
The magnet  ica l  l y suppressed a c c e l e r a t i n g  t u b e  i s  showing 
cons iderab le  radia t ion-caused g lass  da rken ing  near  t h e  magnets,  
but  no i n t e r i o r  spark  t r a c k s  on t h e  g l a s s  h a v e  been observed  and 
no tube r e s i s t o r s  h a v e  fa i l ed .  The  m a i n  problem is  excess ive  
tube  a c t i v i t y  a t  t h e  h igher  t e r m i n a l  voltages.  

'Tandem Acce1er.a tor 

T o t a l  o p e r a t i o n  f o r  t h e  F N  tandem a c c e l e r a t o r  dur ing  t h i s  
y e a r  was about 5200 hours,  of which about  970 was 3-stage. The  
t o t a l  i s  about  a v e r a g e  f o r  t h e  l a s t  5 years ,  but  t h e r e  i s  a 
d e f i n i t e  s h i f t  toward  h e a v i e r  ion beams  and higher energ ies ,  as 
t h e  s t a t i s t i c s  i n  Tab les  2 and 3 indicate .  E igh ty-seven  p e r c e n t  
of the  t i m e  was at t e r m i n a l  vo l t ages  of 7.5 MV and above.  

, 
The most popular  beams  w e r e  t r i t i u m  and 14c, r e f l e c t i n g  

t h e  uniqueness of these  r a d i o a c t i v e  p a r t i c l e s  in nuc lea r  
s t r u c t u r e  studies.  P o l a r i z e d  p a r t i c l e s  w e r e  less  in  demand t h i s  
y e a r  than in the  past, p a r t l y  because  of some d i f f i c u l t  
ma in tenance  proble ins  wi th  t h e  p o l a r i z e d  sources.  

The major tandem main tenance  i t e m s  t h i s  y e a r  w e r e  a n  o p t i c a l  
r e a l i g n m e n t  o f  t h e  beam handl ing equ ipment  and  r e p l a c e m e n t  of t h e  
charg ing  bel t .  Washing of t h e  column s t r u c t u r e  and i n t e r n a l  tank 



components  w i t h  d e t e r g e n t  and water  rernarkabl  y improved  
subsequent vol tage.  capab i  l i t y .  

Because  of poor f o i l  l i f e t i m e s  wi th  t h e  h e a v i e r  beams, pa r -  
t i c u l a r l y  *%i, we h a v e  been f l ash ing  a l t e r n a t e  f o i l s  in t h e  
ho lder  w i t h  a xenon s t r o b e  l ight .  The i m m e d i a t e  e f f e c t  o f  the  
f l a sh ing  i s  t h a t  t h e  f o i l  becomes very .  s l ack  in  i t s  holder .  
Although s t a t i s t i c s  a r e  somewhat  poor a t  p resen t ,  t h e  f lashed 
foi  ls a p p e a r  t o  las t  at l eas t  t w i c e  a s  long as  t h e  unf lashed 
foi  Is under h e a v  y-ion bo nbard;nellt.  

T a b l e  1 - O p e r a t i n g  . H o u r s  For  LASL V e r t i c a l  A c c e l e r a t o r  
O c t o b e r  1979-September 1980 

O p e r a t  ion Hours  .-- 

S i n g l e  S tage  P o s i t i v e  , 120 

S i n g l e  Stage N e g a t i v e  485 

3-Stage L igh t  Ions. 159 

3-Stage H e a v y  Ions 8.1 0 

Tes t ing  and  Condi t ion ing  323 

TOTAL 1897 

Table  2 - Opera t ing  Hours f o r  LASL Tandem Acce le ra tn r  
October 1979-September 1980 

Beam .- Hours -...- % of'  Beam Time 

t 1066 

P o l a r i z e d  p,d 329 

Po1.arized t 334 



Table 3 - Terminal P o t e n t i a l  For LASL Tandem Acce le ra to r ,  . . 

October 1979-September 1980 

Potent  i a l  (MV) % of Beam Time 

K.. Z i e g l e r :  What i s  t h e  i n t e n s i t y  o f  t h e  14C beam? 

Hardekopf:  .About  300 nA - f o r  t h e  14C6+ .beam. 

K .  Z i e g l e r :  I s '  t h a t  t h e  e l e c t r i c a l  o r  p a r t i c l e  c u r r e n t ?  . 
, 

Hardekopf:  That  i s  t h e  e l e c t r i c a l  beam c u r r e n t  f o r  t h e  6+ charge s ta . te .  
Th i s  i s  beam on t a r g e t  i n  a f a i r l y , r e s t r i c t e d  beam l i n e  associated, w i t h  t h e  
spect rometer .  



U n i v e r s i t y  o f  Lowel 1  
.. . 

Char les E :  Connol ly  

Dur ing t h i s  p a s t  yea r  we were a b l e  t o  use ou r  2-MeV Van de G r a a f f  
A c c e l e r a t o r  i n  t h e  j u n i o r  and s e n i o r  l a b o r a t o r y  schedule.  Th i s  f a c i l i t y  
has a l l  been b u i l t  f rom su rp lus  m a t e r i a l  and i nc l udes  a  homemade chass is  
and t e rm ina l  . An o l d  d e f l e c t i o n  magnet was m o d i f i e d  and i n s t a l l e d  as an 
a n a l y z i n g  magnet w i t h  t h r e e  p o r t s  a t  0  and 225 degrees. We r e s t o r e d  t h e  
o l d  NMR manufactured by A g a l l a l a .  Th i s  system came w i t h  t h e  o r i g i n a l  CN 
i n s t a l l a t i o n .  Students  he1 ped b u i l d  a  corona s t a b i l i z i n g  c i r c u i t  and 
components s i m i l a r  t o  t h e  system on ou r  CN machine. There has been good 
s tuden t  i n t e r e s t  i n  t h i s  l a b .  T h i s  t ype  o f  invo lvement  i s  a  g r e a t  h e l p  
t o  ou r  undergraduate phys ics  program, 

'I he CN a c c e l e r a t o r  developed t r o u b l e  w i t h  t h ~  be1 t charg ing  system. 
We were unable t o  t r a n s f e r  enough charge t o  t h e  b e l t .  New p o i n t s  were 
i n s t a l  l e d  on t h e  spray  bar  and we rep laced  a l l  t h e  r e s i s t o r s  i n  s e r i e s  
w-ith t h e  p u f n t s .  The o l d  r e s i s t o r s  had changed va lue  d r a m a t i c a l l y .  We 
l i k e  t h e  spray charge system; i t  has g i ven  us good s e r v i c e .  Our b e l t  
and tube  now have ove r  27,000 hours o f  s e r v i c e .  The be1 t s t i l l  has a  
hard  and sh iny  su r f ace  and t h e  t ube  ho lds v o l t a g e  ve ry  w e l l .  

Our 80-kV be1 t charge power supply,  an o l d  tube  r e c t i f i e r  type,  
s t a r t e d  b reak ing  down u n t i l ,  f i n a l l y ,  we l o s t  t he  f i l a m e n t  t r ans fo rmer .  . . 
We then  rep laced t h e  tubes w i t h  s o l i d - s t a t e  r e c t i f i e r s .  The power supp ly .  
i s  back on t h e  j ob .  We have. a l s o  rearranged components and chass is  i n  t h e  
consol  e  f o r  more e f f i c i e n c y  and ease o f  o p e r a t i o n .  

. A  sa fe t y  program was r e i n s t a t e d  a f t e r  an acc iden t  i n v o l v i n g  a  work- 
s t udy  s tuden t  i n  t h e  r e a c t o r  l a b o r a t o r y .  The acc iden t  was mechanical and 
d i d  n o t  i n v o l v e  r a d i a t i o n .  The s tuden t  was n o t  s e r i o u s l y  i n j u r e d ,  b u t  an 
a c c i d e n t  such as t h i s  shows how impo r tan t  i t  i s  f o r  a l l  o f  us t o  c o n t i n u -  
o u s l y  search o u r  l a b s  f o r  hazards, e s p e c i a l l y  f o r  those hazards n o t  i n -  
v o l v i n g  r a d i a t i o n .  



McMaster Tandem Acce le ra tor  Laboratory 

FN Operation 

Machine ope ra t i on  has  been rou t ine .  du r ing  t h e  l a s t  twelve months. A few 

s u c c e s s f u l  runs .were  accomplished a t  9  MV, but  i n  gene ra l ,  h igh  vo l t age  opera- 

t i o n  has  been r e s t r i c t e d  due t o  the cond i t i on  of t h e  tubes.  Some low va lue  

r e s i s t o r s  have been i n s t a l l e d  on damaged s e c t i o n s  i n  number 3 tube .  We now 

have over  70,000 hours on our  a c c e l e r a t o r  tubes.  

Ca l cu l a t i ons  were made t o  check t h e  beam t ransmiss ion  through t h e  machine. 

Regrading of r e s i s t o r s  i n  t h e  i n j e c t i o n  a r e a  of t h e  #1 tube has  r e s u l t e d  i n  

s i g n i f i c a n t  improvement i n  beam t ransmiss ion .  We a r e  now t r a n s m i t t i n g  60% o r  

b e t t e r  of t h e  low energy c u r r e n t  t o  t he  image cup (p ro tons  and deu te rons ) .  

During t h e  week of September 27, 1980, a  f i v e  day run  us ing  low i n t e n s i t y  

t r i t o n  beams was s u c c e s s f u l l y  performed. Many of t h e  components used i n  t h e  

previous t r i t o n  run were reused wi th  minimal contaminat ion of t h e  ion  source  

box o r  "down-stream" components. A t  t h e  conc lus ion  of t h e  run ,  t h e  e n t i r e  

source  was'moved t o  t h e  t r i t i u m  source  rack  f o r  use i n  f u t u r e  experiments .  

Ion Sources 

The r e f l e c t e d  C s  s p u t t e r  source f o r  o b t a i n i n g  n e g a t i v e  i on  beams from 

12 - 
mill igram-sized samples is  now i n  ope ra t i on .  Beams of 25 pamps of C and 

.5  pamps of B ~ O -  have been produced. Devel.opment work is  con t inu ing , to  improvc! 

r e l i n b l l i t y  and output ,  and t o  reduce sample c.llang.l.ny: t ime. 

This source  is now c u r r e n t l y  used f o r  a l l  heavy ion work. 

Pulsed Beam System 

'"he f a s t  beam chopper a t  t he  high energy ex t ens ion  has  been r e b u i l t  and 

t h e  d r i v i n g  e l e c t r o n j c s  modified t o  ennl,le ope ra t i on  a t  1 0  MHz. Measured b u r s t  



widt l ls  of i t o  2 u s  I I ~ I V ~  Iwen o b t a i n e d  easily f o r  proton and a beams. The 1 0  MHz, 

i n j e c t i o n  buncher  and i t s  d r i v i n g  e l e c t r o n i c s  a r e  complete.  Measured bunch 

w i d t h s  have been l i m i t e d  t o  3 n s  f o r  p r o t o n s  and 3.5 n s  f o r  a beams by v e l o c i t y  

s p r e a d  i n  t h e  i o n  s o u r c e .  These w i d t h s  w i l l  improve a f t e r  t h e  planned i o n  

s o u r c e  upgrad ing  t o  a l l o w  100 kV i n j e c t i o n  e n e r g i e s  i s  completed.  Using t h e  

f a s t  chopper  t o  t a k e  a 2 n s  " s l i c e "  o f  t h e  p r e s e n t  beam bunches w i l l  a l l o w  

n p p r o x i ~ n a t e l v  20"/,em u t  i l i z c ?  t i o n .  

The p l a t e s  f o r  t h e  p s  p u l s e r ,  a l r e a d y  i n  p l a c e  a E t e r  t h e  a n a l y z i n g  magnet, 

w i l l  h e  used t o  r e j e c t  unwanted b u r s t s ,  p r o v i d i n g  beam b u r s t  s e p a r a t i o n s  of 50,  

E l e c t r o n i c s  --. 

Three r e s e a r c h  i n s t r u m e n t s  have been developed d u r i n g  t h e  p a s t  y e a r ;  a  Time 

t o  LJ ig i t a l  C o n v e r t e r ,  a l l u l t f p l i c i t y  F i l t e r  u n i t  and a  F ive  I n p u t  Coincidence 

u n i t ,  

There i s  no commercial Ins t rument  available f o r  measuring L ~ I I I ~ !  1 1 1 L e ~ v d l s  

i n  t h e  range of a few n~Lcroseconds t o  .?bout 0 .1  seconds .  A Time t o  Amplitude 

Convt*rtcr  W:IH (Ic:ve?.?I.o~~ed t o  fl.11. tl1i.s 11cetl. T . t  cons.i .s ts  of ;I c o u n t e r  and a 20 

Mllz c r y s t a l .  osci l . l .a tor '  w l ~ h  tlre n e c e s s a r y  :Logic t o  s t a r t  c o u n t i n g  and t o  r e a d  

t h e  c o n t e n t s  o f  t h e  c o u n t e r  when an  e v e n t  o c c u r s .  I r  c o n t a i n s  a f i r s t - i n - I i r s t -  

o u t  memory t h a t  c a n  s t o r e  t h e  t ime  of o c c u r r e n c e  of as many a s  64 e v e n t s  i n  a 

b u r s t .  The i n s t r u m e n t  i s  c o n s t r u c t e d  i n  a  N I M  modul.e,and r e p l a c e s  a n  ADC i n  

t l lc pu.1 t;c ! ~ s ' i g l ~ t  c ~ n n l y a e r  s y s  tenl, 

'1'111. Flu1 t ip l  i c i  t y  Fi .1  ti!r csons ists r jT  c: i ri:u i t s  t o  clc'ti!c. t' tllc~ t  inlc or oc:c:tlr- 

rcBnc.t* ol' ' c ~ v t ~ ~ l ~ s  I'rotr 8 st: l n t  i l 1 ;lL:lon cotlntc!rs, ;rnd 101: i  c 1. l rc!ci.i t s  I:II;I I. ~)rotlucc. 

;III  o11t1)ut p11 i.sl. .i.f illly two' o r  111ot-e s i>:ni~ 1.s oc:cur in 1.0 ini: itl(?ncc! w i L11. i  11 100 n;lllo- 

scconds .  T t  is used t o  s t u d y  decay scllemcs sncl f  i l . t e r s  o u t  t h e  I ~ . i j : l ~  r ; l tc  o f  



sing1.t.s cvc?nt.s. A.LI of  tlre c i . r c u i t s  arc  contninecl  -i.n ; I  s . i .nglc 'LO" x 12" c l~ i~ss : . i s .  

The F i v e  I n p u t  Coincidence u n i t  i s  c o n t a i n e d .  i n  a N I M  module. It i s  

des igned  t o  r e c e i v e  t h e  t in i ing s i g n a l s  from up t o  5 Ge d e t e c t o r s .  Log ic  

s i g n a l s  a r e  produced when doub le  o r  t r i p l e  c o i n c i d e n c e s  are d e t e c t e d .  

I t  is p o s s i b l e  t o  g a t e  t h i s  u n i t  by t h e  o u t p u t  o f  t h e  M u l t i p l i c i t y  F i l t e r  u n i t .  

A c c e l e r a t o r  U t i l i z a t i o n  

(based  on b e l t  c h a r g e  t i m e r ,  Oct .  31 t o  Oct .  31) 

1 9  7  7  1'978 1979 1980 est .  

FN h o u r s  

% u t i l i z a t i o n  

Max FN v o l t a g e  

No. of  days  at 
o r  above 9 MV 

No. of i o n  s p e c i e s  

% .  p  & .d ( u n p o l a r i z e d )  

% & d ( p o l a r i z e d )  

% t r i t i u m  

3 4 
% He and He 

% o t h e r  i o n s  

KN h o u r s  

: %  u t i l i z a t i o n  



Rowton:. John, you mentioned t h a t  you were.going t o  s p l i t  your  e x t r a c t i o n  
e lec t rode  so you cou ld  s t e e r  t h e  Cs beam. Are you us ing  the  concent r i c  
r e f l e c t i o n  geometry o r  t h e  o f f -cen ter  r e f l e c t i o n  geometry? 

McKay: A c t u a l l y ,  P h i l  had b e t t e r  t a l k  about t h i s .  . I t ' s  n o t  t he  e x t r a c t i o n  
e lec t rode ,  though. 'It i s  the  e inze l  l ens .  

.. ," . . 
Ashbauqh: We a re  u s i n g  t h e  o f f - a x i s  geometry. We moved t h e  whole source o f f  
a x i s  as w e l l  as the'co.ne. That i s ,  t h e  Cs gun and t h e  s p l i t  e i n z e l  l ens  w i l l  
move as a  u n i t  o f f  a x i s  i n  any d i r e c t i o n .  The cone w i l l  o n l y  move up and down. 
We now o f f s e t  t h e  cones by about 0.080 i n c h  and the  Cs l ens  by about t h e  same 
amount. The m a t e r i a l  o f  t he  cone i s  then on a x i s .  We have n o t  had much exper- 
i ence  w i t h  t he  s p l i t  l e n s  ye t ,  b u t  we b u i l t  i t  and i t  looks  n i ce .  

Rowtun: We have two s p u t t e r  sources a t  Los Alamos. One uses the  o f f - a x i s  
geometry and t h e  o t h e r  uses t h e  concen t r i c  geometry. Our f e e l i n g  i s  t h a t  t h e  
concen t r l c  geometry i s  much n i c e r  and l ess  t r o u h l e s n m ~ .  Tt. 1 4  risky t o  say 
t he re  a re  d i f f e rences  i n  ou tpu t .  

McKay: The o f f - a x i s  one has the  advantage when you are  us ing  very smal l  sample 
s i z e s .  

Rowton : We1 1  , n o t  r e a l  l y .  Our concen t r i c  cones can take  ext remely small sam- 
jxE- 

Say lo r :  We have two sources a t  P i t t sbu rgh .  One i s  i n  t h e  te rmina l  o f  t he  
f i r s t  machine and t h e  o t h e r  i s  ex te rna l  t o  the  machine. On bo th  o f  them we 
have a  t o t a l l y  concen t r i c  geometry w i t h  a  l a r g e  ape r tu re  cone. Across the  
cen te r  o f  t h e  cone i s  a  bar o f  t h e  m a t e r i a l  we want t o  s p u t t e r .  

Rowton: I ' v e  used t h a t  method a l s o .  We now use a  machined cone t h a t  has a  
suppor t  bar through t h e  midd le  and a  1  i t t l e  p e l l e t  i n  t h e  midd le  o f  t h e  bar .  
The sample goes 1t1 a recess i n  t h e  p e l ' l e t .  One can use a standard Middieton-  
t ype  source and p o s i t i v e  r e f 1  e c t i o n  v o l  tage on t h e  negat ive  e x t r a c t o r .  Wi th 
t h a t  method s t e e r i n g  the  Cs m igh t  n o t  he lp  a t  a l l ,  and i t  i s  a  much s imp ler  
system . 



1980 SNEAP LABORATORY REPORT 

Labora to i re  de  Pllysique Nuclzaire ,  Universiti5 de  Montrdal 

Claude Brassard.  

1- Design of new p a r t i c l e  a c c e l e r a t o r s  . . 

I n  September of 1980, t h e  Un ive r s i t y  has  appointed t h r e e  re- 
search  a s s o c i a t e s  t o  work f u l l  time wi th  t h e  l abo ra to ry  s t a f f  on t h e  
des ign  of a new 1 GeV CW e l e c t r o n  a c c e l e r a t o r  which w i l l  be  construc-  
t ed  i n  t h e  MontrGal a r e a .  Our Dynamitron w i l l  b e  f i t t e d  wi th  a n  e lec-  
t r o n  source  and s e r v e  a s  a 3.5 MeV, 2mA i n j e c t o r  i n  t h e  i n i t i a l  s t a g e  
of t h e  p r o j e c t .  The des ign  of t h e  i n j e c t i o n  buncher and of t h e  f i r s t  
s t a g e  150 MeV CW r a c e t r a c k  microtron w i l l  b e  completed i n  October of 
1981. The cons t ruc t ion  of some of t h e  c r i t i c a l  components of t h i s  new 
machine w i l l  begin i n  January of 1981. 

2- Operation of t h e  tandem and of t h e  Dynamitron 

1980 has  been a very good year  f o r  our  tandem (EN-l), which 
provided 6566 llours of beam time. Our 4 MV Dynamitron has reached an 
e x c e l l e n t  r e l i a b i l i t y  t h i s  year .  The r e l a t i v e l y  low (449 hour) beam 
time was l i m i t e d  mainly by the  ackwardness of working wi th  n s i n g l e  
beam l i n e  (no switching magnet) and by t h e  f a c t  t h a t  t h e  p h y s i c i s t s  ' 

st i l l  r e f r a i n  from us ing  t h e  machine dur ing  t h e  evening and t h e  n igh t  
s h i f t s ,  when no t echn ic i an  is  a v a i l a b l e .  The i n s t a l l a t i o n  of a second 
beam l i n e ,  which i s  planned f o r  1981, should he lp  cons iderably .  

3- Develo~ment  r e l a t e d  t o  SF, 

The work r e l a t e d  t o  SF p u r i f i c a t i o n ,  f a s t  t r a n s f e r  and s t o r -  
6 age systems a r e  covered i n  a s e p a r a t e  a r t i c l e .  

4- SF6 A l a m  system 

I n  1980, we have designed a remote SF p re s su re  monitor ing 
device  based on v a r i a b l e  r e luc t ance  transducers! This  monitor i s  f i t t e d  
wi th  an  alarm which w i l l  warn us  i n  case  of an  unexpected l o s s  of pres-  
s u r e  i n  t h e  tandem, i n  t h e  Dynamitron o r  i n  t h e  underground r e s e r v o i r .  
We hope t o  avoid t h e  recur rence  of l a s t  y e a r ' s  i n c i d e n t ,  when 3000 SCFM 
of SF were l o s t  through a l e a k  i n  t h e  underground r e s e r v o i r ,  dur ing  6 t he  summer vaca t ion .  

5- New column r e s i s t o r s  f o r  t h e  tandem 

Over t h e  yea r s ,  t h e  r e sc s t ance  of our  column r e s i s t o r s  had 
d r i f t e d  towards 700 MS2, and i t  was becoming i n c r e a s i n g l y  d i f f i c u l t  t o  
s t a b i l i z e  t h e  beam a t  low ope ra t ing  vol tage .  I n  view of t h e  d i f f i c u l t y  



of obtainfng new res f s . to r s  from I i y E C , : w e  decided t o  design and cons- 
t r u c t  our own. ~ a c h  column r e s i s t o r  was made up from 48 one-watt, 10 
MQ composi t ion .c~rbon r e s i s t o r  (Allen-Bradley) wired i n  s e r i e s  . . i n  groups 
of 12 and f f t t e d  i n  an i n s u l a t i n g  tube. A complete set of these  new 
column r e s i s t o r s  w a s  i n s t a l l e d  i n  Jq9:u;ary of 1980 i n  t h e  low-energy 
end of the  machfne, and they havecp&rformed b e a u t i f u l l y  f o r  t h e  l a s t  
11 months. The absence of spark gap does not seem t o  a f f e c t  the  r e l i a -  
b f l i t y .  I n  a d d i t i o n  t o  the,.lower ;cos t ,  ,our .design p resen t s  t h e  advan- 

. . . . 
tage  of making r e p a i r s  poss2ble. 

? 

, . 6- B e l t  problems "' , . 

, . :. 
The l a s t  two b e l t s  purchased from WEC have g iven ;$ g r e a t  

d l £  f i 'cul t ies . ;  they appear t o  be mechanically very d i f f e r e n t  :.f roq the  
1 - 

p.revious b e l t s .  Upon i n i t i a l  i n s t a l l a t i o n ,  they requ i re  d a i l y  s t r e t -  
c h i n g . f o r  weeks, before  they s t a b i l i z e .  .They a l s o  damage very  e a s i l y  
and wear out  i n  some' 1500 hours of normal operation.. . - '  . . 

7- ~ n j e c t i o n  of t h e  Dynamitron i n t o  the  tandem 
I 

I n  1978, we obtained a good transmission'  f o r  the  H- ion  beam 
from t h e  Dynamitron i n t o  the  tandem. We a l s o , r e a l i z e d  a t  t h e  time t h a t  
the  i n j e c t i o n  beam l i n e  would not t ransmit  high r i g i d i t y  beapls. Since 

. oxygen, Nitrogen and Carbon beams of .high energies  .are requfred f o r  our 
' 

experimental program, w e  have redesigned the  . i n j e c t i o n  beam -line., The 
second quadrupole was changed i n  order  t o  increase  the  focussing power; 
new d e f l e c t o r s  were i n s t a l l e d  and the  power of $.he .old d e f l e c t o r s  was 
increased.    he o p t i c s  has been recalcula ted  c a r e f u l l y  , following a se- 
r i e s  of beam emittance measurements. A double wais t  has been ( s e t  ha l f -  
way between t h e  two quadrupoles, where i t  i s  observed with an NEC beam- 
p r o f i l e  monitor. . . 

8- Deam puls ing  

A magnetic beam pulsing with moderate r i se t ime  ( ~ 1 ~ s )  is  under 
cons t ruct ion .  Its I n s t a l l a t i o n  i s  planned a t  the  Dynamitron, where i t  
w r l l  be  used i n  connection with a c t i v a t i o n  experiments. A t  t he  tandem, 
a s i m i l a r  system w i l l  be used t o  help i n  measuring the  beau i n t e n s i t y ,  
by swrtch'ing t h e  beam rapidly..between t h e  t a r g e t  and a c a l i b r a t e d  Faraday 

I ' * I  " 
cup, 42th a c a l i b r a t e d  duty cycle.  

9-, Telemetry system 
. . 

A te lemetry  system based on an open l i g h t  . l ink ,  s i m i l a r  t o  t h e  
one designed by Ed Burners of Notre-Dame, Is un'der construct ion.  It 
w i l l  l i n k  t h e  termlnal  of the  Dynam3tron t o  the  ou t s ide  world through . . 
a convenient window i n  t h e  tank. .  



Janzen.: I have a  ques t ion  about t h e  problem o f  t h e  be1 t s t r e t c h i n g .  Does 
HVEC p r e s t r e t c h  t h e  charging b e l t s  b e f o r e  they  a r e  i n s t a l l e d ?  

Goldie:  Yes, we d o .  But  t h e  rubber seems t o  be s o f t e r  than i t  used t o  b e .  

L e t o u r n e l :  We f i n d  t h a t  t h e  b e l t s  a r e  damaged o n l y  by e l e c t r i c a l  processes.  



U n i v e r s i t y  o f  N o t r e  Dame 
' . ,  . . I  . .Nuc lear  . S t r u c t u r e  Labora tory  

'. ' > . , . .  . . . . 

, . 
. 

O u r  l a b  has  an FN Tandem k i t h  a charge-exchange' ion  
source- .  and a: p o l a r i z e d .  ion  source,  and a .  3 MV single.-ended . . . 
e l e c t r o s t a t i c  a c c e l e r a t o r  which is used a s  a heavy-ion in-  
j e c t o r  f o r  t h e  Tandem. The i n j e c t o r  has  a s p u t t e r  source 
i n  t h e  t e rmina l .  

We have b u i l t  and i n s t a l l e d  a s t r i p p i n g  f o i l  changer 
w i t h  70 f o i l s  on a  conveyor chain.  I t  is much l i k e  f o i l  
chargers  designed some y e a r s  ago a t  Tr iangle  U n i v e r s i t i e s  
Nuclear Labs and Purdue Unive r s i ty ;  both l a b s  k indly  s e n t  
us  t h e i r  drawings. The f o i l  frames are made of nickel 
s h e e t ,  e l e c t r o p o l i s h e d  a f t e r  machiningb Each frame i s  
he ld  i n  p lace  on t h e  chain  by a ceramic but ton magnet. 
Loading o f  f o i l s  is quick and easy. 

When t h e  Tandem tank w a s  opened las t  May t o  i n s t a l l  t h e  
f o i l  changer,  we found it necessary t o  r e - a l i g n  the  acce le r -  
a t i n g  tubes.  During t h i s  t ime,  while the  tubes  were a t  
atmospheric p r e s s u r e ,  tube no. 2 broke i n t o  two p ieces  and 
t h e  broken ends dropped down onto t h e  s t r i n g  s h i e l d s .  About 
ten days l a t e r ,  while  tube no. . 2  w a s  a t  P o t e n t i a l s ,  Inc .  
being r e p a i r e d ,  tube no. 1 a l s o  broke. 

We decided immediately t o  have a l l  four  tubes  r e b u i l t .  
The work was done by P o t e n t i a l s ,  Inc.  Conditioning of t h e  
r e b u i l t  t ubes  s t a r t e d  on August 3 .  The tubes condi t ioned 
e a s i l y  and a r e  vacuum t i g h t .  The h ighes t  vol tage  reached 
so  fa r  is 8.95 M V ,  and we expect  t o  go higher.  Transmission 
is about 60% f o r  l i g h t  ions  from t h e  charge exchange ion  
source ,  and about 1005 f o r  2.5 MeV heavy lons  from t h e  
i n j e c t o r .  ( A  more complete r e p o r t  on the  performance of 
t h e  r e b u i l t  t ubes  w i l l  be g iven  i n  Session V I I I . )  

A l l  of  our  tubes  now have a f u l l  s e t  of s t r i n g  s h i e l d s  
mounted underneath s o  t h a t  any f u t u r e  broken tubes  w i l l  be 
caught before  they can f a l l  and damage something e l s e .  

Since December 1977 we have had a t i tanium subl imation 
pump i n  t h e  t e rmina l  of t h e  i n j e c t o r .  The pump holds  two 
10 gram c a r t r i d g e s ,  NEC type TSC-10-6. The most r e c e n t  
p a i r  r an  f o r  554 and 676 hours consecut ively,  from 8  August 
1979 t o  23 A p r i l  1980. With t h e  s p u t t e r  source and t h e  
pump both on, t h e  source p r e s s u r e  s t a y s  a t  1-2 mic ro to r r  
w i t h  about 200 watts t o  t h e  subl imator .  



After finding it impossible t o  obtain P-774-040 
column r e s i s t o r s  from HVEC, we bought 30 r e s i s t o r s  .from 
Potent ia l s ,  Inc. and i n s t a l l e d  24 o f  them at  the time the 
rebui l t  tubes were i n s t a l l e d .  So f a r ,  these r e s i s t o r s  
have survived and have been s tab le .  They are made o f  
2-watt carbon r e s i s t o r s  contained i n  a phenolic tube. 

Say lo r :  What i s  t h e  vacuum w i t h o u t  t h e  s u b l i m a t i o n  pumps? 

Berners:  We c o u l d n ' t  measure i t  be fo re  so I d o n ' t  know f o r  su re .  My guess 
i s  t h a t  i t  was between 1  O m 5  T o r r  and To r r .  

Burn: What i s  t h e  c o s t  o f  t h e  10-gram t i t a n i u m  sub1 imato rs  and what s o r t  - 
o f  power supp ly  do you use t o  r u n  them? 

Berners:  The power supp ly  i s  a  home made one which i s  an aluminum f o i l  
wound step-down t rans fo rmer  f e d  by a  v a r i a c .  I d o n ' t  know what t h e  c o s t  
o f  t he  sub l imato rs  i s  o f f  hand. Maybe someone f rom NEC can t e l l  us .  

Nor ton:  T'he 10-gram sub1 imato rs  a r e  about $100.00. We a l s o  have a  20-gram 
sub l ima to r  which i s  a c t u a l l y  cheaper (abou t  $85.00) because we s e l l  more o f  
them and, t he re fo re ,  make them i n  l a r g e r  l o t s .  
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Schedul e  

I n s t a l l a t i o n  of major components of the NEC 25 URC tandem acce lera tor  
was completed i n  Janu.a.rry, 1980., and i n i t i a l  corrrni ss ioning a c t i v i t i e s  were. 
begun a t  t h a t  t ime b y ' ~ € c .  I n  the ' interval since January, several mi le-  
stones have been . p~ssed.1 , The most s i y n i f i c a n t  o f .  t .h~se-  were: accc1eca:tion ' 

U P  beam through the  machine and .complet ion-of  beam acseptan,ce t m t s  a t  ' . '  

7.5 MV and a t  17.5 MV. 
> .  . " .  

Beam was f i i s t  accelerated through the complete. beam t ranspor t  system. 
on May 12, 1980. Fol lowing c o n d i t i o n i n  o f  the acce lera t ion tubes t o  about 
17 MY, a  60 pnR ( p a r t i c l e  nanoampere) 1806+ beam a t  108. MeV was bb ta i  ned. ' 

Th i s  beam was produced. by f o i  1  s t r i p p i n g  a  750 pnA OH' beam in jqcted'  a t  an 
energy o f  0.3 MeV. Due. t o  t he  excel l e n t  .voltage stabi  l i t y  o f  the acceqer- ..' 

a t o r ,  tun ing  o f  the beam through the terminal  and a.nalyzing magnets was 
found to. be s t ra igh t fo rward  and, i n  . f a c t ,  was performed wi thout  ise of.. ,the ' 
t e rm ina l  p o t e n t i a l  s tab i  1  i za t ion ,  system.. F o l l  owing- fur ther  work req'ui'red 
t o  comnission the terminal  gas s t r i p p e r  .and te rmina l  po ten t i a l  sthbi'l ' izer'; 
an absolute c a l i b r a t i o n  o f  t he  lower range o f  the analyzing magnet, based 
on t h e  reac t ion  12~ (160 ,  a ) * 4 ~ g ,  was completed i n  June. 

The f i r s t  f o u r  systen acceptance t e s t s  were performed succcss fu l l y  
,in July and August a t  terrnina'i p o t e n t i a l s  o f  7.5 and 17.5 MV. I n  these 
t.ests, analyzed beams o f  1271 were denlullstrated w i t h  i n t e n s i t i e s  o f  10 pnA 
( 6  x 1010 p a r t i c l e s l s e c )  and 1 ppA ( 6  x 1012 pa r t i c l es l sec )  f o r  terminal  
f o i l  and gas s t r ippers ,  respec t i ve ly .  Ca l i b ra t i on  o f  the upper range o f  
t h e  analyzing. magnet was a1 so completed i n  t h i s  in te rva l .  

On August 20, the acce le ra to r  vessel was opened f o r  a  rnai ntenance 
pe r i od  which ended October 6. S iqn i  f i c a n t  a c t - i v i t i e s  durSng t h i s  per iod 
Inc luded r e p a i r  of a l l  known vacuum leaks, baking ( f o r  16 days) o f  the 
acce le ra t ion  tubes, major mod i f i ca t ion  o f  the corona vol tage grading 
system, and i n s t a l  l a t i o n  of t he  ORNL Aarhus-type Penning source i n  t he  
i n j ec to r .  

A f t e r  acce le ra t ion  tube cond i t i on ing ,  MEC plans t o  beg in  performance 
o f  acceptance t e s t s  a t  a  termina l  p o t e n t i a l  o f  25 MV i n  l a t e  October o r  
e a r l y  November. 



Problems . 

Two s i g n i f i c a n t  problems have been encountered t o  date: 1) ? ~ a i  1 ure  
o f  tub ing  connectors on termina l  Faraday cups and var iab le  apertures has 
resu l t ed  in' th ree  i nc i den t s  i n  which the e n t i r e  ,terminal c o o l i n g  system 
water supply (about 20 ga l l ons )  was released onto the column. Vacuum 
1 eaks associated w i t h  these inc iden ts  suggest t h a t  cor ros ion o f  a1 umi num 
gaskets may be caused by l i q u i d  water trapped i n  the space between 
flanges. 2) A s i g n i f i c a n t  SF6 leak  was discovered i n  the manway o f  one o f  
t he  three storage tanks. I nves t i ga t i on  showed t h a t  t h i s  leak was due t o  
corrosion,  probably induced by water o r i g i n a t i n g  from the te rm ina l  water 
leaks described above. 

Mod i f i ca t ions  

A s i g n i f i c a n t  mod i f i ca t i on  t o  the acce lera tor  i n  August o f  t h i s  year  
was replacement o f  the enclosed corona grading system w i t h  an open po in t  
system. NEC proposed t h i s  change f o l l o w i n g  poor experience w i t h  the 
enclosed system on the NEC 20 MV tandem acce lera tor  i n  Japan. At  present, 
t he  replacement i s  considered a tes t .  A f i n a l  dec is ion on the  type of 
corona grading system w i l l  f o l l o w  the 25 MV acceptance tes ts .  

A planned mod i f i ca t ion ,  y e t  t o  be implemented by NEC, i s  i n s t a l l a -  
t i o n  o f  a l i q u i d  entrainment separator f o l l o w i n g  the SF6 vapor izer.  This 
mod i f i ca t i on  i s  requ i red t o  reduce the t ime f o r  t r ans fe r  from storage. 

Gas' Hand1 i n q  System 

The present s ta tus o f  the gas handl ing system may be summarized as 
fo l lows: 

- 17 t r ans fe r s  completed w i thou t  major inc iden t  or  SF6 l o s s  

- No s i g n i f i c a n t  leakage from j o i n t s  f i t t e d  w i t h  t e f l o n - f i  1 l e d  
s p i r a l  wound gaskets 

- Typical  t rans fe r  t imes: 

Storage-to-Accelerator (50 ps i  g) 10 h r  
Accelerator  (50 'psi  g)-to-Storage 9 112 h r  

- Approximate SF6 loss:  



Oxford University 

Ken Allen 

I s h a l l  be ta lk ing  on Wednesday about the  s t a t u s  of our folded tandem 
- so  I ' l l  use these few minutes t o  t e l l  you about the  way the  accelerator  

scene i s  changing i n  Oxford and how we're put t ing some of our other  ac- . 
ce l e r a to r s  t o  new uses. For some 15 years we've operated a coupled system 
of a large single-ended v e r t i c a l  machine and a,kgr%zontal  EN tandem. The 
v e r t i c a l  machine had an ion source i n  the  terminal t o  produce posi t ive  
ions.  About 1975 we secured funds t o  convert the  v e r t i c a l  machine i n t o  a 
folded tqdem and that!s  now operating s a t i s f ac to r i l y .  From a nuclear 

, physics standpoint  i t ' s  a t  l e a s t  a s  good and i n  many ways be t t e r  than the  
o ld  combination of two machines. 

W e  w i l l  soon take delivery of a 3-MV Tandetmn from General Ionex. 
That machine is going t o  be dedicated t o  14c dati.ncj and w i l l  be operated 
by Oxford's Laboratory fo r  Archeology and the  History of A r t .  We're 
providing some technical  backing fo r  the  accelerator  hut, a t  l e a s t  init- 
i a l l y  we.'re' not involved i n  any of the  experiments. That then leaves the  
.EN tandem r e l a t i ve ly  f ree .  We propose t o  convert it t o  an u l t rasens i t ive  
mass 'spectrometer. f o r  experinierits not involving "c. I t 's  ver9 fashionable 
these aays t o  use o ld  equipment where you can and we're ce r ta in ly  doing 
t h a t  here. We're thinking of a very d i f f i c u l t  and maybe i m  s s ib l e  ex- 
periment on nucleon decay t h a t  involves the  detection of ''?. TO convert 
the  E N  tandem f o r  detect ing ' 2 9 ~  we w i l l  i n s t a l l  a high-resolution in- 
jector  on it. W e  s h a l l  use a new surface-ionization source t o  produce 

. the  iodine beam. 

The i agne t i c  p a r t  of t h a t  in jec tor  i s  an o ld  magnetic spectrometer 
t h a t  has been around f o r  about 20 ears .  The dispersion of t h i s  magnet i s  
considerable. Beams of 1 2 7 ~  and '''1 w i l l  be separated by about an inch 
i n  the  focal  plane. The magnet has a nonuniform t ie la  with n = 1/2 and a 
radius of curvature of 61 cm. A t  a mass-energy.product of 13 the  reso- 
lu t ion  i s  850. A t  high f i e l d s  it can get  up t o  a mass-energy product of 
about 25.  Thc beam w i l l  go through the scceS.c?xa€B% with the terminal 
voltage s t ab i l i z ed  with reference t o  a generating voltmeter. There i s  
then a charge separator and f i n a l l y  a time of f l i  h t  detector.  Although 
we a r e  i n i t i a l l y  concentrating the design around '' '1 it w i l l  ' be su i tab le  , 

f o r  the detect ion of v i r t u a l l y  any isotope. 

We have a t  Oxford f o r  many years had a high-energy project  ca l led  
ISIS and f o r  many years I've wanted t o  have a project cal led OSIFUS. I'm 
sure you've heard the  s to ry  of Isis and O s i r i s .  O s i r i s  was murdered by 
one of h i s  r e l a t i ons  and he was cu t  up i n t o  mil l ions  of b i t s  and dis-  
t r ibu ted  throughout the  ear th .  Then h i s  f a i t h f u l  wife Isis assembled 
them a l l  together again and he sprang t o  l i f e ,  i n  f a c t  t o  e te rna l  l i f e .  
After many tries we f i n a l l y  fomd an acronym t h a t  seemea ispprup~'ia,te. 
We have ca l led  t h i s  project  the  - Oxford - Supersensitive - In jec tor  f o r  - Radio- 
ac t ive  - Isotope Separation. 

Finally I w i l l  mention one other project .  A small group a t  our lab- 
or-atory has developed a proton microprobe ra ther  ~ u c c e ~ s f u l ; l y .  With about 
4-MeV proton energy the  beam dimensions a r e  d o h  to about a micron. That's 
another program t h a t  we hope w i l l  be generating in te res t ing  r e s u l t s  over 
the  next few years. 



Laboratory Report 

Univers i ty  of Pennsylvania 

SNEAP 1980 . . 

I n  t h e  p a s t  year  t h e r e  have been no major modif ica t ions  t o .  
- t h e  F.N. a c c e l e r a t o r .  The Tandem has run r e l i a b l y  wi th  only." 
one 'major  problem which occurred two weeks'ago. There w a s  a 
be. l t  f a i l u r e  caused by t h e  charging .screen  frame making con- 
t a c t  with t h e  b e l t .  

. Maximum terminal  opera t ion  was 8.75 M.V. f o r  experime'ntal . . .  

work with an average of 7.8 M.V. during t h e  year.  ,Our ma- 
- .  chine i s  equipped wi th  t i tan ium e l e c t r o d e  tubes  which seem 

' t o  g ive  us  a vo l t age  edge of 250 t o  300 keV inc rease  i n  r e -  
l i a b l e  opera t ion  over  t h e  aluminum e l e c t r o d e  tubes'., 

One p e c u l i a r i t y  wi th  t h i s  type of tube i s  t h e  r a t h e r  l a r g e  
inc rease  i n  vacuum pressure  dur in  opera t ion .  The base 
pressure  w i l l  i nc rease  from 3 x 18-7 t o  6 o r  7 x 10-7 Torr. 
T h i s  p ressu re  inc rease  seems t o  be r e l a t e d  t o  t h e  tempera- 
t u r e  of t h e  i n s u l a t i n g  gas. 

Ion source work i s  progressing and we a r e  now i n  t h e  pro- 
c e s s  of s e t t i n g  up an independent ion  source t e s t  bench. 
There a r e  t h r e e  i o n  source i n j e c t o r s  on. t h e  machine. One 
source i s  t h e  dedicated alpha L i  charge- exchange source. 
The UNIS s p u t t e r  source i s  s e t  up a t  90" with i t s  own i n -  
f l e c t i o n  magnet. And . the t h i r d  one i s  a dedicated 'Widow 
Maker' i on  source used by t h e  Univ. o f  Penna. Hospi ta l  i n  
t h e i r  Pos i t ron  Emission Tomagraphy program. This  source 
i s  used f o r  proton and deuteron production. 



U n i v e r s i t y  o f  P i t t s b u r g h  

T i  1  lman Say lo r  

There have n o t  been any ma jo r  t e c h n i c a l  improvements a t  P i t t s b u r g h  i n  t h e  
l a s t  yea r ,  b u t  we have f i n a l l y  ach ieved good, r e l i a b l e  3-s tage o p e r a t i o n  w i t h  
o u r  two EN tandems. I ' d  l i k e  t o  rev iew some o f  t h e  problems we have had w i t h  
t h e  i n j e c t o r  and what t h i n g s  we have done t o  s o l v e  them. Some o f  t h e  problems 
had been w i t h  us f o r  t h r e e  o r  f o u r  years  s i n c e  t h e  i n s t a l l a t i o n  o f  t h e  t e r m i n a l  
i o n  source i n  o u r  f i r s t  tandem. They i n v o l v e  t h e  i n f r a r e d  l i g h t  l i n k  c o n t r o l  
and r e a d  o u t  system. The bas i c  problem was t h a t  t ank  sparks caused components 
o f  t h e  e l e c t r o n i c s  t o  f a i l .  L a s t  yea r  we t e rm ina ted  t h e  column w i t h  i t s  char -  
a c t e r i s t i c  impedence of  50 n t o  keep r e f l e c t e d  t r a n s i e n t  waves f rom cons t ruc -  
t i v e l y  i n t e r f e r i n g  a t  t h e  t e r m i n a l .  There seemed t o  be some improvement b u t  i t  
d i d  n o t  s o l v e  t h e  problem comple te ly .  A f t e r  t h a t  we had a  ma jo r  down t ime  t o  
r e l o c a t e  some o f  t h e  source e l e c t r o n i c s  s i n c e  many o f  t h e  components t h a t  f a i l e d  
were i n  a  c e r t a i n  p a r t  o f  t h e  s t r u c t u r e ,  s p e c i f i c a l l y  those t h a t  c o n t r o l l e d  t h e  
mo to r s  wh ich  t u r n  t h e  v a r i a c s .  We rep laced  t h i s  w i t h  a  more r o b u s t  r e l a y  system 
i n  a  separa te  aluminum box. We a l s o  r e r o u t e d  severa l  o f  t h e  w i r e s .  

I n  t h e  i o n  source we i n s t a l l e d  an e l e c t r o d e  f o r  f ocus ing  t h e  Cs beam o n t o  
a  ba r  cone. T h i s  f e a t u r e  was n o t  on t h e  source as i t  was s u p p l i e d  by E x t r i o n .  
A f t e r  t hese  and some o t h e r  changes we f i n a l l y  had a  p e r i o d  o f  about 2 weeks 
d u r i n g  which e v e r y t h i n g  s u r v i v e d  a  coup le  dozen tank  sparks a t  vo l t ages  up t o  
5 MV.  A f t e r  one m ino r  f a i l u r e  we 've now had s t a b l e  o p e r a t i o n  f o r  a lmost  one 
month. U n f o r t u n a t e l y ,  t h e  emot ional  scars  f rom t h i s  p e r i o d  have been such t h a t  
t h e  d e c i s i o n  has been made t o  open up i n  a  few weeks t o  i n s t a l  1  a  comp1ete:al t e r -  
n a t e  c o n t r o l  system and readou t  c a p a b i l i t y .  Th i s  system w i l l  use t h e  usua l  me- 
c h a n i c a l  dev ices  such as rods ,  s t r i n g s ,  and mete rs .  I hope we d o n ' t  goo f  up t h e  
whole bus iness by do ing  t h a t .  

I n  t h e  second tandem we have s p i r a l  t i t a n i u m - e l e c t r o d e  tubes from Dowl ish.  
The tubes  have been t o  7.1 MV. We have r u n  a  f l u o r i n e  beam w i t h  7 MV on t h e  
t e r m i n a l  and w i t h  10  o u t  o f  t h e  machine. There were s i x  ins tances  ove r  t h e  
y e a r  o f  what we c a l l  "X- ray i nc rease " .  When t h e  tubes a r e  w e l l  c o n d i t i o n e d  t h e  
X-ray l e v e l s  a r e  t y p i c a l l y  < 1  mR/hr a t  t h e  tank  w a l l  near  t h e  tube .  Bu t  occa- 
s i o n a l l y ,  w i t h  no p e r c e p t i b l e  change i n  p ressure  and w i t h o u t  beam, t h e  r a d i a t i o n  
l e v e l  w i l l  reach  100 t imes  t h e  usual  1 eve1 . We have a  s t r i c t  r u l e  t o  reduce t h e  
v o l t a g e  as f a r  as i s  necessary  and r e c o n d i t i o n  even i f  i t  s tops  t h e  r u n  f o r  a  
l o n g  p e r i o d  o f  t ime .  

The l a s t  t h i n g  1 would 1 i k e  t o  ment ion i s  an acce l  -decel  exper iment  f o r  
wh i ch  we r u n  b o t h  t e r m i n a l s  nega t i ve ,  s t r i p  t h e  beam between t h e  machines, and 
a g a i n  i n  t h e  t e r m i n a l  o f  t h e  second machine. I n  t h i s  arrangement t h e  second 
s tage  i s  an a c c e l e r a t i n g  s tage  and t h e  t h i r d  s tage  i s  a  d e c e l e r a t i n g  s tage .  We 
t h e n  make, f o r  example, f u l l y  s t r i p p e d  oxygen i n  t h e  second t e r m i n a l .  These i o n s  
t hen  emerge as s low, f u l l y  s t r i p p e d  i o n s  and a r e  used f o r  an atomic  phys i cs  r e -  
search program. I would 1  i ke t o  ask whether anybody e l s e  has t h e  a b i l i t y  t o  do 
t h i s  s o r t  o f  t h i n g  and what t h e i r  exper ience  i s  w i t h  i t .  



Lindqren:  We have done t h a t  w i t h  s u l f u r .  We r u n  t h e  i n j e c t o r  machine MP-6 
p o s i t i v e .  We had 72-MeV S8+ o u t  o f  MP-6 which was i n j e c t e d  i n t o  MP-7 w i t h  
a  nega t i ve  t e rm ina l  v o l t a g e  o f  7.75 MV.  There we s t r i p  t h e  S8+ t o  s16+ and 
t h e  r e s u l t a n t  energy and p a r t i c l e  was 10-MeV slG+. We cannot go any l owe r  
than  10  MeV because t h e  i n c l i n e d '  f i e l d s  o f  th'e tubes a t  t h e  o u t p u t  o f  MP-7 
were defocus lng t h e  beam too  much t o  y i e l d  any analyzed beam below t h a t  en- 
e rgy .  

Say lo r :  How f a r  d i d  you b r i n g  t h a t  beam be fo re  you analyzed i t ?  

Lin.dgren: To t h e  t a r g e t  room. 

Say lo r :  D id  someone do an exper iment w i t h  t h a t  beam? 

L indgren:  They were t r y i n g  t o  bu t  I d o n ' t  b e l i e v e  i t  was f i n i s h e d .  

Den Har tog:  How do you focus t h e  beam when i t  comes o u t  o f  t h e  machine? 

Say lo r :  We d o n ' t .  Bu t  f o r  t h e  k i n d  o f  exper iment we ' re  do ing we d e c e l e r a t e  
f u l l y  s t r i p p e d  oxygen down t o  250 keV. Th i s  i s  f o r  an energy o f  16 MeV i n  
t h e  second t e r m i n a l .  For c e r t a i n  k i nds  o f  charge change atomic phys ics  exper- 
iments t he  c ross  sec t i ons  a r e  so h i gh  t h a t  even pA beams a r e  s u f f i c i e n t .  

Den-Hartog: O f  course we do n o t  have two tandems, b u t  t h e r e  has been some i n -  
t e r e s t  i n  perhaps u s i n g  t h e  superconduct ing l i n a c  as a  deacce le ra to r .  

Say lo r :  Do you t h i n k  i t  cou ld  be done? 

Den Har tog:  I d o n ' t  know. Some people t h i n k  so. 

Larson: I'll p u t  i n  a  p l ug  f o r  beam t r a n s p o r t .  These problems a r e  c a l c u l a b l e  
and, o f  course, as t h e  beam energy decreases t r a n s p o r t  becomes v e r y  impo r tan t .  
So you need t o  s tudy  what i s  happening. 

No6: Can you comment on vacuum a c t i v i t y  d u r i n g  c o n d i t i o n i n g ?  - 
Say lo r :  Yes, o c c a s i o n a l l y  when we a r e  c o n d i t i o n i n g  t h e  t i t a n i u m  tubes we w i l l  
see ve ry  ' t i n y  inc reases  i n  t h e  p ressure  a t  t h e  ends o f  t h e  machine. W i th  a  base 
pressure o f  3 x T o r r  we see a  r i s e  o f  1  x T o r r .  

No6: I s  i t  a  steady r i s e  o r  an ab rup t  r i s e ?  - 
Saylor :  I t c o r r e l a t e s  w i t h  t h e  X-ray a c t i v i t y .  I t  i s  n o t  a  s teady r i s e .  

Larson: Wi th  rega rd  t o  X-rays, i f  you g e t  pu lses be sure t o  measure t h e  r a d i a -  
t i o n  w i t h  some k i n d  o f  i n t e g r a t i n g  dev i ce  because t h e  amount o f  r a d i a t i o n  i n  a  
pu l se  may be v e r y  l a r g e .  I t  may n o t  be p r o p e r l y  i n d i c a t e d  on convent iona l  non- 
i n t e g r a t i n g  mon i t o r s .  

Say lo r :  We sometimes see a  s teady l ow  l e v e l  o f  X - r a d i a t i o n  w i t h  v e r y  l a r g e  
f lashes,  The f lashes a r e  very f a s t  and t h e  m o n i t o r  recovers  q u i t e  q u i c k l y ,  so 
we have no i dea  how h i g h  they  r e a l l y  a r e .  That s i t u a t i o n  we cons ider  good as 
f a r  as c o n d i t i o n i n g  i s  concerned. 



Larson: I ' m  speaking about t h e  hea l th  aspect.  I f  your  mon i to r i ng  inst rument  
responds w i t h  say 1  count /pulse,  i t  may be mis leading you as t o  how much r a d i a -  
t i o n  e x i s t s  i n  one o f  those pulses.  You need an i o n  chamber o r  something that:  
i n t e g r a t e s  the  t o t a l  e f f e c t .  

, . 
( U n i d e n t i f i e d ) :  There can be a  l e t h a l  dose o f  r , a d i a t i o n  i n  a  bu rs t .  

. . i .  

Larson: That!b n o t  too l i k e l y ,  bu t  i t  i s  a  p o s s i b i l i t y .  

Say lor :  Goodness. R e a l l y ?  

Larson: Wel l ,  a  l e t h a l  dose i s  u n l i k e l y ,  bu t  I have seen cases a t  Brookhaven 
where on convent ional  meters we saw a  k i c k  every few seconds and i t  was a c t u a l l y  
a  couple o f  R per  hour.  

Say lor :  Which machine was t h a t ?  

Larson: This  was f o r  negat ive  opera t ion .  

Say lo r :  On ou r  negat ive  acce lera to~r ,  any t ime we l e t  the  beam o u t  and sometimes 
even when we d o n ' t  we see as much as 10 R/hr from the  e lec t rons  coming o u t .  
Th i s  was the c o n d i t i o n i n g  i n  ou r  p o s i t i v e  acce le ra to r  t h a t  I was t a l k i n g  about. 
There the  e lec t rons  a r e  going toward the te rmina l  and probably most o f  t h e  
X-rays are  o f  low enough energy t h a t  t he re  i s  subs tan t i a l  a t t enua t i on .  . 

Larson: I r e a l i z e  t h a t  you were t a l k i n g  about p o s i t i v e  opera t ion  and I was 
h e s i t a n t  t o  b r i n g  t h i s  up. But I j u s t  wanted t o  remind people t h a t  i n  an X-ray 
f l a s h  there.can be an awf1.11 l o t  o f  r a d i a t i o n  t h a t  some moni tors w ' i l l  r e g i s t e r  
as one count.  

Say lo r :  Thank you f o r  t h e  warning. 

Noe: Do you see X-rays associated w i t h  t h e  beam? - 
Saylo'r:: Yes; o f t e n  we see as much as 25-30 mR/hr a t  the  tank wa l l  . " 

Berners: Do you know what the  du ra t i on  o f  an X-ray b u r s t  i s ?  

Say lor :  No, b u t  i t  i s  sho r te r  than the  response t ime o f  t h e  inst rument .  

Jones: I t ' s  f a i r l y  s imple t o  l o o k  w i t h  an osc i l l oscope  f o r  t he  t ime s t r u c t u r e .  

Say lor :  We have n o t  done t h a t .  

Jones: Have you looked a t  the  energy spectrum? 

Say lor :  Not s ince  we i n s t a l l e d  the Dowlish tubes. 

Gold ie:  Char l i e  Adams po in ted  o u t  t h a t  these tubes have an unusual outgassing 
c h a r a c t e r i s t i c  t h a t  f o l l o w s  the temperature o f  t he  b u i l d i n g .  Do you see any- 
t h i n g  1  i k e  t h a t  i n  your  t i t a n i u m  tubes from Dowlish? 

Say lor :  No. 
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Because of a  r a t h e r  heavy e x p e r i m e n t a l  program and c o n s i d e r a b l e  t ime 

l o s t  i n  machine maintenance,  n o t  much new developmental  work was 

accomplished i n  t h e  p a s t  y e a r .  

A major  up-grading p r o j e c t  t h a t  w a s  completed was a  semi-c losed loop  

c o o l i n g  w a t e r  svs tem f o r  t h e  a n a l y z i n g  magnet and o t h e r  w a t e r  c o o l e d  beam 

l i n e  components. I n  t h e  p a s t ,  d u r i n g  humid weatl ler  when u s i n g  d i r e . c t  

c i t y  mains w a t e r  f o r  c o q l i n g ,  e x c e s s i v e  condensati .on of  w a t e r  o c c u r r e d  on 

Clie magnet windings  and p o l e  p i e c e s ,  and o t h e r  d e v i c e s ,  c a u s i n g  r u s t i n g  o f  

t h e  po le  p i e c e s  and i n c r e a s i n g  t h e  haznrd of  i i i s u l a t i o n  break-down i n  . t h e  

magnet windings  o r  o t h e r  e l e c t r o d e s .  The sys tem i s  shown s c h e m a t i c a l l y  

i n  F i g .  1 and s u p p l i e s  e s s e n t i a l l y  room t e m p e r a t u r e  w a t e r  t o  t h e  magnet 

a t  a l l  e x c i t a t i o n  l e v e l s  t h e r e b y  e l i m i n a t i n g  t h e  c o n d e n s a t i o n  problems.  

Th i s  sys tem h a s  now been working w'ell f o r  about  e i g h t  months. 

The o t h e r  ma jc r  p r o j e c t  was an  a t t e m p t  t o  f a b r i c a t e  and i n s t a l l  a  

f i b e r  o p t i c  c o n t r o l  and d a t a  l i n k  t o  t h e  h igh  v o l t a g e  t e r m i n a l .  Th i s  met 

w i t h  a  c a t a s t r o p h i c  f a i l u r e  and w i l l  be d e s c r i b e d  i n  a l a t e r  t a l k .  

C o n s i d e r a b l e  t ime artd e f f o r t  h a s  a l s o  gorlt: i n t o  t h e  tlevelopment o f  

s e v e r a l  mic ro -processor  based c o n t r o l  sys tems  f o r  s o p h i s t i c a t e d  c o n t r o l  

a p p l i c a t i o n s .  The f i r s t  of  t h e s e ,  which w1.11 f u n c t i o n  t o  tune  t h e  

a n a l y z i n g  magnet numar probe t o  t r a c k  t h e  f i e l d  t o  a h i g h  d e g r e e  o f  

p r e c i s i o n ,  i s  w e l l  under way and i s  undergoing p r e l i m i n a r y  t e s t s .  L a t e r  

t h e  probe w i l l  be  used i n  a feedback l o o p  t o  c o n t r o l  and s t a b i l i z e  t h e  

a n a l y z i n g  magnet f i e l d  under computer program c o n t r o l .  
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Den Hartog: Are t h e  microprocessor-bgsed c o n t r o l  systems you j u s t  des- 
c r i  bed adaptable t o  o t h e r  systems? Also, what t y p e  o f  numar do you have? 

Janzen: A t  p resen t  we have a H igh  Vol tage numar system.that  da tes  back 
t o  1966. I t  hds a scrvo motor f o r  t r ackSr~y  t h a t  j u s t  I s  n o t  v e r y  good. 
So we a re  go ing  t o  r ep lace  i t  w i t h  a d i g i t a l  system w i t h  a s tepp ing  
.motor.  A l though we g e t  a good numar s i g n a l  t h a t  i s  e a s i l y  balanced 
manua l l y  i n  t h e  cen te r  o f  t h e  scope d i s p l a y ,  t r y i n g  t o  do t h i s  e l e c t r o n -  
i c a l l y  i s  ano ther  problem. 

Den Har toq:  What percentage v a r i a t i o n  w i l l  you be a b l e  t o  ach ieve? 

Janzen: We a r e  a iming f o r  about  0.1% o r  l e s s .  



Nuclear S t ruc tu re  Rosearch Laboratory 
University of Rochester 

D. Kelly, T.S. Lund and T.E. Mil ler  

A number of p r o j e c t s  f o r  the  MP tandem and t h e  experimental equipment 
a t  the  Nuclear S t ruc tu re  Research Laboratory.,af t h e  Universi ty of .Rochester  
have been completed o r  a r e  under co,nstryction s ince  t h e  l a s t  SNEAP meeting. 
These p r o j e c t s  include: (1) an add i t ion  t o  t h e  negative ion  i n j e c t o r ,  
(2) b e l t  r o l l e r s  f o r  t h e  charging system, (3) cryogenic p l u s  ion pumps f o r  
t h e  acce le ra to r  vacuum systems, (4) p ro tec t ion  b a l l  va lves  a t  t h e  tank ends, 
(5) 40%  SF^ i n  t h e  i n s u l a t i n g  gas mixture, (6) a r e c o i l  mass spectrometer,  
and (7) a l a s e r  spectroscopy system. The f i r s t  two i t e m s  a r e  going t o  be 
covered l a t e r  i n  the  meeting and w i l l  only be mentioned here.  The last two 
i t e m s  a r e  p a r t  of t h e  experimental equipment of t h e  labora tory  and a r e  proj -  , . 

e c t s  under cons t ruct ion  a t  present .  It is planned t h a t  they w i l l ' b e  a v a i l -  
ab le  f o r  experiments around the  beginning of next  year .  

A new addi t ion  t o  the  negative ion i n j e c t o r  i s  under cons t ruct ion  i n  
order  t o  expand the  range of measurements i n  the  u l t r a s e n s i t i v e  mass spec- 
trometry program of t h e  l ab .  The i n j e c t o r  add i t ion  w i l l  a l s o  improve t h e  
heavy ion  c a p a b i l i t y  of the  laboratory.  Bas ica l ly ,  t h e  i n j e c t o r  c o n s i s t s  
of a redesigned s p u t t e r  ion source with improved sample changing c a p a b i l i t y ,  
a high reso lu t ion  i n f l e c t i o n  magnet and computer con t ro l l ed  power suppl ies .  

' We had a shutdown i n  Apri l  t o  i n s t a l l  belt r o l l e r s  based on t h e  work 
of M. Letournel a t  Strasbourg. Also during shutdown, t h e  new cryopumps and 
ion  pumps w e r e  i n s t a l l e d ,  and the  p ro tec t ion  b a l l  va lves  based on t h e  Chalk 
River and BNL designs were i n s t a l l e d .  

' 

W e  have had some t roub le  with tubes  2 and 7 which a r e  an o l d e r  design 
of our  s p i r a l  inc l ined  f i e l d  tubes. The g l a s s  i n s u l a t o r s  on these  tubes  do 
no t  have t h e  r een t ran t  p r o f i l e  of the  newer vers ions  of  these  tubes.  Tube 
7 was replaced a f t e r  32,000 hours of opera t ion ,  and we a r e  wait ing f o r  a , 

replacement f o r  tube 2 which w i l l  no t  hold much more than 3.0 o r  3.2 MV 
a t  present .  Tube #1 a l s o  gave t roub le  i n  t h e  sense t h a t  it would spark a t  
about 2;8 MV without any ind ica t ion  of condit ioning o r  even any i n s t a b i l i t y  
except the  spark i t s e l f .  W e  returned the  tube t o  England t o  be repai red  
and a r e  p resen t ly  running on a back-up tube #1 which has worked wel l  up t o  
11.'6 MV on t h e  terminal .  

During t h e  year  we've i n s t a l l e d  shie lded tube r e s i s t o r s  on a l l  of t h e  
tube sec t ions ,  and modified severa l  sec t ions  of column r e s i s t o r s  t o  reduce 
t h e  e l e c t r i c a l  stress on t h e  column r e s i s t o r s .  Addit ional  SF6 was added t o  
t h e  tank gas  t o  obta in  a mixture of 40% SF6 a t  about 150 ps ia .  This has  been 
a s i g n i f i c a n t  improvement over the  mixture of 20% a t  120 p s i a  t h a t  we've used 
f o r  about 3 years.  



Concerning some usual  type breakdowns, t h e  d r ive  motor burned ou t  
during the  f i r s t  day of l a s t  y e a r ' s  SNEAP meeting. The motor had run 
f o r  over 40,000 hours. We've run s ince  August without any r e c i r c u l a t i n g  
pump because of d i f f i c u l t i e s  i n  obta in ing replacement p a r t s  f o r  t h e  Roots 
blower. During t h i s  t i m e ,  t h e  machine ran a s  high a s  11.6 MV without any 
s i g n s  of problems with t h e  i n s u l a t i n g  gas. 

I n  s 'wary, it has been &+busy year  a t  Rochester with a l o t  of new 
p r o j e c t s  being worked on, and overax? t h e  machine has been q u i t e  r e l i a b l e ,  
wi th  t h e  except ions  described above. ' ' .  <,. 

, , 
I -  . 

L. 

Rowton: What were t h e  sh ie l ded  r e s i s t o r s ?  
' . .  

Lund: On t h e  a c c e l e r a t i o n  tubes we i n s t a l l e d  300-Mn Caddock* r e s i s t o r s  be- - 
tween f l a t  p a r a l l e l  aluminum p l a t e s .  We l ~ d v e  'ifis t d l l e d  tlrern on a l l  e i g h t  
beam tube  s e c t i o n s .  The column r e s i s t o r s  a r e  t h e  s t a i n l e s s  s t e e l  sh ie l ded  
r e s i s t o r s  t h a t  we have had i n  f o r  a  number o f  years .  

I have a  few p i c t u r e s  o f  t h e  equipment t h a t  I m i g h t  show here.  F i gu re  1  i s  
a p i c t u r e  o f  t h e  new i n j e c t o r  a d d i t i o n  i n  t h e  corner  o f  t h e  a c c e l e r a t o r  room 
where i t  i s  s e t  up f o r  some i n i t i a l  t e s t s .  F igure  2 shows , t h e  Var ian  c r yo -  
pumps on t h e  end o f  t h e  machine. The p r o t e c t i v e  b a l l  va lves  o f  t h e  Chalk 
R i v e r  and BNL des ign  a r e  b u i l t  i n t o  t h e  pumping t e e  above t h e  pump'. F i gu re  
3 shows t h e  d i f f e r e n c e  between t h e  two column s h i e l d  v e r s i o n s .  T h e ' o r i g i n a l  
had a  l o n g  tapered  aluminum p iece  on t h e  l e f t  which was in tended t o  behave 
l i k e  a t r ansm iss ion  l i n e  w i t h  two d i f f e r e n t  c h a r a c t e r i s t i c  impedences f o r  

' - 

some a d d i t i o n a l  a t t e n u a t i o n  t o  p r o t e c t  t h e  r e s i s t o r s .  We had a  problem w i t h  
t h a t  though, w i t h  t h e  spark  gap way over  on t h e  end. One ge t s  v e r y  hi,gh 
f i e l d  g r a d i e n t s  on t h e  end o f  t h e  r e s i s t o r  s i nce  t h e  f u l l  v o l t a g e  on t h e  r e -  
s i s t o r  appears across a  r e l a t i v e l y  smal l  d i s t ance .  The epoxy ch ipped where. 
t h e  epoxy and t h e  aluminum end o f  t h e  r e s i s t o r  meet, so i t  seemed' t o  make 
sense t o  conve r t  i t  t o  a  symmetric des ign w i t h  t h e  spark gap i n  t h e  m idd le .  
F i g u r e  4 i s  a  v iew l o o k i n g  up i n s i d e  an MP t e r m i n a l .  The o b j e c t  i n  t h e  co r -  
n e r  (on  t h e  l o w e r  l e f t )  i s  a  spr ing- loaded cab le  r e e l  . I t  i s  a  r e e l  o f  3/32- 
i n c h  s t a i n l e s s  s t e e l  c a b l e  c o n t a i n i n g  a  l a r g e  f l a t  c o i l  sp r ing .?  A  s t r i n g  
fas tened  on t h e  end o f  i t  can be p u l l e d  o u t  o f  t h e  t e rm ina l  w i t h  a  motor  .' By 
p u l l i n g  i t  f rom t h e  t e r m i n a l  towards t h e  base end o f  t h e  machine t o  a  c e r t a i n  
dead sec t i on ,  and then  i n s e r t i n g  a  r a d i a l  s h o r t i n g  - rod,  we can p u t  v o l t a g e  on 
o n l y  one s e c t i o n  o f  t h e  machine if we'd l i k e .  We have these  i n  b o t h  ends o f  
t h e  machine. I t  a l l o w s  us t o  t e s t  each . tube s e c t i o n  f o l l o w i n g  a  tank  opening. 
Or we can c o n d i t i o n  t h e  machine one s e c t i o n  a t . a  t ime.  

* Model # ..MG785-15 r e s i s t o r s  from Caddock E l  e c t r o n i c s  I n c  . , 31 27 Chicago. Ave . , 
R ive rs i de ,  Cal i f o r n i a  92507. 

t The spr ing- loaded c a b l e  r e e l s  a r e  a v a i l a b l e  from Aero-Mot ive Mfg. Co., P.O. 
Box 2778, Kalamazoo, M ich igan  49003. 
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The Rutgers Un e<.js an FN-1. It employs 4 i o n  

sources  inc lud ing  U.N.I.S., po la r ized  source  (ANAC), duoplasmatron, 
and a convent ional  helium source wi th  l i t h i u m  exchange. An in-  
verted UNIS source  is t o  b6 i n s t d l l e d  e a f l y  1981 (Chapman source) .  

The machine i n j e c t s  i n t o  19 beam l i n e s ,  one of  which in-  
cludes a spect rograph.  Heavy ions  consme approximately 90% of 
the machine's ope ra t ing  t i m e  of 160 hours per week. Maximum 
Teuminal *- Vsltage ic 8 . 6  W wskh irisulating '.$as mixture of N2 plus 
C02.  XOF sb-ippLng ,is accbmplisA&d' ijith Both, a .gas s t r i p p e x  and 
solid carbon f o i l s ,  . -. + 

. * . * - . n .  

During t h e  past year cryopumps have been i n s t a l l e d  a t  both 
t h e  high energy s t a t i o n  and the,. low,energy s t a t i o n ,  Cryo-cool 
r e f r i g e r a t i o n  u n i t s  i n  conjunction w i t h  a lcohol  ba ths  have replaced 
l i q u i d  n i t rogen  traps a t  t h e  beam l i n e  pumping s t a t i o n s .  Now we 
use no I N 2  on t h e  machine vacuum s9stems. W e  do use  LN2 i n  t h e  
e a r g e t  rooms and on t h e  polarized source. 

6,: , . 
- ' ~ i a c k e n e d  s t r i p p e t  f o i l s ;  are, b u r r e n t l y  being 

of' oar 2,1b$bV mqqhfne. . W q  lpayfs;*@Ji3+. ekperkmente$&, wf 
t y r e  of crqekeh ~thylehe'dfo i&r$.  '3$@:%a$~ p lans  t o  i 
f cail.:'box t h a t  wi&f' conta in  mqPe %+$!&&'' . .. . th $ban , our  c u r r  
c u n t a i n s -  6q foils', +.. ., &*d . +I! ; $: 

+;-;& . *\ - I ?  
.. .$ j:* s ,  ,i.$%lc, 'I. 

32:@&bn'k&1 recorder  wiJJ b k  'an- & ;ls i n t e a x a $ > $ ~ r t  of the maen ,, , 
25 channelq torkpitor machind B9.m- 

c i r c u i t s  wh;;ic@ ~$11 be used +4$. ' 

remaining 72 ohanngls w i l l ,  b e  f$q$il- 
-. ..':g, ' 

. . '  
4 , ; .  I 0,- 

A ' ckina sod$&am :canal has been designed t6$:be used in m r  
(iiheg8tfve i o n  source. Condensation o f  Mium a t  t h e  polarized 

en t rance  a n q ~ g  k of thk exchange cana l  and on lzheL.lenses nearby 
a l~ri$-sten&.$~ problem,with the ANAC source.- The 111 

is runnl 'G t i m i  Iixniteq3:,tQ 10(l, to  200 hours before ., a major 
effoz, t-  of 3-4 .. m@&&+yi L i s  required.  , ' . ,  a 

. 8 Tx t . .  
..s 8 8 .  ' : * '! ;; 

* '  : 
The cui-rent"lhode1 .has been th*roughly tes teq and' ab$el\+ts 

very  promisillg..;.. ,'jibwever, it '.ha& , . y e t  .to be employed' tiurifik Mi + . : 
y q  3- '. ;;"; experiment. \! ,$:; . 2 , , . r .  . , - '  $ ,  - .  

*!.?. ,' 4 . ',. 



A new computer system has arrived and will be installed be- 
fore the end of the year. This will be our on-line computer and 
promises to be much more versatile. than our previous piece. 

There are also plans underway to install a cryopump in the 
terminal. We currently use our gas stripper 10% of the machine 
time and feel that additional pumping will be beneficial. 

, . 

Electronics 

- The Rutgers University electronics shop has undertaken the 
adaptation of our six major magnet supplies from Varian/Spectro- 
magnetics/Alpha Scientific so that a nearly universal replacement 
can fill any slot.  his effort was initiated because three of 
them failed within a period of three months, one of which was our 
analyzing magnet and which used an old Fairchild A-06 chopper 
amplifier. We were able to get that up by borrowing from one of 
our switching magnets, but we could then find no replacement for 
the A-06.  We therefore looked at a replacement for the whole 
controller. When we found that they were $1500  and would be 6 
weeks delivery, plus would require our old Spe~tromagne~tics unit 
to enable adaptation of the new controller to the old wir-ing, we 
loo!<ed at making our own. The availability of a DC amplifier 
chip of low cost and very low offset voltage, and of chip refer- 
ences of very low drift, encouraged us. Because we would need 
two to replace the obsolete units eventually, we looked at making 
three, to provide one extra unit as a backup. Even with elegant 
lighted switches and a digital current meter, the total cost was 
under $300  each. The cost of the two main boards themselves was 
under $50  each. 

Jones: A t  what po i n t  i n  the manufacturing process do you slacken the  
f o i l  ? 

Leid ich:  F i r s t  we f l o a t  them onto the f o i l  holder. Then we p u l l  the  
vacuum on them immediately a f t e r  we take them out  and we leave the  vac- 
uum on them u n t i l  they dry. We use a cy l i nder  which has an o - r ing  seal 
t h a t  I s  bigger than the f o i l  ho'le i t s e l f .  There i s  an eye dropper on 
the o ther  s ide o f '  i t. Our t a rge t  maker t e l l  s  me' t h a t  f o r  years he t r i e d  

' 

t o  get  r i d  o f  the slackening i n  the f o i l .  He kept ge t t i ng  a drop of . i 

water on top o f  them and he wanted t o  get  r i d  o f .  it. Now we have a 
' 1  i ttl e b i t  be t t e r  cont ro l  . 

, . . . 
Burn: What do you do w i  t h  the  o ther  e i gh t  hours a week i f  you operate - 

: f o r  160 hours? 

Leid ich:  ' We are supposed t o  take maintenance every Tuesday. Late ly ,  
we ' ha.ve. been g i v i n g  up our maintenance time, however. 



S t a t e  Universi ty of New York, Stony Brook 
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.., , ; : .  . . .  . . . A "  ' - , The p a s t ,  year  has  been an, exc i t ing .  and, .very busy one f o r  us a t  Stony .. . . 
Brook, f o r  i n  t h i s  year  w e  have completied the.\ina'jor of our FN ' 
tandem upgrading program and have i n s t a l l e d  '?n f inal ' - form t h e  f i r s t  e l e -  
ments of  our superconducting LINAC booster .  The emphasis has now s h i f t e d  . . ,  

from i n s t a l l a t i o n  of major components t o  performance t e s t i n g  of var ious  
systems and e l a b o r a t i o n  of d e t a i l s .  The regu la r  nuclear  physics research  
program has . . just  resumed a t  t h e .  start.  of . ~ c t o b e r i  a : f t e r  an i n t e r r u p t i o n  of 
s i x  months, and t h i s ' ,  program .&ill of cpvrse have f i r s t  c a l l  on machine time. 
A modest' f r a c t i o n  of .tandem running t e e  w i l l '  however. be d e v q t e q t o  .be& 
tests of the  LINAC i n j e c t i o n  path, and klrst a k c e l e . ~ a t o r  modulc.  he rec$nt , 

, 

completion -of  our  l a r g e  400-watt l i q u i d  helium r - fk ige ra to r  now n~akes it .' 
poss ib le" , fo r  t h e  f i r s t  time t o  ' ca r ry  o u t  systematic.  ope ra t iona l  . , tests ' o k : '  

" .  
superconducting .A _ hardware - .  . . . 

,. , . . . .  . 
Eaxly in .  1981 we expect . t o ,  hhve"a second somewhat' s h o r t e r  upgrading 

.. .. .. 
shutdown of about. t h r e e  months f o r  i n s t a l l a t i o n  of our new 4 0 0 - k ~  open a i r  , . 

ion-source table ,now, being fabr i ca ted  by General Ionex ~ o r ~ o r a i i o n .  The ' 

completed i n j e c t i o n  t a b l e  w i l l  i n  t u r n  be used t o  br ing  in to .opera t ior i  a' 
doqble harmoriic beam buricher now being -developed in-house. By, the  t i m e  o f -  
nex t  yea r ' s  SNEAP, meeting about one-half of t h e  twelve ~ I N A C  modules should, 
be f u l l y  opera t ional  and beginning t o  come i n t o  use f o r  .experiments. 

' 

I .  .. , . .  . . 
. 4 :  ., . . ,  . 

2 , .  . . 
~ a $ t  ye'ar a t  t h i s  time a i l  of these  developments -were d l a h i b o w  -ahcad . .  . 

a&' w e '  slogged through 'a  mire 'of prbblems' d . t h  t h e  FN tandem. Voltage per-  
'fonnaiice was l i m i t e d  t o .  l e s s  than about 8.5 MV by t h e  poor o v e r a l l  con- . . 

d i t i o n  of  our  o r i g i n a l  HVEC aluminum tubes.  The s i t u a t i o n  got.  somewhat . 

worse between October and our shutdown i n  Apr i l ,  s o  t h a t  i n  e a r l y  I980 we 
. were l imi ted  to 8.0 MV. We al.sn s i ~ s p e c t  from our r ecen t  voltage test  da ta  

t h a t  t h e  r e l a t i v e l y  low 50-55 ps ig  SF6 pressure  then used may have con- 
t r i b u t e d  t o  poor performance,. Also troublesome i n  l a t e  1979 were , frequent  
tube-spring breakages. A l l  theke troubles '  en'ded with i n s t a l l a t i o n .  of an 

'' 

e n t i r e  new set of spr ings .  Evidently we had experienced t h e  accumulated" 
e f f e c t s  of yea r s  of m e t a l  f a t igue  and corrosion by.breakdpwp products.  . ,  

. . . .  . . 3: 

The- tandem ' bpgga8ing. prugrda ' beg& in::'~an&clr~ k i t h  tha ' c(grmpl..et.i.nn nf' ' . 

r e p a i r s  .to t h e  300-SCFM Norwalk sF6 com$&sb< a n d  an in.spectiok a n d  cleaning 
of  t h e  l iquid ' .  s.F~.. Storage, besse i .  (.%eety-five pounds of  r u s t  was' remoyed, ~, 

b u t  t h e r e  . was s t r u c  t u i a l  ,damage . ) : ,&>so around ' t h i s  time e,xperiinents wi th ,  
new column, r e h i s t o r s  were' c a r r i e d  outsl A s  w i l l .  be discussed i n  a l a t e r  ses-.  
s i o n  our  e f f o r t s  were spec tacu la r ly  u n ~ ~ c c ~ s s f ~ i  u n t i l  9 new'mbunti,ng ar- 
rangement incorpora t ing  capacitive-bypass p l a t e s  was'devised. " ' 

. . -. . . < . . 
F u l l  t in ;  &grading- bes&"fi d d - ~ b r i l  with the removal of OUT Old - :- 



tubes f o r  a 3 week program of voltage t e s t i n g .  The r e s u l t s  a r e  sum- 
marized i n  Fig. 1 showing t h e  voltage d i s t r i b u t i o n  of sparks a s  a func- 
t i o n  of  gas pressure .  The expected l i n e a r  dependence of sparking thresh-  
o l d  on absolute  pressure could be followed a s  high a s  12 MI when t h e  
machine was i n  r e l a t i v e l y  good condi t ion ,  bu t  f e l l  o f f  t o  a l e s s  s t e e p  
curve when t h e r e  were column problems such a s  loose 'hoops.  These da ta  
suggest  t h a t  the  bas ic  column s t r u c t u r e  of t h e  FN should be a b l e  t o  sus- 
t a i n  11 MV a t  100 p s i a  pressure .  This t e s t i n g  program a l s o  provided a 
very e f f e c t i v e  shakedown f o r  t h e  new column r e s i s t o r s .  Apart from a 
q u i t e  uniform drop from 800 MS2 t o  about 700 MS2 due t o  i r r e v e r s i b l e  chan- 
ges  i n  the  r e s i s t i v e  ma te r i a l ,  t h e r e  w e r e  no f a i l u r e s  in t h e  100 prototype 
Caddock r e s i s t o r  u n i t s .  

Next phase i n  t h e  program was removal of t h e  belt and i n s t a l l a t i o n  
(with t h e  very e f f e c t i v e  a s s i s t ance  of Harold H i l l  from HVEC) of  t h e  
Laddertron, t h e  f i r s t  such device i n  an FN. The Laddertron i n s t a l l a t i o n  
was concluded i n  a mid-June acceptance t e s t  i n  which 260 was del ivered  
t o  t h e  terminal  a t  10 MV. During these  t e s t s  t h e  te rminal  a l t e r n a t o r  
driven by t h e  Laddertron del ivered  800 W,  and the  SF6 pressure was 100 
ps ia .  Terminal r i p p l e  a t  a dominant frequency of about one Hertz was 
within f l  kV, measured by capaci t ive  p ickoff .  Especia l ly  impressive t o  .us 
was t h e  f a c t  t h a t  long-term s t a b i l i t y  without feedback was within t h e  same 
21 kV l i m i t s .  To da te  th i s . same  e x c e l l e n t  performance has continued, b u t  
it is of course premature t o  specula te  on t h e  long-term d u r a b i l i t y  of t h e  
system. 

The t h i r d  and f i n a l  phase of t h i s  upgrading program was t h e  i n s t a l -  
l a t i o n  of t h e  s p i r a l  inc l ined- f i e ld  t i tanium e lec t rode  tubes  from Dowlish 
Development.. I n s t a l l a t i o n  was completed i n  e a r l y  September, but  a t r i v i a l  
pressure  leak  i n  an O-ring j o i n t  delayed t h e  s t a r t  of condit ioning f o r  
seve ra l  weeks, and the  acceptance t e s t  was then c a r r i e d  o u t  only i n  e a r l y  
October. Guaranteed performance of s t a b l e  opera t ion  a t  9.0 MV and g r e a t e r  
than 60% ( p a r t i c l e )  t ransmission f o r  ' 60 ions  was s l i g h t l y  exceeded with 
no d i f f i c u l t y .  X-ray l e v e l s  a t  9 MV do no t  exceed about 1 mR/hour without 
beam. With 10 PA of "F ions  a t  t h e  tandem e x i t  t h i s  l e v e l  inc reases  t o  
5-10 mFt/hour, and t h e r e  is  no e lec t ron  loading de tec tab le  by t h e  cu r ren t  
balance. An e s p e c i a l l y  welcome and impressive r e s u l t  of converting t o  t h e  
~ a d d e r t r o n  and spi ra l - tube  geometry is  t h e  exceptional  p o s i t i o n a l  s t a b i l i t y  
now achieved, i n  both hor izonta l  and v e r t i c a l  planes. This' f ea tu re  (and 
of course t h e  improved energy s t a b i l i t y )  w i l l  g r e a t l y  enhance t h e  e f fec -  
t iveness  of the  tandem a s  a heavy-ion i n j e c t o r  f o r  t h e  LINAC. 



SF6 Pressur'e ( psia ) 

F i g .  1 . Vol tage performance o f  tandem column w i t h  be1 t ( b u t  w i t h -  
o u t  tubes) .  

Connol ly :  When you speak o f  a week o f  c o n d i t i o n i n g ,  does t h a t  mean 
cont inuous o p e r a t i o n ?  

~ 0 6 :  That was under v e r y  c l o s e  c o n t r o l  by t he  s t a f f ,  so i t  was - 
m o s t l y  dayt ime. I t  was n o t  24 hours a day. 



Stanford U n i v e r s i t y  

Edward A .  D ' i l  la , rd  

Duririg t h e  p a s t  y e a r  o u r  l a b o r a t o r y  has Seen  engaged  i n  s e v e r a l  
p r o j e c t s .  They i n c l u d e :  a  ma jo r  mo,dif . icat . ion t o  o u r  p o l a r i z e d  
i o n  sou . r ce ,  a c t i v a t i o n  o f  t h e  3 'MeV 'Ks a c c e l e r a t o r ,  i n v o l v e m e n t  
i n  Carbon-L.1 d a t i n g ,  e x t e n s i v e  u s e  i f  . the  G e n e r a l  I o n e x  Corp.  
s p u t t e r  s o u r c e ,  and  some- comparisorr::: o f  t h e  c a r b o n  d e p o s i t i o n  
s t r i p p e r  f o i l s w i t h  t h o s e  made by t h e  glow d i s c h a r g e  method. 

The m a j o r  emphas i s  for t h e  l a b o r a t o r y  h a s  b e e n  t h e  r e p l a c e m e n t  
of t h e  i . o n i z e r  s e c t i o n  o f  o u r  p o l a r i z e d  s o u r c e .  T h i s  s o u r c e  
i s  t-he a t o m i c  beam t y p e  manufihctured by ANAC. T h i s  new i o n i , z e r  
pel-mi ts- p.rof i1 .e  s h a p i n g  o f '  t h e  m a g n e t i c  f i e l d .  which surxoun.ds  
t h e  f i l a m e n t  and  o t h e r  el.ec.t.rc.::les. I t  Is hoped'  t h a t  t h e  modi- 
f i c a t i o n  w i l l  i n c r e a s e  o u r  be3i~1 i : ~ t . s n s i  t y  and  p o l a r i z a t i o n .  
Beam tes ts  a r e  s c h e d u l e d  f o r  mid-October .  

The ' K '  model a c c e l e r a t o r ,  which h a s  been  d t  o u r  f a c i l i t y  f o r  
many y e a r s ,  h a s  been  m o d i f i e d  t o  p r o v i d e  d e d i c a t e d  s e r v i c e  t o  t h e  
E l e c t r i c a l  E r lg inee r ing  Depar tment  of S t a n f o r d  U n i v e r s i t y .  
The E . E .  Depar tment  u t i l i z e s  t h e  a c c e l e r a t o r  f o r  R u t h e r f o r d  
s c a t t e r i n g  e x p e r i m e n t s  and  c r y s t a l  l a t t - i c e  c h a n n e l i n g .  An a l l  
s t a i n l e s s  s t ee l  beam- l ine  was i n s t a l l e d  a l o n g  w i t h  t w o  sets o f  
d e f i n i n g  s l i t s  used  t o  p roduce  a 1 nun s q u a r e  beam w i t h  less t h a n  
. 0 3  d e g r e e s  o f  a n g u l a r  r e s o l u t i o n .  F u t u r e  m o d i f i c a t i o n s  w i l l  
i n c l u d e  an  improved vacuum s y s t e m  and  m i c r o p r o c e s s o r  c o n t r o l  
o f  t h e  o p e r a t i o n .  

Our  f a c i l i t y  i s  p r e s e n t l y  engayed  i n  t h e  measurement  o f  t i m e  
~ n t e r v a l s  be tween  a n c i e n t  e a r t h q u a k e s ,  a s e e m i n g l y  a p p r o p r i a t e  
p r o j e c t  c o n s i d e r i n g  t h e  are4 ~n which o u r  machine  i s  l o c a t e d .  
The d a t i n g  i s  b e i n g  done by t h e  Carbon-14 d i r e c t  a tom c o u n t i n g  
u s i n g  t h e  ?'andem. I t  i s  n e c e s s a r y  t o  s t a b i l i z e  t h e  machine. 
t h r o u y l ~  feed-back  u s l n g  t h e  g e n e r a t i n g  v o l t m e t e r ,  which w a s  
mentioned l a s t  y e a r .  Improvements  o f  t h e  r e g u l a t i o n  s y s t e m  i s  
p l a n n e d  f o r  t h e  f u t u r e .  

The Gerleral  I o n e x  s p u t t e r  s o u r c e  now i n  u s e  w a s ,  a t  t h e  l a s t  
m e e t i n g  o f  SNEAP, j u s t  i n s t a l l e d .  To d a t e  t h e  s o u r c e  h a s  
p l o v e d  t o  be  v e r y  r e l i a b l e  and  h a s  p roduced  many s p e c i e s  o f  i o n s .  
I n  some c a s e s  t h i s  beam h a s  been  t o o  i n t e n s e  a t  t h e  normal  
r e s e r v o i r  t-3mperat re ( >  100 pa) and  c o o l i n g  o f  t h e  oven  was 8 n e c e s s a r y  ( t o  < 50 C) t o  a c h i e v e  a n  a c c e p t a b l e  beam f o r  t h e  
Tandem. The s h o r t i n g - o u t  o f  t h e  b u t t o n  h e a t e r  s h i e l d  t o  g round  
had  been  a r e o c c u r i n g  a n d  annoy ing  p rob lem which was s o l v e d  by 
t h e  a d d i t i o n  of a wire t o  h o l d  t h e  s h i e l d  i n  p l a c e .  



S i n c e  o u r  l a s t  c o n f e r e n c e ,  i n  which g l o w i n g  r e p o r t s  of t h e  
s l a c k e n e d  p o l o y e t h e n e  s t r i p p e r  f o i l s  w t a r e  p r e s t n t e d ,  o u r  
l a b o r a t o r y  h a s  made some c o m p a r i s o n s ;  however ,  w e  s t i l l  h a v e  

$ 8  $' i n s u f f i c i e n t  d a t a  t o  r e a c h  any c o n c l u s i o n .  W e  have  p r e v i o u s l y  ?& 
d o n e  s t u d i e s  u s i n g  s t a n d a r d  c a r b o n  f o i l s  c o n t a i n i n g  s i l i c o n .  
T h e s e  d i f f e r e d  marked ly  i n  b e h a v i ~ r ~ d u r i n g  i o n  bombardment. 

w 

~ x p e r i m e n t a l  r e s u l t s  were r e p o r t e ' d 5 a t  t h e  1978  I n t e r n a t i o n a l  
N u c l e a r  T a r g e t  Development  ~ o c i e c y  C o n f e r e n c e .  - r , . 



U n i v e r s i t y  o f  Washington Nuc lear  Physics Labora tory  

B i  11  Wei tkamp 

Orrr n c c c l e r ? t o r  i s  a  t11rc.c-st.lb:c I:rl t r t ~ ~ r i e a  I x ~ i  1 t by IIVI'C i n  1964.  
T l ~ e  wncl111~e c a n  he  r u n  a s  s two s t a g e  mach ine  w i t h  t h r e e  i o n  s o t l r c e s :  a  
d i r e c t  e x t r a c t i o n  i o n  s o u r c e ,  a  c c s i t ~ n ~  s p u t t e r  s o u r c e ,  and  a  p o l a r i z e d  
h y c l r o ~ c n  i o n  s o u r c e .  \ Jhen  r u n  t l ~ r e c  s t a g e ,  a d i r e c t  e x t r a c t i o n  i o n  s o u r c e  i n  
L I I ~  t e r m i n a l  o f  t h e  n e p , a t i v e l y  c t ~ a r g e d  i n j c n c t o r  i s  u s e d .  We c a n  n o r m a l l y  r u n  
t l ~ c  i n j e c t o r  t e r m i n a l  t o  a b o u t  7 YV and t h e  tandem t e r m i n a l  t o  9 N V .  

The f o u r  m a j o r  r e s e a r c h  g roups  i n  t h e  L a b o r a t o r y  p l a c e  r e l a t i v e l y  
s t r i r i g c n t  r e q u i r e m e n t s  on  t h e  per formance  o f  t h e  a c c e l e r a t o r .  
1. The f u n d a m e n t a l  sy rmne t r i c s  g r o u p  s p e c i a l i z e s  i n  d o i n g  v e r y  h i g h  p r e c i s i o n  
nlcasurelnen ts. T h e i r  measu remen t s  o f  t h e  p a r i t y  v i o l a t i n g  a s y n ~ m e t r i e s  i n  
n u c l e a r  i n t e r a c t i o n s  h a v e  a p r e c i s i o n  o f  a b o u t  o n e  p a r t  i n  lo5. H o s t  o f  
t h e s e  m c a s u r e n e n t s  u s e  t h e  p o l a r i z e d  i o n  s o u r c e .  A g r e a t  d e a l  o f  work h a s  
been put  i n t o  s t a b i l i z i n g  n e a r l y  e v e r y  p r o p e r t y  o f  t h e  p o l a r i z e d  beam 
i n c l u d i n g  p o s i t i o n ,  i n c i d e n t  a n e l & ,  i n t e n s i t y ,  and  p o l a r i z a t i o n  magn i tude  and 
d i r e c t i o n .  
2 .  The gamma-ray c a p t u r e  g r o u p  u s e s  t h e  p o l a r i z e d  i o n  s o u r c e  a l s o ,  and 
r e q u i r e s  good b e a n  p o s i t i o n  s t . ? h i l i t y  t o  mlmin ize  background  and  good c n e r g y  
r c . s o l \ ~ ~ i o n  t o  r e s o l v e  n a r r o w  r e s o n a n c e s .  
3. The h e a v y  iocl g r o u p  r e q u i r e s  a s  i n t e n s e  hearns a s  p o s s i b l e  o f  Inany 
d t  f f c r e ~ i t  n u c l e a r  s l w c i e s .  
4. The p,eochronolol:y g r o r ~ p  i s  d e v c l o p i n ~  specialized h a r d w a r e  a n d  t e c h n i  rles 
f o r  cleterminint :  t h e  a g e  o f  m a t e r i a l s  by vneasurinp, e i t h e r  oer "Be 
c o n c e n t r a t i o n s .  They  r e q u i r e  t h a t  t h e  machine  p r o d u c e  i n t e n s e  beams o f  
c a r b o n  o r  b e r y l l i u m ,  a n d  t h a t  t h e  machine r u n  s t a h l y  a n d  r e l i a b l y  e v e n  when 
t h e  beam c o n s i s t s  o f  a few p a r t i c l e s  p e r  m i n u t e .  

I n  a d d i t i o n ,  t h e r e  i s  a  u s e r  g r o u p  f rom f l a t t e l l e  s t u d y i n g  r a d i a t i o n  
e f E e c t s  on materials. T h i s  g r o u p  r e q u i r e s  a  beam o f  10 A o f  d e u t e r o n s  h e l d  P c o n s t a n t  t o  a b o u t  5% i n  i n t e n s i t y ,  w i t h  no i n t e r r u p t i o n s  o r  24 h o u r s .  

Time a n d  s p a c e  d o  n o t  p e r m i t  a  d e t a i l e d  d e s c r i p t i o n  o f  more t h a n  a 
few o f  t h e  p r o j e c t s  c a r r i e d  o u t  d u r i n g  t h e  p a s t  y e a r  i n  s u p p o r t  o f  t h e s e  and  
o t h e r  r e s e a c h  a c t i v i t i e s  i n  t h e  Lab. T h r e e  o f  t h e  m a j o r  t e c h n i c a l  p r o j e c t s  
w i l l  be d e s c r i b e d  i n  more d e t a i l  h e r e  a t  S.N.E.A.P.: t h e  improved  g e n e r a t i n g  
v o l t m e t e r ,  by  H. F a u s k a ;  t h e  beam e n e r g y  r e g u l a t i o n  s y s t e m ,  by  Tom T r a i n o r ;  
a n d  t h e  new tandem p r o p o s a l ,  which  I w i l l  t a l k  a h o u t  l a t e r .  F o u r  o t h e r  
p r o j e c t s  w i l l  b e  d e s c r i b e d  b r i e f l y ;  i n  e a c h  c a s e ,  my c o l l e a g u e s  who have  
trcen a c t i v e  o n  t h e s e  p r o j e c t s  a r e  h e r e  a t  S.N.E.A.P. , and I am s u r e  t h e y  a r e  
w i l l i n g  t o  d i s c u s s  them i n  more d e t a i l .  

1. P o l a r i z e d  I o n  s o u r c e  
It i s  a p l e a s u r e  t o  t a l k  a b o u t  t h e  p o l a r i z e d  s o u r c e ,  b e c a u s e  i t  is  

t h e  o n l y  o n e  of t h e s e  p r o j e c t s  which i s  c o m p l e t e ,  w o r k s  w e l l ,  and c a u s e s  
r e l a t i v e l y  few p r o b l e m s .  B i l l  I n g a l l s  and  Tom T r a i n o r  are r e s p o n s i b l e  f o r  
i t s  d e v e l o p m e n t  a n d  upkeep .  We h a v e  a L a n b - s h i f t  s o u r c e ,  w i t h  a s p i n  f i l t e r  
t o  d o  t h e  a c t u a l  p o l a r i z a t i o n ,  and a Wien p r e c e s s o r  t o  a l i g n  t h e  s p i n  i n  a n y  
. d e s i r e d  d i r e c t i o n .  For hie11 p r e c i s i o n  e x p e r i m e n t s ,  i t  is  a d v a n t a g e o u s  . t o  



r e v e r s e  t h e  c t i r c c t i o n  o f  t h e  s p i n  a t  a f r e q c r e n c y  h i g h e r  t h a n  a n y  o f  t i l e  
i n t r i n s i c  f r e q t l r , n c i e s  o f  t h e  a c c e l e r a t o r .  C o n s e q r ~ e n t l y  o u r  s o u r c e  h a s  3 

1 kl!z f a s t  f l i p  s y s t e m  t h a t  is so s i m p l e  t o  u s e  t h a t  i t  i s  a l w a y s  u s e d  
r c . r , n r d l e s s  o f  t h e  p r e c i s i o n  r e q u i r e d  b y  t h e  e x p e r i m e n t e r .  F o r  t h e  p a r i t y  
v i o l n t i o n  m e a s u r e m e n t s ,  i t  was  a l s o  n e c e s s a r y  t o  s t a b i l i z e  t h e  s p i n  
d i r e c t i o n .  T h i s  i s  d o n e  b y  f e e d i n g  b a c k  a n  error  s i g n a l  g e n e r a t e d  b y  a 
s p e c i ; r l  f o u r - d e t e c t o r  beam p o l a r i m e t e r  t o  a mechanism w h i c h  r o t a t e s  t h e  \ . l ien 
p r e c e s s o r .  T h e  s p i n  d i r e c t i o n  c a n  be h e l d  t o  a  f e w  h t l n d r e d t h s  of a d e g r e e  
o v e r  s e v e r a l  h o u r s  w i t h  t h i s  s y s t e m :  

The i n t e n s i t y  a n d  p o l a r i z a t i o n  o f  t h e  beam f r o m  o u r  s o u r c e  a re  n o t  u p  
t o  t h e  s t ; l n d n r d s  e s t a b l i s h e d  r e c e n t l y  h e r e  a t  \ d i s c o n s i n ,  h u t  i t  i s  h a r d  t o  
c l v e r s t i l t e  r h c  importance o f  t h i s  s o u r c e  i n  o u r  e x p e r i m e n t a l  p r o g r a m .  T h e  
s o l l r c e  i s  u s e d  f o r  n l n o s t  408: o f  o u r  o p e r a t i n g  time. A p o l a r i z a t i o n  o v e r  ;10X 
a n d  a ,  naxilnum c u r r e n t  o f  1 5 0  nA h a v e  been adeqr1at.e f o r  m o s t  experfrnontl;, 
i n c ' l  l l d i n g  solnc. c i o u h l e  s c a t t e r i n g  m e a s u r e m e n t s .  

T ~ Q  sollce i c  .ql so  rlsed t o  make h e l i u l n  n t ! ~ a t : . i v e  i o n s .  We h a v e  n 
r o c i r c ~ ~ l a t o r  so we c a n  p r o d ~ l c e  ) I I ~  c c o ~ ~ a m i c a l l y ,  w i t h  u p  t o  4 p A  o f  heam. 

2. Bean  T11be R e p l a c e m e n t  
I n  December  o f  1 9 7 8 ,  a f t e r  a b o u t  a  h a l f  a y e a r  o f  t r o u b l e  a t  h i g h  

v o l t a ~ e s  w i t h  t h e  h e a m  t u h e s  i n  o u r  accelerator we d e c i d e d  t o  r e p l a c e  t h e  
ttllres. The o l d  t u b e s  l a s t e d  n e a r l y  6 1 , 0 0 0  h o u r s ,  a n d  s e r v e d  u s  wel l . .  The  
s y n p t o m  which  l e d  u s  t o  r e p l a c e  t h e m  was a n  e l e c t r o n  d i s c h a r g e  i n s i d e  t h e  
h e a n  t u b e  w h i c h  p r o d u c e d  a v e r y  h i g h  f l u x  o f  X-rays  a n d  w h i c h  l o a d e d  t h e  
t e r n i n a l  e r r a t i c a l l y .  T h c  X-ray f l u x  observed o u t s i d e  t h e  t .ank near  t h e  
t r r ~ n i ~ i e l  was u p  to  1 R ,  e v e n  when n o  h e n n  was he inp ,  a c c e l e ~ a t e d . .  T h i s  
phenolnenon became known as t h e  " p l a g u e " ,  a n d  i n i t i a l l y  c o u l d  s o m e t  i n e s  h e  
c o n t l i t i o n e r l  away.  F l o o d i n p ,  t h e  beam t u b e s  w i t 1 1  g a s ,  u p  t o  10 '~  T o r r ,  w i t h  
t h e  t e r ~ n i n a l  a t  h i g h  v o l t a g e  wot~lcl s o m e t i m e s  " c u r e "  t h e  plap,rle.  'lJe f o u n d  
i l l a t  i d r l d i n y ,  m a s n e t s  t o  t h e  bean t u l l e s  would a l s o  sornstime s u p p r e s s  t h e  
phunonenon .  Rut eventually , i t  l ~ c e v e n i e d  a n y  o p e r a r  i o n  above a h o u t  5 MV. 

R c c a ~ t s e  t h e  s t ; i u d a r d  FVEC altlminum i n c l i n e d - f i e l d  t u h e s  h a d  worked  so 
w e l l  i n  Cl~e p a s t  ( i r n t i 1  t h e  o n s e t  o f  t h e  p l a g u e ,  we c o u l d  r u n  a t  9 ?lV a t  
will) we p l l r c h a s c d  r e c o n d i t i o n e d  t u b e s  o f  t h e  same k i n d .  \ J i t h i n  r.wo r ~ e e k s  we 
w e r e  hack a t  9 :1V w i t h  t h e  new t i ~ h e s .  However ,  a f t e r  a h o u t  1 6  m o n t h s  o f  
o p c r n t i o n  t h e  p l a g u e  h a s  r e a p p e a r e d .  I n  a d d i t i o n ,  we now o h s e r v e  a -  new 
d i s e a s e :  when r u n n i n g  w i t h  very i n t e n s e  beams  o f  d e u t e r o n s  re see a rapid 
b r e a k d o t m  o f  a  s u h s t a n t i a l  f r a c t i o n  o f  t h e  c o l u m n ,  a p p a r e n t l y  i n s i d e  t h e  beam 
t r ~ h e .  T h i s  d i s c h a r g e  h a p p e n s  o f t e n  e n o u g h  t o  d i s c o u r a g e  t h e  e x p e r i m e n t e r ,  
a n d  seems t o ' d e p e n d  o n  t h e  p o s i t i o n  o f  t h e  heam i n  t h e  l o w  e n e r g y  t u h e . ,  No 
l ~ \ l y s . l c i i l  rl:rmngc l o  v i s i b l e  e i t h e r  111slclc  c~r o u t s i d e   he tube o r  o n  t h e  c o l u n n  
a n d  t h e  r e s i s t o r s  a r e  i n  good  c o n d i t i o n .  V e r y  r e c e n t l y  Tom T r a i n o r  d c v c l o p e d  
a  t e c h n i q r ~ e  u s i n g  t h e  new  ene era tine; v o l t m e t e r  t o  l o r a t e  t h e  s o u r c e  o f  t h e  
d l s c h a r ~ : ~ ,  h u t  as of  now we h a v e  n o t  a p p l i e d  t h e  t e c h n i q u e  a s  q u a n t i  t a t i v c l y  
as we w&ld l i k e .  

C l e a r l y ,  t h i s  p r o j e c t  is n o t  c o m p l e t e .  We a r e  p a r t i c u l a r l y  
i n t . e r e s t e d  i n  l c a t n i n ~  a h o u t  e x p e r i e n c e s  w i t h  healn t u h e  d i s e a s e s  i n  o t h e r  
l a b s .  



.3. IIc:.lvy I o n  Acce l e r ; ~ t  i o n .  

We h a v e  had  d i  Ff l c t ~ l  t v  n c c c l e r a t i n p ,  h e a v y  j o n s  h e ; ~ n s  wit11 s t ~ f  f i c l e n t  
. i r r . tcbtrs i ty  t o  s a t i s f y  n n ~ l n h e r  o f  t h e  c x l . ~ c r i l n e n t e r s .  A !aulti-pranced a t t a c k  
113s -!wen lnr lncl ied o v e r  t h e  p a s t  s c v c r a l  y c n r s  t o  t r y  t o  i ~ ; l p r o v e  b o t h  s o u r c e  
o r r t p ~ ~ t  and a c c e l e r a t o r  t r a n s m i s s i o n .  Derel: S t o r m  h a s  d i r e c t e c l  much o f  t h e  
\*.o.rk. The  m a j o r  e m p h a s i s  h a s  b e e n  o n  t h e  a c c e l e r a t i o n  o f  c a r t ) o n .  b e a n s  .from 
. t h e  s p u t t e r  s o t l r c e ,  p a r t l y  b e c a u s e  o f  t h e  n e e d s  o f  t h e  ~ e o c l i r o n o l o p , y  g r o u p .  
-4t.e s t ~ r t e d  w i t h  a maximum p a r t i c l e  t r a n s m i s s i o n  o f  a b o u t  152 .  Below a r e  some 
of t h e  p r o n g s  o f  o u r  a t t a c k .  
A.  We h a v e  worked  o v e r  o u r  E x t r i o n  s p u t t e r  sotlrce t o  i m p r o v e  r e l i a b i l i t y  a n d  
i n t e n s i t y .  T h e  c e s i u m  l ~ o i  l e r ,  ' i o n i z a t i o n  r e g i o n  , and  i n s u l a t o r  s h i e l d i n g  
:!!rave b e e n  r e w o r k e d .  A r e f l e c t . c d  s p u t t e r i n p .  R e o m e t r y  u s i n g  s i x  h o l e s  h a s  b e e n  
d e v e l o p e d .  ' The  s o l l r c e  now r u n s  f o r  a b o u t  fin0 h o u r s  w i t h o u t  d i s m a n t l i n g  f0 . r  
: c ~ n i n t e n a n c e  a n d  p r o d u c e s  somewhat  more b e a n .  '-1e h a v e  , h o w e v e r ,  n o t  f l o a t e d  
,the s p ~ ~ t t e r  s o u r c e  a t  h i g h  v o l t a g e .  T h e  i m p o r t a n c e  o f  t h i s  s t e p  i s  a m a t t e r  
.of h e a t e d  c o n t r o v e r s y  i n  t h e  Lab.  
I I .  A f t e r  s t u d i e s  o f  t h e  low ener l :y  o p t i c s ,  we d e t e r n i n e d  t h a t  w e  . n i g h t  
j:e.prove t h e  t r a n s m i s s i o n  by a d d i n g  a g r i d d e d  l e n s  a t  t h e  e n t r a n c e  t o  t h e  beam 
l u b e .  T h i s  h a s  b e e n  d o n e .  T h e  g r i d d e d  l e n s  r e m o v e s  m o s t  o f  t h e  dependence 
- o f  t l ~ e  l o w  e n e r g y  o p t i c s  on t e r n ~ i n a l  v o l t a g e ,  a n d  h o p e f u l l y  s e r v e s  a s  a n  
i n e x p e n s i v e  a l t e r n a t i v e  t o  f l o a t i n g  t h e  s p u t t e r  s o u r c e .  
C. A t  t h e  s a r w  t i m e ,  we i n s t a l l e d  a new 3 i n .  a p e r t u r e  e l e c t r o s t a t i c  
q , u a d . r ~ ~ p o l e  t r i p l e t  a t  t l i e  e n t r a n c e  t o  t h e  a c c e l e r a t o r .  T h i s  r e p l a c e d  -a 
s e l a l l c r  d i a m e t e r  q u a d r u p o l e  do11h1.et l e n s  w h i c l ~  n i g h t  h a v e  b e e n  i n t e r c e p t i n g  
tlir heam. R o t h  t h e  g r i d d e d  l e n s  a n d  t h e  t r i p l e t  t o g e t h e r  i n c r e a s e d  t :he  
, t . r a n s a i s s i o n  b y  a b o u t  50%. 
:D. We h a v e  a t t e ~ n p t e d  t o  in ip rove  t h e  vactlum i n  t h e  beam t u h c .  I J e  h a v e  a 'dded 
a n  i o n  p u n p  i n  t h e  beam t u b e  n e a r  t h e  i o n  s o u r c e ,  r e d u c i n ~  p r e s s u r e  by a n  
o r d e r  o f  m a g n i t u d e .  We h a v e  a d d e d  a  c r y o p u m p  a t  t h e  t a n d e m  hj .?h e n e r g y  .end. . 

.E. \ Je  h a v e  b u i l t  a  c o ~ n p l e t e l y  new s p u t t e r  i o n  s o u r c e ,  u s i n g  t h e  nocum 
s p u t t e r i n g  g e o n c t r y .  A t  c o n ~ p a r a b l e  c e s i u m  t e m p e r a t u r e s ,  t h i s  s o u r c e  .has  
)proilucetl  many times more beam t h a n  o u r  o l d e r  s o u r c e .  \Je are p r e s e n t l y  
a i  t h e  e m i t t a n c e  o f  t h i s  s o u r c e  a n d  t h e  E x t r i o n  s o u r c e  t o  compare  
p o t e n t i a l  t r a n s m i s s i o n s .  The  s o u r c e  s t i l l  n e e d s  more  d e v e l o p m e n t  t o  i m p r o v e  
r e l i a b i l i t y  b e f o r e  i t  c a n  be i n s t a l l e d  o n  t h e  a c c e l e r a t o r .  

After  all t h e s e  c h a n g e s ,  w e .  h a v e  s e e n  p a r t i c l e  t r a r l s ~ n i s s i o n s  of 50% 
, f o r  c a r b o n ,  i m p r o v e d ,  b u t  s t i l l  l o w e r  t h a n  t l i e  95% t r a n s m i s s i o n '  we r o u t i n e l y  
g e t  w i t h  t h e  d i r e c t  e x t r a c t i o n  i o n  s o u r c e .  T h e  t r a n s m i s s i o n  i s  a l s o  s t i l l  
d i s t u r b i n g l y  l o w  f o r  h e a v i e r  i o n s ,  e .g . ,  a f e w  p e r c e n t  f o r  M i .  

4 .  Zlo~ncntum I : i l t c r / S r ~ e c t r o g r a p h  ' 
The  f o u r t h  n ia jo r  p r o j e c t  i s  t h e  c o n s t r t ~ c t i o n  O F  a  new m a g n e t i c  

c~o lncn tu~n  f i l t e r / s p e c t r o g r a p h .  T h i s  i n s t r u m e n t ,  w h i c h  w i l l  r e s t  on a 1Javy 5 
i n .  g u n  m o u n t ,  i s  a s e q u e n c e  o f  6 r i a g n e t s ,  q u a d r u p o l e - 4  d i p o l e s - q u a d r u p o l e ,  
s t r e c h i n g  o v e r  a f l i g h t  p a t h  o f  a h o u t  6 meters. T h e  d e s i g n  s a c r i f i c e s  high 
c r . e s o l u t i o n  f o r  l a r g e  s o l i d  a n g l e ,  f o r  a n  i s o c h r o n o u s  f l i g h t  p a t h  for 
p & r t i c l e s  o f  a  p a r t i c u l a r  mo~nentum, ( a l l  p a t h  l e n g t h s  t h r o u g h  t h e  i n s t r u m e n t  
are o f  e q u a l  l e n g t h  t o  I%) ,  f o r  t h e  a b i l i t y  t o  t a k e  a l a r g e  s p r e a d  i n  
p i i r t i c l e  e n e r g y ,  a n d  f o r  a n  achromatic Focus  a t  t h e  e n d  o f  t h e  i n s t r u n e n t .  
, d e s i g n  i s  c o m p l e t e  a n d  t h e  m a g n e t s  a r e  o n  o r d e r .  Derek  S t o r m ,  who is 
s u p e r v i s i n g  t h i s  p r o j e c t ,  h a s  more i n f o r m a t i o n  f o r  t h o s e  who a t e  I n t e r e s t e d .  
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Tandem Operations. 

The nuclear  physics group a t  Wisconsin opera tes  a  Pel le t ron-  
charged EN tandem acce le ra to r .  Pure SF6 has been the  i n s u l a t i n g  gas 
s ince  t h e  i n s t a l l a t i o n  of t h e  Pe l l e t ron  i n  1971. A s  of October 1, 1980 
the  machine had logged a t o t a l  of  119,581 hours of opera t ion ,  3698 hours 
s i n c e  October 1, 1979. This  r e l a t i v e l y  low u t i l i z a t i o n  of  the  tandem 
(42%) compared t o  previous years  was not  r e l a t e d  t o  any major problems 
with the  acce le ra to r .  Several  breakdowns on our  14-year-old DDP-124 
computer caused excessive l o s t  time because r e p a i r  p a r t s  a r e  no longer 
ava i l ab le .  I n  add i t ion ,  w e  spent  15  days i n s t a l l i n g  the  new negative- 
ion  beam l i n e .  The pressure  vesse l  was opened only 8 times during the  
p a s t  year f o r  var ious  reasons. Carbon s t r i p p e r  f o i l s  were replaced t h r e e  , 

t i m e s  and minor maintenance of the  charging system was required d u r i ~ i g  
'two of the  tank openings. 

During October of 1979 we experienced some problems with ex- 
cess ive  r a d i a t i o n  ou t s ide  t h e  pressure  vesse l  on the  low-energy s i d e  of 
the  terminal .  The problem a t  f i r s t  was i n t e r m i t t e n t  and d i f f i c u l t  t o  
diagnose, b u t  w e  eventual ly  t r aced  it t o  a s i n g l e  beam tube sec t ion  about 
two-thirds of t h e  way up the  low-energy end. I n  order  t o  diagnose such 
problems we had some years ago i n s t a l l e d  on both columns an apparatus f o r  
shor t inq  ind iv idua l  column sec t ions  one a t  a  time. The arrangement con- 
sists of a  s t a i n l e s s  s t e e l  b a l l  at tached t o  a  d i a l  cord t h a t  runs along 
the  bottom of the  column r i n g s  between a pu l l ey  i n  the  terminal  and one 
a t  t h e  base of t h e  tank.  By using se lsyn motors one can pos i t ion  the  b a l l  
t o  s h o r t  any column sec t ion  while watching f o r  a  change i n  the  radiation 
l e v e l .  Af te r  w e  permanently shorted t h e  offending tube sec t ion  the  prob- 
lem disappeared. 

Upgrade of  the  Low Energy Beam Line. 

The beam l i n e  from the  ion sources t o  the  tandem was completely 
r e b u i l t .  I n  add i t ion  t o  r e loca t ing  the  d i r e c t  ex t rac t ion  and He' ion  
sources,  a  new r o t a t i n g  mirror ,  e l e c t r o s t a t i c  quadrupole t r i p l e t ,  and 
e i n z e l  l e n s  were i n s t a l l e d .  The design and p o s i t i o n  of l enses  which op- 
t imize transmission through t h e  tandem were based on ca lcu la t ions  of  beam 
t ranspor t  obtained wi th  J . D .  Larson's computer code OPTIC. The quadrupole 
t r i p l e t  allOW3 displacement of the  hor izoa la l  dr~d vertical wais ts  of  the  
beam and improves matching of  the  beam t o  t h e  ion  o p t i c a l  p roper t i e s  of  
our inc l ined  f i e l d  tubes.  The ca lcu la t ions  p r e d i c t  t h a t  with the  new l e n s  
system beam transmission w i l l  not  decrease a s  r ap id ly  with decreasing t e r -  
minal voltage a s  it had previously. For terminal  voltages of  3.5-5 MV we 

, have measured 85-90% transmission of proton beams from the  d i r e c t  extrac-  
t i o n  duoplasmatron. W e  have obtained 35% transmission of a  deuteron beam 
a t  1 .4  MV, a remarkable improvement over previous r e s u l t s .  Transmission 

., of 'po la r i zed  beams has improved from about 50% with the  o r i g i n a l  l e n s  con- 
, f i g u r a t i o n  t o  80% with the  new system. 



Colliding-Beam Source. 

The Wisconsin colliding-beam negative polarized-ion source i s  now 
. i n  rout ine  operat ion.  The source has on occasion produced beam cur ren t s  i n  

excess of 3 f o r  both H- and D-. For prolonged experiments approximately 
1 pA beams have been ava i l ab le .  The main components of the  source (except  
f o r  the  atomic-beam apparatus)  a r e  shown i n  Fig. 1. A 20-40-keV CS' beam 
from a porous tungsten i o n i z e r  i s  neu t ra l i zed  i n  cesium vapor. The csO 
beam (of up t o  3 p a r t i c l e -  mA) c o l l i d e s  i n  the  solenoid with thermal pol- 
a r i zed  hydrogen atoms. The negative ions produced a r e  ex t rac ted  by a 
0.5V/cm e l e c t r i c  f i e l d  and accelera ted  t o  14 keV a t  the  entrance of the  

. double-focussing spher ica l -p la te  i n f l e c t o r .  They a r e  then accelera ted  t o  
ground, focussed, and de f l ec ted  through 90' by an e l e c t r o s t a t i c  mir ror .  
A Wien precessor determines the  f i n a l  sp in  d i r e c t i o n .  

Figure 1. The csO and ion iza t ion  por t ions  of  t h e  Wisconsin colliding-beam 
polarized-ion source. 

Beam pol .ar izat ion f o r  both protons and deuterons have been measured 
11sinq cn l ih ra ted  po1.ar.i.mut.e.r~. 'For maqnotic: fla'1.d 0.1: 1000 qii\c.rs i.n t h e  
I.oIIPz~$I' the ~brot:o~\ vc?r:t.trr p01 n r i  ziil 1 on wrrw I '  - 0.0 I O I  . 'I'h-l f.1 vtr l.ur-2 '1.w 

Z 
')ti91 nT' 1 . l ~  mnx.llnum ~>ci.Larl eat ion  l,n~u.l.h3.0 due to the remain.lng coupl.ing be- 
tween 11uc1.car a ~ ~ d  el.ectron ~ l p i n  a t  t h a t  magnetic f i e l d .  The po la r i za t ion  
PZ = 0.63f0.01 f o r  deuterons i s  a l s o  g r e a t e r  than 95% of t h e  maximum pos- 
sible for  ion ize r  f i e l d s  of e i t h e r  400 o r  600 gauss. 



Negative Ion Source Development. 
r 

Both ve r s ions  of SNICS (Source of  Negative LOnS by Cesium *ut'-' 
t e r i n g )  have been used rou t ine ly  both by the -~uc lea r  Engineering r a d i a t i o n  
damage s t u d i e s  and by Nuclear Physics s tudents .  Our major e f f o r t  has how-. 
eve r  been on improvements f o r  the  He- source. The FU? sh ie ld ing  has been 
completely redesigned and r e b u i l t  t o  confine the  RF t o  the  immediate v i c i n i t y  
of the  q u a r t z  b o t t l e .  A s  a r e s u l t  w e  can now use thermocouples t o  sense and 
con t ro l  t h e  temperatures of  t h e  rubidium oven and the  exchange canal  region 
and we should see improved performance. The b e t t e r  RF sh ie ld ing  a l s o  per- 
mi t ted  r e l i a b l e  emittance measurements f o r  the  f i r s t  time. On t h e  test bench 
we've seen a s  high a s  14.5 of  He- and f i n d  t h a t  80% of a 4 lLA beam has 

# an emittance b e t t e r  than 5.571 mm mrad MeV . Sput ter ing  from t h e  extrac-  
t i o n  canal  has been t h e  main f a c t o r  l i m i t i n g  opera t ing  l i f e t i m e  o f  the  He' 
oouroa to ..loo-200 hourc. Recently we hall@ vade m ~ a s n r ~ r n ~ n t ~ s  w i t . h  a graphite 
canal  and observe s p u t t e r i n g  r a t e s  about a f a c t o r  8 fcss with  no d i f ference  
i n  beam c u r r e n t  o r  emittance. However the  spu t t e red  graphi te  is  very hard 
to remove from t h e  quar t z  b o t t l e .  I t  seems t o  be i n  a funo  wllich does n o t  
r e a c t  with t h e  usual  chemical reagents  f o r  removing carbon. 

Pos i t ive  Ion Accelerator .  

The Wisconsin Nuclear Engineering Department has r ecen t ly  i n s t a l l e d  
a Model AN-700 e l e c t r o s t a t i c  genera tor  f o r  use by t h e i r  r ad ia t ion  damage 
group. This  single-ended machine w i l l  provide 700-keV beams of H' and ~ e +  
ions  f o r  p r e i n j e c t i n g  metal specimens with hydrogen o r  helium gas atoms 
before  subsequent heavy ion i r r a d i a t i o n  a t  the  EN tandem laboratory.  The 
machine has  only recen t ly  passed acceptance t e s t s  and produces beams of  
100 p of H+ and ~e'. 

Electron Accelerator  Operations. 

The rad ia t ion  damage group a l s o  opera tes  a Model 2UEH e lec t ron  
acce le ra to r .  This  machine has seen l i t t l e  use i n  recent  years  because of  
a lack of  personnel.  Recently the  2-MeV e l ec t ron  beam has been employed 
t o  produce order-disorder t r a n s i t i o n s  i n  ordered a l loys .  
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K. Sato  

1. Present Gas Ptlxture ( ~ c t o b e r .  1980). 

We have been experiencing a d i f f i c u l t y  t o  maintain the moist- content a t ' t h e  

optirnm value when it is rec i rcu la t ing  continuously. 

2. SF, Consum~tlon Rate ( 'HOW t o  minimize SF consumption r a t e  ). 6 

2-1. h s o n t  Estimate of SF6 Consumption Rate. 

HWY Driving Condlton (~lnimum) - 1 1 A  s ize  cylinder SF6 / week. 

City Driving and Ugh Speed Driving Condltion (Maxln~un) - 1 1 A  s ize  cylinder 

. . SFi / day. 

, Average Condition 2 1 A  s i z e  cyl inder  SF6 '/ week. 

2-2. F- Production~Cross Section out  of  SF6. 

Fig. 16 shows t h e  variat ion of the  F- negative ion current out of SF6 wlth electron 

energy. . A t  t h e  lowest energy (0.6 eV) F- current appears .to be r l s i n g  rapidly v i t h  

decreasing energy. The current f a l l s  t o  a minimum value a t  2.6 eV and is  folloed by 

a s e r i e s  of t h e  well-defined current  onsets leading to  maxlma. A t  any point F- 

current  does not fa l l  t o  zero, as contrasted with the  SF^ arid SF- currents, and thls '. 
5 

spec ia l  feature of F- current nlght  be a major contribution t o  the  " c r i t i c a l  gradient 

discharge". 

2-3. Average Electron Energy In  the Tank h s  Mlxture ( Effect of Vibrational Cmsq 

Soctlon on Electron Distribution Function ). 

The l a r e e  s ize  of the vibrat ional  cross  sections i n  N exer t s  a strong influence 
2 

on the  electron encrg. distribution function In  nitrogen discharges by act ing as a 

"barr ier"  f o r  the gain i n  energy. Electrons thus  experience d i f f i c u l t y  i n  reaching . r. , 

energies  i n  oxcess of about 2.5 eV a s  long as t h e  vibrat ional  temperature is low. 

The high energy t a l l  a lso increases when E/N ( the r a t i o  of the e l e c t r i c  f i e l d  

t o  t h e  gas densi ty ) is  raised, but the sharp cu tof f  is  still present up t o  an E/N 

of 1.5 x I O - ' ~ V  cm2# whlch corresponds t o  an average electron energy of 2.25 eV. The 

2 
value of E/N of  3 x 10-I% cm corresponds t o  an average electron energy of 0.72 eV. (1) 

P - 2.25 eV, E/N - 1.5 r I O " ~ V  cm2, F/PN - 50 V c i l .  tam-'. PN; 60 psla, VTMP - 15.?NV, 
2 

E - 0.72 oV, E/N - 3 x 10-16v cm2, F/PN - LO V cu-I tor.", P - 60 psla. V T t P  - 3.1 MV. 
2 N2 

(1). Nighan, L., 1970, n y s .  Rev., A 2, 1989 (1970). . 



2-4. Wow t o  M l d d e e  SF6 Consumption Rate. 

We should t r y  t o  maintaln F/P within a range 20 V cm-I tom" 4 F/P 6 50 V cm-I torr- '  

and keeb the average electron energy around the minimum F- production electron energy 

' . 1.e. around 2.6 eV by changing the tank gas pressure according t o  the required VT. 

It may be be t te r  t o  use the SF6 m i x t ~  f o r  VT over 10 EN, and use the NZ/CO2 

mixture for .vT below 10 MV, even though it requires  two storage spaces f o r  two d i f fe ren t  

gaa mixtures. 

3. Optimum NJCO, Ratio. 
L L 

h e  moat e f f i c i e n t  laser eystem designed t o  da te ,  namely, t h e  N2-C02 l a s e r  an? 

t h e  CO l aserp  rely on k b r a t i o n a l  t r a n s i t i o n s  for l a s e r  action. In the  N2-C02 system 

. C l i t ~  1 ~ ~ 3  vlbrat lonal  crosa section, neax 2.3 aV i n  N rea-ulL1.x Pzum a iiasoniuica, 
2' 

anuses tho o l o o t z ~ n  dls tr ibut lon funotLon.to be sharply oub off. Thin raaul ta  i n  an 

e f f i c i e n t  population of vlbrational l e v e l s  of N2, with subsequent t rans fe r  t o  t h e u p p e r  ' 

l a s e r  s t a t e  o f  C02 ( i.e., the asymmetric s t r e t c h  mode ). 

Since N has a zero permanent dipole  taonent, the  nitrogen molecules excited to  
2 

v ibra t iona l  l e v e l s  of the gmund e lec t ron ic  s t a t e  cannot decay t o  the  v = 0 vibrat ional  

l e v e l  thmugh electric-dipole xadlation. .Thus t h e  e f fec t ive  l i fe t imes of these s t a t e s  

'. a r e  governed by deactivation through o l l l i ~ l o n o  4 t h  o ther  molecules and walls. Very . 

s t rong  quenching of NZf( "1 ) by C02 has been report*; ,. . , 

a u A J  0 5 10 15 20 25 30 35 40 45 
Elaotron hergy ( QV' ) 

PIC. 16* ~ - 1 n n  current nri a fuw+,ion of electron energy, obsorvod by 
Ahearn and HaMay (1953). h o b  t h a t  ordtnatee do not start a t  eero. 

h f + ~ n c e r ?  HlcG.mm, U. #. end Fox. R. P.. J. Chom. Bkya. a5 (195k) 6/12. 
&-, A. J. and HMnay, N. B., J. Chem. Phys. 21 (1953) 119- 

Electron. Energy Hsx. Crow- 
SF + 0 - s - s + . 6 6 .? 

at hok nsatlons 

- SF; , 0 . 0 3 . ~ .  1 0  -1s cm. 2 

- S V + F  0.43 ev. -16 2 5 10 cm. 

= a F- 
5 (1) 0.6 ev. -  SF^ + F + 'F- (2) 6 ev. L 1 8  2 10- cm . 



Fig. 1 shows that  N**( v=l ) a t  2330.7.cm-I is i n  very c lose  coincidence with 

tho 001 vlbrat lonal  l eve l  of CO 
2 

a t  2 N . 1 6  cm". The e n e r a  discrepancy 

1 s L l O  cm-I ( t o  be compared ulth 
, 

average thermal energy, H. of the 

molecules, which a t  room temperature 

is  about 210 cm" ). Thus a col l is ion 

of the  second Wnd which may be w l t t e n  

PIC. 1. Energy-level dingrm showln6 ~ e f i t n a t  , . . .  as 
v l b m t l o ~ ~ l  levels of C 4  0l1d h'r :' .. . i . . .  
~ & a n m d  levels for the rlbratiol~al lcvcls have not N2*(r1) + Co2(000) .) ~ ~ ( - 0 )  + ~ 0 ~ ( 0 0 1 )  
been J c a n  for slmpliclty. 
. . - 18 cm-' ----- (1) 

can have a -  large cross section because of the near-perfect coincidence. 

Fig., 2 shows the excitation efficiency f o r  various l a s e r  mixtures i n  discharge 

. . . excited C02 lase rs  

and suggests the N Coil z/ 

r a t i o  could h Sncmasw 

to 7 instead of our 

generally accepted 

value around 4. 

We have found 

a chance to measure 

an :optimum value of  

. $ 2 :  Ex6trtiom e f k k c y  Im variour bur m i a u r a  in d i i a r g a  excited C 4  lasen. N # O ~  i n  our tank 

gas  mixture using no follow-up discharge a s  a c r i t e r ion .  Our r e s u l t  was; 

Optimum N ~ / C O ~  4 5 i n  our sank Gas mixture. 

4. . Optimum H,O Content. 
& 

Among severa l  H 0 contributions t o  our tank gas mixture we have had an opportunity 2 . :. 
t o  dotennine an optimum H 0 content f o r  i t s  function t o  deac t iva te  CO * molecules. 2 2 

CO ( its mutual .relaxation time - sec. ) is deactivated by H 0 v i a  a Leonazd- 2 2 

Jones ( 12.6 ) in te rac t ion  and a coupling betneen the permanent d ipo le  moment of H 0 
2 

and t h e  induced dipole moment of C02. 

Observed optimum H 0 content - 115 ppm f o r  deexcitation of  v ibra t iona l ly  excited C02 
2 

molecules and completion of  N *-3 CO *+ 2 2 H2°4 

deactivation channel. 

5. .-turn Cao P m j e c t ~ .  

5-1. S ~ / S F -  Ratio. S 6 
'Fhrovh a collaboration with the Atomic Physics Croup of t h e  Engineerlng'and Applied 



Sr lonco I)cp~rtment  of Ynlo I l n l v ~ ~ x l t y  sclr :ur plnllll\ 116 t o  t:crnp%~'c!+ lic. :iv-/:;Y: t.;~t.\o crC 5 (1 

- . '  ? 

our t.u?k car, mlxtu~r! t o  thcr sY;/sF~ r a t io  of  pr1r.e Sp6 u t l l \ c . \ ~ l p  t h e i r  ntrnocl~rom;rtlc l t , u  

erlcrgy e l e c t r o n  source and the negative ion mcnsurlng f a c l l i t y ,  and conflrm our estimates 
. . .  --. , 

of the  SF6 consumption k t e .  . . ,c: v x.i ii:+ 
. . .--I rr.lQ 

5-2.  SF^ S t a b i l i z a t i o n  by Addition of H20. ,I 

. . 
l 'hkugh t h e  above mentioned collaboration we..are planning t o  study the e f f e c t  of 

H 0 molecules t o  s t a b i l i z e  the SF: ions and t o  prevent them t o  go t o  the  dissoclat ivr  
2 

attachment decay channel. Ye expect a f i n a l   laxa at ion time i n  o u r  gas mixture ( sF6/li2 
> - 

/CO~/H~O ) I n  an older  of  10-~sec., as .pposed to the 10 us l i f e t i m e  of   SF^)* and 

a few hours  l l f e t l m e  of excited st.nt.e  in'^ *. Thin 10'~scc. d e a c ~ i v a . l . l o k t i h e . 1 ~  
2 :  , . ,  

d l r e c t l y  compatible wlth the  l l fe t lme of the ( S F ~ ) Q  gredissociat ipg state ~ e a d ~ n g  t.0 

( SF3 + ) and t h i s  d l m e t l y  inh ib i t s  i ~ e g o l . 1 ~ ~  "F-" pmdUCt1Bi i .  

5-3. How'to Malntaln H20 Content under the Continuous Recirculation. 

We have'been s truggl ing to find the best way t o  maintain t h e  H20 content i n  our 

tank gas  mixture around 115 ppm with the continuous recirculat ion through our  gas f i l t e r i n g  

cystem, but  we have fa i l ed  t o  do so  and u u r  present H 0 content i s  5 - 25 ppm. 
2 

6.  C o m n ~  Control Signal Transit Time ( Fig. 3 ). 
. . 

Vi3 havo mecljurcd the s ienal  1ran:;lt tlme between ttie corona point t o  the H;V. . .  . 
. . . .  :. 

tormlnal H t  various'  V s and the tank gas pwssures and' plotted a s  an exponential T 

func t ion  o f  'F/F ( V cm-' ton-'  ) i n  rig..  3. 
li2 e - 0 . ~ 5 ( ~ / ~ N  ) ( $/yN i n  V cm-I t o n - '  ) :---- T ( m s  )' - 119.86 2 2 (2): 

( For a gas  mixture - 32 % SF6' + 57 %.N2 + 11 % COa + 5 - 25 ppm H20 1. 

7. Per fec t  Beam Condition ( Near 100 $ b n s m i s s i o n  ): 

Slnce ue &taZLsd using the I l d S  ( sputtering ) source we have been s truggl ing t o  

improve Its emittance t o  match our up-g~~u1t.d MP's acceletator  tube acceptance and 

t o  improve t h e  heavy ion beam trnnt;mlssion. 

N n a l l y  uc have succcerlud to  reach the s f ~ e  which we may b ablo t o  o i l 1  it 

a s  a p e r f e c t  beam condition. 

For VT 0 5 MV - 10 blV, Estimated Beam 'Pransmlssion = 70 56 - 100 s, 
Tank Preoo. - 135 psi& - 105 psla, 

Kind Ofs NogaMve Iuri su far = 0- but '  of SiU2, 

Ni-out of Ni metal cone, 

. . In jec ted  Negative Ion Current = 10 NA - 2 PA. 

The contr ibuted fac tors  t o  t h i s  perfect beam condltfnn might be 3~ follow: 

Enhanced ref lected heam mode wlth a 0.5 kV biased extract ion electrode,  

Double Einzel l e n s  System, 

Hlgher preacceleration v o l t q e  over 200 keV ( Better vacuum by the  In te i face  h p i n g  

S t a t i o n  ), .. 
. . .  . . .. 



In addition we have stopped to observe any pressunt sensitive leak and out-gassing 

froa fresh Epoxy glue which we used for fixing the pressure sensltlve leaks. 



STATUS OF THE OAK RIDGE 25 MV TANDEM ACCELERATOR* 

N. F. Ziegler, E. G. Richardson, J. E. Mann, R. C. Juras, 
C. M. Jones, J .  A. Biggerstaff, and J. A. Benjamin 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

In t roduc t i  on 

The 25 MV tandem i n  Oak Ridge i s  a 25URC Pel letron constructed by 
National E lect rostat ics Curporation. I n s t a l  l a t i o n  o f  major components 

' 
'was'kss;cntfally kompleted during the la t te rb  pdrL o f  1979, Dur-lng 1980, 
component i nsta 1 l a t i  on, m d i  P i  ca ti an, ca l  i bration. and f esting cnntl'nukd. 
Presently, the accelerator i s  being conditioned f o r  -25 HV beam tests. 

1980 .Operation 

:Operation o f  the accelerator during the past year can best be 
indicated by the bar graph i n  Fig. 1 showing pressure i n  the Pel le t ron 

", tmk as a funct ion of time. Voltage, roughly proport ional t o  pressure, 
was applied t o  the terminal during the periods o f  pressurization, b u t  i t 
should not  be in ferred tha t  the accelerator operated continuously a t  
va l  tage during these periods. During the in te rva ls  a t  atmospheric 
pressure, column equipment was i n s t a l  1 ed, modified o r  repai red. 

Goals Achieved 

Several noteworthy goals were achieved during the year, the major 
ones being acceleration of beam through the machine and completion crf 
beam acceptance tes ts  a t  7.5 MY and 17 MV. Beam wan f i r c t  accel'crated 

. through the complete beam transport  system on May 12, 1980. Following 
condit ioning of tke  accelerating tubes t o  about 17 MV, a 60 pnA (pa r t i c l e .  
nanoamperes) 1606 beam a t  108 MeV was obtained. This beam was pr~duced 
by f o i l  s t r ipp ing  a 750 pnA OH- beam in jected a t  an energy o f  0.3 MeV. 
Tuning of the machine was straightforward and i t  operated qu i te  stably 
w i th  beam; i n  fact ,  t h i s  i n i t i a l  t e s t  was accomplished without the 
t e m i n a l  potentfa1 stab1 1 i  zcr, Fa1 lowing t h i s  i n i t i a l  success, ef  f o r l s  
were made t o  improve beam transmission and t o  act ivate various inoperable, 
o r  marginally operable, components. I n  p a r t i  cul as, the terminal potent i  a1 
s t a b i l i z e r  and NMR f luxmeter f o r  the energy analyzing magnet received 
a t ten t ion  since these devices were required f o r  ca l ib ra t ion  o f  the 
magnet. 

*Research sponsored by the D i  v i  s i  on o f  Bas4 c Energy Sciences , U. S . 
Department of Energy under contract W-7405-eng-26 w i th  the Union 
Carbide Corporation. 



On June 25, the energy analyzing magnet was ca l i b ra ted  using an 
1602+ beam i nc i den t  on a carbon f o i l .  The energy o f  a p a r t i c l e s  a t  
approximately 180' from the 12C(160, u ) * ~ M ~  reac t ion  was measured i n  a 
surface b a r r i e r  detector  which could be ca l i b ra ted  w i t h  an 241Am source. 
This absolute energy c a l i b r a t i o n  ind ica ted  an i nc i den t  beam energy o f  
27.443 + .034 MeV. The ca lcu la ted terminal  vo l tage was 9.236 MV wh i le  
the GVM ind ica ted  8.8 MV. Fol lowing the  absolute c a l i b r a t i o n  the magnet 
f i e l d  was adjusted t o  se lec t  160 charge s ta tes  3, 4 and 6 wh i l e  main- 
t a i n i n g  the  terminal  vo l  tage constant. From t h i s  measurement the mass- 
energy product o f  the ma ne t  was determined as a func t ion  o f  f i e l d  usinq S the  equations ME/q2 = kB and E = Vi + (q + l ) V T  Results are  shown 
below i n  Table I. 

TABLE I 

vT(Mv) B(kg) E (MeV) 
ME 
?(+(MeV) 

ME 
9 k=p 

A summary, o f  acce lera tor  beam acceptance t es t s  i s  presented i n  
Table 11. The f i r s t  f ou r  tes ts ,  a t  7.5 and 17 MV, were completed i n  

Max, 
Test Term. I o n ( l )  Analyzed Term. Xmiss. Durat ion 

# Pot.(MV) Mass Beam(pvA) St rpr .  Factor ( 2 )  (mln.) 

f o i  1 
3 )  

3.3 7.5 .OI n.s.( 10 
3.8 I1 1 .O gas 12.5 6 0 
3.4 17 . 01 

(I i f o i l  n.s. 10 
3.9 gas 12.5 60 

L,M o r  H .001 n.s. 12.5 60 
L .O1 f o i  1 n. s. 10 
M 
H 

3.11 L 1 .O gas 12.5 120 
3. 

3.10 M 1 .O 12.5 60 
3.12 H 0.5 15 60 
3.1 27.5 n.s. ,901 n.s. . n.s. 20 . 

(1) L: 12 - < mass - < 50, M: 100 5 mass 5 130, H: mass 2 195 

(2) Rat io  o f  i n j  . beam (pllA) t o  analyzed beam .(puA) 

(3)  Not speci f ied 
r+ 
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Ju l y  and August. fo r  t p t s  3+8 and 3+9 the ieasured transmission fac tor  
was about 10. 1l0 , 14 , 113 and I6 beams were used t o  perform tests  
3.3, 3.8, 3.4 and 3.9, respectively. Also during t h i s  in te rva l  fu r ther  
data, using 2 7 ~  beams, f o r  ca l i b ra t i on  o f  the energy analyzing magnet 
were obtained and the resu l ts  are l i s t e d  i n  Table 111. 

TABLE I11 

q VT(MV) B(k!3) E (MeV )  ME/^* ( M ~ v  ) k 

On July  29 an attempt was made t o  l n j e c t  an IS* beam (45 MeV) i n t o  
ORIC (Oak Ridge Isochronous Cyclotron). A beam o f  about 60 pnA was 
def lected i n t o  the ORIC beam l ine ,  but the t e s t  was inconclusive because 
an obstruct ion prevented viewing the quartz ins ide the cyclotron. 

Problems Encountered 

During the year there were 13 tank openings, twelve o f  which were 
necessitated by fa i lu res .  A bar graph o f  problems i s  presented i n  Fig. 
2. I t  i s  obvious tha t  the number of fa i lures exceeds twelve, but  there 
were occa r i~ns  when more than one problem was found during a tank 
opening. I n  par t i cu la r ,  water leaks were usual ly accompanied by one o r  
more vacuum leaks. This coincidence indicates tha t  water may cause 
corrosion of the aluminum gaskets, but the evidence i s  not conclusive. 
A1 1 o f  the water leaks were caused by fa i l u re  o f  tubing connectors on 
Faraday sups o r  var iable apertures. One tank opening was necessitated 
,by if broker1 cuuyl lily un urre of Lhe rutclt ing shilfts. h s l n g  arruther tank ' 

opening, a noisy shaf t  beari ng was repl  aced. Fai 1 ure o f  el ect ros ta t i  c 
quadrupoles occurred twice because o f  marginal e lec t r i ca l  contact 
between cables and feedthrough connectors, During one tank opening the 
s t r ipper  gas (N2) c y l  i nder was rep l  aced, i nadvertently , wi th  a cyl inder 
having a high content o f  helium, A second tank opening was then required 
t o  replace the contaminated c l inder .  The other fa i l L res  l i s t e d  i n  Fig, T 2 are, more o r  less, set f-exp anatory. Column electronic equipment has 
proven qu i te  re l iab le .  Only one tank opening could be p a r t i a l l y  a t t v ib -  
uted t o  f a i l u r e  o f  the control  systm. 

One serious problem occurred t h i s  year i n  the  SF^ storage system. 
I n  Ju ly  a leak was d4scovered i n  the manway por t  o f  starage tank # l .  
Fortunately, the tank contained l i t t l e ,  o r  no, l i q u i d  since the accel- 
erator  tank was pressurized, The standard procedure f o r  f i l l i n g  the 

' 

Pel l e t r o n  tank resu 1 t s  i n  tank #1 being emptied o f  l iqu id .  ' It was 'thus . 
deemed an opportune time t o  repa i r  the leak, -and the vapor f a  the tank 
was transferred t o  the Pel letron. Removal o f  the manway cover revealed 
corrosion i n  one o f  the O-ring grooves i n  the cover and a considerable 
amount o f  r u s t  i n  the tank i t s e l f .  A "bathtub r ing"  was also evident i n  



t he  tank a t  an e levat ion corresponding roughly t o  the top o f  the l i q u i d  
1 eve1 . A photograph o f  t h i s  r i n g  i s  shown i n  Fig. 3. It i s  assumed t h a t  
t he  r i n g  i s  a r e s u l t  o f  water f l o a t i n g  on top o f  the SF6 l i qu id .  The tank 
was cleaned by wire-brushing and vacuuming. The manway cover was machined 
t o  clean the O-ring groove and the po r t  was resealed. The tank was then 
evacuated and r e f i l l e d  w i t h  SF6 vapor w i th  no evidence o f  leakage. 

Modi f ica t ions 

A s i g n i f i c a n t  modi f ica t ion t o  the accelerator i n  August o f  t h i s  year 
was the replacement o f  the enclosed corona grading system w i t h  an open 
po in t  system. NEC proposed the change fo l lowing poor experience w i t h  the 
enclosed system on the NEC 20 MV tandem i n  Japan. A t  present, the replace- 
ment i s  considered a test .  One disadvantage o f  the open system, o f  course, 
i s  the r e s t r i c t e d  range o f  adjustment o f  terminal voltage; however, the 
shor t ing rod could be used for  gross adjustment w i th  small va r ia t ions  being 
provided by charging and corona probe adjustments. The f i na l  decis ion on 
the  type o f  corona grading system w i l l  f o l l ow  the 25 MV acceptance tests.  

Several minor modi f icat ions were made i n  the gas handling system f o r  
t he  accelerator. The by-pass valve around the compressors was moved t o  a 
higher e levat ion near the water-cooled condensers. This change, i n  con- 
junc t ion  w i t h  a s l i g h t  ~nod i f i ca t i on  i n  operating procedure, seems t o  have 
el iminated the probl ern of 1 i q u i d  SF6 expansion which produced very low 
temperatures i n  the by-pass piping. The by-pass valve i s  required t o  
match the compressor pumping speed t o  the vacuum pumps dur ing a t rans fe r  
t o  storage. A block valve around the vacuum pumps was modif ied t o  serve 
as a f l ow-con t ro l l i ng  by-pass which has s impl i f ied the t rans fe r  from 
compressor-only pumping t o  vacuum pump-compressor pumping. A small 
scavenging cornpressor has been i n s t a l l e d  which pumps any leakage from the 
main compressor's shaf t  seals i n t o  an accumulator tank. One modi f ica t ion 
s t i l l  remaining i s  the i n s t a l l a t i o n  o f  a l i q u i d  separator fo l l ow ing  the SF6 
vaporizer. This change w i l l  invo lve spme heavy pipe work and has not y e t  
been scheduled. The modi f ica t ion i s  required t o  reduce the time f o r  
t r ans fe r  from storage. 

The present status o f  the gas harldling system may be summarized as 
f 01 1 ows: 

- 17 t ransfers  completed wi thout  major inc ident  or  SF6 loss  

- No s i gn i f i can t  leakage from j o i n t s  f i t t e d  w i t h  t e f l o n - f i l l e d  
s p i r a l  wound gaskets 

- Typical t rans fe r  times: 

Storage-to-Accel e ra to r  (50 ps i  g) 10 h r  
Accelerator (50 ps i  g)-to-Storage 9 1/2 h r  

- Approximate SF6 loss:  



- sign1 ti cant residual problems : 

1 ) through-1 eakage o f  dryer valves a f t e r  thermal cycl i ng  
2) 1 i q u i d  transport  through vaporizer 

Summary 

The present schedule f o r  completion of the 25 MV tandem i s  shown on 
the f low diagram i n  Fig. 4. As stated previously, the tandem i s  now 
being conditioned f o r  25 MV acceptance tests. 

A design study of the f e a s i b i l i t y  o f  increasing the energy gain o f  ' 

ORIC i s  i n  progress a t  ORNL. In essence, the boost would be achieved by 
increasing the magnetf c f i e l d  by a factor  o f  1 .73, thus increasing K 
from 100 t o  300. The increased f i e l d  would be achf eved by i ns ta l  1 inq 
superconducting main f i e l d  co i l s .  A comparison of the energy capa- 
b i l  i t i e s  o f  the proposed cyclotron and tandem wi th  ex is t ing  machines i s  
shown i n  Fig. 5. 

MARCH I -- APRIL I M A Y  

FIG. 1- PELLETRON PRESSURIZATION in 1980 
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Den Hartog: Where d i d  a1 1  t h a t  water come from? Was i t  from a  water l eak?  

N. Z ieg le r :  Yes, I t h i n k  so. 

Den Hartoq: What i s  t he  in f luence o f  t h e  open corona needles on your  oper- 
a t i n g  c a p a b i l i t i e s ?  

N. Z ieg le r :  I t w i l l ,  o f  course, r e s t r i c t  t he  range over  which we can vary 
the  v o l  tage . 
Den Hartoq: Do you have any. idea' what t he  range w i  11 be? 

Jones: About 101. I n  the  best  case w i t h  s h o r t i n g  rods f i x e d  i n  p o s i t i o n  
i t  m igh t  be poss ib le  t o  vary  the vo l tage +lo%. 

.. ' J ;  

Noh: Were the  vacuum leaks i n  the connect ions o r  i n  t he  tubes and o the r  - 
components? 

'N. Z ieg le r :  There have been leaks i n  t he  aluminum gaskets i n  t he  tube 
i t s e l  f .  There have a l so  been leaks  i n  f langes f o r  Faraday cups and va r ia -  
b l  e  aper tures.  

No6: Another quest ion. What i s  the  m o t i v a t i o n  f o r  going t o  an open corona - 
system? 

N. Z ieg le r :  I n  Japan on the  NEC machine the  closed corona system has been 
damaged by sparks. So NEC wants t o  t r y  t h e  open system o n , t h i s  machine. 
I s  t h a t  r i g h t ,  Robert? 

Rathmell: 1 '11 mention t h a t  i n  my t a l k .  

Goldie: Does t h a t  open corona system prov ide  a  separate system f o r  t he  
column and f o r  t he  beam tube? 

N. Z ieg le r :  Yes. 

Goldie: Are both open? 

N. Z ieg le r :  Yes. 

Rathmell: Norv, do you know what a  5% e r r o r  i n  the  GVM read ing  does t o  the  
o r i g i n a l  column vo l tage est imate up t o  32 MV? 

N. Z ieg le r :  I d o n ' t  t h i n k  we could say d e f i n i t e l y .  

Rathmell: You're n o t  ab le  t o  ex t rapo la te?  

N. Z ieg le r :  Not y e t .  

A l len :  Do you know whether t he  beams f o l l o w  the  c o r r e c t  t r a j e c t o r y  around 
the  180" magnet? 

N. Z ieg le r :  I t h i n k  i t  p r e t t y  we l l  has to .  The s l i t s  a r e  i n  t he  magnet. 



A l - l en :  The s l i t s  a r e  t i g h t , .  a r e  they?  
. . . . . . . 

Jones: The s l i t s  a r e  n o t  ve ry  t i g h t .  We modeled t h e  i o n  o p t i c s  o f  t h e  
machine very  c a r e f u l l y  and we f i n d  t h a t  t h e  l e n s  s e t t i n g s  which a r e  found 
e m p i r i c a l l y  agree w i t h  t h e  model c a l  c u l  a t i o n s  w i th ,  r_emarkabl e  accuracy. 
That  i m p l i e s  t h a t  t h e  beam i s  do ing  what we t h i n k  i t  i s  do ing .  

A l l e n :  We have some t r o u b l e  w i t h  t he  f r i n g e  f i e l d  n o t  be ing  e x a c t l y  what 
we thought  i t  should be i n  ou r  system. So t h e  t r a j e c t o r y  around t h e  180" 
magnet was n o t  q u i t e  r i g h t  and t h a t  l e d  t o  r e l a t i v e l y  poor  t ransmi 'ss ion.  

Jones: The f i e l d s  f o r  a1 1  o f  o u r  magnets were measured beforehand, and they  
were more o r  l e s s  what t h e y  should be. 

Rathmel l  : The beam comes around w i t h  v e r y  1  i ttl e  s t e e r i n g  i n  t h e  t e rm ina l  , 
and s i n c e  t h e  beam tubes a r e  s i x  f e e t  a p a r t  i t s  j u s t  about  g o t  t o  go 
t h rough  t he  magnet c o r r e c t l y  t o  g e t  f rom one tube  i n t o  t h e  o t h e r .  

Larson: I'll d isag ree  w i t h  t h a t  l a s t  comment. I t  d o e s n ' t  have t o  ,,go -- .,. 
t h rough  the  magnet t h e  way you i n t e n d  i t .  to ,  b u t  t h e  f a c t  t h a t  i t  .must pass 
th rough t h e  s l i t s  a t  90" means t h a t  i t  i s  p r e t t y  c l ose .  O f  course, i t  does 
depend on how t i g h t l y  t h e  s l i t s  a r e  s e t .  Bu t  t h e  f a c t  t h a t  t h e  beam passes 
t h rough  a t  a l l  w i t h o u t  t h e  s l i t s  hav ing t o  be wide open. suggests t h a t  t h e  
beam i s  c l o s e  t o  t h e  des i r ed  t r a j e c t o r y  and t h a t  t h e  magnet ic f i e l d  i s  n e a r l y  
un i f o rm .  

Rathmel l :  As a  m a t t e r  o f  f a c t ,  t he  s l i t s  were wide open a t  p l u s  and minus 
one-quar te r  i nch .  

Walker:  Where a r e  t h e  s l i t s  f o r  t h e  180" magnet?:; 

Larson: The s l i t s  a r e  a t  90". That i s ,  they  a r e  i n  t h e  cen te r  o f  t h e  magnet 
a t  t h e  t op  o f  t h e  beam's t r a j e c t o r y .  



A P r o p o s a l  f o r  a New Tandem a t  t h e  U n i v e r s i t y  of Washington 

P r e s e n t e d  by Wi l l i am G. Weitkamp 
U n i v e r s i t y  o f  Washington Nuclear P h y s i c s  Labora to ry  

It i s  n o t  c l e a r  how t h i s  paper  g o t  i n  a  s e s s i o n  l a b e l l e d  
" A c c e l e r a t o r s  i n  P r o g r e s s "  because  .we have no money y e t .  There  a r e  
some i n d i c a t i o n s  t h a t  money may be on t h e  way, b u t  i n  t h e  meantime you 
should  r e a l i z e  t h a t  I 'm j u s t  s h a r i n g  o u r  dreams w i t h  you. Wi th  t h a t  
i n  mind, I want t o  b r i e f l y  d e s c r i b e  v a r i o u s  p a r t s  o f  o u r  p r o p o s a l .  I 
w i l l  s t a r t  w i t h  t h e  r a t i o n a l e ,  s a y  a few words a b o u t  a c c e l e r a t o r  
d e s i g n ,  abou t  t h e  b u i l d i n g ,  and f i n i s h  w i t h  a l i t t l e  a b o u t  t h e  c o s t  
and t h e  c a n s t r u c t i o n  s c h e d u l e ,  

Over t h e  p a s t  decade o r  s o  t h e r e  h a s  been a d e t e r i o r a t i o n  i n  t h e  
s u p p o r t  a v a i l a b l e  f o r  l a r g e  n u c l e a r  p h y s i c s  f a c i l i t i e s  a t  
u n i v e r s i t i e s .  I n s t e a d ,  t h e r e  h a s  been a s t r o n g  t r e n d  toward 
c e n t r a l i z a t i o n  o f  f a c i l i t i e s  a t  a  few n a t i o n a l  l a b o r a t o r i e s .  Of a l l  
t h e  new tandems d e s c r i b e d  i n  t h i s  s e s s i o n  t o d a y ,  none ( e x c e p t  o u r s )  
a r e  a t  u n i v e r s i t i e s ,  and i n  f a c t  o n l y  one i s  i n  t h e  U.S. So,  when we 
s a t  down t o  w r i t e  t h i s  p r o p o s a l ,  t h e  f i r s t  q u e s t i o n  we had t o  answer 
was whether w e  should  buck t h i s  t r e n d  and c o n t i n u e  t o  m a i n t a i n  a n  
in-house f a c i l i t y  f o r  n u c l e a r  p h y s i c s  r e s e a r c h  o r  n o t .  

The answer t o  t h i s  q u e s t i o n  w a s  c l e a r l y  y e s ,  f o r  a number o f  
r e a s o n s .  The f i r s t  was t h a t  t h e r e  a r e  many exper iments  r h a r  are 
d i f f i c u l t  t o  do a s  u s e r s  a t  a  c e n t r a l i z e d  f a c i l i t y .  I have l i s t e d  
s e v e r a l  c l a s s e s  o f  such  exper iments :  
1) Experiments t h a t  require a  m o d i f i c a t i o n  o f  t h e  a c c e l e r a t o r .  Users  
normal ly  canno t  command t h e  k ind  o f  a t t e n t i o n  o f  t h e  t e c h n i c a l  s t a f f  
t h a t  i s  r e q u i r e d  t o  change t h e  a c c e l e r a t o r  f o r  a s p e c i f i c  exper iment .  
2 )  Exper iments  t h a t  r e q u i r e  a  compl ica ted  s e t u p .  One has  t o  h a u l  
t r a i l e r s  around t h e  c o u n t r y ,  and t h a t  is  n o t  good f o r  t h e  e l e c t r o n i c s .  
3 )  Exper.iments t h a t  need t o  be done q u i c k l y .  G e t t i n g  proposed 
exper iments  th rough  a  program a d v i s o r y  committee and g e t t i n g  
a c c e l e r a t o r  t ime schedu led  can  r e s u l t  i n  a  g i v e n  exper iment  becoming 
o b s o l e t e  before i t  i.s e v e r  done. 
4 )  Experiments t h a t  a r e  a  l i t t l e  b i t  c r a z y .  Program a d v i s o r y  
commit tees  t end  . t o  s t i c k  t o  t h i n g s  t h e y  know w i l l  work. 
We f o r s e e  t h a t  many o f  t h e  exper iments  we want t o  do i n  t h e  80's and 
,go's w i l l  f a l l  i n t o  one o f  t h e s e  c a t e g o r i e s .  It i s  c o n s e q u e n t l y  
impor tan t  f o r  us  t o  t r y  t o  m a i n t a i n  a n  in-house f a c i l i t y  t o  do t h o s e  
exper iments .  

A second reason  f o r  m a i n t a i n i n g  a n  in-house f a c i l i t y  i s  t h a t  w e  
a r e  a n  e d u c a t i o n a l  i n s t i t u t i o n .  To c o n t i n u e  t o  produce g r a d u a t e s ,  we 
must a t t r a c t  new s t u d e n t s  t o  o u r  program. It i s  d i f f i c u l t  t o  a t t r a c t  
s t u d e n t s  t o  a  u s e r  program. For one t h i n g ,  u s e r  r e s e a r c h  i n t e r f e r e s  
wi th  c lasswork .  S t u d e n t s  have t o  r u n  o f f  t o  some o t h e r  l a b  e v e r y  few 
months;  i t  i s  hard  t o  m a i n t a i n  good g r a d e s  w i t h  a l l  t h a t  t r a v e l l i n g .  
For a n o t h e r  t h i n g ,  i f  a student i s  go ing  t o  be  a  u s e r  a t  a b i g  
f a c i l i t y ,  why n o t  go t o  Fermilab and do i t  r i g h t ?  



A second q u e s t i o n  we had t o  answer i n  p r e p a r i n g  o u r  p roposa l  was 
why t h i s  machine should  b e  b u i l t  a t  t h e  U n i v e r s i t y  o f  Washington 
i n s t e a d  o f  some o t h e r  u n i v e r s i t y .  I want t o  make i t  c l e a r  t h a t  we 
hope t h a t  t h i s  i s  no t  t h e  o n l y  n u c l e a r  f a c i l i t y  t o  be  b u i l t  a t  a  
u n i v e r s i t y  i n  t h e  n e a r  f u t u r e ,  b u t  r a t h e r  t h a t  i t  r e p r e s e n t s  a  f i r s t  
s t e p  i n  t h e  g e n e r a l  r e j u v e n a t i o n  o f  p h y s i c s  f a c i l i t i e s  a t  
u n i v e r s i t i e s .  But I would b e  l e s s  t h a n  c a n d i d  i f  I didn ' t  t e l l  you 
t h a t  we t h i n k  we have a v e r y  s t r o n g  program a t  t h e  U n i v e r s i t y  o f  
Washington.  I want t o  ment ion f o u r  a r e a s  where we f e e l  we a r e  
p a r t i c u l a r l y  s t r o n g .  
1 )  We have a  v e r y  v i g o r o u s  r e s e a r c h  program, i n c l u d i n g  exper iments  of  
fundamental  s i g n i f i c a n c e .  
2 )  We have a good t e c h n i c a l  c a p a b i l i t y .  
3 )  We are a c t i v e  i n  a p p l i e d  n u c l e a r  phys ics  r e s e a r c h ;  f o r  example,  we 
have a  program i n  f a s t  n e u t r o n  c a n c e r  t h e r a p y  r e s e a r c h .  
4 )  We have been a b l e  t o  g r a d u a t e  some v e r y  good s t u d e n t s .  For 
example,  t h e  l e a d e r s  of  t h e ,  two l a r g e s t  e l e c t r o s t a t i c  a c c e l e r a t o r  
p r o j e c t s  i n  t h e  world a r e  bo th  g r a d u a t e s  of o u r  l a b .  

A t h i r d  q u e s t i o n  we had t o  answer i n  p r e p a r i n g  t h i s  p r o p o s a l  was 
what k ind  o f  a c c e l e r a t o r  w e  should  propose.  Some of  t h e  c r i t e r i a  we 
used i n  making o u r  s e l e c t i o n  f o l l o w :  
1 )  The a c c e l e r a t o r  must he f l e x i h l e  enough t o  he useful. i n  a  wide 
v a r i e t y  o f  e x p e r i m e n t s ,  i n c l u d i n g  b o t h  l i g h t  and heavy i o n  p h y s i c s .  
2 )  The a c c e l e r a t o r  shou ld  o f f e r  some unique c h a r a c t e r i s t i c s  no t  
a v a i l a b l e  e l s e w h e r e  i n  t h e  U.S. 
3 )  The a c c e l e r a t o r  should  b e  a  q u a l i t a t i v e  improvement o v e r  o u r  
e x i s t i n g  f a c i l i t y .  
4 )  The a c c e l e r a t o r  shou ld  be r e l a t i v e l y  i n e x p e n s i v e  t o  o p e r a t e .  Th i s  
is  p a r t i c u l a r l y  t r u e  f o r  e l e c t r i c  power c o s t s ,  even though t h e y  a r e  
s t i l l  low i n  t h e  P a c i f i c  Northwest .  
5) The a c c e l e r a t o r  should  be on a  t e c h n i c a l  s c a l e  t h a t  c a n  be 
e f f e c t i v e l y  managed by o u r  l a b o r a t o r y .  
i \ f ter  l lo ld ing a number o f  p o s s i b i l i t i e s  up t o  t h e s e  c r i t e r i a ,  w e  
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, ~ c c e l ~ r > ~ t o r  t h a t  wot~ld s t a n d  a r e a s o n a b l e  chance o f  be ing  funded. The 
c o s t  s c a l e s  rough ly  a s  t h e  cube o f  t h e  t e r m i n a l  v o l t a g e ,  and a f t e r  
t e s t i n g  t h e  wa te r  a  b i t  wi th  a  20 MV machine,  we proposed an 18 MV 
machine. I n  o r d e r  t o  have a  f a c i l i t y  t h a t  h a s  t r u l y  uni-que 
c h a r a c t e r i s t i c s ,  we i n t e n d  t o  c o u p l e  a  new h igh-cur ren t  p o l a r i z e d  i o n  
s o u r c e  t o  t h e  a c c e l e r a t o r .  The 36 MeV d i r e c t - c u r r e n t  p o l a r i z e d  p ro ton  
and d e u t e r o n  beams w i l l  i n  f a c t  be unique i n  t h e  U.S. 

I w i l l  n o t  spend a  l o t  o f  t ime  d e s c r i b i n g  t h e  machine t h a t  we 
have proposed because  i t  i s  v e r y  s i m i l a t  t o  t h e  machine PRC i s  
b u i l d i n g  a t  Oak Ridge,  which you have j u s t  heard  a b o u t ,  and t h e  J A E R I  
machine,  which you w i l l  h e a r  abou t  i n  a  few minutes .  The maximum 
t e r m i n a l  v o l t a g e  i s  somewhat lower ,  however. F ig .  1 shows how we 
i n t e n d  t o  a r r a n g e  o u r  machine. It w i l l  be c o n v e n t i o n a l  e x c e p t  t h a t  w e  
w i l l  have two n e g a t i v e  i o n  i n j e c t o r s ,  one h o l d i n g  a  p o l a r i z e d  i o n  
s o u r c e ,  t h e  o t h e r  h o l d i n g  e i t h e r  a  d i r e c t  e x t r a c t i o n  i o n  s o u r c e ,  a 
s p u t t e r  s o u r c e ,  o r  a n  a l p h a  s o u r c e .  



There i s  one s p e c i a l  f e a t u r e  we have t o  i n c l u d e  i n  o u r  machine. 
I g u e s s  everyone knows t h e r e  i s  a  c e r t a i n  amount o f  s e i s m i c  a c t i v i t y  
i n  Washington S t a t e .  So t h i s  machine h a s  t o  be a b l e  t o  w i t h s t a n d  
e a r t h q u a k e s .  However NEC has  a n  e a r t h q u a k e  p r o t e c t i o n  k i t ,  and one o f  
t h e i r  machines h a s  w i t h s t o o d  a  s e v e r e  e a r t h q u a k e  a t  Tsukuba,  s o  t h i s  
does  n o t  seem t o  be a  problem. 

Next, 1 want t o  d e s c r i b e  t h e  b u i l d i n g  r e q u i r e d  f o r  t h i s  machine 
and how we i n t e n d  t o  work i t  i n t o  o u r  e x i s t i n g  l a b o r a t o r y .  F ig .  2 
shows t h e  l a b o r a t o r y  a s  i t  p r e s e n t l y  e x i s t s .  F i g .  3 shows how ' t h e  
tower c o n t a i n i n g  t h e  new tandem w i l l  be a t t a c h e d  t o  t h e  e x i s t i n g  
b u i l d i n g ,  F i g .  4 shows a  c r o s s  s e c t i o n  th rough  t h e  tower and t h e  
e x i s t i n g  b u i l d i n g .  I want t o  p o i n t  o u t  a  c o u p l e  o f  f e a t u r e s  o f  t h e  
l a y o u t  i n  F ig .  3 .  F i r s t ,  t h e r e  a r e  o n l y  t h r e e  t u n n e l s  c o n n e c t i n g  t h e  
tower t o  t h e  e x i s t i n g  b u i l d i n g .  Fur the rmore ,  t h e  new a c c e l e r a t o r  c a n  
be completed w i t h o u t  d i s t u r b i n g  t h e  e x i s t i n g  a c c e l e r a t o r .  
Consequent ly ,  we a n t i c i p a t e  t h e r e  w i l l  be a t  most a t h r e e  months 
i n t e r r u p t i o n  o f  r e s e a r c h  o p e r a t i o n s  and t h a t  o n l y  because  workmen w i l l  
have t o  go i n t o  t h e  a c c e l e r a t o r  v a u l t  t o  set t h e  forms f o r  t h e  
t u n n e l s .  

Note i n  F ig .  3 t h a t  t h e  beam from t h e  new a c c e l e r a t o r  w i l l  be  
i n j e c t e d  i n t o  e x i s t i n g  beam l i n e s  s o  we w i l l  u se  a l l  o f  our  equipment.  
We w i l l  use  o u r  90 d e g r e e  magnet t o  c o n v e r t  t h e  a r e a  l a b e l e d  "New Cave 
Area" i n t o  a  new e x p e r i m e n t a l  a r e a .  I n  t h e  f u t u r e  we hope t o  i n s t a l l  
a  new s w i t c h i n g  magnet s o  we can add a d d i t i o n a l  beam l i n e s .  

I n  t h e  f u t u r e  we can  a l s o  hook up t h e  e x i s t i n g  tandem a s  a n  
i n j e c t o r  t o  t h e  new machine th rough  t h e  t h i r d  t u n n e l .  

One o f  t h e  major problems w i t h  b u i l d i n g  an a c c e l e r a t o r  on a  
u n i v e r s i t y  campus i s  t h a t  you have t o  worry abou t  t h e  a r c h i t e c t u r e .  A 
team of  d i s t i n g u i s h e d  a r c h i t e c t s  came t o  campus t o  r e v i e w  t h i s  
p r o p o s a l ,  and t h e i r  recommendation was t o  t r e a t  t h e  tower as a  s i m p l e  
v e r t i c a l  c y l i n d e r  and c l a d  i t  wi th  some k ind  o f  a  s h i n y  m e t a l l i c  
m a t e r i a l .  A s  you might e x p e c t ,  we a r e  somewhat concerned t h a t  i t  
might end up l o o k i n g  l i k e  a  b i g  b e e r  can .  

To f i n i s h ,  I want t o  s a y  a  l i t t l e  abou t  c o s t s  and t h e  
c o n s t r u c t i o n  s c h e d u l e .  I w i l l  quo te  c o s t s  w i t h  some t r e p i d a t i o n .  
Most o f  you a r e  f a m i l i a r  wi th  t h e  c o s t  of  a c c e l e r a t o r s  i n  t h e  1960's. 
The c o s t  o f  a c c e l e r a t o r s  i n  t h e  80's w i l l  come a s  a  shock.  
Fur the rmore ,  c o s t s  ar'e t ime  dependent  because  i n f l a t i o n  c o n t i n u e s  a t  a  
r a t e  o f  something l i k e  10% per  y e a r .  Our e s t i m a t e  o f  a c c e l e r a t o r  
c o s t s  a r e  g i v e n  i n  Table  1, i n  1980 d o l l a r s ,  and wi thou t  a n y  
con t ingency  a l lowance .  The b u i l d i n g ,  which we have r e q u e s t e d  t h e  
S t a t e  o f  Washington t o  fund ,  w i l l  c o s t  3.5 M$ i n  t h e s e  terms. 



U. W .  18  MV Tandem Cost E s t i m a t e  
( I n  thousands  of  1980 d o l l a r s ,  no c o n t i n g e n c y )  

A .  A c c e l e r a t o r  Column 5 ,280  

B. P r e s s u r e  Vesse l  1 ,350  

C. Low Energy T r a n s p o r t  System 8  80 

I ) .  tlij:h Energy 'l 'rnnsport System 240 

F. Gas ' Inventory  360 

G .  E n g i n e e r i n g  - 240 

Total 8 ,880  

A s  we p r e s e n t l y  e n v i s i o n  t h e  s c h e d u l e  f o r  c o n s t r u c t i o n  o f  t h i s  
p r o j e c t ,  fund ing  shou ld  b e g i n  i n  F i s c a l  Year 1982,  which means w e  c a n  
beg in  f i n a l  d e s i g n  work i n  October  1981. T h e  e n t i r e  p r o j e c t  shou ld  
t a k e  f o u r  y e a r s  s o  t h a t  f i r s t  r e s e a r c h  o p e r a t i o n  w i t h  t h e  new 
a c c e l e r a t o r  shou ld  b e g i n  i n  Oc tober ,  1985. 

Now, where do we s t a n d  w i t h  t h i s  p r o j e c t ?  The Nuclear  Sc ience  
Advisory  Committee o f  t h e  Department o f  Energy has  p u t  t h i s  p r o j e c t  i n  
t h e  funding queue.  A t  t h e  p r e s e n t  t i m e  we don't know whether  t h a t  
means w e  g e t  a n y  money because  t h e  D.O.E. has not y e t  r e l e a s ~ d  the FY 
1982 budget .  We a r e  hoping t h a t  t h e y  w i l l  see f i t  t o  fund t h i s  
p r o j e c t .  

I-arson: i have a comment. I t h i n k  t h e  p r i c e  o f  a c c e l e r a t o r s  i s  coming 
rlnwn i n  v e r y  round numbers. The Oak Ridge d u e l  r r m a t o r  and bu5 l d l n g  and 
assoc ia ted  equipment was about 50% more d o l l a r s  than  t h e  Brookhaven double  
MP f a c i l i t y  which had a s u b s t a n t i a l l y  l a r g e r  b u i l d i n g  i n c l u d e d  i n  t h e  
p r o j e c t .  Yet, i n  t h e  decade between those  two a c c e l e r a t o r s ,  i n f l a t i o n  
must have been r o u g h l y  a  f a c t o r  o f  2, e s p e c i a l l y  i f  one i nc l udes  t h e  f a c t  
t h a t  t h e  Oak Ridge a c c e l e r a t o r  was p r i c e d  i n  a  p e r i o d  o f  v e r y  h i g h  i n f l a -  
t i o n .  The p r o j e c t  c o s t  over  a  3- o r  4-year p e r i ~ d  went up m~rch mnrp r a -  
pld ly  than d i d  t h e  c o s t  o f  t h e  Brookhaven p r o j e c t .  S ince  those two p ro -  
j e c t s  were comparable i n  p r i c e ,  perhaps t h e  Oak Ridge a c c e l e r a t o r  i s  
a c t u a l l y  cheaper than t h e  Brookhaven i n s t a l  l a t i o n .  

A l l e n :  I suppose you must have cons idered t h e  m e r i t s  o f  t h i s  comp le te l y  
new machine a g a i n s t  removing one o f  t h e  tandems and p u t t i n g  i n  some k i n d  
o f  pos tacce l  e r a t i o n  boos te r .  

Weitkamp: Yes. We even submitted a proposal  two years  ago f o r  a  room- 
temperature l i n a c  boos te r .  Tha t  had severa l  d isadvantages though, one o f  
wh ich  was t h a t  i t  was q u i t e  expens ive.  Another  d isadvantage was t h a t ,  
a l t h o u g h  i t  was a v e r y  i n n o v a t i v e  des ign,  i t  represen ted  a l o t  o f  eng i -  
nee r i ng .  Th i s  would have r e q u i r e d  us. t o  add s u b s t a n t i a l l y  t o  o u r  s t a f f .  



Also, i t  was b a s i c a l l y  a heavy i o n  machine. We would have been ab le  t o  
acce lera te  po la r i zed  protons and deuterons, b u t  nobody was very  happy 
w i t h  t h e  beam cur rents  t h a t  we would be l i k e l y  t o  ge t .  

Chapman: We have s i m i l a r  beam cu r ren ts  t o  yours, and I would suggest t h a t  
t he re  i s  one o the r  type o f  experiment t h a t  can be done a t  a u n i v e r s i t y - r u n  
f a c i l i t y .  And t h a t  i s  one t h a t  takes a very  l ong  t ime and i s  ve ry  d i f f i -  
c u l t  t o  make. 

Weitkamp: Yes, I r e a l l y  meant t o  i nc lude  t h a t  i n  m y  "complicated" category. 

l8MV TANDEM BEAM OPTICS 

Fig.  1. 



Fig. 3 .  





STATUS OF THE 20UR AT JAeRI 

R.D. Rathmell, R.E. Daniel, and M.L. Sundquist 
National E lec t ros ta t ics  Corporation 

Introduction 

The 20UR is a 20-MV folded tandem manufactured by NEC f o r  the  Japan 
Atomic Energy Research I n s t i t u t e  i n  Tokai, Japan, about 150 kilometers 
north of Tokyo. 

Figure 1 is  a model of the  i n s t a l l a t i on .  The beam from the in jec tor  
is analyzed by a m a s s  energy product 80 magnet t o  be injected ve r t i ca l ly  
into the aeceleraLur. Tlre accelerated beam is energy analyzed by a mass 
energy product 400 magnet then is switched by a large switching magnet t o  
me of twelve beam l i n e s  i n  one of f i ve  tarc~et roans. 

Figure 2 shows the 300-kV in j ec to r  which has a platform diameter of 
3.35 meters and contains four ion sources: 1) duoplasmatron, 2) Heinecke 
Penning source, 3) l i thium exchange source, and 4)  sputter-cone source. 
These sources a r e  selected by a switching magnet on the i n j ec to r  deck. 
There is a nanosecand pulsing system fo r  l i g h t  and heavy ions. The in- 
jector deck has a CAMAC crate which controls  components on th;e deck. The 
power supplies a t  source po ten t ia l  (- 50 kV with respect to  deck potent ia l )  
communicate with t h e  c r a t e  v i a  f i b e r  l i g h t  l inks  such a s  those shown in 
Fig. 3. 

Thc nccelel-aLur tank i s  8.2 meters i n  diameter and 26.5 meters high. 
The column shown i n  Fig. 4, is a free-standing s t ructure  2.1 meters i n  
diameter and 20 meters high from the base of the tank. For earthquake pro- 
tec t ion  the  column base rests an thrus t  bearings and harj r ad i a l  arms t o  the 
tank with a damping system on each a.m. There are 20 l i v e  un i t s  and 2 dead 
sect ions  in the  column. Pr ior  to insta1laticm of the  acueleratar  tubes the 
Column was t e s t ed  t o  a terminal voltage of over 23 MV. 

Figure 5 shows the terminal with the upper spinninq removed and one can 
see the  180° magnet and a number of other  components i n  the  system. The 
bending magnet has a mass energy pxoduat of 55 a1t3 a radius of 0.7 m. An 
ion source i n  the  terminal, which is not i n s t a l l ed  at this the, w i l l  pro- 
duce nanosecond pulsed l i g h t  ion beams a t  low energies. Six Pelletron chains 
charge the terminal. 

Control S ~ s t e m  . - 
The control  consoles, the  accelerator  and the beam l i n e s  a r e  in te r -  

faced t o  an Interdata  7/32 minicomputer v i a  CAMAC and a DMA in terface.  
This system forms a conununication l i n k  £ram the operator t o  the  accelerator 
but does no closed loop control exacpt fo r  ale case which w i l l  no t  be dis-  
cussed a t  t h i s  time. There a r e  17 CAMRC c ra t e s  i n  the  system including two 
in  the  main console and one i n  the source console. A t o t a l  of 760 data 
points  must be updated twice per  second and console controls consis t  of a 
smaller set of data points  updated 25 times per  second. 



CAMAC crates i n  the terminal and in the dead sections of the column 
also communicate with the s e r i a l  highway back t o  the computer via d i g i t a l  
l igh t  l inks shown in Fig. 6. These l igh t  l inks transmit infrared l i g h t  
a t  2.5 megabits per second radial ly through windows on the tank. A l l  of 
the electronics inside the tank are doubly shielded and an interface on 
each CAMAC crate  provides spark protection fo r  a l l  of the signals c&g 
in to  the crate.  The f i r s t  sparks occurring a t  high terminal voltage damaged 
the 180° magnet power supply and some other terminal electronics. The EMI 
had gotten onto the terminal AC power from the accelerator tube heater 
plates. Since t h a t  problem has been eliminated, only a few sparks have 
caused fa i lures  and these have been easi ly corrected by improving shielding 
or spark protection of the offended device. Some complications have arisen 
from operating electronics i n  high pressure SF6 or  with 400-Hz AC power, 
but these were easi ly corrected. 

No more than one tank opening was caused by a fa i lure  of CAMAC inside 
the column. The heart  of the console is the interactive CRT which displays 
pages of parameters a s  shown i n  Fig. 7 .  By using a track ba l l  t o  move a 
cursor around the CRT the operator can carry out s tatus controls and as- 
signment of selected parameters t o  console knobs and meters. A t  the bottom 
of the CRT page are brief operating instructions for  the parameters on t h a t  
page. A s  shown i n  Fig. 8, three large diagrammatic displays above the con- 
sole give the s ta tus  of beam l ine  components, vacuum system, and the gas 
handling system. The console has s i x  assignable knobs, nine assignable 
meters, two assignable s l i t  meter arrays, nine dedicated meters, and l i g h t  
annunciators for  e r ror  reporting. 

Beam Tests 

The first beam t e s t s  attempted were those fo r  protons, and a number of 
minor mechanical problems arose which slowed progress. A l l  of these prob- 
lems are w e l l  on the way t o  being corrected now. Running protons i n  the 
folded tandem is somewhat more d i f f i c u l t  than in  the s traight  through tandem. 
Loading which af fec ts  the charge balance and the voltage gradient can be 
caused by x-rays which are generated when protons s t r ike  apertures and cups. 
This loading is eas i ly  tolerated while getting the beam t o  the terminal and 
around the 180° magnet. When the beam enters the high energy tube, however, 
one can by focusing or  ste-ering d i rec t  the primary beam onto tube electrodes, 
which can produce high loading because it upsets the tube gradient and elec- 
tron suppression no longer works correctly. This loading can change the 
terminal voltage enough so tha t  the 180° magnet does not allow the beam t o  
enter the HE tube. It is helpful t o  f i r s t  adjust a l l  optical elements 
through the accelerator with a beam of about 1 p. The beam can then be 
increased without significant loading d i f f icul t ies .  A t  the specified cur- 
rent of 5 a t  13'MV, however, a g l i tch  may deflect  the beam in to  the tube 
requiring the operator t o  inser t  a cup t o  allow the terminal voltage t o  
come back up. This problem w i l l  be solved by making use of apertures a t  
the entrance t o  the high energy tube and the slits a t  the 90° position of 
the terminal magnet t o  keep the primary beam from str iking the tube elec- 
trode. These components were not in operation u n t i l  the l a s t  maintenance 
period. The proton specification a t  2.5 MV was completed but since the 
13-MV t e s t  proved more d i f f i cu l t ,  protons were temporarily abandoned in 
favor of heavy ions. 



The good news is tha t  the folded tandem is an excellent configuration 
for  a heavy ion accelerator. Beam t e s t s  for  chlorine and iodine were 
routinely carr ied out a t  5 and 13 MV. The transmission from the low-energy 
injection cup t o  the end of the ta rget  room beam l ine  a t  13 MV was about 
10% of the injected par t ic les  and was about 6-8% of the injected par t ic les  
a t  5 MV. Of course, most of the incident beam is l o s t  t o  other charge 
s t a t e s  and t o  scat ter ing in  the terminal stripper.  With 5 m of I- in- 
jected a t  13 MV the l o s t  current was only about 15 @ and there seemed t o  
be no need to  t r y  t o  use the electron traps ins ta l led  i n  each of the dead 
sections. The heavy ions do not produce x-rays when they s t r ike  the ac- 
celerator tube apertures, so the loading due t o  t h i s  e f fec t  i s  much smaller 
than that produced by protons. For heavy ion beams loading may a lso  resul t  
from electrons produced on axis  by stripping of the beam i n  the residual 
gas. This e f fec t  was of no significance since the vacuum i n  the tube was 
generally i n  the 1 0 - ~ - ~ o r r  range. The gas s tr ipper  worked w e l l  and was 
purnped by one pai r  of sublimators in  the s tr ipper  pump. The t o t a l  number 
of sublimators should be adequate for  a t  l eas t  s ix  months continuous op- 
eration. 

The complication of getting beam around the 180° magnet i s  something 
most tandems don't have to contend with, but it is nuL a d i r r i c u l t  problem. 
It helps t o  have approximate values for  set t ing the 180" magnet current and 
e lec t ros ta t ic  quadruples in the terminal t o  start with. This is especially 
t rue  fo r  the 20UR because it has a relat ively small buncher tube on the high 
energy side of the  terminal t h a t  is used with the in-terminal ion source. 
The Faraday cups and variable apertures in the dead sections were seldum 
needed t o  ge t  beam from the injection cup t o  the terminal o r  from the te r -  
minal out of the machine. It was not d i f f i c u l t  t o  locate a beam an a Fara- 
day cup w i t h  a l i t t le  tuning through the ent i re  length of the accelerator 
tube. After the beam had been tuned f o r  transmission through the accelera- 
t o r ,  the source output can be turned up and the accelerator accepts the 
higher currents without complaint. The beam can be stopped on a Faraday 
cup i n  the pre-acceleration beam l ine  o r  i n  the terminal and w i l l  instant ly 
reappear on the ta rget  room cup when the cup is extracted. The terminal 
potential  s t ab i l i ze r  (TPS) holds the terminal voltage stable m the gen- 
erat ing voltmeter mode so tha t  the beam can be passed around the 180° magnet 
and the 90° analyzing magnet a t  which points the TPS is transferred t o  slit 
mode. Terminal s t a b i l i t y  during the beam tests was typically l e s s  than 
f400 Volts a s  measured on the capacitor pick-off. 

Accelerating Tube Conditioning 

Early conditioning of the acceleratmg t U  showed Chat the corona tubes 
which had good l i f e  i n  the Argonne FN and Is rae l  14UD were susceptible t o  
spark damage in the 20UR. To locate damaged points more easi ly and t o  help 
correct the problem we ins ta l led  a ccnnplete s e t  of open points on the column 
and tubes using a different  type of point. We staggered the location of the 
points a s  much as possible so  tha t  a spark would be less l ike ly  t o  propa- 
gate down many points i n  ser ies .  These points survived much longer than the 
previous ones, and there has been no apparent spark damage t o  the new points. 



Another setback in  conditioning the accelerator occurred l a s t  Feb- 
ruary while the terminal was a t  18.6 MV. Someone opened a valve i n  a 
target  room t o  the atmosphere and the resultant discharge sputtered some 
tubes on the high energy side. Since those were replaced the voltage has 
been up t o  about 19 MV, but a numker of s m a l l  problems kept us from reaching 
20 MV. Conditioning one unit  a t  a time revealed sane problems tha t  have 
since been corrected. The on-site crew has just  finished maintenance on 
a variety.of vacuum-system components and soon they w i l l  be pushing for  
high voltage again. While we have not yet reached 20 MV, the limiting 
factors appear t o  be w e l l  understood and there is every reason t o  expect 
success in  the near future. 

Conclusion 

When we f i r s t  considered the folded tandem configuration for  these 
large machines some of us w e r e  concerned about the complexity of the &ad 
sections and the terminal, SpecificalLy about the r e l i a b i l i t y  of the 180° 
magnet. We also  worried about the  d ig i t a l  control system t h a t  was speci- 
f ied because machines t h a t  operate at.even lower voltages are notorious 
destroyers of electronics. The experience t o  date strongly indicates t h a t  
the above features are among the strengths rather than the weaknesses of 
these accelerators. 



Fig.  1 .  A model o f  the  20UR Pe l l e t ron  i n s t a l l a t i o n  wi th  
cut-aways o f  the  bui ld ing  and tank. 



Fig. 3 .  Fi!ber 1 i g h t  15nk packages f o r  d m u n l c a t i o n  t a  t h e  .lan sarurce 
power s u p ~ l  i eq . 
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Fig. 4. The 20UR c o l m  fnside the tank. Fig. 5 .  The t m i n a l  w i t h  the upper spinning-rmoved. 
The cables support the z m l a r  s e w i c e  p lat -  
form during maintenance. 



F i g .  6.  ' The direct-opt ic d i g i t a l  1  inks showing double shiel'ded construction 
and hon~eycomb w i  ndow . a 
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Fig.  7 .  Consol e color CRT in te rac t ive  display o f  accelerator parameters. 



F i g .  8. The control  console and diagrammatic displays o f  acce lera tor  compo- 
nents, vacuum systems, and the gas handling system. 



Walker:  Robert ,  how do these  new open corona p o i n t s  compare w i t h  your  o l d  
open corona p o i n t s ?  

Rathmel l :  The l a s t  v e r s i o n  o f  o l d  open corona p o i n t s  had t he  same k i n d  o f  
needle  t h a t  i s  used i n  t h e  enc losed corona p o i n t  system. There were t h r e e  
needles i n  a  p lane .  The new open corona p o i n t s  have a  l a r g e r  d iamete r  
needle .  The l a r g e r  d iamete r  needles he lps  p reven t  m e l t i n g  o f  t h e  needles 
when t hey  a r e  sub jec ted  t o  v e r y  l a r g e  c u r r e n t s .  

Chapman: You s a i d  i f  I remember c o r r e c t l y  t h a t  one o f  t h e  sources was t o  be 
a Heineke source. What beams was t h a t  designed t o  produce? 

Rathmell : Yes, i t  i s  a  Heineke Penning source t h a t  we, used f o r  c h l o r i n e  and 
i o d i n e  beams. The sources were s p e c i f i e d  by t h e  customer.  S p e c i f i c a l l  y  
what t hey  i n t e n d  t o  do w i t h  i t  I d o n ' t  know. I t  i s  a  v e r y  n i c e  source f o r  
.oxygen, c h l o r i n e ,  and i o d i n e ;  i t ' s  v e r y  s t a b l e  and v e r y  re1  i a b l e .  

B i l l e n :  The console  c o n t r o l s  l o o k  ve r y  much more compl i ca ted  than  t h e  Oak 
Ridge c o n t r o l s .  Was t h a t  a  customer o p t i o n ?  

Rathmel l  : The customer f o r  bo th  machines s p e c i f i e d  i n  p r e t t y  g r e a t  d e t a i l  
what t h e  c o n t r o l  systems would be l i k e .  'when f i r s t  s p e c i f i e d  I though t  
these  were t e r r i b l e  c o n t r o l  systems t o  p u t  on machines. B u t  now a f t e r  some 
years  i t  i s  s t a r t i n g  t o  l o o k  l i k e  they  a r e  n o t  so bad. I ' m  r a t h e r  l a t e  i n  
see ing t h e i r  wisdom. 

A l l e n :  How i s  t h e  magnet ic  f i e l d  : i n  t h e  .180° magnet s t a b : i l i z e d ? .  I s  i t  o f f  
a  sensor o r  do you j u s t  stabi .1 i z e  t h e  c u r r e n t ?  

Rathmel l  : I t  i s  a  c u r r e n t - r e g u l a t e d  power supp ly .  There i s  a  r o t a t i n g -  
c o i l  gaussmeter t o  r e a d  o u t  t h e  f i e l d ,  b u t  i t  i s  n o t  used f o r  c o n t r o l .  

NO;: You r e f e r r e d  t o  15 PA o f  l o s t  charge. I s  t h a t  i n  excess o f  t h e  charge - 
t h a t  you expect  t o  l o s e  because o f  t h e  beam? . . 

! '  

Rathmel l :  Yes, t h a t  i s  t a k i n g  t h e  beam i n t o  account .  .-.... - 
No6: Could you d e s c r i b e  t h e  t e s t s  t h a t  remain t o  be done? I s  t h e r e  d v o l t a g e  - 
t e s t  a t  20 MV w i t h o u t  beam? 

Rathmel l :  There a re  m a i n l y  v o l t a g e  t e s t s  w i t h  beam a t  20 MV.  There a r e  a l s o  
t h e  p r o t o n  t e s t s  a t  13  MV which we were n o t  q u i t e  a b l e  t o  complete .  We a l s o  
must do i o d i n e  t e s t s  a t  13  MV i n  a d d i t i o n  t o  a  v a r i e t y  o f  pulsed-beam t e s t s .  
They have a  pu lsed  i n - t e r m i n a l  i o n  source and t h e r e  i s  nanosecond p u l s i n g  on 
t h e  e x t e r n a l  beam. So t h e r e  i s  q u i t e  a  1  i s t  o f  beam t e s t s  rema in ing .  



THE TU TANDEM INSTALLATION AT LEGNARO 

Charles H.  Goldie 
High Voltage Engineering Corp. 

Burlington, Mass. 01803 

The TU f o r  Legnaro is  s i m i l a r  t o  the  MP tandems with severa l  major 
modificat ions and add i t ions  including the  following: 

1. A considerably l a r g e r  diameter tank. Twenty-five f e e t  ins t ead  
of the MP1c 1 8  f e e t .  

2.  Column modificat ions tn  qive some improvcrnent i n  tke  e l r ~ t r o -  
scarics and t o  r e l o c a t e  the  acce le ra to r  tube 10 inches below t h e  
tank c e n t e r l i n e  ins tead  of 6 inches a s  i n  t h e  MF. 

3 .  A longer high-voltage terminal ,  10 f e e t  compared t o  the  MP1s 8 
f e e t ,  and with a s o l i d  sk in  s h e l l  s u b s t i t u t e d  f o r  t h e  rods and 
hoops. 

4. Daresbury Laddertron - adapted t o  a  hor i zon ta l  configurat ion with 
support ing i d l e r  wheels i n  the  dead sec t ions .  

5 .  Munich type i n s u l a t i n g  power s h a f t  - ext rapola ted  t o  6 kVA. 

6 .  1.50-kV In joc to r  purchased CLUIII  General lbriex. 

7. A terminal  assembly with an e l e c t r o s t a t i c  t r i p l e t  l ens  and a 
vacuum system s i m i l a r  t o  Chalk ~ i v e r ' s .  This includes a t i tanium 
sublimator,  2 g e t t e r  ion  pumps,, and shnt-off valves. 

The following photographs provided by the  Legnaro Group i l l u s t r a t e  some 
of t h e  above new fea tu res .  

The l a r g e  diameter tank i s  shown i n '  E'~.CJI~XTP- 1. From t h e  bcgi.nning t h e  
TU was designed t o  be an SF6 insu la ted  machine so  the  tank was designed f o r  
a maximum pressure  r a t i n g  of 135 ps ig ,  considerably below t h a t  of t h e  MP 
tanks.  The re-enforcing hoops a r e  necessary t o  provide t h e  s t i f f n e s s  nec- 
e s sa ry  t o  insure  a g a i n s t  hncklinq when t h i s  t a n k  i s  evacuated. 

~ i g u r e  2 i s  a photograph of the  column and terminal  and shows the  s o l i d  
sk in  te rminal  s h e l l .  The s h e l l  i s  81 inches i n  diameter and cons i s t s  of  2 
end cowlings and 18  panels  f o r  the  c y l i n d r i c a l  sec t ion ,  a l l  f ab r i ca ted  from 
s t a i n l e s s  s t e e l  shee t .  The f ac to ry  t e s t s  of t h e  XTU i nd ica te  t h a t  t h i s  t e r -  
minal s h e l l  provides no terminal. t o  tank voltage holding advantage over the  
MF's rod and hoop s t r u c t u r e .  The column hoops a r e  75 inches i n  o v e r a l l  
diameter with a cross-sect ion diameter o f  2 inches. They a r e  mounted on a 
3 inch p i t ch .  



The c o n t r a c t u a l  requirements  f o r  t h e  Legnaro TU were s e t  be fo re  
f a c t o r y  t e s t s  o f  t h e  Laddertron were made. These requirements  c a l l e d  

f o r  2 cha ins  w i th  a  t o t a l  maximum s h o r t  c i r c u i t  charging c u r r e n t  of  800 
microamperes. The Daresbury design of cha ins  was followed c l o s e i y  wi th  
a l l  major dimensions maintained. The c r i t i c a l  i n s u l a t i n g  l i n k  i s  an 
e x a c t  copy. The method of  cons t ruc t ion  o f i t h e  conductor was changed f o r  
economy o f  manufacture i n  t h e  U.S. Adaptation t o  a  h o r i z o n t a l  configura-  
t i o n  r e q u i r e s  sh i e lded  suppor t  i d l e r s  i n  t h e  column dead s e c t i o n s .  A 
s e t  o f  twin support  i d l e r s  i s  shown i n  Figure 3. The cha ins  were in -  
s t a l l e d  i n i t i a l l y  a t  Legnaro t o  run i n  oppos i te  d i r e c t i o n s  t o  minimize 
g r a d i e n t s  produced by t h e  charge. 

The power s h a f t  i s  an e x t r a p o l a t i o n  o f  a  design f i r s t  executed by 
Hartmut S t e f f ens  of  Munich. This  g e n e r a l . d e s i . 9  f e a t u r e s  t h e  use of a  
r e l a t i v e l y  small  diameter  Luci te  s h a f t  ope ra t ing  a t  low torque  and high 
speed wi th  f requent  support  bea r ings  along t h e  column. The s h a f t  i s  shown 
i n  Figure 4 .  

There a r e  4 bea r ings  i n  each i n s u l a t i n g  s e c t i o n  wi th  an average spac- 
i n g  of about 17 inches.  This  s h a f t  was f a c t o r y  t e s t e d  i n  MP-0 and t h e  re- 
s u l t s  o f  those  t e s t s  p a r a l l e l e d  t h e  o r i g i n a l  exper iences  a t  Munich. The 
bear ings  i n  t h e  i n s u l a t i n g  s e c t i o n s  a r e  a t t ached  d i r e c t l y  t o  t h e  Luci te  
s h a f t  and i t ' s  important  t h a t  t h e s e  bear ings  a r e  cool  i n  ope ra t ion .  The 
t r i c k  i s  a pre l iminary  run-in of  t h e  l u b r i c a t e d  bea r ings  before  i n s t a l l a -  
t i o n  i n  t h e  machine wi th  t h e  Luci te  s h a f t .  Following t h i s  procedure no 
bear ing  d i f f i c u l t i e s  were encountered i n  t h e  f a c t o r y  t e s t s .  A t  Legnaro, 
however, t h e r e  were e a r l y  on a  number of  bea r ing  f a i l u r e s  t h a t  we th ink  
were a s soc i a t ed  wi th  improper lubruca t ion .  The s h a f t  i s  d i r c c t l y  dr iven  
wi th  a  two-pole motor a t  f u l l  l i n e  frequency, i .e.  f o r  60 o r  50 cyc le  
power 3600 o r  3000 RPM, r e s p e c t i v e l y ,  l e s s  t h e  induc t ion  motor s l i p .  The 
d r i v e  motor i s  a 15-hp u n i t  a l lowing f o r  f u t u r e  i nc rease  i n  i s o l a t i o n  
power inc luding  poss ib ly  i n s t a l l a t i o n  of ,  dead s e c t i o n  power. The Munich 
design u t i l i z e d  i n - l i n e  custom b u i l t  double-ended s h a f t  a l t e r n a t o r s .  We 
i n s t e a d  use s tandard  a l t e rna to r s - cog  b e l t  d r iven .  

The power s h a f t  was a l s o  a  c o n t r a c t u a l  requirement.  However, dur ing  
f a c t o r y  t e s t s  o f  a  s i n g l e  Laddertron cha in  i n  MP-0 we found t h a t  a s i n g l e  
cha in  could d e l i v e r  enough mechanical power t o  d r i v e  a  5 kVA te rmina l  a l -  
Lernator i n  a d d i t i o n  t o  charging t h e  a c c e l e r a t o r  t e rmina l .  Using t h e  chain 
t o  develop t h e  te rmina l  i s o l a t i o n  power d i d ,  however, s l i g h l y  degrade t h e  
b a s i c  te rmina l  vo l tage  s t a b i l i t y .  

Figure 5 shows t h e  c r i t i c a l  components of  t h e  General Ionex i n j e c t o r ,  
i n  p a r t i c u l a r  t h e  high r e s o l u t i o n  90' mass ana lyz ing  magnet. 

A t  Legnaro t h e  2 cha ins ,  running i n  oppos i te  d i r e c t i o n s ,  s a t i s f a c t o r i l y  
met t h e  800-microampere s h o r t  c i r c u i t  charging requirement.  There seemed 
to be l i t t l e ,  o r  no, i n t e r a c t i o n  het.ween the cha ins .  We would have l i k e d  
t o  observe performance wi th  t h e  cha ins  running i n  t h e  same d i r e c t i o n  b u t  
t ime was no t  a v a i l a b l e .  

S t a r t i n g  i n  December o f  l a s t  y e a r  (1979) , the  machine was opera ted  
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on  the  f ac to ry  t e s t i n q  of  the  o r i g i n a l  XTU. A t  first the  machine was 
l i m i t e d  i n  the  neighborhood of  1 2  t o  13 megavolts by sparking thought t o  
be within t h e  columns. Lengthy t e s t s  were made i n  an attempt t o  pin clown 
t h e  f a u l t y  sec t ions ;  however the  cause, o r  causes, of  the  problem were 
never determined. Throughout the  various runs performance simply improved 
gradual ly  without any s p e c i f i c  remedial ac t ion .  

Figure 6,  a l s o  provided by t h e  Legnaro group, i l l u s t r a t e s  the  voltage 
perforinarice achieved i n  May, 1980. A t  f i r s t  t h e  gas pressures  used were 
lower than those requi red  f o r  20-mega v o l t  opera t i sn '  but . ' the. .voltage l i m i t  
i n  t h e  beginning was, judging from p a s t  experience, never accounted f o r  by 
low gas  pressure.  I t  seems most l i k e l y  t h a t  it was j u s t  a  case of par- 
t i c u l a t e  ma te r i a l  r a i n i n g  ou t  of  the  column. 

A breakdown of orie chain occurred d v r i n q  tho poriod of voltage . t e s t ing .  
This chain was removed and t h e  t e s t s  continued with one chain only. The 
charging c a p a b i l i t y  of a s i n g l e  chain is  e n t i r e l y  a d ~ q i i a t c  and servic ing 
access  in.  t h e  column i s  much improved. Consequently, the  second chain has 
been l e f t  o u t  permanently and ava i l ab le  a s  a  spare. Mechanical f a i l u r e  
of  an i n s u l a t i n g  l i n k  was t h e  cause of f a i l u r e .  

Since May of  t h i s  year ,  the  tube system has been i n s t a l l e d .  The f i r s t  
p ressu r i za t ion  a f t e r  t h e  tube i n s t a l l a t i o n  indica ted  a pressure  vacuum 
leak .  This was t r aced  t o  a  weld on a bellows a ~ s e m b l ~ y ,  has been repai red ,  
and t h e  machine i s  ready t o  be pressur ized  again.  I n  t h i s  machine we have 
i n s t a l l e d  a system f o r  pressure  checking a l l  t h e  i n t e r n a l  y d s k ~ t ~ r - 7  seals 
wirh hellurn before c los ing  t h e  tank.  These j o i n t s  a r e  a l l  e i t h e r  equipped 
wi th  double s e a l s  o r  means f o r  i n s t a l l i n g  an enclosure which can be pres-  
sur ized .  Pressure-vacuum leaks  i n  gasketed j o i n t s  have always been one 
o f  t h e  most time consuming problems i n  our  tandems. The only pressure-  
vacuum leak so f a r  e n c o u n t e r ~ d  wac- i n  an s roa  n o t  coverell l ~ y  tlie system. 
W e  s t i l l  hope t o  be a b l e  to  e l iminate  e major f ~ a o t i o n  of t h i s  Lype UP 
delay.  

We expect t o  apply voltage t o  the  tubes and make prel iminary hea.m runs 
wihhiri the  next  week o r  two. 
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F i g .  6. 

Jones: I n  you r  p i c t u r e  o f  the '  column t h e r e  a r e  two o t h e r  l u c i  t e  s h a f t s .  
I assume those a re  c o n t r o l  rods .  

Go ld ie :  Yes, we s t i l l  a r e  u s i n g  o l d  fash ioned  mechanical  c o n t r o l s  t o  t h e  
t e r m i n a l  . There a r e  a  g r e a t  many o f  them, I suspect about  12  o r  13 .  

Mourad: Do you have any charge s e l e c t i o n  i n  t h e  t e r m i n a l ?  

Go ld ie :  No. A l l  we have i n  t h e  t e rm ina l  i s  an e l e c t r o s t a t i c  t r i p l e t  
l e n s  which a l s o  i nco rpo ra tes  v e r t i c a l  p lane  s t e e r i n g .  To some e x t e n t  
you can g e t  some charge s e l e c t i o n  w i t h  t h a t  i f  you use ape r t u res  down- 
s l ream, which we do. Bu t  t h e  ape r t u res  a r e  n o t  v e r y  smal l  and t h e  reso -  
l u t i o n  o f  t h e  system i s  n o t  v e r y  h igh .  

T r a i n o r :  What does i t  take  t o  remove one o f  those  bear ings  on t h e  power 
s h a f t ?  Do you have t o  p u l l  t h e  s h a f t ?  

Go ld ie :  Yes, you do. You have t o  p u l l  a l l  t h a t  one s e c t i o n .  

No6: I s  t h e  breakage i n  one o f  t h e  l a d d e r t r o n s  unders tood? - 

Gold ie :  I d i d n ' t  mean t o  l e a v e  t h a t  o u t  and I ' m  g l a d  you reminded me. I 
said .  t h a t  when we d i d  t h e  s h o r t - c i r c u i t  t e s t s  we r a n  i n t o  a  l o t  o f  t ime ,  
f i n a l l y  g e t t i n g  t h e  machine t o  r u n  t o  v o l t a g e .  L a t e  d u r i n g  t h e  v o l t a g e  
t e s t s  we had an unexpla ined break i n  one o f  t h e  cha ins .  The break a c t u a l l y  
occu r red  on one s i d e  o f  t h e  cha in  o n l y .  The machine was then  shu t  down 
and when we went t o  s t a r t  up aga in  t h e  r e s t  o f  t h e  c h a i n  separated.  No 



damage occurred t o  any o t h e r  p a r t  o f  the  machine. This  p a r t i c u l a r  break 
i s  s t i l l  unexplained. I t  was s imply broken mechanical ly .  We had a 
breakage a l so  o f  t h e  cha in  i n  Orsay which m a r g i n a l l y  was exp la inab le .  
I t  looked t o  be t h a t  t h a t  l i n k  was e l e c t r i c a l l y  damaged, bu t  there was no 
such i n d i c a t i o n  on the  one a t  Legnaro. 

NO;: .'Was ' i t  a ny lon  p iece t h a t  separated? 
7 .  

Gold ie : ,  A ny lon  p iece separated. 



Progress of t h e  20 UD a t  CNEA, Argentina 

Alberto E. CebaPlos 
Departamento de F i s i c a  

Comision Nacional de Energia Atomica 
Buenos ~ i r e s ,  Argentina 

1. Introduction 

The 20 UD Tandem acce le ra to r  f o r  t h e  Physics Department of t h e  
Atomic Energy Commission (CNEA) t o  be i n s t a l l e d  i n  Buenos Aires,  A r -  
gent ina ,  'is c u r r e n t l y  reaching the  f i n a l  s tage  of cons t ruct ion  a t  t h e  
National E l e c t r o s t a t i c s  Corporation fac to ry  i n  Middleton, Wisconsin. 
This paper p resen t s  an o u t l i n e  of t h e  TANDAR Pro jec t  and a ' r e p o r t  on 
t h e  s t a t u s  of the  a c c e l e r a t o r  f a c i l i t y .  ' 

2. The TANDAR projec t1  

The o r i g i n a l  scope of t h e  Physics Department of CNEA was construc- 
t i o n  of a major new f a c i l i t y  f o r  Nuclear Research based on a 20-MV 
s t r a i g h t  throuqh tandem acce le ra to r  b u i l t  by National E l e c t r o s t a t i c s  
Corporation. This p r o j e c t ,  known a s  TANDAK, was subsequently extended 
and has now evolved i n t o  a research c e n t e r  which w i l l  house severa l  
o the r  a c t i v i t i e s .  It w i l l  include the  physics Wpartment with i t s  Nu- 
c l e a r ,  So l id  S t a t e ,  Theore t ica l  and Engineering Divisions,  t h e  Chemistry 
Department, the  Radiobiology Department. and the  Department of Specia l  
P r o j e c t s  concerned pr imar i ly  with t h e  study of nonconventional forms of 
energy. Following t h i s  evolut ion the  TANDAR p r o j e c t  i s  being c a r r i e d  
ou t  i n  two phases. Phase I c o n s i s t s  of a l l  a c t i v i t i e s  leading t o  t h e  
operat ion of the  acce le ra to r  a s  an instrument f o r  nuclear  physics re-  
search.  It includes:  

a . )  -construct ion of the  bui ld ing t o  house the  a c c e l e r a t o r  and its 
a n c i l l a r y  equipment. 

-construct ion and tests of t h e  a c c e l e r a t o r  vesse l .  
-construct ion of the,  gas s torage  tanks and gas handling 

system. 
-implementation of the  experimental beam l i n e s  and 
associa ted  f a c i l i t i e s .  

-construct ion of o f f i c e s  f o r  p h y s i c i s t s  and engineers.  

h )  -construct ion of the  a c c e l e r a t o r  a t  t h e  NEC fac to ry .  
- t ranspor t  t o  Argentina. 
- i n s t a l l a t i o n  a t  ~ u e n o s  A i r e s .  
-acceptance tests. 

Phase' I1 includes a l l  remaining a c t i v i t i e s  r e l a t e d  t o  sub jec t s  o t h e r  than 
Nuclear Physics research.  Figure 1 shows a model of t h e  P ro jec t .  The 
remainder of t h i s  paper p resen t s  a desc r ip t ion  of t h e  scope and s t a t u s  of  
Phase I. Fig. 2 shows t h e  a c t u a l  schedule f o r  i t s  completion. 



3. Building 

3.1 Accelerator  Building 

The s t r u c t u r e  t h a t  w i l l  house t h e  acce le ra to r ,  t h e  analyzing magnet 
a i ~ d  the  i n j e c t o r ,  is  a tower with a dodecagonal base, 15  m i n  ou te r  d i -  
ameter and 73 m high. The wa l l s  have been designed t o  p r o t e c t  a l l  working 
a r e a s  from r a d i a t i o n  produced by a 20-PA beam of deuterons accelera ted  t o  
t h e  maximum tandem energy. The sh ie ld ing  th ickness  is  2 m a t  the  analyzing 
magnet l e a e i  and decreases  towards t h e  t o p  of the  tower. Access t o  d i f  - 
f e r e n t  l e v e l s  of the  main s t r u c t u r e . i s  provided through an adjacent  se r -  
v i c e  tower which houses a f r e i g h t  e l eva to r  and a f a s t  passenger e l eva to r .  

3.2 Experimental Areas 

The experimental a r e a  occupies a s e c t o r  of approximately 270" around 
t h e  analyzing magnet a t  ground l e v e l  and a room i n  t h e  basement s i t u a t e d  
d i r e c t l y  below t h e  magnet. Two p r i n c i p a l  rooms, approximately rec tangular  
i n  shape with an a r e a  of  22 m X 2 3  m each, occupy a 180" s e c t o r  of t h e  ex- 
perimental  su r face  around t h e  magnet. Their  wal ls  a r e  shielded p a r t l y  by 
concrete and p a r t l y  by an e a r t h  embankment. Two a u x i l i a r y  doorways, c losed 
with removable concre te  blocks, al low communication t o  the  ou t s ide  of the  
bui ld ing and access  f o r  fu tu re  heavy or l a r g e  equipment. 

. A l l i y l ~  rrlSiaLiou aiea has a l s o  been planned. Its design meets the 
requirements f o r  i n s t a l l a t i o n  of the  on-line electromagnetic  i so tope-sep-  
a r a t o r  f a c i l i t y .  Two unshielded rooms complete the  experimental a r e a  a t  
t h i s  l eve l .  I n  add i t ion  the re  i s  a room i n  t h e  basement d i r e c t l y  below 
t h e  analyzing magnet covering t h e  e n t i r e  a rea  of t h c  towcr. For use i n  
t h i s  room, t h e  beam is  de f l ec ted  15O from t h e  a c c e l e r a t o r  ax i s .  ~ i g u r e s  
3 and 4 show drawings of the  ground and second i e v e l s ,  r e spec t ive ly ,  o f  
t h e  bui ld ing a s  designed f o r  Phase I of the  P ro jec t .  

4. Tandem Accelerator  

The conf igura t ion  of t h e  20 UD Tandem acce le ra to r  has been described 
p r o v i s u s l y 2 ~ 3 " ' .  The baoir layout of the sys+r;?m is aho~am in ~ i q .  5 .  Ti- 

i s  a s t ra ight - through standard NEC design,  t h e  t a l l e s t  they have ever  b u i l t .  
The column i s  34.84 m high and has a diameter of 2.15 m. I t  c o n s i s t s  of 
twenty 1-MV modules on each s i d e  of t h e  hiqh voltaqe terminal  alonq with 
one major and t h r e e  minor dead sec t ions .  The high voltage terminal  i s  
a smooth cy l inder  4.88 m high and 2.44 m i n  diameter.  Two carbon f o i l  
changers and a gas  s t r i p p e r  a r e  located  i n  t h e  terminal .  Dif ferent  charge 
s t a t e s  a r e  separa ted  and s e l e c t e d  j u s t  a f t e r  s t r i p p i n g  by means of a d i s -  
placed e l e c t r o s t a t i c  quadrupole t r i p l e t  followed by a variable-diameter 
ape r tu re .  A second f o i l  s t r i p p e r  i s  i n  the  middle minor dead sec t ion .  
The beam is focused on t h e  terminal  s t r i p p e r  by a system of two e l e c t r o -  
s t a t i c  quadrupole t r i p l e t s  and X-Y s t e e r e r s  located  a t  t h e  entrance of 



t h e  low energy tube and a t  the upper major dead section. After charge 
selection i n  the  terminal the beam is transported t o  the high energy 
tube by a matching lens. 

The charging system is camposed of two independent groups of t w o  
Pelletron chains running t o  the terminal from t h e  top  of the column. 
The accelerating tubes are of the standard NEC design. The vacuum equip- 
ment i n  the accelerator column includes sputter-ion pumps and titanium 
get ter  pumps. 

The control system for  the accelerator w i l l  follow an intermediate 
concept, using a CAMAC crate  i n  the terminal for  read out of a l l  param- 
e t e r s  inside the column and a mixed system (dig i ta l  and lucf te  rods) 
for  operation. Fiber optics w i l l  be used t o  communicate between the dead 
sections and the terminal crate ,  and between the injector  and the local  
and main consoles. Comnunication between the terminal and the outside 
of the accelerator vessel w i l l  be by l igh t  links. The d ig i t a l  control 
system w i l l  be operated by two PDP 11/23 computers. 

Figure 6 shows the column structure a t  the NEC factory i n  June 1980. 
A t  the present time it has been dismounted and is now ready t o  be shipped 
to  Argentina. The injector  and the ion source modules which includes a 
d i rec t  extraction duoplasnaatron, a sputger source, and a radiofrequency 
source, are cmmplete and undergoing f ina l  factory t e s t s .  

5. Accelerator Vessel 

The accelerator vessel (7.6 m i n  diameter and 36.6 rn high) has been 
designed in Argentina following MC specifications. The w a l l  thickness 
of 38 mm allows a maximm working design pressme of 10 kg/cm2 absolute. 
This value i s  2 k9:/cm2 hig@r than the &pra t ing  pressure specified by 
NEC to%achieve 20 MV on the terminal. Three side manways provide access 
t o t h e  annular service platform or t o  the accelerator. Two additional 
ports a t  the top and the bottom of the vessel are f o r  ventilation and fo r  
lowering of heavy elements t o  the s e d c i e  platform. A large upper port 
provides easy access for assembly of the column structure and major ser- 
vice operations. A large number of other ports have been provided for  
viewing windows, cables entxies, l i g h t  l inks, probes, e tc .  The supporting 
s k i r t  lhas been designed t o  carry the weight of the vessel (310 metric tons) 
plus 1500 m3 of water during hydraulic t e s t s .  The skirt may azso be re- 
aligned i f  necessary. Becausq of i t s  s ize  the vessel has been fabricated 
on s i t e .  Its construction has h e n  completed and it is now i n  position . 
i n  the tower structure. The pressure t e s t s  are presently underway. Fig, 7 
shows the building and the pressure vessel a s  they were at  the beginning 
of September 1980. r nL@ 

The s ta tus  of the TANDAR project is, with minor normal differences, 
within the approved schedule for  Phase I of the Project. We hope it w i l l  
continue in t h i s  way u n t i l  its completion By the end of 1982, 
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PROGRESS IN THE ART OF PRODUCING POLARIZED IONS 

W. Haeberli 
University of Wisconsin, Madison, WI. 53706 

1. Introduction 

The purpse of this paper is to give a short review of the progress 
that has been made during the last two years in the design and construction 
of polarized-ion sources, and to summarize current research efforts on new 
types of ion sources. This report is based largely on the papers given at 
two very recent international symposia, one on "Polarization Phenomena in 
Nuclear Physics" .at Santa Fe (August 1980), the other on "Polarized Beams 
and Polarized Targets in High Energy Physics" in Lausanne, Switzerland 
(Nwvember 1989). My presentation &re wilL 9mit.a detqiled introduction 
about the basic principles of polarized ion sources based on the atomic- 
beam principle and on the Lamb-shift. This background material can be 
found in several review papers, some of which discuss the physical prin- 
ciples in detail. 1 

In the following discussion, the emphasis is on the production of pol- 
arized negative ions, but positive ions are mentioned because in the con- 
ventional atomic-beam ion source, negative ions are obtained by charge ex- 
change of a positive polarized beam. While originally beams of polarized 
negative ions were developed for tandem accelerators, negative ions have 
important advantages also for synchrotrons and 'cyclotrons, because the 
stripping of H- to H+ in a thin foil can be used either for multiturn in- 
jection or for ease in extraction. 

2. The Conventional Atomic Beam Polarized-Ion Source 

The source of the atoms is a RF discharge tube (for Hp or Dp) or an 
oven (for alkali atoms). Atoms emerging from the source aperture are col- 
li~i~ateil &lit p a s s ~ d  L11ruuy1.l mt i~ilio~twyeneuus ~ruiynatic field ("ssycrrcatiu~~ 
magnet", usually a six-pole magnet). In this way only atoms of one electron 
spin projection (9 = 1/2)' are retained in the beam. Nuclear vector or ten- 
sor polarization of either sign is obtained by passing the beam of atoms 
through a set of RF transition units. Typically, about 1016 polarized 
atoms/sec can be produced. 

Polarized beams of protons or deuterons are produced by electron bom- 
bardment of the atomic beam. A magnetic field of some 1-2 kG is required 
to decouple nuclear and electronic spin. All current ionizers are based on 
the electron-bombardment ionizer designed by Glavish -- et a1. but through the 
ycaro the ionization efficiency has seen continuous improvement (see ref, 3). 
The present best ionizer is a new type of Glavish-ionizer, developed three 
years ago jointly between ANAC and CERN. It uses a plasma-discharge, sup- 
ported by electrons from a filament, inside a solenoid of -, 40 cm length. 
The solenoid is wound as a number of separate pancakes so that the field 
can be contoured. Experiences by ~Aebler et a1. with a similar home-built 
ionizer indicates that a DC beam of 100 or 'i5+ can be produced. Simi- 
larly, at the ANAC plant, 80 l lA  was readily obtained5 in a recent routine 
test of an ionizer prior to shipment. 



There is  promise t h a t  f u r t h e r  inc reases  i n  beam can be obtained 
from improvements of  the  atomic-beam apparatus.  The ion iza t ion  e f f i c -  
iency of the  i o n i z e r  increases  with decreasing v e l o c i t y  of  t h e  atomic 
beam, because slower atoms spend more time i n  t h e  i o n i z e r  and thus  have 
a g r e a t e r  chance of being ionized.  Recent s tud ies617  suggest t h a t  t h e  
ion-beam i n t e n s i t y  can be approximately doubled by cooling t h e  e x i t  noz- 
z l e  of the  d i s s o c i a t o r .  Addit ional  gains.may be poss ib le  by c a r e f u l  
shaping of t h e  magnetic f i e l d  g rad ien t s  i n  t h e  separa t ion  magnet along 
the  atomic beam t r a j e c t o r y .  I n i t i a l l y ,  the  f i e l d  shaping consis ted  s i m -  
p ly  of using a t a p e r  on t h e  aper ture  of t-he six-pole magnet. Later ,  t he  
use o f  a separa te  second s ixpole  magnet was proposed8 t o  reduce chromatic 
abe r ra t ions  ("compressor magnet" ) . Recently, s at hews described a new 
atomic-beam apparatus i n  which t h e  magnet loca t ion  and t a p e r  i s  s p e c i f i -  
c a l l y  adjus ted  t o  f i t  t he  ve loc i ty  spectrum of t h e i r  cooled d i s s o c i a t o r .  
The o the r  novelty of  t h i s  atomic-beam source is  t h a t  it i s  pumped e n t i r e l y  
by c lean  pumps [one turbo pump, two cryopumpsl. It i s  highly  probable t h a t  
about 200 pA ff+ o r  5' can be obtained i f  .one app l i e s  the  b e s t  cu r ren t ly  
known design c r i t e r i a .  

While the  b e s t  i o n i z e r s  f o r  80 and 60 h a y  an ion iza t ion  e f f i c i e n c y  
of  a few percent ,  polar ized  a l k a l i  atoms . ($it Na) can be almost completely 
ionized by surface  ion iza t ion  on oxydized tungsten,  heated t o  -. 1800 K. 
I f  t h e  atoms s t i c k  t o  t h e  surface  f o r  more than a mil l isecond o r  s o ,  they 
tend t o  depolarize.  This can l a r g e l y  belavoided by opera t ing  t h e  ion ize r  
a t  s u f f i c i e n t l y  high temperature. Polar ized  a l k a l i  sources based on t h i s  
p r i n c i p l e  have been developed a t  Hamburg and Heidelberg f o r  use on the  
Heidelberg tandem. 1 0  

Once a beam of  polar ized  p0.cl-ltive hydrogen- o r  a lka l i - ions  i s  obtained,  
it can be converted t o  negative ions  i n  t h e  usual  way, i . e .  charge exchange 
i n  an a l k a l i  vapor. Again, a magnetic f i e l d  needs t o  be appl ied ,  i n  t h i s  
case t o  avoid depolar iza t ion  during the  s h o r t  time when t h e  p o s i t i v e  ion 
has turned i n t o  a neu t ra l  atom, bu t  not  y e t  i n t o  a negative ion. For hy- 
drogen ions  t h e  most successful  charge exchange vapor is Na, fo r  which one 
expects  a negative ion y i e l d  of  about 10% a t  energies  of a few keV. In 
p r a c t i c e  the  y ie ld  i s  reduced by t h e  f i n i t e  aper ture  of t h e  vapor c e l l  and 
by s c a t t e r i n g  i n  the  c e l l .  A t  ETH, ~ G r i c h ,  a beam i n t e n s i t y  of  3 PA has  
been achieved by t h i s  methods4 The development of  polar ized  ~ i -  and ~ a -  a t  
Heidelberg has  r e s u l t e d  i n  a beam i n t e n s i t y  of 0.1-0.15 PA. 

3 .  Production of  Negative Ions by Col l id ing Beams 

-+, 

I n  1968 1 proposed a new way t o  transform i n t o  H without g i n g  ++ 
through H a s  an intermediate s t ep .  " The idea is  t o  bombard the  H atomic- + beam with a beam of  csO atoms o r  H- ( o r  D-) ions:  go + csO -+ z- + C s  , o r  
@ + H- + z- + HO. Typical ly,  f o r  the  f i r s t  process,  t h e  csO energy should 
be -. 20-100 keV, while f o r  t h e  second process t h e  increase  o f  the  c ross  sec- 
t i o n  t o  low energies  favors  a s  low a H- beam energy a s  poss ib le ,  say 1 keV 
o r  so. The r e s u l t i n g  g- can r e a d i l y  be d is t inguished from t h e  inc iden t  H- 
by t h e  d i f ference  i n  energy, bu t  of course D- can be used a s  the  e l ec t ron  
donor j u s t  a s  well. 

-+- -+- 
This type of ion  source i s  s t i l l  i n  i ts  infancy. A H , D source based 



0 
on charge transfer from a 40 keV Cs beam is in operation on the Wisconsin 
tandem. An s- and z- beam current of 3 yA has been obtained12 using 'a csO 
beam of 2-3 mA. The polarization of the beam is very high, due to 'the for- 
tunate circumstallce that bombardment of background gas (including H2) by csO 
produces very 'few 1.1- ions. For ionization of @ in a magnetic field of 
1 kG, the measured proton polarization after acceleration is (91+1)%, com- 
pared to a theoretically expected maximum polarization for this particular 
magnetic field of 94.6%. . .' 

Fig. 1. coliiding-beam source for polarized negative ions. The atcmfc-beam 
apparatus is not shown. 

Part of the Wisconsin source is shown in Fig. 1. The atomic-beam source 
and RF transitions are not shown. The calorimeter can he Snserted to measure 
the intensity of the csO bcam. The right-hand compartment contains the CSO 
source, where Cs vapor is ionized by a hot porous tungsterl disk. The cb-'- 
beam is accelerated to 40 keV and is then neutralized to 95% in a Cs vapor 
cell. The remaining CS' beam is deflected out of the way. The output of 
the source is limited at the moment by the relatively poor focus of the Cs 
beam, which leads to excessive loading of the electrodes in the ionizer if 
the Cs beam is increased too tar. Since we have neither remote controls foe 
the source nor tandem operators, the experimenters tend not to push the 
source to high intensity. All we know for certain is that 3.0 H- and D- 
can be obtained and that the source runs essentially unattended for 3-5 
day runs at the 1 PA level. Construction of a cesium beam test bench is 
planned to further improve this source. A commercial source13 based on 
this principle has a design aim of 10 pA. To reach the design aim will 
require substantial improvement in the focussing of the Cs gun or the ad- 
dition of a magnetic focussing element. 



The colliding-beam p r i n c i p l e  i s  appl icable  a l s o  t o  t h e  production 
of a l k a l i  heavy ions  and ions  of o the r  atoms which can be polar ized  by 
Stern-Gerlach separa t ion .  No experimental work has been done and only 
a few of t h z  re levant  cross  sec t ions  a r e  known. The c ross  sec t ion  f o r  

0 
zi + csO -+ ~ i -  + CS+ i s  l a r g e s t  f o r  a C s  energy of about 100 keV where 
a - 3x10-'\m2. A colliding-beam source using a polar ized  Li atomic 
beam" of 1 x 10" atoms/sec (v  ; 1700 m/sec) and 3 rnR/cm2 csO beam would 
be expected t o  y i e l d  about 1 pA Li- f o r  a 30 cm long ion iza t ion  region. 
In view of the  f a c t  t h a t  t h e  Wisconsin c o l l i d i n g  beam source produces 
the  predic ted  H- i n t e n s i t y 2 ,  it i s  l i k e l y  t h a t  t h i s  would be the  case f o r  
operat ion with L i  a s  well .  Nevertheless, it i s  c e r t a i n l y  poss ib le  t h a t  
a s  much o r  even more beam could be obtained with t h e  Heidelberg-type source. 
Even i f  it should t u r n  out  t h a t  the  c o l l i d i n g  beam method f o r  heavy ions  
does not  surpass o the r  schemes f o r  beam i n t e n s i t y ,  t h i s  would seem an a t -  
t r a c t i v e  h net hod f o r  l a b o r a t o r i e s  requi r ing  both H- and heavy ion  beams 
s ince  one would only need t o  replace  t h e  d i s s o c i a t o r  ( f o r  Hz) with an oven 
( f o r  the  a l k a l i  atoms) t o  switch from one ion  species  t o  the  o the r .  

4. Lamb S h i f t  Sources 

The Lamb-shift source i s  not  only the  most common source of po la r i zed  
hydrogen ions  on tandem acce le ra to r s ,  bu t  is used a l s o  t o  provide polar ized  
proton beams a t  two medium-energy f a c i l i t i e s  (TR~UMF,LAMPF) .  I t  appears 
t h a t  t h i s  type of source i s  approaching the  cnd of  i t s  development a s  f a r  
a s  beam i n t e n s i t y  i s  concerned. The f igure  of  mer i t  (p2  x i n t e n s i t y )  has 
seer1 no  s S s t a n t i a 1  improvement f o r  some time, i n  s p i t e  of severa l  high- 
q u a l i t y  development programs. While the  Lamb-shift source does not  pro- 
vide the  h ighes t  ava i l ab le  beam i n t e n s i t y ,  it has important advantages. 
I t  i s  a t  present  the  only p r a c t i c a l  source f o r  polar ized  t r i t i u m  ions .  
Another advantage i s  t h a t  deuterium ions  can be prepared i n  s i n g l e  hyper- 
f i n e  s t a t e s ,  y i e ld ing  a tensor-  po la r i za t ion  PZz = -2 .  It should be noted,  
however, t h a t  t h i s  i s  poss ib le  a l s o  with atomic-beam sources,  i f  one in -  
duces t r a n s i t i o n s  b&ThJ(2(2~ separa te  sec t ions  of  t h e  six-pole magnet. 

5. Sources Based on Opt ica l ly  Pumped Alkal i  Vapor 

In  t h i s  sec t ion  I want t o  comment b r i e f l y  on the  p resen t  s t a t e  of  sour- 
ces  which use o p t i c a l l y  pumped a l k a l i  vapclrs. W c  m u ~ t  d i s t i  nqiij.sh c l e a r l y  
between two d i f f e r e n t  types of appl ica t ions :  ( a )  f o r  sources of po la r i zed  
L i ,  Na e t c .  ions ,  o p t i c a l  pumping can replace  t h e  six-pole separa t ion  mag- 
n e t  employed i n  the  conventional atomic-beam source,  (b) f o r  sources of 
polar ized  hydrogen ions ,  a beam of unpolarized protons (e.g. 5 keV energy) 
can be passed through an o p t i c a l l y  pumped a l k a l i  vapor c e l l .  The protons 
pick up polar ized  e l e c t r o n s  t o  form a beam of f a s t  (5  keV) atoms. These 
a r e  then ionized t o  H+ o r  H- i n  a second charge exchange c e l l .  

( a )  The production of  a polar ized  a l k a l i  beam by o p t i c a l  pumping has 
been discussed by ~nderson".  In  i t s  simplest  form, t h e  .source would con- 
sist of an oven containing,  f o r  ins t ance ,  L i  o r  Na. The atomic beam emerg- 
i n g  from a small ape r tu re  i s  i l luminated by c i r c u l a r l y  polar ized  l a s e r  l i g h t  
t o  e x c i t e  t h e  ground s t a t e  atoms, e .g.  t o  various P3/2 s t a t e s .  A s  t h e  atoms 



t r a v e l  through t h e  l a s e r  beam they decay and g e t  exc i t ed  again severa l  
t imes. In each absorpt ion  process the  atoms acquire add i t iona l  angular 
momentum u n t i l  they a l l  a r e  i n  t h e  s t a t e  of h ighes t  t o t a l  angular  momen- 
tum, i . e .  t h e  s t a t e  of h ighes t  mp. Another few c m  downstream from t h e  

' oven the  atoms impinge on a surface  i o n i z e r ,  j u s t  a s  i n  t h e  more conven- 
t i o n a l  a l k a l i  polarized-ion source. No complete source based on t h i s .  
p r i n c i p l e  has been b u i l t  yet , .  bu t  experiments have been repor ted  very 
r e c e n t l y 1 6 p 1 7  which show t h a t  6 ~ i  and 2 3 ~ a  atomic beams can be polar ized  
by t h i s  method. 

The advantages of  o p t i c a l  pumping over the  more conventional atomic 
beam method a r i s e  p r imar i ly  from t h e  f a c t  t h a t  i n  the  conventional method 
t h e  s o l i d  angle of  atoms from t h e  oven i s  much smaller  than i s  poss ib le  
wi th  t h e  new scheme. Thus one should ob ta in  much more ion  beam i n t e n s i t y ,  

. o r  ins t ead ,  £or t h e  same i n t e n s i t y ,  one can reduce the  f l u x  ou t  of t h e  
:oven and correspondingly reduce build-up of a l k a l i  on ape r tu res  e t c .  
Another advantaqe i s  the  improvement  i n  t h ~  i i e g r ~ n  nf po la r i za t ion  ro -  
s u l t i n g  from pumping a l l  atoms i n t o  a s i n g l e  hyperfine component. It 
should be p ~ i n t e d  o u t ,  however, that, a s imi la r  ilnprovement can be gained 
i n  t h e  conventional atomic beam source by p lac ing RF t r a n s i t i o n  u n i t s  
between separa te  s ix-pole  magnets. There i s  v i r t u a l l y  no quest ion t h a t  

. t h e  optically-pumped polar ized  a l k a l i  source can be made t o  work. However, 
one should n o t  assume t h a t  t h i s  new source i s  necessa r i ly  s o  cheap and 
simple t h a t  t h e  conventional atomic-beam source i s  obsole te .  I t  is  n e i t h e r  
cheap nor simple t o  s e t  up and opera te  the  required tuneable dye l a s e r s .  

(b)  The app l i ca t ion  of o p t i c a l l y  pumped a l k a l i  vapor t o  produce pol- 
a r i z e d  hydrogen ions  was sug9es ted .a  long time ago. The general  p r i n c i p l e ,  
i l l u s t r a t e d  very schematical ly i n  Fig. 2 ,  goes back t o  a suggestion by 
Zavo i sk i i lo  t o  have a proton beam of  a few-keV energy pick up polar ized  
e l e c t r o n s  i n  a f i r s t  t a r g e t  (he proposed a magnetized i r o n  f o i l ) .  In  a 

Na reservoir 
H' ion 
beam 

Na reservoir 

-+I Fig. 2.  Proposed production of H ions  by pick-up of polar ized  e l e c t r o n s  i n  
an o p t i c a l l y  pumped a l k a l i  vapor c e l l  [ p o l a r i z e r l ,  followed by 
charge exchange of the  HO i n  a -  second vapor c e l l  [ ion ize r ] .  The 
f igure  i s  from r e f .  20. 



second t a r g e t  t h e  f a s t  polar ized  i? a r e  t o  be converted t o  ;+ o r  r-. 
In 1965 I proposed1g t o  use a s  the  f i r s t  t a r g e t  a  polar ized  a l k a l i  
atomic beam o r  an o p t i c a l l y  pumped a l k a l i  vapor. h d e r s o n 2  recen t ly  
qiscus3ed t h i s  p o s s i b i l i t y  i n  some d e t a i l  and showed t h a t  considerable 
H- o r  D- i n t e n s i t i e s  might be achieved by t h i s  method. 

There does not  y e t  e x i s t  an opera t ing  ion source of t h i s  type ,  but  
development work i s  progressing i n  a  number o f  l abora to r i e s .  The ques- 
t i o n s  a r e  (i) can one maintain high po la r i za t ion  of  t h e  a l k a l i  vapor in- 
s i d e  a  charge exchange tube i n  s p i t e  of depolar iza t ion  i n  c o l l i s i o n s  with 
t h e  wall?  Spec i f i ca l ly ,  how does t h e  po la r i za t ion  of t h e  a l k a l i  vapor 
depend on the  i n t e n s i t y  of pumping rad ia t ion  and on t h e  th ickness  (atoms/cm2) 
of  the  vapor t a r g e t ?  (ii) how la rge  i s  the  r e s u l t i n g  po la r i za t ion  of t h e  
beam, and how does t h e  po la r i za t ion  depend on t h e  magnetic f i e l d  s t r e n g t h  
' n  the  optically-pumped c e l l .  Here the  quest ion i s  what f r a c t i o n  of  the  20 i s  formed i n  exc i t ed  s t a t e s  which then l o s e  angular  momentum i n  t r an -  
s i t i o n s  t o  t h e  ground s t a t e .  (iii) what beam i n t e n s i t y  can be achieved? 
This depends i n  p a r t  on the  previous ques t ion ,  s ince  depolar iza t ion  can 
presumably be avoided by applying a  s u f f i c i e n t l y  s t rong  magne t i c . f i e ld  t o  
t h e  vapor c e l l  ( -  10 kG) but  t h i s  may cause ion-optic  problems. Of t h e  

ues t ions ,  the  f i r s t  has been answered very recen t ly  by a  group i n  
. They pumped a  Na c e l l  with a  1 W  dye l a s e r  and measured t h e  pol- 
a r i z a t i o n  of t h e  Na atoms by de f l ec t ion  i n  a  six-pole magnet. The r e s u l t s  
show t h a t  70% po la r i za t ion  of  the  Na vapor i s  achieved with a  dens i ty  of 
3 x 1 0 ' ~  Na atoms/cm2, i n  good agreement with Anderson's es t imate .  The most 
press ing  next problem i s  t o  measure the  beam po la r i za t ion .  It must be noted 
t h a t  a source of t h i s  type,  even i f  a l l  depolar iza t ion  problems can be over- 
come, i s  not  p a r t i c u l a r l y  s u i t e d  f o r  tensor-polarized deuterons,  because the  
app l i ca t ion  of Sona-transi t ions t o  ground-state atoms y i e l d s  a  maximum ten- 
s o r  po la r i za t ion  P = 1/3. z  z  

6 .  Conclusions 

Not so many years  ago, experimenters had t o  s u f f e r  a  b i g  l o s s  i n  in -  
t e n s i t y  i f  they wanted t o  use polar ized  beams. This has now changsd dra- 
mat ica l ly .  One can s a f e l y  say t h a t  ;+ beams of 100 UA and s- (o r  D-1 beams 
of 3  can be expected i n  rout ine  opera t ion  i f  one designs a  source t h a t  
combines t h e  b e s t  p resen t ly  known technology f o r  t h e  various p a r t s  of t h e  
source. Unt i l  q u i t e  r ecen t ly ,  a  source output  of 1.0 pA was a  cause f o r  
ce lebra t ion .  Now the re  a r e  available r e l i a b l e  and easy t o  operate sources 
which produce above 1 VA source output  day a f t e r  day. 

The b e s t  cu r ren t  sources make use of  t h e  atomic-beam method. Further  
improvements a r e  very l i k e l y ,  p a r t i c u l a r l y  f o r  t h e  colliding-beam method 
which i s  s t i l l  i n ' i t s  infancy. Lamb-shift sources a r e  not  l i k e l y  t o  com- 
pe te  a s  f a r  a s  i n t e n s i t y  i s  concerned, the  aficionados claim t h a t  t h g  
new sources based on o p t i c a l l y  pumped a l k a l i  vapors w i l l  y i e l d  100 UA H- 
o r  more. Whatever the  mer i t  of such claims, it should be kept  i n  mind 
t h a t  the re  i s  a  s u b s t a n t i a l  d i f f e rence  between es t imates  on paper and op- 
erating hardware. I t  would be a  mistake t o  pursue only t h i s  one avenue 
because of  expected l a r g e  and easy rewards. Other schemes, l i k e  t h e  col-  
l i d i n g  beam source using H +0 + D- should be pursued as  well ,  s ince  the  pos- 



s i b l e  rewards i n  t h i s  c a s e  a r e  probably even h igher .  It has  been argued 
t h a t  no one can use  more than  a  few FA o f  beam anyway, so  t h a t  t h e  i n -  
t e r e s t  i n  even more i n t e n s e  beams may seem misplaced. Nevertheless ,  it 
i s  much more comfortable  t o  work wi th  a  source t h a t  h a s  a  margin of  s a f e t y .  
Also, a p p l i c a t i o n s  t o  meson f a c t o r i e s ,  t o  synchrotrons and t o  " c ~ c l o g r a a f s "  
[ cyc lo t ron  i n j e c t i n g  H' i n t o  a  tandem] would make 100 PA 2- and D- h igh ly  
u s e f u l  . 

The most n a t u r a l  a p p l i c a t i o n  o f  o p t i c a l l y  pumped a l k a l i  vapor i s  t o  
t h e  product ion  of  p o l a r i z e d  a l k a l i  ions.  Rapid p rog res s  has  been made i n  
t h e s e  developments du r ing  t h e  l a s t  year .  I n t e r e s t i n g  work i s  a l s o  be ing  
done i n  o t h e r  a r e a s ,  such a s  experiments to  produce po la r i zed  3 ~ e -  i ons .  
The ex tens ive  body of  i n t e r e s t i n g  new experiments presented  a t  t h e  r e c e n t  
- I n t e r n a t i o n a l  Symposium on P o l a r i z a t i o n  Phenomena i n  Nuclear Physics  a t -  
tests t o  the impor tan t  r o l e  t h a t  p o l a r i z e d  i o n  sources  now p lay  i n  nuc lea r  
phys ics .  
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Los Alamos  S c i e n t i f i c  L a b o r a t o r y ,  Los Alamos,  N M  87545 

D u r i n g  t h e  pas t  y e a r  we h a v e  b u i l t  a h e a v y  ion t e r m i n a l  f o r  
t h e  Los Alamos V e r t i c a l  a c c e l e r a t o r  and h a v e  p laced  i t  in 
o p e r a t i o n .  T h i s  t e r m i n a l  a l l o w s  f o r  r a p i d  change  to t h e  pulsed, 
l i g h t  ion t e r m i n a l 1  which was b u i l t  by t h e  ~ e n k r a l  lonex Corp. 

T h e  ion s o u r c e  used in t h e  h e a v y  ion t e r m i n a l  i s  a n  IONEX 
mode l  834 b u i l t  by t h e  G e n e r a l  Ionex Corp.  The  s o u r c e  has been 
m o d i f i e d  t o  use  a n  offset cone, r e f l e c t e d  ces ium beam g e o m e t r y .  
T h e  b e a m  f r o m  t h e  s o u r c e  i s  focussed and then i n f l e c t e d  i n t o  t h e  
a c c e l e r a t i n g  t u b e  w i t h  a 30° magnet.  Th i s  magne t  is c a p a b l e  of 
bending 20 keV u r a n i u m  atoms. 

T h e  t e r m i n a l  has  now o p e r a t e d  f o r  o v e r  800 h o u r s  wi thout  a 
m a j o r  f a i l u r e .  The s o u r c e  has been opened on ly  fo r  t h e  i n s e r t i o n  
and  r e m o v a l  of cones.  T h e  t e r m i n a l  h a s  been used a l m o s t  
e x c l u s i v e l y  f o r  t h e  product ion of 1 4 ~  beams which a r e  used in  
3 - s t a g e  a c c e l e r a t i o n .  The  1 4 ~  beams  a r e  produced f r o m  a "p i l l "  
of I4c g r a p h i t e  which i s  pressed in t h e  downs t ream f a c e  of t h e  
s o u r c e  t a r g e t  cone.(lp2) Exper iments  h a v e  been run  wi th  up t o  
0.5 p A ( e l e c t r i c a l )  o f  c h a r g e  s t a t e  +6 I4c on t a r g e t .  

S e v e r a l  changes  a r e  being cons idered  t o  i m p r o v e  t h e  t e r -  
minal ' s  opera t ion .  O n e  i s  t o  i m p r o v e  t h e  s o u r c e  o p t i c s  f o r  m o r e  
e f f i c i e n t  t ransmiss ion.  Another i s  t o  g o  t o  a n  on-axis  
r e f l e c t i o n  g e o m e t r y  s i m i l a r  t o  t h a t  used on o u r  t andem s p u t t e r  

2 source . 

R e f e r e n c e s  
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No6: I 'have two ques t ions ,  Joe. 'I know these  a r e  n o t  d i r e c t l y  r e l a t e d  t o  - 
t h e  source b u t  t o  t h e  procedures you use f o r  t h e  t ank .  I d o n ' t  t h i n k  you 
ever  s a i d  why you b a c k f i l l  w i t h  n i t r o g e n  and Freon. And secondly,  can you 
say a  word about  t h e  h i s t o r y  o f  t h e  t u b e s . ,  

J .  Tesmer: F i r s t  about p r e s s u r i z i n g  w i t h  n i t r o g e n  and Freon: we go i n t o  
t h e  machine more o f t e n  than  I ' d  l i k e  t o  admi t .  I t h i n k  i t ' s  h i s t o r i c a l  
why we use n i t r o g e n  and Freon. I t a l k e d  t o  Joe McKibbon about t h a t  and 
h i s  comment was t h a t  w e l l  we needed t o  t r y .  something, so we p u t  Freon i n  
and i t  seemed t o  work a  l i t t l e  b e t t e r ,  so we l e f t  i t .  So we use one pound 
o f  Freon 12 t o  1 0  p s i  o f  n i t r o g e n .  The tubes a r e  Dowl i sh  s t r a i g h t  tubes 
w i t h  s p i r a l  magnet ic  suppress ion.  They have n o t  worked as w e l l  as we would 
1  i ke them t o .  I t h i n k  we understand why t h e y  do n o t  work and we d o n ' t  see 
much hope o f  f i x i n g  these tubes. They s u f f e r  f rom t h e  l o n g  tube  e f f e c t .  
There a r e  f i v e  s e c t i o n s  o f  tube .  I f  you t ake  t h e  f i r s t  two s e c t i o n s  near  
t h e  t e rm ina l  and r u n  them up t o  t h e  column; c u r r e n t  o r  t h e  tube  c u r r e n t  
t h a t  you t h i n k  you need and then  ex t rapo l& te ,  you would expec t  t o  g e t  12 
MV on t h e  f u l l  machine. Bu t  when t h e  t h i r d '  tube  i s  added you c a n ' t  go 
q u i t e  as f a r  as you should .  And by t h e  t i m e  you add t h e  f i f t h  t ube  you 
a r e  a c t u a l l y  go ing  backwards. The machine.. w i l l  r u n  j u s t  about  as h i g h  
w i t h  f o u r  s e c t i o n s  o f  tube  as i t  w i l l  with' f i v e  s e c t i o n s .  



* 
A V e r s a t i l e  High I n t e n s i t y  Negative Ion Source 

. . 
ROY Middleton . . 

Universi ty of ~ e n n s y l v a n i a  

About t h r e e  yea r s  ago we undertook t o  develop a new type of negative 
ion  source i n  which we  hoped t o  incorpora te  some of t h e  b e t t e r  f e a t u r e s  
of  t h e  cesium bam s p u t t e r  source,  the  r e f l e c t e d  and inver t ed  sources 
and t h e  Aarh.us source. Since then we have b u i l t  and t e s t e d  some seven 
d i f f e r e n t  des igns  and I th ink  f i n a l l y  have.developed a p r a c t i c a l  and 
r e l i a b l e  new type of source which f u l f i l l s  most of our  design goals .  
Having repor ted  on t h i s  work a t  previous SNEAP meetings only a summary 
of our  most r e c e n t  f ind ings  w i l l  be presented here .  

Figure 1 shows no t  only a schematic representa t ion  of  t h e  s o u r c e ' b u t  
a1 sn h i g h l i g h t s  many of the  design f e a t u r e s  t h a t  wc have found t o  he of 
extreme p r a c t i c a l  iinportance. For example, a l l  of t h e  Le~utpci'atures i n -  
d i c a t e d  i n  the;  f i g u r e  A r e  ' necessary f o r  s a t i s f a c t o r y  operat ion and t h e  
design o.f t h e  cathode i n s u l a t o r ,  although shown schematicalby, i s  e q . ~ e l . l y  
important.  

The p r i n c i p l e s  of operat ion a r e  as follows. Cesium vapor flows i n t o  
t h e  source chamber and i s  ad 'us ted  (using a needle va lve)  such t h a t  the  
cesium pressure  i s  about lo-' Torr . Cesium atoms s t r i k i n g  the  inner  sur-  
face  of the  i o n i z e r  a r e  surface  ionized and accelera ted  towards t h e  t i p  
of the  s p u t t e r  cathode and s t r i k e  it with an energy of between 2 and 7 
keV, depending upon the  cathode p o t e n t i a l .  The cesium ion beam s t r i k i n g  
t h e  cathode i s  remarkably Well focussed, usual ly  produoing a spot nf ahnut 
0.5-mm diameter,  and i n  many respec t s  i s  reminiscent o f  t h e  r e f l e c t e d  beam 
i n  a conventional s p u t t e r  source. However, here the  s p u t t e r  cathode i s  
contained i n  a cesium vapor environment and the  presence of n e u t r a l  cesium 
on t h e  sp11t.te.r surface  g r e a t l y  enhances t h e  negative ion formation. In  
~ F n r t ,  two o f  t h e  most important advantages of t h e  source a r e  1) the nega- 
t i v e  ion emit t ing  a r e a  i s  very small ,  and 2 )  t h e  presence o t  n e u t r a l  cesiui~ 
on t h e  s p u t t e r  surface  l eads  t o  high e f f i c i ency .  Other advantages a r e  
3) t h e  p o s i t i v e  cesium energy can be va r i ed  independently from t h e  negative 
ion  ex t rac t ion  energy, and 4 )  t he  s p u t t e r  t a r g e t  i s  i n  t h e  form of a simple 
p i l l  (usual ly  3 mm d i m .  by 3 mm long) and requ i res  a minimum of machining. 

Figure 2 shows a s e c t i o n a l  drawing. of t h e  source t h a t  i s  p resen t ly  i n  
use i n  our labora tory .  An enlarged and more d e t a i l e d  drawing i s  shown i n  
Fig. 3 of t h e  a r e a s  t h a t  have proved most troublesome, 'namely, t h e  i o n i z e r  
and cathode insul..at.or . 

Source Performance 

Table I l ists  some of t h e  negative ion  cur ren t s  t h a t  have been obtained 
with the  source shown i n  Fig. 2. Negative ion c u r r e n t s  a r e  t abu la ted  under 
two headings -- ' t y p i c a l '  and ' b e s t ' .  The t y p i c a l  c u r r e n t s  were usua l ly  
obtained with cathode vo l t ages  between 2 and 5 kV (depending upon t h e  e l e -  
ment) and cathode cur ren t s  ranging between 1.5 and 2 . 0  rnA. The b e s t  cur- 
r e n t s  were obtained by what i s  l o c a l l y  termed 'pushing' - cathode vol tages  
and c u r r e n t s  ranging up t o  7 kV and 6 mA respect ive ly .  Also l i s t e d  i n  

* Work supported by t h e  National Science Foundation. 



t h e  t a b l e s  f o r  comparison purposes a r e  some t y p i c a l  c u r r e n t s  t h a t  were 
obta ined  i n  t h i s  l a b o r a t o r y  wi th  a convent ional  s p u t t e r  source .  With 
a few except ions ,  t h e  l a t t e r  a r e  f r e q u e n t l y  an o r d e r  of  magnitude l e s s  
than  those  from t h e  new source.  The except ions  a r e  i n t e r e s t i n g  and 
these  a r e  d iscussed  i n  some more d e t a i l  below. 

Lithium 

Most of ou r  e a r l y  a t t empt s  were f r u s t r a t e d  by mel t ing  of t h e  s p u t t e r  
t a r g e t  and only  a f t e r  unusual c a r e  had been taken t o  ensure  e x c e l l e n t  
thermal  con tac t  between t h e  pressed  l i t h i u m  p e l l e t  and t h e  f reon  cooled 
cathode stem d i d  w e  have some success .  However, t h e  success  proved sho r t -  
l i v e d  and on s e v e r a l  occas ions  we were f r u s t r a t e d  t o  observe a Li- cur-  
r e n t  t h a t  r a p i d l y  grew t o  between l and 2 UA only  t o  slowly f a l l  and 
even tua l ly  s t a b i l i z e  a t  about  0.1 PA. ~ I t h o u g h  t h i s  behavior  i s  n o t  f u l l y  
understood it i s  thought  t o  be a r e s u l t  o f  t h e  extremely low p a r t i a l  p re s -  
s u r e  of  oxygen i n  t h e  source chamber., Previous experience wi th  l i t h i u m  
i n  a convent ional  s p u t t e r  source s t r o n g l y  suppor t s  t h e  b e l i e f  t h a t  an oxy- 
gen l a y e r  on a l i t h i u m  s p u t t e r  su r f ace  g r e a t l y  enhances negat ive  ion  forma- 
t i o n .  

~ e r ~ l ' l i u m  (Metal) 

Severa l  a t tempts  wi th  a bery l l ium mcta l  cathode followed t h e  same 
p a t t e r n  -- i n i t i a l l y  t h e  ' ~ e -  c u r r e n t  s t e a d i l y  increased  t o  between 0 .1  
t o  0.2 UA only  t o  g radua l ly  f a l l  t o  t h e  p o i n t  where it could no longer  be 
measured. The d e c l i n e  i n  t h e  negat ive  ion  c u r r e p t  w a s  accompanied by a 
corresponding f a l l  i n  t h e  cathode c u r r e n t  s t r o n g l y  sugges t ing  t h a t  t h e  
i o n i z e r  was n o t  proper ly  func t ioning .  It i s  surmised t h a t  s p u t t e r e d  
bery l l ium meta l ,  because of  i t s  high mel t ing  p o i n t ,  condensed on t h e  
i o n i z e r  su r f ace  and owing t o  i t s  low work func t ion  ( -  3.2 eV) reduced t h e  
work func t ion  of t h e  i o n i z e r  su r f ace  u n t i l  it ceased t o  func t ion .  I f  t h i s  
explana t ion  i s  c o r r e c t  then  it appears  l i k e l y  t h a t  t h e  source w i l l  n o t  
func t ion  e f f i c i e n t l y  wi th  o t h e r  e lements  having unusual ly  low work func- 
t i o n s  and e l e v a t e d  mel t ing  po in t s .  For tuna te ly  such elements  a r e  ve ry  
much i n  a minor i ty .  

Severa l  a t t empt s  were made t o  genera te  nega t ive  i o n s  from a l e a d  
cathode.  I n  a l l  c a s e s  t h e  y i e l d  was d i sappo in t ing ly  low -- r a r e l y  ex- 
ceeding SO nA f o r  a l l  i so topes .  No reason i s  known f o r  t h i s  f a i l u r e  bu t  
it i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  e l e c t r o n  a f f i n i t y  o f  l e a d  has r e c e n t l y  
been r ev i sed  from 1.1 eV, a s  p rev ious ly  r epo r t ed ,  down t o  0.365 eV. ( P r i -  
v a t e  communication, W.C. Lineberger)  



Table I  

Cathode i'(uA) i  
( t yp ica l  ) UNIS 

3  mm diam. x 3 mm long T i  
+ 28 cc of  H2 (H/Ti - 1.2)  

As above ( D / T ~  - 1 .O) .4 

2.5 

0.02 

N . M .  

L i  metal i n  copper 

Metal 

Be0 pressed i n t o  1  mm x 1 . 6  mm 
hole i n  Mo ( -3 .5  mg of  B ~ O )  

S in te red  na tura l  boron 
(-70% t h e n r e t i c a l  der~bi  t y )  

60-mesh ' na tu ra l  boron + A1 
powder pressed i n t o  Cu 

3 mm diam. x 3 mm long g r a p h i t e  
pressed i n t o  Cu 

A1 uminum metal 

A1 umi num metal 

3 mm diam; x 3 mm long S i  
pves sed . i n t o  Cu  

48Ti- 

48TiH' 

52  Cr' 

56  Fe' 

Pure t i tanium N . M .  

4 

0.35 

2.0 

T i  + H2 ( see  Hydrogen) 

Chromium chip  pressed i n t o  Cu 

Pure i ron  

59 CO' 1  0-23 

s8Ni' 30- 60 

6 3 Cu' 30-60 
74Ge-' 6-1 0 

Pure c o b a l t  

Pure nickel 

Pure coppcr 

Gormani~rm c r y s t a l  5  mm x 2 mm 
pressed i n t o  aluminum 

107Ag' 10-20 

W'(a1l 3-5 
i  so topes )  

Ptire s i l v e r  

S in tered  tunysten (70% l h e s r e t i  - 
cal d e n s i t y ) ,  a l s o  0 .5  mm t h i ck  
shee t  so ldered  t o  copper 

p t - ( a l l  10-40 
i s o t o p e s )  

197Au' 30-60 

Natural' P t  nugget pressed i n t o  A1 

Pure gold bead ( -3  rnm diam.) 
pressed i n t o  aluminum 

~ b - ( a l l  0.005-0.080 
i so topes)  

Pure lead  bead ( - 3  mm diam.) 
pressed i n t o  aluminum 
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Larson: Do you a t t r i b u t e  t h e  po i son ing  o f  t h e  i o n i z e r  from substances 
such as b e r y l  1  ium t o  t h e  n e u t r a l s  coming back f rom t h e  cathode su r f ace?  

Midd l  e ton :  We1 1, Be has a' work f u n c t i o n  t h a t  i s  about  3.6 eV i f  I remem- 
ber  c o r r e c t l y . .  . 
Larson: I s  t h e  source of  t h e  m a t e r i a l  a  n e u t r a l  source o r  a  charged source? 

Midd le ton :  You j u s t  c a n ' t  i o n i z e  cesium w i t h  an i o n i z a t i o n  po ten t i , a l  o f  3.8 
eV w i t h  a  su r f ace  t h a t  has a  work f u n c t i o n  l e s s  than  3.8 eV. 

Larson: T h a t ' s  n o t  t h e  p o i n t  o f  my ques t i on .  L e t  me go on w i t h  a  comment 
then .  

M idd le ton :  Maybe I misunders tood you. 

Larson: I t  seems p o s s i b l e  s i nce  t h e  i o n s  l e a v i n g  t h e  i o n i z e r  a re  e l e c t r o -  
s t a t i c a l l y  c o n t r o l l e d  i n  t h e i r  paths t o  p u t  a ' b a r r i e r  between t h e  cathode 
and t h e  i o n i z e r  t o  mask o f f  n e u t r a l s  and y e t  pass t h e  i ons  from t h e  i o n i z e r  
t o  t h e  cathode. 

M idd le ton :  No, I t h i n k  you missed a  p o i n t ,  Dan. You cease t o  g e t  i o n s  a1 t o -  -. . - 
gethe r  once t h e  su r f ace  o f  t h e  i o n i z e r  has been poisoned. 

Larson: My p o i n t  i s  t o  keep t h e  po ison  o f f  t h e  su r f ace  o f  t h e . i o n i z e r .  

M idd le ton :  The re ' s  o n l y  one way t h a t  I know o f  do ing  t h a t .  And t h a t  i s ,  i n  - 
f a c t  l i k e  t h e ' v e r y  f i r s t  source t h a t  we b u i l t  which had an annu la r  i o n i z e r  
i n  back o f  t h e  f r o n t  su r f ace  o f  t h e  s p u t t e r  cathode. Indeed, a  number o f  
e l e c t r o n  evapora to rs  use a  v e r y  s i m i l a r  p r i n c i p a l  where one has a  source o f  
e l e c t r o n s  i n  t h e  form o f  an annulus.  One mounts some s o r t  o f  c r u c i b l e  w i t h  
t h e  evaporant  i n  i t ,  and one can., w i t h  p roper  geometr ic  shapes, r e a l l y  g e t  
a  v e r y  good focus o f  t h e  e l e c t r o n  beam. To my mind t h i s  i s  about  t h e  o n l y  
way t h a t  one can beg in  t o  so l ve  t h i s  problem. Bu t  even then  y o u ' r e  o n l y  
go ing  t o  g e t  a  p a r t i a l  s o l u t i o n  because evaporated p a r t i c l e s  d o n ' t  condense 
w i t h  100% c e r t a i n t y .  They o f t e n  bounce around and y o u ' r e  bound t o  g e t  some 
secondar ies back t o  t h e  l o n l z e r .  

McKay: Roy, what i s  t h a t  coax ia l  hea te r  made o f ?  

M idd le ton :  We l l ,  i t ' s  e x a c t l y  what i s  sounds l i k e .  I t ' s  l i k e  a  h e a t i n g  
element f o r  a  s tove .  I t  i s  j u s t , a  tube  o f  tan ta lum a  l i t t l e  over 1 /16 i n c h  
d iamete r  w i t h  a  0.010- inch w a l l  t h i c kness .  You can buy i t  w i t h  e i t h e r  mag- 
nesium o x i d e  o r  aluminum o x i d e  as i n s u l a t i o n ,  and t h e r e  i s  a O.fl20-inch 
d iamete r  t a n t a l  um w i r e  i n  t h e  m idd le .  The whole t h i n g  i s  swaged down. 
I t  took  me t h r e e  years  t o  f l r ~ d  d supp l . i e r  o f  i t .  I f  yo1.1 're  i n t e r e s t e d  t h e  
s u p p l i e r  i s  a  company c a l l e d  Temptron i n  C a l i f o r n i a .  I t h i n k  t h e y  s p e c i a l i z e  
i n  making h igh- tempera tu re  thermocouples f o r  j e t  eng ines.  C h a r l i e  may have 
t h e  address."  I t  i s  ve r y  much l i k e  t h e  Amperex hea te rs  t h a t  a r e  made o u t  
o f  I t h i n k  an I ncone l  m a t e r i a l  . Bu t  t h i s  one has a  tan ta lum o u t e r  and a  
t a n t a l  um i nner  p i ece  . 



Storm: How s t a b l e  i s  t h e  Cs i o n  c u r r e n t ?  

Midd le ton :  Wel l ,  we now have zero problems w i t h  s t a b i l i t y ,  bu t  t h e r e  a r e  
l o t s  o f  t r i c k s .  That simp1 e  diagram I showed you r e a l l y  con ta ins  an awful  
amount o f  i n fo rma t i on .  I t  i s  impera t ive  t h a t  temperature g rad ien ts  be cor-  
r e c t ,  t h a t  one should use a  needle va l ve .  Then r e a l l y  we have j u s t  no prob- 
lems whatsoever. I n  f a c t  i t  seems as i f  one can i n t roduce  a  c e r t a i n  amount 
o f  cesium i n t o  t h e  source, and once t h a t  cesium i s  present,  one can c lose  t h e  
needle va lve  and t h e  source w i l l  r u n  f o r  hours and hours w i t h o u t  any addi -  
t i o n a l  cesium. The Cs p lays  the  r o l e  o f  c a t a l y s t .  Other than t h e  Cs t h a t  
escapes through t h e  e x t r a c t i o n  aper tu re ,  there  i s  no reason why t h e  r e s t  
c a n ' t  be used over  and over again.  And t h a t  leakage a t  these low pressures 
i s  r e a l l y  q u i t e  smal l .  I t h i n k  Jim w i l l  bear me ou t ;  t he  SNICS source 
shows s i m i l a r  c h a r a c t e r i s t i c s .  

Storm: The c u r r e n t  then depends on t h e  cesium dens i t y?  

Midd le ton :  The c u r r e n t  depends on a combinat ion o f  Cs vapor pressure i n  
t h e  source and, o f  course, on t h e  temperature o f  t he  i o n i z e r .  A t  l a s t  
y e a r ' s  SNEAP meeting I t a l k e d  a  l i t t l e  b i t  about a  theory  we had t h a t  I 
s t i l l  t h i n k  i s  p a r t i a l l y  c o r r e c t  even i f  i t  i s n ' t  t o t a l l y  c o r r e c t .  We're 
runn ing  i n  a  very  sa tu ra ted  mode. Whereas i n  a  normal sur face i o n i z a t i o n  
source one i s  very  c a r e f u l  t o  keep the  Cs l e v e l  below t h e  1% monolayer on 
t h e  i o n i z e r ,  we a re  woking i n  a  t o t a l l y  d i f f e r e n t  p a r t  o f  t h e  curve.  I n  
ou r  case a  very  l a r g e  f r a c t i o n  o f  t he  Cs t h a t  leaves the  i o n i z e r  probably  
leaves as n e u t r a l  cesium. We d o n ' t  r e a l l y  care  about e f f i c i e n t  opera t ion .  
I t ' s  very d i f f e r e n t  from the  normal sur face  i o n i z a t i o n  source where i f  you 
go a  1  i t t l e  b i t  h i g h  on the  Cs, you g e t  Cs everywhere and a l l  h e l l  breaks 
1  oose. 

* Char1 i e  Adams has k i n d l y  suppl i e d  the  f o l l o w i n g  i n fo rma t i on  regard ing  the  
coax ia l  heaters.  The Ta heaters w i t h  dimensions g lven  above are  a v a i l a b l e  
f o r  approx imate ly  $20. / foot  from Temptron Engineering, 7823 Deering , 
Canoga Park, CA 91 304, Telephone: (213) 346-4900. M r .  Ed Skei i s  t h e  
person t o  c o n t a c t .  
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INTRODUCTION 

An addi t ion  t o  the  negative ion  i n j e c t o r  f o r  t h e  MP tandem Van de 
Graaff acce le ra to r  a t  the  Universi ty of Rochester i s  present ly  under con- 
s t r u c t i o n .   his i n j e c t o r  addi t ion  has been designed t o  extend t h e  work 
done a t  Rochester i n  using the  tandem acce le ra to r  system a s  an u l t r a -  
s e n s i t i v e  mass spectrometer.  Also, the  new f e a t u r e s  of  t h i s  ion  source 
i n j e c t o r  w i l l  provide improvements i n  the  heavy ion  c a p a b i l i t y  of  t h e  
machine f o r  a l l  of t h e  o the r  aspects  of  the  nuclear  physics research  pro- 
gram a t  t h e  labora tory .  The main fea tu res  of  t h i s  addi t ion  include t h e  
following: 

1. New support  t a b l e  
.2 .  High resolu t ion  90° i n f l e c t i o n  magnet 
3 .  Redesigned s p u t t e r  ion  source 
4 .  Computer con t ro l  of various parameters 
5. Sodium charge exchange canal  c a p a b i l i t y  
6. Fas te r  i so tope  switching 
7. I i~~proved vacuum 

This i n j e c t o r  addi t ion  w i l l  be operated from the  e x i s t i n g  150-kV pre- 
accelera t ion  power supply and w i l l  requi re  modifying the  p ro tec t ive  cage 
around the  e x i s t i n g  i n j e c t o r ,  but  w i l l  no t  r equ i re  any modificat ion o r  ad- 
d i t i o n  t o  the  bui ld ing.  The o v e r a l l  layout  of t h i s  addi t ion  i s  shown i n  
Fig. 1. The various f e a t u r e s  of t h e  new i n j e c t o r  w i l l  be described i n  
some d e t a i l  i n  the  following sec t ions .  

The major element i n  the  beam o p t i c s  i s  a 90° i n f l e c t i o n  magnet which 
has been designed t o  have a mass r e so lu t ion  of  about 1 p a r t  i n  200 while 
accepting a l l  of  the  beam from the  ion  source. The beam from t h e  source 
i s  focussed with a 5-inch diameter gridded e i n z e l  l e n s  t o  the  ob jec t  p o i n t  
of the  i n f l e c t i o n  magnet. A t  t he  o b j e c t  foca l  po in t ,  an aper ture  is  in-  
s t a l l e d .  This aper ture  can be e a s i l y  changed, i n  order  t o  a l t e r  t h e  mag- 
n e t  r e so lu t ion  f o r  a p a r t i c u l a r  experiment, and a l s o ,  enough space has been 
reserved at t h i s  loca t ion  so  t h a t  insu la ted  and/or adjus table  s l i ts  can be 
i n s t a l l e d  i n  the  fu tu re .  This same comment i s  t r u e  f o r  t h e  image p o i n t ,  
following the  magnet. I n i t i a l  operat ion w i l l  be ape r tu res  based on t h e  
s i z e  of the  beam ca lcu la ted  with a beam o p t i c s  program. A s e t  of  e l e c t r o -  
s t a t i c  s t e e r e r s  follows the  image aper ture ,  and then a biased Faraday cup. 



Following the Faraday cup is another set of steerers and an einzel lens 
to focus the beam at the end of the preacceleration tube, which is the 
location of the image focus of the standard MP inflection magnet. The 
overall optics has been designed to match the beam phase space at this 
point to that of the beam from the original source locations. 

The main motivation for constructing this addition is the program 
which uses the overall tandem accelerator as an ultrasensitive mass spec- 
trometer. In order to use the machine in this way, it is necessary to 
cycle the mass setting of the injector to the various masses of interest. 
For carbon-14 measurements, the system cycles between masses 12, 13 and 
14. For the highest accuracy, these cycles need to be repeated on a 
short, perhaps 10's of milliseconds, time scale. In order to achieve 
this switching time, the inflection magnet chamber has been insulated 
from ground. A variable voltage can be applied to the chamber in order 
to modulate the energy of the beam so that each of the desired masses 
comes through the in£ lcction magnet at the sane lnayrie tic field setting. 
Only a few kilovolts are needed to achieve this switching. 

ION SOURCE 

A modified design of the Hiconex-type sputter ion source will be 
available for the new injector. The important changes in this new source 
are: (1) direct cesium beam on the "back" side of the sample holder, and 
(2) target positioner with vacuum lock. As shown in Fig. 1, the cesium 
beam is directed at the back side of the cone or the sample holder, rather 
than reflected through a hole in the sample holder as is the case with the 
standard Hiconex Model 834 source. The sample changer is a combination 
x-y manipulator and vacuum lock. With this geometry, the cesium beam can 
be adjusted with a lens/steerer combination built into the cesium gun, 
and then the target manipulator can be adjusted to maximize the beam, 
and/or consume the entire sample. Typical sample masses can be less than 
10 mg, and especially if expensive separated isotopes are used, it is 
advantageous to utilize the entire sample. The vacuum lock that is part 
of the sample manipulator allows the samples to be changed without shut- 
ting down the cesium beam, and this will reduce the turn-around time when 
samples need to be changed. Usually, six sample holders will be installed 
at one time, but the design can accommodate other combinations or different 
sample holders. 

CONTROL SYSTEM 

One of the main features of this new injector is the microcomputer 
system for controlling the various power supplies. Primarily because of 
cost restrictions, an 8-bit 2-80 microprocessor is the processor being 
used. The computer system uses S-100 plug-in cords in order to utilize 
the wide variety of memory and interface cards that are readily available. 
A block diagram of the overall system is shown in Fig. 2. The power sup- 
plies used on the new injector are intended to be used with voltage input 
programming of typically 0 to 10 volts, and this feature simplifies the 
interfacing requirements. These power supplies also provide outputs for 
monitoring current and voltage which makes it easier to monitor the per- 
formance of the supplies with.the microcomputer. Some of the existing 



i n j e c t o r  suppl ies ,  such a s  the  i n f l e c t i o n  magnet 300-A power supply 
w i l l  have t o  be modified t o  be compatible with the  computer con t ro l .  

For the  a c t u a l  con t ro i  of each power supply, we have chosen t o  use 
one f i b e r  o p t i c  l i g h t  p ipe  per  channel. This system w i l l  minimize t h e  
amount of e l e c t r o n i c s  which has t o  be operated a t  the high vol tage  po-. 
t e n t i a l ,  and w i l l  hopefully provide a r e l i a b l e  system. 

Asomewhat d e t a i l e d  diagram of an individual  confro1 channel i s  ' . 

given i n  Fig. 3 .  The up/down counter c i r c u i t r y  is  used t o  provide smooth 
continuous con t ro l  of t h e  d ig i ta l - to-analog converter  (DAC) and a l s o  t o  
provide a c e r t a i n  degree of immunity from computer crashes.  The da ta  i s  
la tched i n  the  up/down counters ,  and can only be changed a b i t  a t  a t ime . '  . 
I f  a d i r e c t - p a r a l l e l  connection were made from the  computer t o  the  DAC, 
some add i t iona l  complexity comes from handling 12 b i t s  f o r  t h e  DAC with 
8 b i t s  a t  a time from t h e  processor.  The p a r a l l e l  connection could be ' . , 

taken ca re  of  with some appropr ia te  software o r  hardware, bu t  we1ve.opted 
f o r  the,up/down counter  i n t e r f a c e .  'Th i s  decis ion  was a l s o  t i e d  i n  t o  t h e  

f 

scheme f o r  a c t u a l l y  tuning t h e  beam, a s  described below, The 12-bit  DAC 
was chosen t o  provide adequate r e so lu t ion  of t h e  con t ro l l ed  va r i ab le .  
For example, f o r  t h e  i n f l e c t i o n  magnet, i f  it i s  capable of  a mass reso- 
l u t i o n  of  1 i n  200, then we need 5 t o  10 times more reso lu t ion  i n  order  t o  
have smooth con t ro l  over- beam tuning.  The 12-bi t  DAC has a r e so lu t ion  of  
1 i n  4096 of f u l l  s c a l e ,  bu t  only 1 i n  400 a t  10% output;  By having a 
programmable rcfcreiice as indica ted  i n  Fig.  3 ,  we can acl'lieve a luilss reso- 
l u t i o n  b e t t e r  than 1 i n '  1000 over the  power supply range. The 12-bit  reso- 
l u t i o n  is  not  r e a l l y  necessary on some parameters, b u t  it i s  an advantage 
t o  have i d e n t i c a l  components i n  every channel.  he DAC d r i v e s  a voltage- . . 
to-frequency converter  (VFC) t o  t ransmit  the  da ta  t o  t h e  power supply a t  
the  high voltage p o t e n t i a l .  Then only a frequency-to-voltage converter  
i s  necessary a t  the  high vpl tage  p o t e n t i a l  t o  opera te  t h e  power supply. 

To read o u t  the  power supply voltage and o r  c u r r e n t ,  t h e  VFC c i r c u i t s  
opera te  the  o the r  way around, and a t  the  computer, the  frequency i s  moni- 
tored  by any one of seve ra l  methods. A hardware counter  can hold t h e  da ta ,  
o r  the  computer can count pulses  f o r  a c e r t a i n  time, o r  t h e  computer can 
measure the  time between pulses .  Each of these  p o s s i b i l i t i e s  involves some 
considera t ion  of hardware vs.  software, and a combination of a l l  t h ree  may 
ao tua l ly  bc used, as appropr ia te .  

A s e r i a l  l i n k ,  pa t terned a f t e r  t h e  CAMAC s e r i a l  highway standard,  
connects the  l o c a l  microcomputer with t h e  console microcomputer a s  shown 
i n  Fig. 2. A t  t h e  con t ro l  console, t h e  2-80 system has more RAM memory 
(32K t o  48K b i t s )  and a l s o  two 8-inch floppy d i s c  d r ives  f o r  program 
s torage ,  t a b l e  s torage ,  and program development. The compucolor d isplay  
provides s t a t u s  information about the  system performance. The con t ro l  
knobs opera te  2 o r  3 d i g i t a l  s h a f t  encoders with s e r i a l  output .  Since 
t h e m  con t ro l s  can have an i n f i n i t e  nunber of revolut ions ,  t h e  response 

of the  computer can be programmed depending on the  power supply of in-  
t e r e s t .  Also, the  s e r i a l  pulses  from the  encoder lend themselves t o  the  
up/down counter  i n t e r f a c e  a s  described above. 



VACUUM 

The ion source itself is pumped with a Welch Model 3133 turbo 
molecular pump which is connected on the bottom of the gridded einzel 
lens. At the Faraday cup after the inflection magnet an Air Products 
cryopurnp provides isolation of the new ion source vacuum from the existing 
injector vacuum system. The pumping system is designed to prevent 14c pro- 
duced in the accelerator from working its way back to the ion source and 
to provide a cleaner environment for the sample to minimize unwanted con- 
taminants such as sulphur in 3 6 ~ 1  and 3 2 ~ i  experiments. 

SUMMARY 

All of the beam handling components have been delivered from General 
Ionex Corp. The hardware is being assembled i l l  d corner of the aaocl- 
erator room for preliminary tests. The schedule calls for some test 
beams from the source in another 6 to 8 weeks, and then the system will 
be installed inside the modified cage area around the beginning of next 
year. 

F i g .  1. 
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Midd l  e ton :  Could you say a  1  i t t l e  b i t  about  t h e  des ign  o f  t h e  90" magnet? 
I understand t h i s  i s  a  r a t h e r  novel des ign  w i t h  a  t h i r d - o r d e r  c o r r e c t i o n  
and w i t h  a  v e r y  h i g h  mass r e s o l u t i o n .  

Lund: Yes, t h a t ' s  b a s i c a l l y  what I can say about  t h e  magnet. There 's  a  - 
s p e c i a l  c o r r e c t i o n  gap t h a t ' s  been machined i n t o  t h e  p o l e  p iece  i n  t h e  m idd le  
o f  t h e  90-degree r a d i u s .  So i t  does have h igher -o rder  c o r r e c t i o n s  making 
i t  p o s s i b l e  t o  ach ieve  r e s o l u t i o n s  l i k e  1  i n  200. 

M idd l  e ton :  W i th  reasonab le  so l  i d  ang le?  

Lund: Yes. 

.M idd le ton :  Has t h i s  been t e s t e d ?  

Lund: We should ask ~ r n o l d  Peterson t h a t  questio,n. The answer i s  yes, they  - 
have r u n  i t  a t  t h e  f a c t o r y ,  b u t  we have n o t  r u n  a  beam through t h i s  one y e t .  
T h i s  i s  n o t  t h e  f i r s t  one o f  these mdgn.ets thal; they, have produced. 

Storm: Who made t h e  magnet? 

Lund : General Ionex manufactured i t  themselves . 
No6: Our i n j e c t o - r  w i l l  have a  1  i n  100 r e s o l u t i o n  magnet w i t h  abuu l  ;1 1.5- - 
i n c h  gap. I d o n ' t  t h i n k  i t  has t h e  spec ia l  f ea tu res  t h a t  deal  w i t h  h i ghe r -  
o r d e r  a b e r r a t i o n s .  

A l l e n :  What s p o t  s i z e  can you have i f  you want 1 i n  200 r e s o l u t i o n ?  

Lund,: I c a n ' t  quote a  number o f f  hand. -.- 

A l l e n :  I t  l o o k s  l i ke a  r a t h e r  s n ~ a l l  r a d i u s  magnet, so I waulrl ~ ~ ~ J E S S  t h a t  - 
t h e  spo t  s i z e  should be r a t h e r  smal l  t o  g e t  t h a t  r c s o l u t i o n .  

Jones: The magnet d o e s n ' t  have a  homogeneous f i e l d .  I s  ' t h a t  c o r r e c t ?  

Lund: T h a t ' s  r i g h t .  - 
Jones: Can ynlr t e l l  us how i t  i s  shaped? 

Lund: I r e a l  1 y d o n ' t  know the  d e t a i l s  of i t ,  Charles,  o t h e r  than t h e  f a c t  
t h a t  t h e y ' v e  made t h i s  e x t r a  c u t  i n  t h e  m idd le  o f  t h e  1~1aynet t o  p r o v i d e  
h i ghe r -o rde r  co r rec t i u r r s  on t he  f r i n g i r ~ y  f i e l d s .  

M idd le ton :  I t h i n k  i t  has e s s e n t i a l l y  a  un i f o rm  f i e l d .  

NO&:  General Ionex i s  making some magnets now t h a t  have a1 t e r n a t i n g  grad- - 
i e n t s  which p rov ides  s t r ong  focussing e f f e c t s  . 
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SURVEY OF GAS MIXTURES USED I N  ELECTROSTATIC ACCELERATORS 

by 

N .  Burn 

Chalk River  Nuclear Labora to r i e s  

Chalk Rive.r , Onta r io  

CANADA, X O J  1 J O  

I n t r o d u c t i o n  

Ear ly  i n  J u l y  1980 I r ece ived  t h e  SNEAP " F i r s t  Announcement" t o -  ' . . 

g e t h e r  w i th  t h e  decep t ive ly  innocuous comment " W e  welcome your 

sugges t ions  f o r  t o p i c s  t o  d i s c u s s " .  Being a  long  t i m e  a f i c i o n a d o  

o f  su lphur  hexa f luo r ide  (SF,) I w a s  n a t u r a l l y  prompted t o  sugqes t  

as a t o p i c  $or d i scuss ion  "Gas Mixtures - where i t ' s  a t ,  1980". 

Two months l a t e r  when t h e  o f f i c i a l  program a r r i v e d ,  I s a w  t h a t  1 

was be ing  h a i l e d  a s  t h e  keynote speaker!  But s e r i o u s l y ,  knowing ' 

how much work i s  involved i n  o rgan iz ing  a  meeting o f  t h i s  t y p e ,  

I was only  t o o  happy t o  a s s i s t  J i m  B i l l e n .  

I d u t i f u l l y  s e n t  o u t  survey forms t o  30 l a b o r a t o r i e s  u s ing  a l i s t  

taken from t h e  1978 SNEAP Proceedings ,  then  s a t  back w a i t i n g  f o r  

t h e  in format ion  t o  pour i n .  And pour i n  it d i d  - t h e r e  was a  

g r a t i f y i n g  86% r e t u r n  r a t e .  A t  t h i s  p o i n t  I would l i k e  t o  thank 

most s i n c e r e l y  a l l  o f  t hose  who p a r t i c i p a t e d  i n  t h i s  survey.  I ' m  

s u r e  you a l l  n o t i c e d  t h e r e  were some r e l e v a n t  q u e s t i o n s  on t h e  

form, f o r  example ques t ion  2 " I n s t i t u t i o n " ,  and I ' m  p l ea sed  t o  

r e p o r t  t h a t  a-lmost everyone managed t o  g e t  t h i s  one c o r r e c t .  I 

a l s o  l ea rned  some very i n t e r e s t i n g  f a c t s  no t  even connected w i t h  

i n s u l a t i n g  gas .  I l e a r n e d  t h a t  one o f  ou r  former SNEAP members 

had d i sappeared  wi thou t  . t r a c e .  .I a l s o  had a  r e p l y  i n  French from. 

S t rasbourg  wi th  t h e  .cryptic.comment "VIVE LA COURROIE" w r i t t e n  

a c r o s s  it: , 



Perhaps  t h e  most s i g n i f i c a n t  t h i n g  t h a t  I l e a r n e d  was something 

which I had l o n g  hypothes ized  on; t h i s  survey f i n a l l y  gave m e  t h e  

chance t o  prove it. I n  t h e  bottom l e f t  hand co rne r  o f  t h e  survey 

form I had provided  a space f o r  t h e  d a t e .  When I p l o t t e d  t h e s e  

d a t e s  a g a i n s t  the l o c a t i o n  o f  t h e  l a b o r a t o r i e s  I came up wi th  t h e  

curve  shown i n  F igu re  1. Orsay,  one o f  t h e - l a b o r a t o r i e s  f u r t h e s t  

away from Chalk River  r e t u r n e d  t h e  survey f i r s t  and,  a s  I r e a l i z e d  

when I s t a r t e d  t o  compile d a t a ,  I had n o t  f i l l e d  i n  my own survey ,  

t h u s  p u t t i n g  Chalk River  l a s t !  The dashed v e r t i c a l  l i n e  a t  two 

weeks r e p r e s e n t s  t h e  minimum turn-around t i m e  for mai l ing .  The 

d o t t e d  break i n  t h e  curve  is  t h e  de i ay  t h a t  w a s  caused by y e t  

ano the r  . i n  a con t inu ing  series o f  Great Canadian M a i l  S t r i k e s .  

H i s t o r i c a l  Backqround 

I n  1965,  based  on s e v e r a l  y e a r s  o p e r a t i n g  exper ience  a t  Chalk 

R ive r ,  ~ s h b a u ~ h ' )  wrote  what w e  thought  was a d e f i n i t i v e  paper on 

i n s u l a t i n g  g a s  - 100% SF,. E igh t  y e a r s  l a t e r  i n  1973 ,  a t  t h e  

F i r s t  I n t e r n a t i o n a l  Conference on t h e  Technology o f  E l e c t r o s t a t i c  

A c c e l e r a t o r s  h e l d  i n  Daresbury, ~ s h b a u ~ h ~ )  re -a f f i rmed h i s  b e l i e f  

i n  pure  SF, and e l a b o r a t e d  on t h e  most e f f e c t i v e  ways o f  storing 

and handl ing  t h e  g a s ,  a long w i t h  a p p r o p r i a t e  s a f e t y  p recau t ions .  

A t  t h e  same conference ,  ~ e t o u r n e l ' )  de sc r ibed  vo l t age  tests on t h e  

S t r a sbourg  MP Tandem us ing  pure  SF,. 

I n  1976, w i t h  t h e  con t inu ing  accumulation o f  exper ience  from many 

MP Tandem i n s t a l l a t i o n s ,  s k o r k a 4 )  a t  t h e  I n t e r n a t i o n a l  Conference 

on Tandems h e l d  i n  T r i c o t c  wrote  "Pure SF, w i l l  be s l a a d a d  i n  
f u t u r e  f o r  a l l  l a r g e r  i n s t a l l a t i o n s " .  This  s t a t emen t  came a s  a 

r e s u l t  of  d i r e c t  comparisons a t  Munich between pure  SF, and a 30% 

mixture  and where a dramat ic  r educ t ion  o f  r e s i s t o r  f a i l u r e s  w a s  . . ,  

observed  wi th  t h e  pure  gas  even a t  t h e  h i g h e r  t e r m i n a l  v o l t a g e s  

a t t a i n a b l e .  Such was t h e  s ta te  o f  a f f a i r s  on i n s u l a t i n g  gas ,  t h a t  

t h e  t o p i c  r ece ived  no mention whatsoever a t  t h e  Second I n t e r n a t i o n a l  



"onference on E l e c t r o s t a t i c  . A c c e l e r a t o r  Technology h e l d  i n  

, t r a sbou rg  i n  1977. 

L a t e r  t h a t  same y e a r ,  however, a t  t h e  1977 SNEAP Meeting h e l d  i n  

Los Alamos, sates) p r e s e n t e d  a paper  i n d i c a t i n g  t h a t  a  f o u r  com- 

ponent  mix ture  was s u p e r i o r  t o  pure  SF,. A t  t h e  1978 SNEAP Meet- 

i n g  i n  Oak Ridge t h e r e  w e r e  two more pape r s  a l s o  q u e s t i o n i n g  t h e  

s u p e r i o r i t y  o f  pure  SF,. ~ r o a d h u r s t ' )  had made s m a l l  s c a l e  tests 

on a series o f  ga se s  i n c l u d i n g  Minnesota and Yale m i x t u r e s ;  

wegner7) had c a r r i e d  o u t  f u l l - s c a l e  tests  a t  Brookhaven i n  MP-7. 

Both r e p o r t s  i n d i c a t e d  t h a t  pure  SF, w a s  pe rhaps  n o t  t h e  optimum 

gas  t o  use .  Which prompted m e  t o  ask  t h e  q u e s t i o n  "Gas Mixtures  - 
where i t ' s  a t ,  1980". 

Survey R e s u l t s  

Survey forms were s e n t  o u t  t o  30 l a b o r a t o r i e s ;  t h e r e  w e r e  26 re- 

t u r n s  l i s t i n g .  a t o t a l  o f  31 a c c e l e r a t o r s .  A comprehensive l i s t i n g  

by a c c e l e r a t o r  t ype  g i v i n g  gas  mix ture  d e t a i l s ,  p r e s s u r e ,  mo i s tu r e  

and l o s s e s  is given i n  Table  1. The a c c e l e r a t o r s  were a r b i t r a r i l y  

l i s t e d  i n  o r d e r  of  ascend ing  t e r m i n a l  v o l t a g e ;  t h i s  methpd o f  

l i s t i n g  a l s o  p rov ides  a conven ien t  grouping o f  a c c e l e r a t o r s  such 

as FN's and MP's. From t h e  t a b l e  w e  can make t h e  fo l lowing  

g e n e r a l i z a t i o n s  about  t h e  group o f  a c c e l e r a t o r s  surveyed:- 

1. 55% use  pure ( o r  nominal ly  pu re )  SF,. 

2. 78% use  SF, a s  one component 0.f t h e  i n s u l a t i n g  gas .  

3 .  50% keep t h e  mois ture .  l e v e l  below 20 ppm (on ly  one 

l a b o r a t o r y  does n o t  use  an  a c t i v a t e d  alumina r e c i r c u -  

l a t o r / d r y i n g  system) . 
4 .  No one ha s  a p u r i f i c a t i o n  sys tem t o  remove a i r .  

5. Reported annua l  l o s s e s  va ry  from 1% up t o .  100%. 



Discuss ion  

I t  is i n t e r e s t i n g  t h a t  e i g h t  o u t  o f  t h e  17 u s e r s  o f  "pure" SF, 

i n d i c a t e  an a i r  contaminat ion anywhere from 1% up t o  a s  much as 

20%. What is  more i n t e r e s t i n g  is t h a t  n o t  one s i n g l e  l a b o r a t o r y  

h a s  a p u r i f i c a t i o n  system t o  remove a i r .  I t  i s  obvious ly  f e l t  

t h a t  t h e  d e l e t e r i o u s  e f f e c t  o f  a i r  i s  n o t  s i g n i f i c a n t  enough t o  

w a r r a n t  t h e  c a p i t a l  c o s t  o f  b u i l d i n g  a p u r i f i c a t i o n  system - o r  

perhaps  it is  j u s t  t h a t  a l a r g e  s c a l e ,  e f f i c i e n t ,  economical  pu r i -  

f i c a t i o n  system has  n o t  been developed t o  d a t e  although s e v e r a l  

attempts liavc heen made. l o )  Perhaps, s i n c e  i n  most f a c i l i t i e s  

clean-up need on ly  be  done once eve ry  f e w  y e a s ,  il: might bc 

f e a s i b l e  f o r  one o f  t h e  manufacturers  o f  SF, t o  b u i l d  a mobile 

p u r i f i c a t i o n  system t h a t  could be l e a s e d  o r  r e n t e d  t o  i n t e r e s t e d  

l a b o r a t o r i e s .  

Only one l a b o r a t o r y  r e p o r t s  u s ing  SF, i n  a b i n a r y  mix ture  (SF,/N,: 

60/40) .  I n  t e r t i a r y  mix tures  exc lud ing  "pure" SF, w i t h  a i r  con- 

t a m i n a t i o n ,  t h e  c o n c e n t r a t i o n  o f  SF, i s  g e n e r a l l y  between 40% and 

46% a l though  one l a b o r a t o r y  uses  20% and a n o t h e r ' o n l y  10%. Qua- 

t e r n a r y  mix tures  appear  t o  be  t e r t i a r i e s  w i th  a i r  contaminat ion 

p r o v i d i n g  t h e  f o u r t h  component, oxygen. 

Reported l o s s e s  vary  tremendously,  b u t  i n  g e n e r a l  t h e  l a r g e r  t h e  

a c c e l e r a t o r ,  t h e  lower t h e  l o s s e s .  Losses a r e  u s u a l l y ,  b u t  'not  

i n v a r i a b l y  lower  when us ing  SF, e i t h e r  pure o r  as a component of  

t h e  gas  mixture .  Obviously t h e  l o s s  f i g u r e  should n o t  be con- 

s i d e r e d  wi thout  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  t o t a l  gas  inventory .  

I would l i k e  t o  conclude by aga in  thanking  a l l  of t h o s e  w h o  toolc 

p a r t  i n  t h e  survey.  I hope t h a t  t h i s  p r e s e n t a t i o n  and i n  p a r t i c u -  

l a r  Table  1, w i l l  p rov ide  a meaningful background f o r  t h e  remainder 

of t h i s  ' s e s s i o n .  
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SF, S U R V E Y  R E T U R N  T I M E S  

T I M E  I W E E K S 1  - 
Figure 1. 



Accelerator Maximum Gas Mixture (%) Operating Moisture Losses 

Type Voltage SF, N, O2 C02 Pressure ( P P ~ )  % 

( M v )  (psig) 
----.--- - - ---- - -- 

* 100 2 UH 2.0 100 -- 100 
2 UDH ' 2.0 * 100 90 -- 10. 

Dynami t ron 
Dynami tron 

Notre Dame 3 

Los Alamos 

MF' 
MI' 
MP 
MP 
MP 
MP 
MP 
MI' 

25 URC 

* 87 + Air 
* 100 

20 60 

* 100 
* 80 + A i r  

* 99 + Air 
10 72 

* 8 0 + A i r  
* 87 + Air  

80 
80 

* 98 + A i r  
80 

60 40 

46 43 5 6 
38 5 1  11 

* 96 + Air 
40 55 3 2 

* 100 
* 85 + Air 

46 43 5 6 
* 91  + Air 

* "Pure" SF6 - 8 out  of 17 users  i nd i ca t e  a i r  contamination of 1% to 20% 



Sayl'or: .Please t e l l  us what the  l o s s  percentage i s  again? 

Burn: Yes, ,the l o s s  percentage which i s  genera l l y  repor ted  e i t h e r  i n  - 
c y l i n d e r s  o r  pounds i s  1 i s t e d  here as a  percentage o f  t h e  t o t a l  i nven to ry .  
I t  i s  t h e  l o s s  per yea r .  

No i :  One f i g u r e  i n  t he  mois tu re  content  column stands ou t ,  and t h a t  i s  an - 
FN w i t h  pure SF6 r e p o r t i n g  500 ppm which i s  excep t i ona l l y  wet. Do you have 
a  comment on t h a t ?  I s  t h a t  d e l i b e r a t e  o r  inadver ten t?  

Burn: Perhaps the  FN user w i l l  s tand up and i d e n t i f y  h imse l f .  I c a n ' t  - 
comment on t h a t .  I t  was s imply repor ted  on the  survey form. 

Den Hartog: I t h i n k  t h a t  might  be us b u t  I ' m  n o t  sure because I d i d  n o t  
fill o u t  the  form. We do n o t  measure t h e  water content  and we are  the  one 
l a b  l i s t e d  t h a t  does n o t  r e c i r c u l a t e  S F 6 .  The 98% p lus  a5r  n o t a t i o n  i s  A 

i n t e r e s t i n g  because according t o  my l a s t  gas ana lys i s  t h a t  i s  n o t  c o r r e c t .  
Our a i r  contaminat ion i s  very smal l ,  probably much l e s s  than 1%. But t h a t  
does n o t  agree w i t h  what we know t o  be our  experience w i t h  i nadve r ten t  
contaminat ion, so something i n  t he  system must be g e t t e r i n g  the  oxygen and 
n i t r o g e n .  

Burn: Maybe we can have some comments on t h a t .  The observed r a t i o  o f  
oxygen t o  n i t r o g e n  i n  machines w i t h  a i r  contaminat ion i s n ' t  always the  
same as i t  i s  i n  atmospheric a i r .  We d i d  some t e s t s  a t  Chalk River  on a i r  
contaminatio'n. I t h i n k  we have a  very h igh  oxygen contaminat ion. One 
would expect t h a t  t h e  oxygen would be used up, bu t  i n ,  f a c t  t he  r a t i o  was 
r i c h e r  i n  oxygen. 

Fauska: I not i ced  t h a t  even though you mentioned t h a t  somebody used Freon 
i n  t h e  machine, I d o n ' t  see t h a t  on the  survey form. Also, why has no one 
t r i e d  pure Freon 12, f o r  example? 

Burn: Yes, t h a t  i s  t he  Las Alamos machine t h a t  uses two components : n i t rom - 
gen and Freon 12. 

J. Tesmer: The numbers l i s t e d  here are f o r  t h e  ou te r  reg ion  o f  the  machine 
which we never go i n t o .  The i n n e r  reg ion  i s  the one t h a t  has the  Freon 12. 

Letou.rnfl: About t he  mois tu re  content,  the  l a s t  MP 1  i s t e d  I t h i n k  i s  the  
Strasbourg machine. It says 6U b u t  i t  i s  a c t u a l l y  40 ppm. We run w i t h  SF6 
contaminated w i t h  c lose  t o  10% o f  a i r .  We use an empi r ica l  formula t o  de- 
termine the p a r t i a l  pressure o f  SF6 needed i n  MP-10. The formula i s  

where P i s  t he  pressure i n  kg/cm2 and V i s  the  te rmina l  vo l  tage i n  MV. This  
comes from an examinat ion o f  t he  curve fo r  our  pas t  opera t ing  experience. 

Pohl : Does anyone a c t u a l l y  know whether t h i s  a i r  contaminat ion harms your  
maximum vol tage? Does a  5% a i r  contaminat ion degrade your performance 5%? 



Burn: I t degrades t he  performance somewhat, b u t  a i r  does have d i e l e c t r i c  - 
streng th .  I t h i n k  t h a t  was t he  comment t h a t  Michel  was making. Were you 
s u b t r a c t i n g  t he  a i r  percentage complete ly ,  Michel  ? 

Le tourne l :  We c a l c u l a t e  f i r s t  t h e  amount o f  SF6 we need. We know t h a t  we 
have t h i s  10% contaminat ion,  so we add more,gas t o  g e t  t h e  r i g h t  amount o f  
SF6. 

Burn: So you assume t h a t  t h e  a i r  con tamina t ion  does no th i ng  as f a r  as 
i n s u l a t i n g  p r o p e r t i e s  a r e  concerned. 

Le tourne l  : Yes. 

Rowton: We had an o p p o r t u n i t y  t o  change a l l  o f  o u r  tank  gas. We c o l l e c t e d  
enough s u l f e r  hex t o  make a  t o t a l  change so we were c e r t a i n  t h a t  t h e  gas i n  
t he  tank  was pure.  The gas we took  o u t  accord ing  t o  spec t rograph ic  a n a l y s i s  
was approx imate ly  50% a i r .  I was r e a l l y  expec t ing  a  gross change, b u t  t h e r e  
was v e r y  l i t t l e  i f  any change n o t i c e a b l e  i n  t h e  ope ra t i ng  p o t e n t i a l  o f  t h e  
machine. 

.Larson: I ' d  l i k e  t o  make two comments. Even 5% o f  oxygen a t  10 atmospheres 
ought  t o  suppor t  combustion reasonably  w e l l .  A 50% a i r  mix  i n  t h e  acce le ra -  
t o r  sounds' f a i r l y  dangerous. Perhaps some o f  you know t h a t  a i r  was used i n  
a c c l e r a t o r s  u n t i l  some acc iden ts  and f i r e s '  convinced people t h a t  i t  was n o t  
a  good t h i n g  t o  do. I ' d  be a  1 i t t l e  b i t  cau t i ous  about  combust ib le  m a t e r i a l s  
i n  a c c e l e r a t o r s  t h a t  have t h a t  much a i r .  Secondly, w i t h  r ega rd  t o  P a t ' s  com- 
ment on g e t t e r i n g ,  i t  seems e n t i r e l y  p o s s i b l e  t o  burn up t h e  a i r  i n c l u d i n g  
t he  n i t r o g e n  s i n c e  n i t r o g e n  i s  reasonably  a c t i v e  chemical l y ,  by p u t t i n g  some 
m a t e r i a l  ( p robab l y  a  s o l i d )  i n t o  the  c i r c u l a t i n g  loops  o r  i n t o  t h e  t ank  i t -  
s e l f  and then p u l l  i t  o u t .  You would need, perhaps, some k i n d  o f  mechanism 
f o r  rep1 ac ing  c a r t r i d g e s .  

Burn: I t h i n k  a t  Canberra they  d i d  t h i s  by a l l o w i n g  t h e i r  s to rage  tanks t o  - 
r u s t .  

Larson: There a r e  perhaps more c o n t r o l l e d  ways t o  do t h i s .  

Burn: I t h i n k  t h a t  once you s t a r t  g e t t i n g  a  h i g h  p r o p o r t i o n  o f  oxygen i n  - 
t h e  m i x t u r e  people should s t a r t  wor ry ing  about combust ib le  m a t e r i a l s  and 
t h e  danger o f  f i r e .  Tha t ' s  a  ve ry  v a l i d  comment, Pan. 

Chapman: I f  you l o o k  a t  t he  FN machines and you i g n o r e  t h e  two w i t h  100% 
losses ,  t h e  l e a k  r a t e  f o r  a l l  o f  them i s  something l i k e  10% pe r  y e a r .  That  
represen ts  an expend i tu re  o f  about $4000. For a l l  o f  t h e  MP machines t h e  
l osses  a r e  much nearer  4%. I wonder i f  t h e r e  i s  some . c h a r a c t e r i s t i c  o f  t h e  
FN tank  t h a t  makes i t  p a r t i c u l a r l y  vu lne rab le  t o  l osses .  We've had some 
problems w i t h  door gasket sea ls .  We a r e  i n  f a c t  bothered by t h a t  10% l o s s  
a  year .  

Burn: Does anyone e l s e  have any comment on t h e  l osses?  - 



~ o e :  We've been t r o u b l e d  w i t h  losses  too,  and they  seem t o  .be a lmost  en- - 
t i r e l y  when pumping t h e  machine o u t ,  e s p e c i a l l y  w i t h  a  compressor. There 
a r e  measurable losses  from door sea ls  and t h e  l i k e ,  b u t  we d o n ' t  b e l i e v e  
t h a t  t h e y  amount t o  a  s i g n i f i c a n t  p a r t  o f  t h e  l o s s .  

Burn: W i th  t h e  MP a t  Chalk R i ve r  each t ime  we p r e s s u r i z e  we go over  a l l  
t h e  door sea l s  t h a t  have been open w i t h  a  SF6 d e t e c t o r  l o o k i n g  f o r  l e a k s .  
Presumably o t h e r  people do t he  same t h i n g .  

Weitkamp: A t  Washington we have a  l e a k  on t h e  gasket on t h e  compression 
s h a f t  t h a t  pu t s  compression on t he  column. The o n l y  way I can f i g u r e  o u t  
t o  f i x  t h a t  i s  t o  t a k e  t h e  whole machine a p a r t .  

Chapman-: A t  F l o r i d a  S ta te .  we have a  l e a k  i n  t h e  same p lace .  

Burn: 1 t . sounds  l i k e  a l e a k  y o u ' r e  go ing t o  have t o  l i v e  w i t h  f o r  awh i l e .  - 
Jones: I 'ni  not  sure t h a t  M ichae l 'b  ques t i on  eve? g o t  answcrcd. I ' m  n o t  
aware o f  any evidence t h a t  small concen t ra t i ons  o f  a i r  have a  d e l e t e r i o u s  
e f f e c t  on vo l  tage  h o l d i n g  capab i l  i ty.  

Burn:  Our i n d i c a t i o n  a t  Chalk R i v e r  i s  t h a t  we have an a i r  con tamina t ion  o f  - 
about ' l . 5% and we s t i l l  r u n  up t o  about 85 p s i  a t  13 MV.  I f  you t a k e  i n t o  
account  t h e  p a r t i a l  p ressure  o f  t h e  SF6 then you would expect  t h a t  you would 
need more gas than  t h a t .  

Jones: The problem w i t h  a i r  con tamina t ion  i s  i n  s t o r i n g  i t .  

Burn:  I t h i n k  t h e  main problem, as Char les j u s t  commented, i s  s to rage .  I f  
one uses 1  i q u i d  s to rage  and t h e  a i r  con tamina t ion  b u i l d s  up, then  one i s  
unab le  t o  g e t  a l l  o f  t he  gas back i n t o  t h e  s to rage  volume. 

Mas t ro i ann i :  To answer t h e  ques t i on  about  a i r  a f f e c t i n g  t h e  i n s u l a t i n g  qua l -  
i t y  o f  t h e  gas: one o f  t h e  p o s s i b l e  uses o f  SF6 i s  f o r  g a s - f i l l e d  t r ansm iss ion  
l i n e s .  These a r e  h i gh -vo l t age  t ransmiss ion  l i n e s  i n  t h e  form o f  a  coax ia l  
c a h l e  t h a t  r u n  i n  t h e  range 178 t o  1200 kV. The gas i n  t h e  bus sees t h e  same 
k i n d  o f  e l e c t r i c  f i e l d s  t h a t  you have i n  your  a p p l i c a t i o n .  Your vo l tages  a r e  
h i g h e r  b u t  you r  gaps a r e  h i ghe r  so t h e  e l e c t r i c  f i e l d s  a r e  comparable. Even 
w i t h  50-60% a i r  w i t h  SF6 i n  a  t ransmiss ion  l i n e  t h e r e  i s  no f a l l  o f f  i n  t h e .  
60-Hz breakdown v o l  tage.  There 's  r e a l  l y  'I i ttl e e f f e c t .  I have ~IIULII~I. CCJ~'II- 

ment on t h e  s u b j e c t  o f  burn ing .  A majo r  use o f  SF6 i s  i n  h i gh -vo l t age  c i r -  
c u i t  breakers.  A h igh -vo l  tage c i r c u i t  breaker  i s  b a s i c a l l y  a  f use  i n  t h e  
t ransmiss fon  system t h a t  absorbs energy i n  a s w i t c h i n g  surge, r a t h e r  than  
have t h e  surge h i t  t h e  t rans fo rmers  and blow them up. The SF6 c i r c u i t  breaker  
i s  i n i t i a l l y  i n  t h e  c l osed  p o s i t i o n  and as t h e  surge comes i n  t h e  con tac t s  
break a p a r t .  Some o f  these  breakers a r e  r a t e d  a t  50 kA and t h e  i n t e r u p t i o n  
can occur  i n  2 o r  . 3  c y c l e s .  Os tens ib l y  t h e  SF6 i s  pure, b u t  sometimes they  
g e t  as much as 30 o r  40% a i r  .in thein. I n  t h a t  k i n d  o f  a r c ,  you g e t  decomposi- 
t i o n  b u t  you d o n ' t  g e t  runaway burn ing .  



Larson: I may have s a i d  something wrong. I hope I s a i d  i t  cou ld  suppor t  
combust ion.  Do people  pu t  combust ib le  m a t e r i a l s  i n  those  c i r c u i t  b reakers?  
I doubt i t .  

.Mas t ro i ann i :  So~lle o f  t h e  epoxy i n s u l a t o r s  a r e  combust fb le .  I f  t h e r e  i s  a 
f l a shove r  i n v o l v i n g  any s o l i d  suppor t  mate r i .a l  c o n t a i n i n g  carbon,' you can 
see some invo lvement ,  b u t  i t  i s  n o t  a  runaway r e a c t i o n  ;. The 'SF6 t h a t ' s  l e f t  
wi l -1 u l t i m a t e l y  e x t i n g u i s h  t h e  a r c .  

Den Har tog:  Everybody e l s e  seems t o  be v e r y  concerned about  t h e  m o i s t u r e  
con ten t .  Is t h e r e  evidence t h a t  t h i s  i s  i m p o r t a n t ?  

Burn: I t h i n k  t h e  cause f o r  concern t h e r e  i s  perhaps t h a t  t h e  SF6 break-  - 
down produc ts  r e a c t  w i t h  m o i s t u r e  t o  cause d e t e r i o r a t i o n  o f  m a t e r i a l s  i n -  
s i d e  t h e  a c c e l e r a t o r .  One cause f o r  concern i s '  t h e  n y l o n  l i n k s  i n  t h e  
P e l l e t r o n  cha ins .  The re ' s  some evidence t h a t  breakdown p roduc ts  may a f f e c t '  
t h e  s t r e n g t h  o f  t h e  ny l on .  

Den Har toq:  Our ~ e l l e t r o n  has been i n  opeba t ion  f o r  s i x  years  now w i t h  no 
breaks . 
Mas t ro i ann i :  There has been a  l o t  o f  work on t h e  e f f e c t s  o f  m o i s t u r e  con- 
t e n t  on breakdown v o l t a g e .  The breakdown v o l t a g e  w i l l  be a f f e c t e d  v e r y  
adve rse l y  i f  t h e r e  i s  m o i s t u r e  p resen t  i n  t h e  form o f  wa te r  i n  t h e  condensed 
phase. There was a r ecen t  paper t h i s  summer i n  Boston by some peo.ple from 
Sw i t ze r l and  t h a t  showed t h a t  t h e  d i e l e c t r i c  s t r e n g t h  o f  SF6 bo th  f o r  60-Hz 
systems and f o r  s w i t c h i n g  systems s t a r t e d  t o  d e t e r i o r a t e  when t h e  m o i s t u r e  
con ten t  approached 50% r e l a t i v e  hum id i t y .  

Burn:  I t h i n k  another  ma jo r  concern f o r  l ow  m o i s t u r e  c o n t e n t  i s  t h a t  systems - 
t h a t  r u n  w i t h  a  b e l t  g i v e  poor performance w i t h  h i g h  m o i s t u r e  con ten t .  



I n s u l a t i n g  Gas Fas t  Transfer  'System 

Claude Brassard ,  Labora to i re  d e  Physlque NucliZai.re, 

1- In t roduc t ion  

A t  t h e  Un ive r s i t 6  de MontrGal, we have been working f o r  t h e  
p a s t  f i v e  yea r s  on v a r i o u s  problems r e l a t e d  t o  SF . We succeeded i n  
pu r i fy ing  t o  b e t t e r  than  99.9% t h e  SF of our EN @andem, which contained 

6  35% a i r ,  and of our  Dynamftron, which was contaminated wi th  10% a i r . '  
This  s e p a r a t i o n  w a s  accom l i s h e d  a t  t h e  r a t e  o t  1 c y l i n d e r  pe r  day, 
u s ing  a  shnp le  devi'ce 1,2y which is  inexpensive t o  b u i l d  and t o  opera te .  
I n  1980, w e  have a l s o  i n v e s t i g a t e d  t h e  f e a s i b i l i t y  of s t o r i n g  3, SF6 ad- 
sorbed i n  a c t f v a t e d  cha rcoa l ,  i n s t e a d  of a s  l i q u i d  o r  a p re s su r i zed  gas.  

The SF t r a n s f e r  system which we a r e  r e p o r t i n g  h e r e i n  has  been 
6  i n  s u c c e s s f u l  o p e r a t i o n  f o r  more than  two yea r s  i n  its p resen t  form. 

Taking i n t o  cons ide ra t ion  a  p o s s i b l e  r i s k  of damage t o  t h e  a c c e l e r a t o r s  
from the  unusual ly  f a s t  r a t e  of. t r a n s f e r  o r  from an o i l  contamination; 
we have delayed t h e  p u b l i c a t i o n  of t h e  method. A f t e r  two yea r s ,  we f e e l  
t h a t  t he  method i s  s a f e ,  and w e  hope t h a t  t h e  exper ience  of designing 
and of ope ra t ing  t h e  f a s t  t r a n s f e r  system can be  of u s e  t o  o t h e r  labora-  
t o r i e s .  

The l ayou t  of t h e  t r a n s f e r  system is  s t r a igh t fo rward ,  a s  can , 

be  seen l n . P i g .  I; a  similar des ign  f o r  a  s i n g l e  machine would be  even 
siinpler.  To achieve  a r ap id  t r a n s f e r  system a t  low c o s t ,  two spec ia l '  
f e a t u r e s  have been introduced:  t h e  use  of r e f r i g e r a t i o n  compressors and 
t h e  ope ra t ion  of Roots blowers  a t  high pressure .  I n  a d d i t i o n ,  we s h a l l  
d l s c u s s  t h e  c o n t r o l  system, which i s  unusual.  

2- The u s e  of r e f r i g e r a t i o n  compressors 

Most of t h e  i n s u l a t i n g  gas t r a n s f e r  systems f o r  a c c e l e r a t o r s  
a r e  equipped wi th  un lub r i ca t ed  compressors which use  t e f l o n  sea l ed  p is -  
t ons ,  and our  prev ious  t r a n s f e r  system w a s  no except ion.  Because of 
s u b s t a n t i a l  leakage around t h e  p i s t o n  s e a l ,  t h i s  compressor was changed 
i n i t 3 a l l y  f o r  a  Corbl in  diaphragm compressor. Diaphragm compressors 
a r e  i d e a l  i n  t h i s  a p p l i c a t i o n ,  being unlubr lca ted  and p e r f e c t l y  s ea l ed ;  
un fo r tuna te ly ,  ou r s  was much too  slow, w i th  a  6-hour t r a n s f e r  time. 
S$nce we could n o t  a f f o r d  t h e  two l a r g e r  diaphragm compressors ($75,000. 
i n  1975) wh2ch were r equ i r ed  t o  b r ing  t h e  t r a n s f e r  t ime t o  a  reasonable 
1 112 hour,  we searched f o r  a l t e r n a t i v e s .  

W e  even tua l ly  i n s t a l l e d  a  p a i r  of s t a n d a r d  Tecumseh Model "M" 
(p rev ious ly  "SAW) compressors, i n  p a r a l l e l .  These a r e  s tandard  ( i . e .  
o u t s i d e  motor) ,  t h r e e  cy l inde r ,  o i l  l u b r i c a t e d ,  r e f r i g e r a t i o n  compressors. 
They w e r e  a v a i l a b l e  off- the s h e l f  i n  MontrGal ($2500.each i n  1976).  The 
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modi f i ca t ions  t o  t h e  compressors were t h e  fol lowing:  1 )  we use  vacuum 
pump o i l  i n s t e a d  of t h e  recommended r e f r i g e r a t i o n  o i l  2) an  o i l  f i l t e r  
has  been i n s t a l l e d  on t h e  l i n e  which f eeds  t h e  bear ings  3) a water-cooled 
copper p l a t e  has  been bo l t ed  on top of t he  compressor head. 

I n  a d d i t i o n ,  i t  is  necessary  t o  make s u r e  t h a t  t h e  l a r g e  quan- 
t i t y  of o i l  which f lows wi th  t h e  gas a t  t h e  compressor exhaust r e t u r n s  
t o  t h e  crankcase.  I n  t h e  l a s t  t h r e e  yea r s ,  t h i s  has  been achieved by 
o rd lna ry  r e f r i g e r a t f o n  o i l  s epa ra to r s .  It remains t h e  weak p o i n t  i n  our 
system, s i n c e  we have t o  add o i l  i n  t h e  compressors a f t e r  10 t r a n s f e r  
cyc l e s ;  we a r e  p r e s e n t l y  i n v e s t i g a t i n g  more e f f i c i e n t  coa lesc ing  f i l t e r s .  
The o f 1  w l ~ i c l ~  Is l o s e  from t h e  compressors does not  reach t h e  acce l e ra -  
t o r s ;  i t  is  trapped v e r y  e f f i c i e n t l y  in a home-made ac t iva tnd  charcoa l  
f i l c e r  (volume: 1 7  l i t e r ) ,  which is  rhanged p a r i o d i c o l l y .  A s  a Illla1 
element i n  t h e  system, we i n s t a l l e d  a d u s t  f i l t e r .  

The only  seri 'ous problem which we encountered w a s  a very  s t r o n g  
v i b r a t i o n  which developped only when we r an  both compressors simultane- 
ous ly .  We solved t h e  problem by us ing  pu l l eys  of s l i g h t l y  d i f f e r e n t  d ia -  
meters  on t h e  1 5  HP motors,  t o  i n s u r e  t h a t  t h e  compressors could not  syn- 
chronize.  

3- Operating Roots b lowers  at high p re s su re  

Roots blowers a r e  t h e  pump wi th  t h e  f a s t e s t  tkroughpl.lt at .  a . 
given  p r i c e .  Unfurtunarely,  t h e i r  use  i s  normally l i m i t e d  t o  low pres-  
s u r e s .  Th i s  lisni'tati'on comes from two d i f f e r e n t  e f f e c t s :  f i r s t l y ,  from 
t h e  hea t  load on t h e  r o t o r s ,  and secondly, from t h e  inc reas ing  torque a t  
high pressure .  

The hea t  load e f f e c t  i s  e a s i l y  understood, s i n c e  t h e  r o t o r s  
have very poor thermal  con tac t  wi th  the  case  of t h e  blower. The h e a t  
load i s  p r o p o r t i o n a l  t o  t h e  throughput ( i n  mass pe r  u n i t  of time) and 
i n c  eases  wi th  t h e  compression r a t i o .  A t  very  low i n t a k e  p re s su res  ( i . e .  
lo-' t o r r ) ,  t h e  khroughput i s  n e g l i g i b l e  and t h e  h e a t  load remains rea-  
sonqble  i n  s p i t e .  of t h e  very  h igh  compre.ssin!~ raLiu. Cooling i s  ac l~ ieved  
through t h e  d r i v i n g  g e a r s ,  and a l s o  from the  gas which flows back between 
the r o t o r s  ~ n d  t h e  case ;  a t  t h e s e  low p res su res ,  t h e  mean-free-path of 
t h e  gas  molecules i s  l a r g e r  than  thec l ea rance  between t h e  r o t o r s  and t h e  
case ,  so t h a t  h e a t  can be t r a n s f e r r e d  from t h e  r o t o r s  t o  t h e  case  by suc- 
c e s s i v e  c o l l i s i o n s .  A s  long as we remnin i n  tlrv molecular  regime, i h i s  
gas  cool ing  i n c r e a s e s  p ropor t iona l ly  wi th  throughput and t h e  compression 
r a t s o  can be  maintained.  

When t h e  p re s su re  i nc reases  t o  t h e  t r a n s i t i o n  reg ion  and we 
even tua l ly  reach turhul.ent flow, t h e  h e a t  load cvnt inues  t o  i n c r e a s e w i t h  
throughput whi le  the cool ing  l e v e l s  o f f .  Therefore,  i n  p r i n c i p l e ,  t h e  
compression r a t i o  must be reduced. 

W e  r e a l i z e d ,  however, t h a t  t h f s  lTm3tation s t r i c t l y  a p p l i e s  t o  



cont inuous ope ra t i on ;  i t  was c a l c u l a t e d  from t h e  compression energy in-  
volved and from t h e  thermal mass of t h e  r o t o r s  t h a t  we could no t  o b t a i n  
a  dangerous temperature  r i s e  dur ing  a  s i n g l e  t r a n s f e r .  To guard a g a i n s t  
t h e  p o s s i b i l i t y  of  overhea t ing  i n  s i t u a t i o n s  of  r ap id  succes s ive  t r ans -  
f e r s ,  we i n s t a l l e d  a  temperature  sensor  i n  t h e  gas  flow a t  t h e  exhaust  
of t h e  Roots blower. This  sensor  i n t e r l o c k s  t h e  c o n t r o l  system a s  des- 
c r ibed  below. 

The second l i m i t a t i o n  of i nc reas ing  torque  cannot be  comple- 
t e l y  overcome u n l e s s  a s p e c i a l  Roots blower,  w i t h  s t r o n g e r  s h a f t s ,  bear- 
i n g s  and g e a r s  Is b u i l t  f o r  t h i s  purpose. S ince  w e  had a  s p a r e  10  HP 
DC motor i n  the.  l abo ra to ry ,  we used i t  t o  d r i v e  t h e  blower i n  a  torque-  
l i m i t e d  con f igu ra t i on .  Th i s  motor i s  simply f e d  from a 6-diode 3-phase 
b r idge  r e c t i f i e r  connected d i r e c t l y  t o  t h e  550 v o l t  power mains,  w i th  a 
l i m i t i n g  r e s i s t o r  i n  series. For t h i s  r e s i s t o r ,  we used water-cooled 
hea t ing  elements .  A v a r i a b l e  speed AC motor c o n t r o l  would perform b e t -  
ter i n  t h i s  a p p l i c a t i o n ,  b u t  i t  was no t  a v a i l a b l e .  

4- The Cont ro l  System 

T t  was f e l t  r a t h e r  s t r o n g l y  t h a t  t h e  ope ra t i on  of t h e  new t r ans -  
f e r  system should be made a s  p r a c t i c a l  and a s  s a f e  a s  p o s s i b l e .  There- 
fore. ,  we wanted t h e  p o s s i b i l i t y  of i n t roduc ing  v a r i o u s  i n t e r l o c k s  i n  
t h e  system, and of re ta i :ning f u l l  c o n t r o l  i n  c a s e  of power f a i l u r e .  

These cons ide ra t i ons  l e d  t o  t h e  c o n s t r u c t i o n  of a  r a t h e r  so- 
p h i s t i c a t e d  c o n t r o l  system which has  performed very  r e l i a b l y .  The sys- 
t e m  c o n s i s t s  of  t h r e e  c o n t r o l  consoles ;  t h e  main pane l  is  l o c a t e d  nea r  
t h e  compressors and two remote s t a t i o n s  permit  l o c a l  o p e r a t i o n  a t  t h e  
tandem and a t  t h e  Dynamitron. Pneumatic l o g i c  was used t o  implement t h e  
system. Informat ion  is  t r a n s f e r r e d  between pane l s  and t o  t h e  SF va lves  

6  
through p re s su r i zed  copper tubes .  A i r  p r e s s u r e  a l s o  runs  a  Haskel boos- 
ter which s u p p l i e s  750 p s i  of hyd rau l i c  p r e s s u r e  t o  t h e  h y d r a u l i c  cy l in -  
d e r s  which a c t u a t e  t h e  SF va lves .  

6  

The pneumatic l o g i c  was p r e f e r r e d  over  t h e  much s impler  e lec-  
t r o n i c  c i r c u i t  because of t h e  requirement  of main ta in ing  c o n t r o l  of t h e  
sys tem's  va lves  dur ing  power f a i l u r e s .  We b e l i e v e  t h a t  a  l o c a l  p ressur -  
i zed  a i r  r e s e r v o i r  c o n s t i t u t e s  a  much more r e l i a b l e  form of energy s t o r -  
age t han  lead-acid o r  NiCd b a t t e r i e s .  

5- Overa l l  system performance 

With t h e  new system descr ibed  above, t h e  SF t r a n s f e r  t ime, 
6  

from t h e  1200 cu. f t .  Dynamitron t o  t h e  r e s e r v o i r  ha s  been reduced t o  
a t o t a l  of 50 t o  70 mfnutes depending on t h e  i n i t i a l  p r e s s u r e  (60 t o  90 
p s i g ) .  The, s,y.stem has  been performing very  r e l i a b l y  over  t h e  l a s t  two 
yea r s ,  without  any damage t o  t h e  a c c e l e r a t o r s .  

The SF l o s s  from normal o p e r a t i o n  i s  t o t a l l y  n e g l i g i b l e ,  be- 
cause of the l a w 6 s ~  prcsourcc a t t a i n e d  a t  p~rmp down and because t h e  6 



system is completely sealed, including the compressors. Finally, the 
cost of building this system was a small fraction of the cost of buil- 
ding a conventional system with a comparable transfer speed. 

1) C. BRASSARD, "The Separation of Gas Mixtures Containing Sulfur Hexa- 
fluoride" , SNEAP , Tallahassee, FLA (1975) 

2) C. BRASSARD, "The Purification of SF in a Constant Temperature Ad- 
sorption Process" R e w e  de Physique bpliqu5e - 12 (1977) 1423 

. . 
3).  C.; BRASSARD,' to be ,published in Nuclear Instruments and. Methods '- 

Burn: What k i n d  of  o i l  separator  do you use? 

Brassard: A t  t h i s  t ime  we use normal r e f r i g e r a t i o n - t y p e  o i l  ,separators.  . 
They c o s t  a  couple hundred d o l l a r s .  B u t  they  p u t  t oo  much o f  a  burden on 
the  o i l  f i l t e r  which i s  a c t i v a t e d  charcoa l ,  so we w i l l  probably rep lace i t  
w i t h  a l a r q e r  u n i t .  We can do .about t e n  t rans fe rs  w i t h o u t  damaging the  
charcoal a t  p resent .  We would l i k e  o f  course t o  do perhaps 20 or 100 . . , .  

t r a n s f e r s .  . . 

McKay: How l o n g  do you r u n  the  r o o t s  blower i n  t h i s  overloaded mode? 

Brassard: Not  more than about f i v e  minutes.  

Pohl:  I have a  quest ion  about something t h a t  you r e a l l y  d i d n ' t  go i n t o .  
You b r i e f l y  mentioned your absorp t ion  of  SF6 on charcoal .  Was t h a t  de- 
signed t o  c lean up the  SF6 o r  t o  reduce t h e  volume occupied by t h e  SF6? 

Brassard: I n  t h e  s to rage system? .. . I  (' 

Pohl : Right .  - 
Brassard: Y e s ,  t h i s  reduces the  pressure v e r y  much so t h e  vessel costs ' less. 
O f  course, i t  reduces a l s o  the  s i z e  o f  t h e  vessel  so you can use a vessel 
which w i l l  r u n  t o  15 p s i g  f o r  ins tance.  I t  w i l l  be a  l i t t l e  b igger  than 
several  t imes the  s i z e  o f  a  1  i q u i d  s to rage r e s e r v o i r ,  b u t  i t  w i l l  be cheaper. 



The Trace Analysis of SF6 Arc By-products 

Michael Pohl 

A i  I- 1'1-oth1c~ts r111cl (:l~cl~li cn'1.s , 'Tnc. 

We of A i r  Products  and Chemicals have been a t t e n d i n g  
SNEAP Conferences f o r  s e v e r a l  y e a r s  and have heard of concerns  
about  t h e  decomposition produc ts  of SFg. I n  a d d i t i o n ,  people  
have wondered about  t h e  e f f e c t  of CFq, mois ture  and a i r .  I t  
was ou r  i d e a  t o  s tudy  t h i s  q u e s t i o n  by developing a procedure  
f o r  ana lyz ing  SF6 samples f o r  t h e s e  compounds. The a n a l y t i c a l  
procedure  which w e  have s p e n t  t h e  p a s t  yea r  developing w i l l  
form t h e  b a s i s  of my t a l k  today.  

On t h e  f i r s t  t ransparency  you w i l l  s e e  a l i s t  of t h e  
compounds which we a r e . p r e s e n t l y  capable  of ana lyz ing .  
I n  a d d i t i o n  t h e  procedure  i s  b . r i e f l y  desc r ibed  and t h e  lower 
l i m i t s  of d e t e c t i o n  a r e  i n d i c a t e d .  The a n a l y s i s  i n d i c a t e d  
i s  performed by use  of g a s - l i q u i d  p a r t i t i o n  chromatography. 
A s  can be seen,  t h e r e  a r e  two e n t i r e l y  d i f f e r e n t  sets of 
c o n d i t i o n s  used t o  perform t h e  a n a l y s i s .  The d o t t e d  l i n e  i n  
t h e  middle of t h e  t ransparency  s e r v e s  t o  d i v i d e  t h e  two 
procedures .  Above t h i s  l i n e  is t h e  low temperature  condj- t ions  
used f o r  t h e  more v o l a t i l e  compounds whi le  below a r e  t h e  h i g h e r ~  
temperature  c o n d i t i o n s  f o r  t h e  l e s s  v o l a t i l e  components. 
Thus each a n a l y s i s  r e q u i r e s  two i n j e c t i o n s  i n t o  t h e  GC t o  
perform a com.plet.e ana l .ys i s .  

. . 
This  method may appear  t o  be t ime consuming, b u t  i t s  

advantages  f a r  outweigh t h e  inconvenience.  With t h i s  procedure  
we can ach ieve  r e s o l u t i o n  of a t  l e a s t  one minute between peaks .  
Th i s  a l lows  u s  t o  ach ieve  d e t e c t i o n  l i m i t s  i n  t h e  range of 25 ppm. 
I n  a d d i t i o n  w e  can p repa re  o u r  s t anda rds  con ta in ing  on ly  a f ew-  
compounds i n s t e a d  of  having t o  i n c o r p o r a t e  them a l l  i n t o  one 
sample. This  g r e a t l y  s i m p l i f i e s  t h e  procedures  f o r  p repa r ing  
t h e  e x t e r n a l  s t anda rd .  

While t h i s  procedure  s e e m s  adequate  f o r  most samples,  
w e  f e l t  a need t o  t a k e  t h e  a n a l y s i s  t o  even lower l e v c l s  of 
d e t e c t i o n .  I n  o r d e r  t o  do t h i s  w e  had t o  r e s o r t  t o  GC-MS type  
o f  a n a l y s i s .  The GC p a r t  of t h e  work obviously  u t i l i z e d  t h e  
c o n d i t i o n s  and procedures  a l r e a d y  i n d i c a t e d  on t h e  t ransparency .  
The r e s u l t s  which we ob ta ined  by t h i s  procedure  were i n  very  
good agreement w i th  t hose  which w e  ob t a ined  by t h e  GC procedure .  
T h i s  procedure al lowed us  t o  ach ieve  d e t e c t i o n  l i m i t s  which 
were 5 ppm o r  less. By u t i l i z i n g  s i n g l e  ion  moni tor ing we a r e  
a b l e  t o  qu ick ly  i d e n t i f y  a l l  of t h e  decomposit ion p roduc t s .  
Then by comparing t h e s e  peak a r e a s  w i th  t h o s e  of our  prepared 
s t a n d a r d s  we can qu ick ly  q u a n t i f y  t h e  r e s u l t s .  The r e s u l t  i s  
a good r e l i a b l e  method f o r  d e t e c t i n g  t h e s e  produc ts .  

One o t h e r  advantage of t h e  GC-MS procedure  which I f a i l e d  
t o  mention i s  i ts  a b i l i t y  t o  p o s i t i v e l y  i d e n t i f y  t h e  peaks.  
The s p e c t r a  of  each of t h e  compounds s e r v e s  as a f i n g e r p r i n t  
of t h a t  compound. I n  our  p a r t i c u l a r  c a s e  w e  compare t h e  peaks 



t o  a  l i b r a r y  o f  mass s p e c t r a  which o u r  computer  h a s  s t o r e d  i n  
i t s  memory b a n k s .  So t h i s  i n  a d d i t i o n  t o  o u r  p r e p a r e d  s t a n d a r d s  
have  proven t h e  s t r u c t u r e s  o f  e a c h  o f  o u r  compounds. T h i s  
c a n a b i l i t y  h a s  a l s o  g r e a t l y  h e l p e d  i n  i d e n t i f y i n g  unknown p e a k s .  
Obvious ly  w e  c a n n o t  g u a r a n t e e  t h a t  t h e  t w e l v e  o r  f o u r t e e n  
compounds which w e  have i d e n t i f i e d  a r e  t h e  o n l y  o n e s  which 
w i l l  b e  p r e s e n t .  So i f  w e  e n c o u n t e r  unexpec ted  p e a k s ,  w e  
s t i l l  have a v e r y  s t r o n g  chance  o f  p r o v i n g  t h e  i d e n t i t y  
o f  t h e  unknown compounds. Thus w e  f e e l  w e  can  h a n d l e  a  
wide  v a r i e t y  o f  samples  and s t i l l  g i v e  v e r y  good r e s u l t s .  

Obvious ly  t h e  a n a l y t i c a l  p r o c e d u r e  i s  o n l y  one  h a l f  
o f  t h e  program. One must have  some way o f  a s s e s s i n g  t h e  
d a t a  a f t e r  it  h a s  been accumula ted .  Il'he obv ivus  answer i s  
t n  e s t . ab l i sh  a s e t  o f  t y p i c a l  p d r d l ~ ~ e L e r s  t o  compare any 
set of r c s u l t c  against, While  we c u r r e n t l y  l d c k  such o 
d a t a  base i n  t h e  a r e a  of  a c c e l e r a t o r s ,  w e  have been working 
o n  o n e  for gas-filled c i r c u i t  b r e a k e r s .  The n e x t  t r a n s p a r e n c y  
shows t y p i c a l  r e s u l t s  f o r  a  u t i l i t y  cus tomer  Of o u r s .  A s  you 
c a n  e a s i l y  see, w e  a n a l y z e d  f o r  a l l  of  t h e  decompos i t ion  
p r o d u c t s ,  b u t  w e  o n l y  found a few. These  r e s u l t s  w e r e  n o t  
s u r p r i s i n g  s i n c e  t h e  sample was drawn from a normal f u n c t i o n i n g  
b r e a k e r .  W e  would have been v e r y  s u r p r i s e d  i f  w e  had s e e n  
many of  t h e  decompos i t ion  p r o d u c t s .  

A s  you can  see, w e  have added & c a p a b i l i t y  t o  
a n a l y z e  f o r  SOFq. T h i s  t h u s  comple tes  t h e  se t  of  s u l f u r ,  
oxygen,  f l u o r i n e  compounds. By 8etect i1.1y a l l  o f  t h e m ,  on@ 
s h o u l d  b e  a b l e  t o  draw c o n c l u s i o n s  a b o u t  t h e  h i s t o r y  and 
main tenance  o f  equipment .  Has a i r  heen a c c i d e n t a l l y  i n t r o d u c e d ?  
I f  t h i s  i s  t h e  c a s e ,  maybe a m o d i f i e d  f i l l i n g  p r o c e d u r e  i s  
r e q u i r e d  o r  t h e  equipment  i s  l e a k i n g  and s o  some leak d e t e c t i o n  
may h e l p  r e d u c e  SF6 consumpt ion.  Maybe e x c e s s  SOF2 is  showing 
up i n  t h e  equipment  i n d i c a t i n g  t h e  p r e s e n c e  of  e x c e s s  m o i s t u r e .  
I n  t h i s  c a s e ,  tne driers 11eed r e g e n e r a t i o n  or replac~ment. 
These  a r e  t y p i c a l  q u e s t i o n s  which t h i s  t y p e  o f  d a t a  may answer.  
Thus we have  h i g h  hopes t h a t  such  a program w i l l  l e a d  t o  
i n c r e a s e d  r e l i a b i l i t y  o f  SF6 f i l l e d  equipment .  

What does a l l  L11i-s mcari  f o r  accalerator ~wop1.e like 
y o u r s e l v e s ?  N e i l  Burn h a s  r e c e n t l y  d i s c u s s e d  a su rvey  of 
a c c e l e r a t o r s  which he r e c e n t l y  comple ted .  T h i s  c o u l d  s e r v e  
a s  a s p r i n g b o a r d  f o r  a d a t a  base on a c c e l e r a t o r s  u s i n g  SFg. 
I f  w e  can  e s t a b l i s h  normal o p e r a t i n g  p a r a m e t e r s  f o r  a  y d ~ k i c u l a r  
t y p e  of a c c e l e r a t o r ,  it s h o u l d  p r o v e  much e a s i e r  t o  i s o l a t e  
g a s  r e l a t e d  problems.  With a n  even i n c r e a s i n g  body o f  d a t a  
w e  s h o u l d  b e  a b l e  t o  h e l p  you s o l v e  problems r e l a t i n g  t o  
a c c e l e r a t o r  o p e r a t i o n .  W e  a r e  l o o k i n g  fo rward  t o  working w i t h  
as many o f  you as p o s s i b l e .  



T a b l e  I : A n a l y s i s  C a p a b i l i t y  

. . 
Tab1 e  I 1  : T y p i c a l  Sample R e s u l t s  

Component C o n c e n t r a t i o n  

Column R t  Low D e t .  

A i r  
C F4 
S i  Fb 
co2 
C2F6 
s F6 
S02F2 
H 2S 
SO F2 
s F4 
sn, 
SOFg 

Limi t  

<5 PPm 

<5 PPm 

<25 ppm 

<10 ppm 

-'< 10 

- - 
< 2 0 - - - - -<To- - - 
< 35 

< 10 mins. 

c ~ r  <35 

<10 

< 1 0  

0.1 2% 
150  ppm 
ND <25 ppm 
-5  PPm 
N D  - - - 
ND < I 0  ppm 
Nn <35 ppm 
- 1 0  ppm 
ND <35 ppm 
22 ppm 
ND 

Minutes 

2.2 - 2.3 

3 .1  

5.6 

6.0 

7.2 

7.7 

15.5 . - - - 

11.8 

12.7 

1 4 . 4  

3 1+ 

2-3 

Component8 

1. A i r  02 + N2 

2. Carbon Te t r a -  
f l u o r i d e  , CF4 

3. S i l i c o n  Te t r a -  
f l u o r i d e ,  SiFq 

4. Carbon Dioxide 
. , co2 

5. C2F6 

6. s u l f u r  Hexa- 
f l u o r i d e ,  SF6 

7. s u l f u r y l  ~ l u o r i d e  
S02F2 

8. Hydrogen S u l f i d e  
H2S 

9. Thiony l  ~ l u o r i d e  
SOF2 

10.  s u l f u r  Te t r a -  
f l u o r i d e ,  SF4 

11. S u l f u r  Dioxide 
GO2 

12 . .  S u l f u r  Dioxide 
S02 

Condi t ions  

2 CC 
5S°C 

25' x 1/8" Porapak 

QS 
42 c'c/min. 

H e  
+2'x1/8" porapak T 
i n  f r o n t  of QS 

~i t u b e  

2cc 
l l S ° C  

18"xh" Porapak T 
30 cc/min. 

He 
t e f  l o n  tube  



S i l ' l e n :  How a r e  these samples ob ta ined  and shipped? 

Pohl : Normal ly samples a r e  handl ed i n  s p e c i a l l y  prepared s t a i n 1  ess s t e e l  - 
c y l i n d e r s .  I t  i s  sent  o u t  c o n t a i n i n g  a  few psig,  o f  d r y  n i t rogen .  When 
i t  i s  rece ived i t  i s  evacuated and then f i l l e d  t o  several  atmospheres o f  
sample gas and f i n a l l y  re tu rned  f o r  a n a l y s i s .  

Walker: How much do you charge f o r  t h i s  a n a l y s i s  and how long  does i t  - 
take? 

Pohl : We genera l l y  handl e  t h i s  on a case by case bas is .  For our  customers 
we w i l l  perform the  a n a l y s i s  f ree  o f  charge. Otherwise we do have a  nominal 
charge t o  cover sh ipp ing  and handl i n g .  I f  we o n l y  use the  gas chromotography 
(GC) p a r t  o f  t h e  procedure we can per form t h e  ana lys i s  i n  one day. I f  we 
must use both GC and mass spectroscopy (MS) i t  w i l l  t ake  s i g n i f i c a n t l y  l onge r .  
Th is  i s  because we share t h e  GC-MS equipment w i t h  o t h e r  groups i n  t h e  corpor -  
a t i o n .  Usua l ly  we can r e t u r n  r e s u l t s  w i t h i n  a  week. 

Mast ro iann i :  The presence o f  SF6 decomposit ion products i n  t h e  gas w i l l  n o t  
n e c e s s a r i l y  r u i n  t h e  d i e l e c t r i c  s t r e n g t h  o f  t h e  gas, b u t  i t  may r e s u l t  i n  , 

r e a c t i v e  compounds. A1 so, t he  decomposit ion products w i l l  probably have a  
d i f f e r e n t  d i s t r i b u t i o n  than t h a t  found, f o r  example, i n  c i r c u i t  breakers; - -  

b u t  aga in  the d i e l e c t r i c  s t r e n g t h  should n o t  be a f f e c t e d .  
.. . 

Jones: There may be some c o n t r a i n d i c a t i o n s .  When t h e r e  was a  ma l func t i on :  
- - 

- i'n t h e  d r i e r - s y s t e m a t  Canberra,'-David Weisser repo r ted ' - t ha t  t h e  e l e c t r i c a l  
performance o f  ,the machine was degraded by  breakdown products.  The machine 
was more unstable and so he was susp ic ious  t h a t  t he  e l e c t r i c a l  p r o p e r t i e s  
a r e  a f f e c t e d .  

Mast ro iann i :  Might  i t  have been water  r a t h e r  than decomposit ion products?  

Jones: They were convinced t h a t  water  was being removed b u t  t h a t  decomposi- - 
t i o n  products were n o t  being removed. 

Mast ro iann i :  I t  may be t h a t  t he  d i e l e c t r i c  s t r e n g t h  o f  t he  gas i s  n o t  de- 
creased b u t  t h a t  t he re  has been damage f rom HF. 

Jones: I n  a  p r o j e c t  a t  Oak Ridge, t h e r e  i s  evidence f o r  chemical damage. 

Ashbaugh: We f i n d  t h a t  i f  we' re o p e r a t i n g  near t h e  maximum vo l tage  and we 
have a  spark, we can go back up i f  we l e t  t h e  gas r e s t  o r  i f  we r e c i r c u l a t e  
t h e  gas. So the  e f f e c t  i s  n o t  j u s t  degradat ion o f  t h e  i n s u l a t i n g  p r o p e r t i e s .  

Mast ro iann i :  I n  the  design o f  t ransmiss ion  cables o n l y  about 48% o f  t he  d i -  
e l e c t r i c  s t reng th  o f  t h e  SF6 i s  used. A f t e r  a  spark t h e r e  cou ld  be l e v i t a t e d  
submicron metal p a r t i c l e s  t h a t  t e m p o r a r i l y  degrade the  d i e l e c t r i c  s t reng th .  



E l e c t r i c a l  Breakdown S tud ies  o f  SF6/C02/Fluorocarbon M ix tu res  

and Exper imental  F luorocarbons 

M a r t i n  Mas t ro i ann i  

I 

[ E d i t o r ' s  no te :  A t  t h i s  p o i n t  i n  t h e  conference M a r t i n  Mas t ro i ann i  p re -  
sented a s h o r t  t a l k  t i t l e d  " E l e c t r i c a l  Brea,kdown.Studies o f  SF6/C02/Fluor- 
ocarbon M ix tu res  and Exper imenta l  F luorocarbons" .  U n f o r t u n a t e l y ,  he was 
unab le  t o  supp ly  us w i t h  a prepared t e x t  and as l u c k  would have i t ,  h i s  
t a l  k occur red  d u r i n g  t h e  unexpla ined 118-minute gap on t h e  tapes.  We do, 
however, have t h e  f o l  1 owing v i  ew-graph p r e s e n t a t i o n  and a r e c o n s t r u c t i o n  
I r o m  notes o f  t h e  d i scuss ion  t h a t  f o l l o w e d ~ ~ M a s t r o i a n n i  ' s  t a l  k; ]  

.$., . 
: 

. . * .  

TABLE I CHARACTERISTICS OF TEST CASES 

Gas - 

El15 

cost by 
Volume 

Molecular Boiling ' Relative 
Structure Weight Point OC To SF6 

Breakdown 
. .. Voltage .., . . 

Relative , ;, ' : . ' 
TO SF6 

Carbon Dioxide C02 44 -78.5 0.006 0.36 
(sublimes) 

Sulfur Hexafluoride SF6 146 -63.9 1.00 1.00 
(eublinres) 



60 HZ BREAKDOWN DATA 

COST : . . VOLT. . 
VOLUME RATIO BATIO. . 
PERCENT r - vr 



Figure 1. GOMz Breakdown Voltage 
SF,/CO,/Fluorocarbon Mixtures 

v. (Ref. 4) 

for 

0 I I I I I I 

0 0.7 0.2 0.3 0.4 0.5 0.6 
Gas Pressure, MPa 

STABILITY OBSERVATIOFIS 

11 WITH Sfbr A FAINT "BAD EGG" SMELL, 

2, HITH R12, CARBON WAS NOT OBSERVED, 

WHEN R12 CONCENTRATION EXCEEDED 3 0 Z r  

A LINGERING ACRID CHLORINE SMELL WAS APPARENT, 

3 ,  WITH ulSr SIGNS Or: CARBON, 
I A THIN LINE OF FINE BROWN POWDER ALONG ENTIRE 

LENGTH OF CONDUCTORa 

NO CHANGE I N  BREAKDOWN VOLTAGE WITH NUMBER 
OF BREAKDOWNS, 
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SUMMARY - 

1, GOOD VR WITH COMERCIALLY AVAI M L E  PERFLUOROCARBONS 8 

2, SIGNIFICANT IMPROVEMENT I N  VR WITH EXOTIC PERFLUOROCARBONS j 
HOWEVER, THIS DETERIORATES AT HIGHER PRESSURES 

3, SERIOUS SPARK1 NG I NSTABI L I P l  WITH PERFLUOROCARBONS AND MIXTURES 
WlTH SF68 

4,  SPARK1 hG UECbflPOS I T I  ON PRODUCTS FROM PERfLUOROCARBONS MAY PRESENT 
A PROBLEM, , * 

( . _  . .  
Den Hartoq: What i s  t h e  i n t r i n s i c  decomposit ion r a t e  o f  SF6? 

- 
Mastro ianni :  I d o n ' t  t h i n k  I can g i v e  a  q u a n t i t a t i v e  answer. ^ S p a r k i n g  
decomposes SF6 molecules , b u t  one o f  t h e  p a r t i c u l a r  advantages o f  s u l  fu r 
hexa f l uo r ide  i s  i t s  a b i l i t y  t o  s e l f - h e a l  a f t e r  such an event.  However, - . 
t h e r e  i s  some i r r e v e r s i b l e  loss o t  SF6 from spark ing.  

No6: I want t o  comment on t h e  Canberra problem. One o f  t h e  observa.tions - 
d u r i n g  the  per iod  when t h e  d r i e r  was n o t  f u n c t i o n i n g  p r o p e r l y  was o f  a  
l a r g e  amount o f  l o s t  charge. That l o s t  charge probab ly  was a long so l  i d  - 

sur faces.  I a l s o  have a  quest ion .  Can you comment on t h e  t o x i c i t y  o f  
SF6? 

Mast ro iann i :  SF6 i t s e l f  i s  non tox i c  a l though i t  i s  asphyx ia t ing ,  o f  
course. But some of  t h e  breakdown products a re  t o x i c .  Probably one o f  
t h e  wors t  i s  SO2. One should d e f i n i t e l y  avo id  l ong  exposures t o  SO2. 



ANALYSIS OF THE PELLETRON CHARGING CHAIN BREAK 

I N  THE CHALK RIVER MP TANDEM ACCEJXRATOR 

N. Burn, B.F. Greiner  and C,E.   olem man* 

NRX Reactor Branch 
Chalk ~ i v e r  Nuclear Labora tor ies  

Chalk River ,  Ontar io  K O J  1 J O  

* M e t a l l u r g i c a l  ~ n g i n e e r i n g  Branch 

ABSTRACT 

* 
* .  

On February 7 ,  1980 one o f  t h e  t h r e e  P e l l e t r o n  charging  cha ins  i n  
the  Low Energy end o f  t h e  Chalk River MP Tandem Acce-lerator broke ' 

dur ing  normal opera t ion .  The chains  had been i n  use f o r  38  000 h '  
at t h e  time o f  t h e  break. Tens i l e  t e s t s  were c a r r i e d  o u t  on 
p ieces  o f  t h e  broken chain  as we l l  a s  unused p i e c e s  of  cha in .  
several' p o s s i b l e  reasons f o r  t h e  chain break a r e  suggested;  ways 
of improving performance and r e l i a b i l i t y  a r e  proposed. 

1. INTRODUCTION 

A charging chain1)  * )  c o n s i s t i n g  o f  a l t e r n a t e  i n s u l a t i n g  =d. 
conducting eegments (Fig; 1) i s  i n h e r e n t l y  a more uniform 
s t r u c t u r e , t h a n  a convent ional  woven f a b r i c  charging b e l t .  
I n  1974, f o r  r e a s o n s - o f  s t a b i l i t y ,  e f f i c i e n c y  and c o s t ,  t,he 
o r i g i n a l  be l t -charging  system of t h e  High.Voltage Engineering 
Corp. model MP Tandem Accelera to~:  was replaced  Gy a Pel-lctxon 
chain-charging system. '1 '1 

To t r a n s p o r t  s u f f i c i e n t  e l e c t r i c a l  charge t o  t h e  high-vol tage 
t e rmina l  o f  t h e  M P  Tandem, s i x  chains  a r e  requi red;  t h r e e  i n  
t h e  Low Energy (L.E.) end o f  t h e  a c c e l e r a t o r  and. three i n  the 

. . High Energy (H.E.) end. Each chain c o n s i s t s  of  approximately 
600 steel p e l l e t s  and an equa l  number o f  nylon connect ing 
l i n k s .  Each s e t  of t h r e e  cha ins  i s  d r iven  by sheaves mounted 
on a common s h a f t  and powered by an 11 .kW e l e c t r i c  motor. 



To reduce stresses on t h e  chains  caused by sudden speed 
changes dur ing  s t a r t - u p ,  t h e  o r i g i n a l  m o t o r - s t a r t e r s  w e r e  
r e p l a c e d  i n  1978 by four-s tage s t a r t e r s  which provide a 
smooth, cont inuous a c c e l e r a t i o n  from r e s t  up  t o  o p e r a t i n g  
speed. The H.E. cha ins  d r i v e  a  3 kW, 4 0 0  Hz genera to r  
l o c a t e d  i n s i d e  t h e  h igh  vo l t age  te rminal .  

2.  CHAIN BREAK 

S h o r t l y  a f t e r  t h e  i n i t i a l  i n s t a l l a t i o n  of  t h e  P e l l e t r o n  i n  
1974, one of t h e  screws hold ing  a  small  i d l e r  p u l l e y  i n  p l a c e  
became loose .  Eventua l ly  t h e  i d l e r  f e l l  from i t s  mount and 
became lodged between two p e l l e t s  on t h e  c e n t r e  B.E.  cha in  
caus ing  t h e  cha in  t o  break.  I t  w a s  necessary  t o  r e p l a c e  
s e v e r a l  p e l l e t s  b u t  t h e  only  damage t o  t he  rest o f  t h e  
accelerator s t r u c t u r e  w a s  i n  t h e  form of  s m a l l  d e n t s  on t h e  
o u t s i d e  p r o t r u s i o n  of about  e i g h t  a c c e l e r a t o r  tube e l e c t r o d e s .  

On February 7 ,  1980, one o f  t h e  t h r e e  chains  i n  t h e  L.E. end 
of t h e  a c c e l e r a t o r  broke dur ing  . rou t ine  o p e r a t i o n ,  t h e  termi- 
n a l  vol tage  be ing  only  4  M I  a t  t h e  t i m e .  Damage t o  t h e  
a c c e l e r a t o r  s t r u c t u r e  w a s  much l i k e  t h a t  of t h e  e a r l i e r  cha in  
break;  u n l i k e  t h e  previous  i n c i d e n t ,  i n  which t h e  break oc- . . ,  . . 
cur red  a t  only  one p o i n t ,  t h e  chain s h a t t e r e d  i n t o  more t h a n  ' , 

3 0  p i e c e s  vary.ing i n  l e n g t h  from one o r  two p e l l e t s  up t o  
j ( .  

about  30. subsequent t e n s i l e  t e s , t s  showed t h a t  t h e  nylon . - . . 
L ." 

l i n k s  i n  t h e  f a i l e d  chain had a l l  become b r i t t l e .  .Huweve~, , ,,, , . 

t h e s e  specimens f a i l e d  a t  loads  i n  excess  of 700 kg, whereas ,- . '. : .  
normal o p e r a t i n g  chain  t e n s i o n  is  less than 30 kg. , 

3. TENSILE TESTS 

T e n s i l e  tests were c a r r i e d  o u t  a t  room temperature on one 
t h r e e - l i n k  s e c t i o n  of chain and on 1 8  nylon l i n k s ;  a cross-- 
head v e l o c i t y  o f  0.02 mm/s  was used. The th ree - l ink  specimen 
s t a r t e d  t o  y i e l d  a t  155 kg and f u r t h e r  e longat ion  caused t h e  
meta l  connect ing p i n s  t o  deform while t h e  nyl.on remained 
unaf fec ted  (Fig.  2 )  . Afte r  . the test ,  t h e  ends of ad jacen t  
nylon l i n k s  were touching and consequent ly,  t h e  chain  would 
no t  bend fxeely .  

. . 

I n  t h e  f i r s t  t h r e e  t e s t s  o f  nylon l i n k s ,  they  were loadeg 
us ing  d r i l l  rod through t h e  connect ing p in  ho les  b u t  t h e  
specimens a l l  f a i l e d  by t e a r i n g  through from t h e  p i n  hole  

, t o  t h e  t o p  o f  t h e  specimen. I n  t h e  remaining tests, t h e  
specimens were gr ipped s o  t h a t  t h e  reduced c r o s s  s e c t i o n  
s u s t a i n e d  all t h e  load. .  The r e s u l t s  are summarized i n  
Table 1. Two d i s t i n c t  load-elongat ion behavio* were 
observed (Fig.  3 ) .  



3.1 Nylon l i n k s  which had neve r  been used o r  used o n l y  
b r i e f l y .  The l o a d  r o s e  t o  a maximum (mean = 950 kg 
f 33 kg) t h e n  g r a d u a l l y  dec reased  t o . . z e r o  as t h e  . 
specimen y i e lded .  

' The f r a c t u r e  appearance w a s  wh i t e  and propaga ted  between 
t h e  r o o t  radzum a t  t h e  reduced c r o s s  s e c t i o n  and t h e  

. p i n  h o l e  (F ig .  4A)  . . No s u r f  ace c r a c k s  w e r e  observed  
i n  t h e s e  specimens.  

3.2 ~ y l o n  l i n k s  from t h e  broken c h a i n  o r  i n  u s e . f o r  s e v e r a l  
y e a r s .  The l o a d  r o s e  t o  a maximum (mean = 935 kg 2 100 
kg) t h e n  suddenly dropped t o  z e r o  as t h e  specimen broke.  

The f r a c t u r e  appearance w a s ' g r e y  and a c r o s s  t h e  reduced 
cross s e c t i o n  a t  t h e  r o o t  r a d i u s  (Fig .  4B). 

: There were t r a n s v e r s e  s u r f a c e  c r a c k s  i n  t h e  gauge l e n g t h  
c l o s e  t o  t h e  f r a c t u r e  s u r f a c e  i n  most c a s e s , ( F i g .  4 C ) .  

Although t h e  f r a c t u r e  toughness  o f  t h e  nylon i s  a f f e c t e d  by 
u s e ,  it appea r s  s t a t i s t i c a l l y ,  t h a t  t h e  s t r e n ~ t h  of t h e  nylon 
i s  una f f ec t ed .  However, o n l y  a s m a l l  number o f  samples w a s  
t e s t e d  and  specimens from used c h a i n s  showed a much l a r g e r  ' 

s t a n d a r d  d e v i a t i o n  than  new o r  unused specimens; w i t h  a 
l a r g e r  number o f  samples,  a s i g n i f i c a n t  r e d u c t i o n  i n  strength 
may o c c a s i o n a l l y  be  observed.  . . 

Examination o f  p i e c e s  o f  t h e  broken cha in  r e v e a l e d  s e v e r a l  
b e n t  p i n s  which prevented  e a s y  bending o f  t h e  c h a i n s  as  
d e s c r i b e d  above, bu t  whether t h e  p i n s  were b e n t . , b e f o r e  o r  as 
a r e s u l t  o f  t h e  cha in  b reak  is u n c l e a r .  Broken nylon l i n k s  
from t h i s  cha in  showed a g rey  f r a c t u r e  s i m i l a r  i n  appearance 
t o '  t h e  f r a c t u r e s  d e s c r i b e d  i n  3.2 above. 

DISCUSSION 

It is d i s t u r b i n g  t h a t  a t  t h e  t i m e  of  t h e  l a t e s t  c h a i n  b reak  
no undue stress was be ing  p l aced  on t h e  c h a i n  and t h e  b reak  
occu r red  i n  a nylon l i n k ;  a l l  t h e  me ta l  connec t ing  p i n s  
.remained i n  p l a c e .  Although t h e  primary f a i l u r e  p o i n t  has  
n o t  been determined,  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  
break  can be made from t h e  t e n s i l e  t e s t  d a t a  and examinat ion 
of t h e  cha in :  

4 . 1  P a r t  o f  t h e  c h a i n  w a s  d e f e c t i v e .  This  may b e  expec ted  
t o  cause  an e a r l y  f a i l u r e  and should  have been d e t e c t e d  
dur ing  i n s p e c t i o n .  



4.2 The nylon l i n k s  f a i l e d  by stress cor ros ion  o r  co r ros ion  
f a t i g u e  i n  t h e  su lphur  hexaf luor ide  (SFg) breakdown 
products .  The r e s u l t s  of  t h e  mechanical tests show 
t h a t  t h e  f r a c t u r e  p r o p e r t i e s  of  t h e  nylon l i n k s  can be 
degraded by use b u t  f u r t h e r  t e s t i n g  would be requ i red  
to  f u l l y  determine t h e  cause o f  proper ty  l o s s .  

4 .3 The m e t a l  connect ing p i n s  deformed s u f f i c i e n t l y  t h a t  
t h e  ends o f  a d j a c e n t  nylon l i n k s  could o c c a s i o n a l l y  
i n t e r a c t  and become loaded i n  bending dur ing  opera t ion .  
Loads i n  t h e  cha ins  may be h igher  than expected dur ing  
o p e r a t i o n  because of  mechanical misalignment o r  impact 
dur ing  s t a r t - u p ,  f o r  example. The l o s s  i n  f r a c t u r e  
toughness o f  t h e  nylon wuuld increase t h e  p o s s i b i l i t y  
of f a i l u r e .  

The mechanism desc r ibed  i n  4.3 above seems t h e  most l i k e l y  
cause o f  f a i l u r e  because it f i t s  i n  with t h e  obse rva t ions  
o f  t h e  f a i l u r e  i t s e l f  and wi th  t h e  r e s u l t s  o f  mechanical. 
t e s t i n g .  The meta l  connect ing p i n s  s t a r t  deforming a t  
loads  f a r  below t h e  lowest  maximum l o a d s  o f  t h e  nylon, 
Th i s  is  p a r t l y  because of  t h e  p r o p e r t i e s  o f  t h e  p i n  m a t e r i a l  
and p a r t l y  because of t h e  l a r g e  bending moment t h a t  can be 
a p p l i e d ,  P o s s i b l e  ways o f  improving performance would be 
t o  i n c r e a s e  t h e  s t r e n g t h  o f  t h e  connecting p i n s  and ' t o  

. reduce  t h e  p i n  length .  P e r i o d i c  inspec t ion  o f  t h e  chains  ' ,  

to t e s t  f o r  flexibility should gi.ve warning of g r o s s  p in  
' 

'deformation. I t  would a l s o  seem a wise precaut ion  t o  
remove p o s s i b l e  harmful breakdown products  from t h e  SF6 
by continuous r e c i r c u l a t i o n  through a c t i v a t e d  alumina f o r  
example. 

Since t h e  cha ins  have opera ted  f o r  about 40 000 h ,  t h e  
cause o f  t h e  cha in  break i s  uncer t a in  and f u t u r e  breaks  may 
s e r i o u s l y  damage t h e  a c c e l e r a t o r  s t r u c t u r e ,  t h e  d e c i s i o n  
was made to  rep lace  all s i x  chains  wi th  new ones. 
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F i g .  1 .  Pelletron charging chain. 

F i g .  2 .  Deformed chain after tensile test .  





Fig.  4A. Fracture of 
new specimen. 

Fig.  4B. Fracture o f  
used specimen. 
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Fi  g . 4 ~ .  Oye patie- 
t r a n t  t e s t  on frac- 
tu re  surface o f  used 
specimen. 
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TABLE 1 

MECHANICAL PROPERTIES OF NYLON LINKS I N  PELLETRON CHAIN 

Specimen History 

1 t o  3 - never  used 

4 t o  6 - used b r i e f l y  

7 t o  10  - used u n t i l  summer 1979 

11 t o  1 6  - from broken cha in  

# 

SPECIMEN 
# 

1 

2 

3 
- 

4 

5 

6 

7 

8 

9 
v 

10 

11 

12 

13 

14 

15 

16 
i 

M A X I  MUM 
LOAD, kg  

912 

950 I 
920 

987 

964 

970 J 

106 8 

1066 

1061 

998 

7 35 

1048 I 

966 

946 

1014 

905 J 

COMMENT 

Gradual loop drop  t o  zero .  F r a c t u r e  

through t o  pin h o l e  from root r a d i u s  

Mean = 950 kg f: 33 ks 

Sudden break. B r i t t l e  f r a c t u r e  across 

reduced s e c t i o n  s t a r t i n g  a t ,  root r a d i u s  

as 1 t o  6 

as 7 and 8 

as 7 and 8. Mean = 935 kg f: 100 kg 



Adams: What temperature do the  p e l l e t s  reach i n  opera t ion? 

Burn: I d o n ' t  know. 

Rathmell : The SF6 coo ls  the  pel  1  e t s  very  e f f e c t i v e l y  du r ing  the  t r a n s i t  
between the  p u l l e y s .  The ny lon  w i l l  n o t  t o l e r a t e  a  temperature r i s e .  

Lund: Have you considered t e s t i n g  some of*' ~ a n b e r r a ' s  1  i n k s ?  - 
Burn: No, we haven' t .  - 
Fauska: What i f  someone pu t  a  t w i s t  i n  the  chain.  

Burn: You c a n ' t  pu t  a  t w i s t  i n  i t  because o f  t he  way they a r e  constructed.  - 
-Wise: Have you considered sidewise fo rces  and bending moments,? I t  seems t h a t  
a l l  o f  t h e  t e s t s  you d i d  so f a r  r e l a t e  onl'y t o  l o n g i t u d i n a l  s t reng th .  

Burn: Tha t ' s  r i g h t .  We haven ' t  tes ted  them i n  the  bending mode. - 
Connolly:  What about r a d i a t i o n  e f f e c t s ?  

Burn: The r a d i a t i o n  l e v e l s  i n  t he  MP a r e  n o t  h igh  enough t o  worry about.  - . . 

Storm: Were the  t e s t s  t o  900 kg on the  cha in  t h a t  broke? 

Burn: Yes. - 
Janzen: Why d i d  the  chain break i n t o  so many pieces? You s a i d  the re  were 
about 30 p ieces.  

Burn: Presumably, o n l y  one l i n k  broke and then because o f  t h e  h igh  v e l o c i t y  - 
of the cha in  the  r e s t  o f  t he  chain broke upon contac t  w i t h  o the r  p a r t s  o f  the  
machine. 

Chapman: Did any o f  the r i v e t  p ins  f a i l ?  - 

Burn: No, and none bent.  

Rathmell: I ' m  suspic ious of the  e f f e c t s  o f  d r y i n g  o f  t he  nyl.on by SF6 ov,er 
long per iods o f  t ime.  This  cou ld  account f o r  the  l a r g e  number o f  pieces be- 
cause o f  embr i t t lement  of t h e  ny lon.  

Sato: Our cha in  i s  much o l d e r  than Chalk R i v e r ' s  b u t  w i t h  no damage y e t .  But 
ou r  mo'isture 1  eve1 s are  much h igher .  

No6: Can t h e  pel l e t s  be salvaged? - 
Rathmell :  W e ' l l  see. 
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.. . . . . . . .  . 
The i n i t i a l  i n s t a l ' l a t i o n  o f ' ~ e l 1 e t r o n s  w a s  i n  A p r i l  1977 and 'we  have t o  d a t e  

about  25000 hours  on i t  .' one' LE cha in  broke i n  J u l y  1979, due t o  an"inductor  .be- 

coming loose .  The cha in  was i n spec t ed ,  r e p a i r e d  and r e i n s t a l l e d .  , I t  b.roke.again 

i n  J u l y  1980 f o r  no  apparen t  reason.  Not having a  s p a r e  cha in ,  we l e f t  i t  o u t ,  
. . 

removed 1 /3  of t h e  counterba lance  'weights and cont inued running. I n  ~ e ~ t e m b e r  

1 9 8 0 ' a  HE c h a i n  b roke . . '  By t h i s  'time "we had a  s p a r e  cha in ,  and we i n s t a l l e d  i t  

i n  t.he, empty LE p o s i t t o n ,  and . l e f t  one empty sheave i n  t h e  tlE end. Here we found 

o u t  t h a t  the .number 'of p e l l e t s  i n  .a cha in  d o  not mean as 'much oo t h e  t ens ion  or1 

a .  cha in  run. The new :chain measured 14.3/8." f o r  10 l i n k s .  The o l d  cha ins  .measured 

14 9/16" f o r  10 l i n k s ,  s o  an o l d  s t r e t c h e d  chain would be about 11.5" longer  than  

o new o ~ ~ c ,  having a b m t  620 l i n k s .  We have made a t ens ion  measuring device  t h a t  

c l i p s  ac'r6ss t h r e e  l i n k s ,  o n ' a n  i n s t a l l e d  cha in ,  t h a t  is t i gh t ened  up u n t i l  t h e  

middle  l i n k  becomes loose, .  then, measuring t h e .  l eng th  of a c a l i b r a t e d  s p r i n g  on 

t h i s  device g i v e s  t h e  tens ion .  When t h e  t ens ion  of a1.l 3 chains i i a p p r o x i m o t c l y  

e q u a l ,  you ' re  i n .  We have about 50  l b s  p e r  cha in  run. 
. . 

A t  t h i s  t i m e  we disassembled t h e  remaining broken chains a t  t h e  w a i t e r  l i n k  

I .  We found t h a t  311 of  th,e mas te r  l i n k  p i n s  were b e n t ,  and t h e  r i v e t  screw 
. , . . .  . . 

p i n s  t h a t  h o l d e a c h  ' l i n k . t , o  t he  n e x t ,  were no t  bent. These p i n s  a long  wi th  a  

supply  of s p a r e  unused p i n s ,  were brought t o  t h e  Metal lurgy department f o r  a  check 

on t h e i r  hardness .  I t  was found t h a t  a l l  o f  t h e  p i n s  wi th  threaded ends had a  Rock- 

w e l l  A s c a l e  r a t i n g  o f  43, corresponding t o  about  SOKPSI t e r i s l l e  s t r e n g t h .  A l l  of 

t h e  p i n s  which were n o t  tapped,  and meant t o  be used wi th  r i v e t  screws,  l ~ a d  a  

~ o c k i e l l  A s c a l e  ? a t i n g . o f  6.1 cor responding  . . t o  about llOKPSI t e n s i l e  s t r eng th :  

Al tech  Corp., Dunkirk, N.Y. was consu l t ed ,  and s a f d  t h a t .  t h i s  t ype  of SS s t o c k ,  

normally bought,  would have a  t e n s i l e  .. . s t r n g t h  of l O O K  t o  125KPSI. The only  way 

it could have an Rh r a t i n g  of 43 would he i f .  i t  were annealed.  W e  f e e l  t h a t ,  some- 

one i n  t h e  p roces s  of  making t h e s e  p i n s  annealed them t o  make t h e  t h r ead ing  e a s i e r ,  

and t h a t  t h i s  bending of t he  p i n s  perhaps caused ' the  breaking  of t h e  cha in  t h e  

l a s t  2  t imes. Our program c a l l s  f o r  removing t h e  remaining cha ins  from MP7'and 



!nspect in l ;  a l l  of  t h e  screw-type l i n k s  f o r  bentl ing,  and t o  r e p l a c e  them ' w i t h  pin:; 

wi th  t h e  p roper  h a r d n e s s .  Robert  R a t l ~ n e l l  a t  NEC h a s  checked t h e  p i n s  t h e y  have 

i n  s t o c k  a t  t h e  p r e s e n t  time and found t h e y  measure about  21 on tlle Kockwell C 

s c a l e ,  co r responding  t o  Ra 61. 'The c h a i n s  we have were assembled i n  1976, s o  who 

knows what someone d i d  t h e n ,  pe rhaps  i n  an  o u t s i d e  shop t o  make t h e  t h r e a d i n g  of 

r h e . p i 1 1 s  e a s i e r .  NEC w i l l  s l ipply replacement  p i n s  f o r  u s .  

. Mike McKeown h a s  been making some wheels  f o r  t h e  t e r m i n a l  assembl y ,  
" - 

t o  r e p l a c e  t h e  wheels  u s i n g  s p r i n g s  s u p p l i e d  by NEC, and modifi.ed by Chalk River .  

These p i c k o f f  wheels  a r e  ~ s e d  t o  p u t  a c h a r g e  on t h e  i n d u c t o r s  i n  t h e  t e r m i n a l  

f o r  s p a r k  s u p p r e s s i o n  and down charg ing .  Mike h3s  moulded u r e t h a n e  and ca rbon  

:c ' loth t o  an  aluminum hub t o  g i v e  a conduc t i&j  s u r f a c e  t o  p i c k  chargc  o f f  i:hu cha in .  

These wheels  have been i n s t a l l e d  i n  MP7 and, 'have been o p e r a t i n g  f o r  a b o u t  a y e a r .  

He is  c u r r e n t l y  working on a d r i v e  sheave  wheel 18" in d i a m e t e r  t h a t  we hope can .-' 

be used t o  r e p l a c e  t h e  p r e s e n t , n y l o n  r i m s  and c o n t a c t  bands t h a t  a r e  r e s p o n s i b l e  

f o r  t h e  self  c h a r g i n g  e f f e c t  and d o  away w i t h  t h e  need f o r  o i l i n g  t h e  c h a i n s .  

We have a l s o  n o t i c e d  a wear ing  o f  some: o f  t h e  ny lon  sheave  r i m s .  One s i d e  

of t h e  r i m  h a s  worn down about  1 /8  of a n  i n c h .  I t  was thought  t h a t  misal ignment  

o f  t h e  sheave  and t h e  f i r s t  g u i d e . p u l l e y s  would do t h i s  h u t  we've checked and 

t h e  a l ignment  i s  good. Now we're c o n s i d e r i n g  whether  t h e  b e n t  p i n s  might have 

caused t h i s  uneven wear. 

Onc o t h e r  problem t h a t  p e l l e t r o n  u s e r s  might wish t o  check o u t  on t h e i r  own 

i n s t a l l a t i o n s  i s  on t h e  wid th  of t h e  s h e a v e s  al.uminum hub, a s  compared t o  t h e  

wid th  of t h e  ny lon  r i m .  We found on t h e  MP6 i n s t a l l a t i o n  . t h a t  aluminum hub pro- 

j e c t e d  o u t  beyond t h e  ny lon  r i m  10 t o  30 m i l l s .  T h i s  would h o l d  t h e  p e l l e t  c o n t a c t  

bands away from t h e  p e l l e t s .  On a d v i c e  from NEC w e  machined t h e  hubs back s o  t h e y  

were a t  t h e  same wid th  dimension as t h e  r i m s .  Checking MP7 s h e a v e s  i n  p l a c e ,  t h e  

hubs a r e  machined 'more  c a r e f u l l y ,  b u t  on some o f  t h e  12 sheaves  we do f i n d  t h e  hubs 

p r o j e c t  a n o t i c e a b l e  amount, maybe.5 t o  10 m i l l s ,  o u t  beyond t h e  r i m s .  T h i s  we 

w i l l  c o r r e c t  when .we have t o  t a k e  o u t  a sheave  assembly.  
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AN INVESTIGATION OF THE CHARGING SYSTEM USED I N  THE CHALK RIVER 

2 MV PELLETRON 

Sol id  S t a t e  Science Branch 
Atomic Energy o f  Canada Research Company 

Chalk River Nuclear Laboratories  
Chalk River, .Ontario,  Canada K O J  1 J O  

ABSTRACT 

A simpl,o. dcvinr., \ski ch m~:~nituxs Lll t l  ~ ~ P a t l v c  amoune a t  c l ~ u y e  UII i n d i -  
v idua l  p e l l e t s ,  has been used t o  i n v e s t i g a t e  the  condit ion of  t h e  charging 
system of a 2 MV Pe l l e t ron .  This r e p o r t  demonstrates the  usefulness  o f  t h i s  
. technique f o r  diagnosing malfunctions i n  p e l l e t  charging systems. 

INTRODUCTION 

Inves t iga t ion  of  " l o s t  up charge" phenomena i n  the  Chalk River 2 MV 
Pe l l e t ron  has spanned severa l  years  and has revealed severa l  poss ib le  prob- 
l e m  a reas .  These have included t r ack ing  along t h e  corona t r i o d e  assembly, 
"wet" SFs, and changeable corona condit ions along t h e  acce le ra to r  tube. A s  
each a r e a .  was uncovered, and subsequently analysed, s t e p s  were taken t o  
maintain t h e  o r i g i n a l  charging c h a r a c t e r i s t i c s  of t h e  acce le ra to r .  

Recently a system of  p e l l e t  charge monitoring was i n s t a l l e d  which en- 
ab les  the  opera tor  t o  supplement the  b a s i c  metered charging cur ren t  readings 
with observations o f  t h e  r e l a t i v e  charge per  p e l l e t  along t h e  chain,  on i ts  
up and down runs. 

The model 2UH Pe l l e t ron  provides t h e  acce le ra t ion  p o t e n t i a l  f o r  the  CRNL 
High Voltage Mass Separator .  The charqing system nf  t.h.e 2UH u t i l i z e s  a oingle 
chain of 125 p e l l e t s ,  passing over two 30.5-cm diameter pul leys ,  one of which 
i s  driven by a 2 HP motor opera t ing  at. 870 rpm. The r e s u l t a n t  chain speed of. 
14 m * s - '  (Q 380 p e l l e t s * s - l )  produces a s i n g l e  p e l l e t  repeat  frequency (PRF) 
of % 3 Hz. The t r a n s i t  time, f o r  a charged p e l l e t  leaving t h e  charging in-  
ductor  t o  a r r i v e  a t  t h e  terminal  pu l l ey ,  i s  % 140 m s .  

.The Chalk River Pe l l e t ron  uses  t h e  o r i g i n a l  "spr ing  contact"  type pul- 
l e y s  i n  t h e  charging system. The spr ings  on t h e  base pul ley ,  which i s  mounted 
d i r e c t l y  on the  s h a f t  o f  the  drivemotor, a r e  subjec ted  t o  the  most wear due 
.to chain s l ippage ,  e s p e c i a l l y  during s tar t -up .  Af ter  some 5500 hours of  op-' 
e r a t i o n  many sp r ings  had worn t o  such a degree t h a t  replacement was required.  

Thiebergerl r ecen t ly  reported the  i n s t a l l a t i o n  of  a chain monitoring 
system of t h e  capac i t ive  pickup type f o r  one o f  the  BNL (Pe l l e t ron  converted) 
M P  Tandem acce le ra to r s .  P r i o r  t o  t h e  replacement of  worn spr ings  we in-  
s ta l l ed  two such devices. A r e p o r t  which descr ibes  t h e  d e t a i l s  of  t h i s  in-  
s t a l l a t i o n  and subsequent observations,  has .  been prepared2. A summary of 
these  observations w i l l  be presented here. 



Aluminum pickup r i n g s ,  one each f o r  measuring the  up and down charge 
on t h e  chain,  surround t h e  chain approximately 5 cm from the  charging and 
suppression inductors .  The up charge monitor assembly i s  shown i n  Fig. 1. 
Each r i n g  i s  'L 12 mm long and i s  supported o f f  ground by a b a k e l i t e  p l a t e  
which permits adjustment f o r  a nominal chain-to-ring spacing of  6 mm. They 
a r e  s l o t t e d  t o  pass  over t h e  chain during i n s t a l l a t i o n .  

Signals  a r e  fed v i a  coaxia l  cable t o  the  con t ro l  console where they 
a r e  observed by an osc i l loscope.  Transient  suppressors a r e  i n s e r t e d  i n  
each s igna l  l i n e  where they pass through t h e  tank base. The pulse  response 
was measured and an a t t enua t ion  c o e f f i c i e n t  of  3 x l o 3  was observed. A 
150 mV peak-to-peak s i g n a l  was observed f o r  a charging cur ren t  of 'L 45 ?A. 

RESULTS AND DTSCUSSION 

A t  t h e  time t h e  monitors were i n s t a l l e d  t h e  major i ty  of  t h e  spr ings  on 
the  base pul ley  were worn down t o  s tubs ,  providing quest ionable up charge 
uniformity. The spr ings  on t h e  terminal  pul ley ,  however, were a l l  i n t a c t .  

Fig. 2 shows an osc i l loscope d i sp lay  rep resen ta t ive  of t h e  o r i g i n a l  
conditions. A l l  photographs were obtained with a t o t a l  charging cur ren t  of 
fb 45 and a terminal  voltage o f  'L 1 MV. Each cycle  represents  t h e  pas- 
sage of a s i n g l e  p e l l e t  through the  pickup r ing .  The lower t r a c e  i n d i c a t e s  
good uniformity of  t h e  charge c a r r i e d  per  p e l l e t  on t h e  down charging por t ion  
of t h e  system. The up charge mvr~itor  t r a c e ,  howcver, d i sp lays  f a c t o r s  of 
2-3 v a r i a t i o n s  i n  amplitude, i n d i c a t i v e  of i n t e r m i t t e n t  p e l l e t  charge 
n e u t r a l i z a t i o n  by the  base pulley.  The slow component, which appears i n  
some photographs, i s  l i k e l y  due t o  chain o s c i l l a t i o n s .  

The i d e n t i t y  of individual  p e l l e t s  can be simply demonstrated by in-  
t e n t i o n a l l y  shor t ing  together  two adjacent  p e l l e t s .  The r e s u l t s  a r e  shown 
i n  Fig. 3.  This not  only v e r i f i e s  the  previously assumed s i n g l e  p e l l e t  
response time of  'L 2.5 m s  but  a l s o  d i sp lays  the  coupling e f f e c t s  of  ad- 
jacent  charged p e l l e t s  a s  they approach the  pickup r ings .  

Attempts t o  c o r r e l a t e  t h e  up charge v a r i a t i o n s  with terminal  voltage 
f luc tua t ions  were inconclusive,  a s  one might expect ,  s ince  t h e  amount of 
charge deposi ted pe r  p e l l e t  i s  small compared t o  t h e  s to red  charge i n  t h e  
terminal .  Fig. 4 i s  a t y p i c a l  example. The time span i s  ''b 208 m s  i l l  Lhis 
case ( i . e .  s u f f i c i e n t  t o  see  these  e f f e c t s  assuming a 'L 140 m s  p e l l e t  t r a n -  
si t  t ime).  The capaci t ive  pickoff  (CPO) s i g n a l  represents  15 v o l t s  peak- 
to-peak r i p p l e .  The r i p p l e  frequency i s  approximately twice t h e  PRF. 

The opt ion  ex i s t ed  of adding a s e t  of  s i d e  bands t o  t h e  base 
pu l l ey ,  which NEC had provided during t h e  i n s t a l l a t i o n  of the  2UH, o r  simply 
replac ing the  springs.  We decided t o  i n s t a l l  a new s e t  of spr ings  on a 
spare mounting s t r i p .  This work could be done ou t s ide  the  machine a s  time 
permit ted with no i n t e r r u p t i o n s  t o  experiments and t h e  new spr ings  could 
then be mounted on t h e  pul ley  during a scheduled shutdown. The removal 
of t h e  o r i g i n a l  s t r i p  of  spr ings  and t h e  subsequent i n s t a l l a t i o n  of  a new 
s e t  took only a few hours. One hour l a t e r  t h e  r e s u l t s  shown i n  Fig. 5 ( b )  
were obtained. 

Once t h e  new spr ings  were i n s t a l l e d ,  minimal sparking condi t ions  were 
obtained a t  t h e  charging (base) end when E = E i n d i c a t i v e  of  c o r r e c t  

supp chq' 



p e l l e t  charge n e u t r a l i z a t i o n .  The down charge i s  running a t  % 90% of t h e  
up charge. There still  e x i s t  % 10% v a r i a t i o n s  i n  p e l l e t  charge a s  ob- 
served on t h e s e  moni tors ,  however these  a r e  i n s i g n i f i c a n t  when compared 
t o  t h e  f a c t o r s  o f  2-3 observed i n i t i a l l y .  The t e rmina l  s t a b i l i t y  of  t h e  
2UH remained w e l l  w i t h i n  t h e  o r i g i n a l  design l i m i t s  o f  5 25 V @ 1 MV i n  
s p i t e  o f  t h e s e  l a r g e  v a r i a t i o n s .  

Fig. 6 i l l u s t r a t e s  t h e  condi t ion  of  t h e  s p r i n g s  a f t e r  removal from 
t h e  base pul ley .  Of t h e  o r i g i n a l  93, 39 were badly worn b u t  still i n t a c t  
and t h e  remaining 54 w e r e  e i t h e r  broken o f f  o r  reduced t o  s tubs .  

P r i o r  t o  r e p l a c i n g  t h e  sp r ings ,  we observed and subsequently analysed . 
a number o f  smal l  y e t  s i g n i f i c a n t  e f f e c t s .  For example, t h e  down charge 
monitor i n i t i a l l y  e x h i b i t e d  s e v e r a l  posi t ive-going t r a n s i e n t s  on an other-  
wise smooth c y c l i c  p a t t e r n .  I f  t h e  charging system were o p e r a t i n g  cor- 
r e c t l y  one would expec t  t o  opera te  t h e  charging and suppress ion power sup- 
p l i e s ,  a t  t h e  same p o t e n t i a l  wi th  minimum sparking3.  Fig. 7 shows a se- 
quence of  photographs ob ta ined  while E was va r i ed  and E was held  
constant .  The ( i n i t i a l l y )  p o s i t i v e - g o ? ~ ~ t r a n s i e n t s  went tkr8ugh a mj.ni - 
mum with E s 2 E and then negative a s  E was f u r t h e r  increased 

ch9 indicatingS%R-uniform and i r r e g u l a r  p e l l e t  chgu@ n e u t r a l i z a t i o n  a t  t h e  
base pulley.  This  e f f e c t  was v e r i f i e d  by using a t h i r d  "s ignal"  provided 
by a spare l e n g t h  o f  c o a x i a l  cab le  hanging i n  t h e  base  of t h e  tank. With 
t h e  t r a n s i e n t  suppressor  removed temporari ly,  t h i s  provided an e x c e l l e n t  
monitor a s  shown i n  Fig. 8. Sparking during t h i s  last  sequence was a l s o  
monitored, and t h e  minimum v e r i f i e d ,  by observing t h e  "snow" l e v e l  on t h e  
c losed c i r c u i t  TV system used t o  monitor source parameters  i n  t h e  terminal .  
This l a t t e r  method has  r o u t i n e l y  been used t o  v e r i f y  t ha t  E was i.n fact.  supp 
s e t  r 

Eohg' 

SUMMARY 

A s i m p l e  device ,  o r i g i n a l l y  developed t o  n ~ l l i l u r .  r e l a t i v e  parameters i n  
a tandem a c c e l e r a t o r  employing severa l  charging cha ins ,  has  been appl ied  
with very worthwhile r e s u l t s  t o  a 2 MV a c c e l e r a t o r  incorpora t ing  a s i n g l e  
chain.  
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Pig. f- . The up .charge monitor assembly. &he pu l ley  ro ta tes  i n  a ccw d i rec-  
t i o n  d r i v i ng  the chain through the induct@ from r i g h t  t o  l e f t .  Note the 
contact springs on the pul ley.  The d r i v  "p to r  i s  i n  the foreground* 1 

8 7 , + -  18 - 
F4g. 2: Charge monitor s lgna ls  w f th  the$r ig#na l  springs i n  p l a c i .  Top t race  
i s  up charge, bottom t race i s  down chargl .  Tine scale i s  10 msldiv.  



F i g .  3 .  C h a r a c t e r i s t i c  d i s p l a y  f o r  o p e r a t i o n  w i t h  two a d j a c e n t  p e l l e t s  in ten-  
t i o n a l  l y  shorted.  Top i s  up charge,  bottom i s  down charge.  Th is  example shows 
t h e  shorted p e l l e t s  passing t h e  up charge m o n i t o r .  

F i g .  4 .  Up charge ( t o p )  and CPO (bottom) s i g n a l s .  Time span -200 ms. 



% 

Fig. 5 .  Up charge (top trace) and down aharge (bottom trace) monitor sig- 
nals with ( a )  the original springs and (b)  a new set  of springs installed 
in the base pulley. For al l  traces the vertical scale i s  200 mV/dlu and 
the time base i s  10 ms/div. $ .  

I 



., .- {a)  

F ig .  6. Photographs o f  t h e  worn spring assembly a f t e r  removal from t h e  
base p u l l e y .  I n  ( a )  the  e n t i r e  s t r i p  i s  shown, and (b )  shows d e t a i l s  
of a small sect ion o f  t h e  s t r i p .  



3 - 
Fig. I. Photographs shoring the e f f e c t s p  . .rying the suppressor vol  tage 
r e l a t i v e  t o  a f i x e d  charging vol tage o f  :;kV w i t h  the o r i g i n a l  sprSngs i n  
place. I n  each photograph the top trace,is the up charge and the bottom 
t race i s  the down charge. The t ime span% about 50 ms. The suppressor 
voltages are (a)  0 V ,  ( b )  8 kV, (c)  16 kf, -. and (d) 24 kV. 

. * 



Fig.  8. Photographs showing "sparking" f o r  lhr-ee d i f f e r e n t  values o f  t h e  
suppressor vol tage,  a l l  w i t h  the  o r i g i n a l  spr ings.  The charging vo l tage 
was 10 kV and t h e  suppressor vo l tage was (a)  0  V, (b) 10 kV, and (c )  15  
kV. I n  each photograph the  top  t race  i s  the  up charge w i t h  a v e r t i c a l  
sca le  o f  100 mvld iv ,  and the  bottom t r a c e  i s  the  "Spark Monitor" w i t h  a 
v e r t i c a l  sca le  o f  20 mV/div. The t ime span was about 100 ms. 



Walker: Just before I l e f t  Chalk River, Pete Hurley had i n s t a l l e d  s i m i l a r  
devices i n  the Chalk River MP tandem. Figures 9 through 11 show monitor 
traces before and a f t e r  new s ide bands were i n s t a l l e d  on the terminal pu l leys.  
The before p ic tures correspond t o  a terminal voltage o f  4.9 MV and the a f t e r  
p ic tures are a t  8.1 MV. The t ime base i s  the same as before (about 20 mV/div) . 
These are a l l  f o r  the high energy chains o ~ l y .  Ne i l ,  am I cor rec t  i n  assuming 
t h a t  a l l  s ide bands were replaced i n  t h i s  iystem? 

I 

Burn: Yes. G 

Walker: Each f i g u r e  shows both the up cha'rge and the down charge f o r  each 
chain and se t  o f  condit ions. When Pete Hu*ley i n i t i a l l y  go t  t h i s  r e s u l t  he 
gave me a phone c a l l  and asked i f  I I d  come over and have a look.  Remember 
t h a t  they use s ide bands i n  the MP ra ther  than springs. When we s ta r ted  
counting p e l l e t s  i t looked as i f  something had gone amiss w i t h  one section. 
When they opened up and had a look one cou'ld see day l i gh t  between one par- 
t i c u l a r  s ide band and the chain as i t  passed through t h a t  section. So t h a t  
device tha t  Pedro described i n  1978 has b$en a very useful  one a t  Chalk 
River. The e r r a t i c  "before" r e s u l t s  f o r  $be r i g h t  chain were d i r e c t l y  re-  
l a t e d  t o  worn s ide bands on the d r i v e  pu l ley .  About 1/32-inch gaps were 
observed between the p e l l e t s  and one se t  qf side bands. 

h' 
Den Hartop: I 'd  1 i ke t o  address t h i s  t o  b e i l  . Did you no t i ce  any change i n  
performance when you changed the side, bands o ther  than what you see on these 
pdctures? 3 .  

1 

Burn: Yes, we had more stahl  e performance afterwords. - 
 NO^: I missed the conclusion about the ekfects o f  vary ing the suppression - 
voltage. Was your conclusion t h a t  the suppression vol tage was no t  co r rec t?  

Walker: For the o r i g i n a l  bad spr ing condition, yes. Once we put  i n  the new 
springs the minimums are obtained when the suppression vol tage and the charg- 
i ng  voltages are equal. 



Fig.  9. Up charge ( top )  and down charge (bottom) monitor s ignals before 
( l e f t )  and a f t e r  ( r i g h t )  new s ide bands were i n s t a l l e d  i n  the terminal a f t e r  
-40,000 hours o t  running time, These Lrdces a r e  f o r  the l e f t  chain as scen 
from the source end o f  the machine. 

Fig.  10. Same as Fig. 9 but f o r  the center chain. 

Fig. 11. Same as Fig. 9 but  f o r  the r i g h t  chain as viewed from the source 
end o f  the machine. 



An I~l iproved Two-Loop Vol tage Regul a t  i o n  Syste~n 

f o r  ,In 

U n i v e r s i t y  of Washington Nuc1ear:Physics Laboratory 
Seat t le ,  Washington 98195 

The corona r e g u l a t o r  loop i s  a standard fea tu re  o f  vo l tage s t a b i l i z e r  
systems on almost a11 e l e c t r o s t a t i c  acce lera tors .  The corona loop has as 
i t s  p r i n c i p l e  advantage a very l a r g e  r e g u l a t i o n  range a t  low frequency. For 
a t y p i c a l  maximum cu r ren t  swing o f  lOOuA and column res i s tance  of %30Gn (FN) 
t he  corresponding vo l tage swing i s  3MV!-, The p r i n c i p l e  l i m i t a t i o n  o f  t he  
corona loop i s  t he  sharp c u t o f f  of i t s  frequency response curve a t  a f r e -  
quency near 10Hz. The frequency respon-se and phase s h i f t  f o r  an FN corona 
r e g u l a t o r  a re  shown i n  F ig.  1. I 

'. 
The curves i n  Fig. 1 were obtained:by d r i v i n g  t h e  corona t r i o d e  g r i d  

w i t h  an audio o s c i l l a t o r  and observing the  r e s u l t i n g  s igna l  on a capacitance 
pickup (mushroom) w i t h  a l o c k i n  a m p l i f i e r .  The response curves f o r  the 
capacitance p ickup alone have been used i to  c o r r e c t  the  data. Use o f  the  
l o c k i n  p e r n ~ i t t e d  extension o f  these cucves t o  r e l a t i v e l y  h igh  f requencies 
( low s i g n a l l n o i s e )  f o r  such a measurement. 

The frequency response has two ~ o & ~ o n e n t s .  The f i r s t  represents the  
simp1 e para1 1 e l  RC network o f  te rmina l  - to - tank  capacitance (%I 50pf) and 
column res is tance (~30Gn) .  This gives,,a corner  frequency o f  about 0.06Hz 
fol lowed by a smooth 20dBIdecade r o l l o f f  ou t  t o  about 5Hz. Beyond 5Hz t h e  
f l i g h t  t ime o f  negat ive  ions  i n  the  discharge from corona p o i n t s  t o  te rmina l  
(%30mS) comes i n t o  p lay,  producing the: second major f e a t u r e  o f  t he  frequency 
response, t he  se r ies  o f  minima and maxima f a l l i n g  a t  about 40dbldecade. 

A more important  consequence o f  t he  f i n i t e  i o n  f l i g h t  t ime i s  t he  r a p i d  
decrease i n  phase above about 3Hz. Th is  has important  consequences w i t h  
regard t o  loop s t a b i l i t y .  A s t a b i l i t y  requirement f o r  a servo loop i s  t h a t  
a t  any frequency f o r  which the  loop ga'in i s  l a r g e r  than one the  accumulated 
phase s h i f t  around the  loop must be l e s s  than 180". I n  f a c t  a "phase margin" 
o f  20"-40" i s  u s u a l l y  requ i red  i n  a r e a l  loop. This  requirement es tab l i shes  
the  u n i t y  ga in  (Odb) p o i n t  o f  t he  corona loop a t  10-15Hz. The exact  p o i n t  
depends on ambient no ise  and the  i o n  f l i g h t  t ime, which i n  ' tu rn  depends on 
te rmina l  vo l tage,  corona po in t s  p o s i t i o n  and i n s u l a t i n g  gas pressure. l 

I n  o rder  t o  see how w e l l  the  corona loop alone does, one should consider  
the  no ise  spectrum i t  must handle. Under normal circumstances t h i s  cons i s t s  
of low frequency ( l / f )  d r i f t s  o f  order  100 - 300kV and be1 t no ise  of o rder  
lOkV a t  the  fundamental and harmonics o f  t he  be1 t frequency (2.5Hz). I f  
u n i t y  ga in  i s  f i x e d  a t  lOHz t h i s  g ives a no ise  reduc t i on  f a c t o r  o f  7 a t  
the  b e l t  frequency and a f a c t o r  o f  %ZOO a t  DC. Therefore t h e  res idua l  
vo l tage no ise  w i t h  the corona loop i n  opera t ion  i s  expected t o  be 1-ZkV, 
and t h i s  i s  t y p i c a l l y  observed. 



For work i n v o l v i n g  narrow resources (w id th  : l k e ~ ) .  o r  i n  instances 
f o r  which some ma l func t i on  causes vo l tage excursions exceeding t h e  values 
g iven above (beam loading,  r e s i s t o r  breakdown, damaged b e l t ,  e t c . )  an 
a d d i t i o n a l  r e g u l a t i o n  loop w i t h  improved frequency response i s  essen t i a l .  
Th i s  problem was r e a l  i z e d  and work beg.an on f a s t  r e g u l a t i o n  loops more 
than ten  years ago. 

One o f  t h e  f i r s t  f a s t  loops was i n s t a l l e d  i n  t he  U n i v e r s i t y  o f  Wash- 
' ington FN tandem i n  1972 a f t e r  some years o f  development . 2  It i s  s i m i l a r  
t o  a  number o f  o the r  systems i n s t a l l e d  a t  var ious  l a b o r a t o r i e s  and cons i s t s  
o f  a  h igh  vo l tage  a m p l i f i e r  i n  t he  te rmina l  which d r i v e s  the  f o i l  o r  gas 
s t r i p p e r .  The a m p l i f i e r  ou tpu t  i s  determined by an a x i a l  l i g h t  l i n k  us ing  
I R  LED and photo t r a n s i s t o r .  

~ I n s t a 1 , l a t i o n  o f  the f a s t  lonp ny "terminal r e g u l a t o r "  r e s u l t e d  i n  
improved energy r e s o l u t i o n  and reduced beam j n t e n s i  t y  modulat ion..  'I;he 
r e s u l t i n g  two-loop system was operated as i n s t a l l e d . u n t i 1  1979 when i t  
was decided t o  overhaul the  system, e l i ~ i i i n a t e  ground loops, combine 
separate c o n t r o l  panels and i n v e s t i g a t e  the  fundamental l i m i t a t i o n s  of 
t h e  two-loop system i n  d e t a i l .  

The u n i f i e d  c o n t r o l  system which evolved i s  shown as a  b lock diagram 
i n  F ig.  2 and as a  d e t a i l e d  schematic i n  F ig.  3. The th ree  analog i npu ts  
a r e  the  image s l i t  c u r r e n t  d i f f e r e n c e  and sum, and the  GVM s igna l  (1VIMV). 
The TVEC TTL s igna l  i s  der ived from a  d i g i t a l  window s e t  on the  te rmina l  
vo l t age  (GVM) . 

  he two analog outputs  d r i v e  the  corona t r i o d e  g r i d  and tdhe l i g h t  
e m i t t i n g  diode (LED) i n  t he  f a s t  loop. I he t o t a l  Image s.1 i L c u r r e n t  (SUM) 
i s  compared t o  an ad jus tab le  th resho ld  t o  determine whether t he  corona 
t r i o d e  i s  d r i v e n  by the  s l i t  d i f f e r e n c e  o r  t he  GVM error .  s i gna l .  A TTL 
output  r e f l e c t i n g  t h i s  s ta tus  i s  a v a i l a b l e  t o  c o n t r o l  data a c q u i s i t i o n .  

A r o t a r y  swi tch  a l lows s e l e c t i o n  o f  f o u r  c o n t r o l  modes: Auto, GVM, 
S l i t ,  and Manual. I n  auto mode the  t r i o d e  i s  d r i v e n  by the  GVM e r r o r  
s igna l  unless t h e  t o t a l  s l i t  cu r ren t  i s  above the  se lec ted ' t h resho ld  and 
the  te rmina l  vo l tage i s  w i t h i n  the  selected window. Th is  l a t t e r -  Feature 
i s  very use fu l  f o r  heavy i o n  opera t ion  as i t  determines a  unique charge 
s t a t e  f o r  s l i t  r e g u l a t i o n  d u r i n g  recovery from a  tank s p a r k , o r  o ther  d i s -  
turbance. I n  manual mode, e ~ t h e l i  error s i y r ~ d l  C ~ I I  be swi tek  sc l cc t cd  f o r  
e i t h e r  r e g u l a t i o n  device. 

Separatc curvurra loop gains a re  provided f o r  s l i t  and GVM d i f f e r e n c e  
s igna ls .  The diode loop has a  common ga in  f o r  bo th  s igna ls .  I n  add i t i on ,  
t h e  f i l t e r  immediately f o l l o w i n g  the  diode l oop  ga in  stage i s  very important  
f o r  best  opera t ion  o f  t h i s  system, as discussed below. 

Ana lys is  o f  the  Pas t  l oop  as o r i g i n a l l y  i n s t a l l e d  revealed t h q t  the  
frequency response was t h a t  o f . t w o  successive low-pass RC stages w i t h  
corners. a t  450Hz and 1.5kHz. Since the  second stage accumulated a  t o t a l  
phase s h i f t  o f  180" above 2kHz t h i s  meant t h a t  the  u n i t y  ga in  p o i n t  was 



about 2kHz and the  n~axiniun~ s t a b l e  g a i n  p o s s i b l e  was about 4! I n  a d d i t i o n  
t he  response extended t o  DC, w i t h  t h e  r e s u l t  t h a t  t he  f a s t  l o o p  w i t h  a 
vo l t age  range of about 4kV, was conipeting w i t h  t h e  corona loop, t o  e l i m i n a t e  
te r i i i i na l  f l u c t u a t i o n s  o f  lOOkV o r  more, thus sending t he  f a s t  l o o p  i n t o  
s a t u r a t i o n  p e r i o d i c a l  l y .  

The new f a s t - l o o p  f i l t e r ,  shown i n  d e t a i l  i n  F ig .  3, produces an o v e r a l l  
l o o p  f requency response which peaks a t  2.5Hz and r o l l s  o f f  a t  20dBldecade 
a t  lower  and h ighe r  f requenc ies .  I t  c o n s i s t s  o f  a  h i g h  pass stage w i t h  
corner  a t  1.2Hz fo l lowedl  by a  l a g  f i l t e r  which serves t o  move t he  o l d  
450Hz co rne r  down t o  3Hz. The u n i t y  g a i n  p o i n t  i s  s t i l l  a t  about ZkHz, 
b u t  t h e  maximum p o s s i b l e  l o o p  g a i n  i s  now 500 ( a t  2.5Hz). 

The above system r e q u i r e s  l o g a r i  thm'ic s l  i t  preamp1 if i e r s  which 
c o n t r i b u t e  no phase s h i f t  t o  t h e  loops  o u t  t o  a t  l e a s t  2kHz. A t  low 
c u r r e n t s  ( s l nA )  t h i s  i s  n o t  p o s s i b l e  un less  c a r e f u l  a t t e n t i o n  i s  p a i d  
t o  t h e  s t r a y  capaci tance i n  t h e  d iode feedback element. The c i r c u i t  
shown i n  F i  . 4  i s  adapted f rom a  system used t o  determine semiconductor 
parameters . j  It i s  temperature compensated (a1 so a b s o l u t e l y  necessary) ,  
has a lV/decade g a i n  curve  ( w i t h i n  3%) from lOpA t o  100 p!A and has a  sep- 
a r a t e  feedback l oop  f o r  capaci tance compensation. 

Th i s  compensation a c t i o n  can be seen i n  F ig .  5. I n  a )  a InA square 
wave on a  lOnA background i s  f e d  i n t o  t h e  l o g  preamp w i t h  no compensation. 
I n  b )  t h e  g a i n  i n  t h e  compensation l o o p  i s  p r o p e r l y  ad jus ted  f o r  b e s t  r i s e  
t ime  (s100ps) w i t h o u t  r i n g i n g .  

I n  a d d i t i o n  t o  t h e  compensation above i t  i s  ve ry  impo r tan t  t h a t  ground 
loops be e l i m i n a t e d  and c a p a c i t i v e  c o u p l i n g  t o  AC sources be min imized.  I n  
t h i s  c i r c u i t  op t0  i s o l a t o r s  a r e  used, a  s i n g l e  p o i n t  ground i s  made t o  t h e  
beam d r i f t  tube, and shrouds have been p laced  around t h e  s l i t  jaw adjustment  
micrometers t o  s h i e l d  t h e  s l i t  c o o l i n g  access ho les.  A c l osed  c i r c u i t  o i l  
c o o l i n g  system f o r  t h e  s l i t s  has been i n s t a l l e d  t o  e l i m i n a t e  c u r r e n t  leakage 
and s t a t i c  charge b u i l d u p  no ise .  The preamps themselves a r e  p laced  i n  a  
doub le -sh ie lded  box a l s o  c o n t a i n i n g  a  doub le -sh ie lded  power supply  t ransformer  
enclosed i n  v-meta l ,  and spec ia l  low-noise c o a x i a l  cab le  i s  used between t h e  
s l i t s  and t h e  preamp i n p u t s .  T h i s  combinat ion o f  s teps has r e s u l t e d  i n  a  
t o t a l  l i n e  f requency and a c o u s t i c a l  n o i s e  c u r r e n t  e q u i v a l e n t  t o  l e s s  than  
10pA. 

An a d d i t i o n a l  source o f  "no ise"  i s  secondary e l e c t r o n  c ross  t a l k  
between s l i t s .  We have staggered t h e  image s l i t s  20cm a p a r t  symmet r i ca l l y  
about t h e  image p o i n t  o f  t he  ana l yz i ng  magnet, and each s l i t  has i t s  own 
suppress ion cage w i t h i n  t h e  d r i f t  tube.  Th i s  system has e l i m i n a t e d  a l l  
secondary e l e c t r o n  problems. 

The performance o f  t h e  s l  i t  preamps i s  shown i n  F ig .  6. I n  a )  t h e  
d i f f e r e n c e  and sum s i g n a l s  a r e  shown w i t h  beam presen t .  The beam has been 
p u r p o s e f u l l y  ad jus ted  t o  produce a  s i g n i f i c a n t  i n t e n s i t y  modulat ion,  i l l u s -  
t r a t i n g  t h e  e x c e l l e n t  common mode r e j e c t i o n  c a p a b i l i t y  o f  t h e  s l i t  preamps, 
Th i s  good common mode r e j e c t i o n  i s  o n l y  p o s s i b l e  i f  t h e  a m p l i f i e r  ga ins  
a r e  matched a t  a l l  r requencies o u t  t o  2kHz. Th i s  means t h a t  t h e  capaci tance 
compensation, as w e l l  as t h e  DC ga ins ,  must be matched. The d i f f e r e n c e  s i g n a l  
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in a) is equivalent to a total equivalent voltage fluctuation of about 
100 volts. The fast fluctuations in the signal are derived from 800Hz 
rip,ple in the terminal high voltage power supply. In b) there is no 
beam on the slits and the residual 1 ine and acoustical noise can be seen. 

Figure 7 shows simultaneously the inputs and outputs of the voltage 
regulator system.operating in slit control. One can see a 60Hz ripple 
on the beam current. The slit difference signal is again equivalent to 
a lOOV RMS voltage fluctuation. The corona loop has received a gain 
factor of 20 within the control circuitry, but the total loop gain is 
over 1000 for this figure. This higher stable loop gain for the corona 
loop is permitted by the complimentary interaction of the fast loop, pro-. 
vided the fast loop response is as described here.4 The diode current is 
shown at the bottom, with a loop gain of about 200. With this gain the 
diode signal gives a very accurate picture of the residual terminal voltage 
fluctuation. 

We have been quite ptcased with thc operation of this ncw voltagc 
regulation system. The essential new features have been the very good . 

slit preamplifiers, proper shaping of various frequency responses to 
maximize stable gains and make the two control loops compatible, and 
careful atlention to extraneous noise sources. 

There is at least one other area of importance which we have not 
given attention,to during this project: The position stability of the : 
beam on the object slits. For a variety of reasons (inclined field tubes, 
column breakdowns, low energy optics instabilities) stability on the object 
slits can be poor. Because the energy analysis system is symmetric about 
the analyzing magnet the energy stability of the beam will then be degraded, 
even if the voltage regulator system has perfectly stabilized the beam on 
the image slits. Additional, independent control loops involving the object 
slits and steerers at the low-energy end of the acce'lerator are required ,in 
principle for the best, reproducible beam energy resolution, 

. . .  
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Fig.1.  Corona regulator frequency response (a) and phase shift (b). 



F i g  . 2 .  Vol tage r e g u l a t o r  block diagram. 

Fig.  3 .  Voltage r e g u l a t o r  schematic. 
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Fig.4. Logarithmic s l i t  preampli f ier .  



Fig. 5. Logarithmic preamplifier performance 
without (a) and w i  111 ( b )  capacitance compcnsation 
(200ps/di v )  . 

Fig.6. S l i t  current  di f ference ( top)  and sum (bottom) 
signals f o r  beam on (a)  and o f f  (b) 
(200mV/div. (a ) ,  50mV/div (b) , 50 ms/div) . 

Fig. 7.  Voltage regulator inputs and outputs: 
Top-sl i t  sum (500mv/div), second-sl it dif ference 
(500mV/div), Third-corona g r i d  (1  OV/div) , 

current (a1 1 50ms/div). 
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The generating voltmeter used w i t h  e l ec t ros ta t i c  accelerators i s  
bas i ca l l y  a  motor dr iven r o t o r  posi t ioned a t  the pressure vessel wa l l .  
The r o t o r  shadows o r  i n t e r rup t s  the e l e c t r i c  f i e l d  induced on insu la ted 
segments o f  a  d isc ca l l ed  s ta tors .  TypicaJly the u n i t  appears as i n  
Fig. 1. Typical r o t o r  and s t a t o r  shapes a re  shown i n  Fig. 2. A1 t e r -  
nate s ta to r  segments are connected together producing two s ignals 180" 
ou t  o f  phase. The r o t o r  w i t h  h a l f  the numher o f  segments w i l l  shadow 
and expose a1 ternate s ta to r  segments as many times per revo lu t ion  as 
there are r o t o r  segments. The waveform i g  t r i angu la r  when fed i n t o  a  
h i  gh-impedence c i r c u i t  , 

I had previously reported a method f6r addr'ng the two s igna ls  a f t e r  
they were referenced t o  ground potent ia l1.  The process o f  adding re ta i ns  
more o f  the high-frequency informat ion than the commonly used r e c t i f i c a -  
t i o n  f i l t e r  method does. I n  our e f f o r t s  To improve the high-frequency 
response, we found t h a t  the c i r c u i t  which~provided the reference poten- 
t i a l  introduced spikes . We also found problems w i t h  the t r i angu la r  wave- 
form caused by a f i n i t e  s t a t o r  spacing. fhe r o t o r  would s t a r t  uncovering 
one s ta to r  se t  before the next  se t  was s t g r t i n g  the shadowing process. 

TO improve the high-frequency s ignal$ one o f  my col leages suggested2 
we do two addit ions, one o f  them before &'ferencing the s ignals t o  ground 
t o  use . for  the high-frequency response onqy. The second add i t i on  provides 
the same signal as before, a  dc s ignal  f o r  low-frequency cont ro l  o f  the  
corona system. , 

The problem o f  the s ta to r  spacing was solved by changlng the r o t o r  
shape t o  near ly s inusoidal .  The r o t o r  was machined t o  the shape o f  the 
fo l low ing  equation: 

where R i s  the radius i n  inches, A i s  the constant inner radius i n  inches, 
B i s  the amp1 i t ude  o f  the r o t o r  segments i n  inches, and N i s  ha1 f the num- 
ber o f  r o to r  segments. A t yp i ca l  r o t o r  shape i s  shown i n  Fig. 3. 

The machining o f  the r o t o r  must be as precise as the  required prec i -  
s ion o f  regu la t ion.  To accomplish equa l i t y  o f  the r o t o r  shape, both faces 
o f  the r o t o r  segments were machined w i t h  the same cu t t e r .  We used a s ing le  
c u t t i n g  edge ground t o  the desired shape. o f  the segment. The too l  resembles 
a  f l y  cu t t e r .  The r o t o r  was mounted on an arbor he ld  ho r i zon ta l l y  by a  
d i v i d i n g  head on the t ab le  o f  a  v e r t i c a l  m i l l i n g  machine. Thus the f i n a l  
equal i ty o f  segment edges i s  1  i m i  t ed  on1 y by machine 1  i m i  t a  t i ons  . 

The sp ik ing re f l ec ted  back t o  the f i r s t  adding c i r c u i t  from the second 
adding c i r c u i t  was i so la ted  by a  bu f f e r  amp l i f i e r .  The f i n a l  c i r c u i t  i s  
shown i n  Fig. 4. Test r esu l t s  o f  the high-frequency adding c i r c u i t  a re  
shown i n  Fig. 5. 



Figure 5 was taken w i t h  a t e s t  p l a te  one-half  inch i n  f r o n t  o f  the new 
generating voltmeter. The p l a te  was a t  90 V w i t h  an audio s ignal  o f  20 V 
amp1 i tude superimposed on i t .  The top and bottom traces a re  the two s ta to r  
s ignals,  the motor 's  r o t o r  frequency showing the d i r e c t  cur rent  component. 
The higher-frequency audio signal i s  a lso present. The center t race  i s  the 
r e s u l t  o f  adding the two s t a t o r  s ignals and shows on ly  the  audio component. 

We a lso  developed and i n s t a l l e d  an energy con t ro l  system t o  provide 
the  fo l low ing  opt ions:  1)  Control on the image s l i t s  only, 2) Control on 
the GVM only, o r  3) Con t ro l . i n  an automatic mode t h a t  switches between 
image s l i t  con t ro l  and GYM cont ro l  depending upon the t o t a l  cur rent  f a l l  i ng 
on the  sl l ' ts .. A d i g i t a l  vol tmeter reads the terminal voltage. The d i g i t a l  
output  i s  compared t o  h igh and low d ig i t a l l y - se lec ted  energies. The energy 
c o n t r o l l e r  can re tu rn  t o  image s l i t  cont ro l  on ly  i f  the terminal voltage i s  
w i t h i n  the selected energ window. A s ignal  i s  a lso provided t o  stop data i! c o l l e c t i o n  i f  the image s i t s  are no t  con t ro l l i ng  o r  i f  the  terminal "voltage 
does no t  f a l l  w i t h i n  the selected window. 

Two types o f  cont ro l  s ignals are used. LowLfrequency cont ro l  i s  v i a  
the corona needles and corona tube. Higher-frequency con t ro l  i s  v i a  an 
o p t i c a l  ly-coup1 ed 1 i n k  t o  the s t r i ppe r  bias o r  terminal -housed regu la tor .  
The corona con t ro l  i s  the por t ion  t h a t  i s  mu1 t ip lexed  i n  the automatic mode. ' 

While t h e  s t r i ppe r  b ias  regu la to r  i s  swi tch selected, we do provide higher- 
frequency input from e i t h e r  the image s l i t s  o r  the WM. 

The u n i t  has been i n  use for  about ten nionths. Af ter  working ou t  some ' 

i n i t i a l  problems, the  experimenters , f i nd  the system extremely usefu l  i n  
reducing unwanted background, and i n  assuring the heavy i on  experimenters : 

t h a t  the data i s  taken w i t h  the  cor rect  charge s t a t e  and energy beam. A 
b lock diaqram o f  the device i s  shown i n  Fig. 6. 
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No6: Th is  c i r c u i t  de tec t s  an ac component, so i s  t h a t  s i m i l a r  t o  a  corona - 
mushroom? 

Fauska : That ' s  r i g h t .  I had t r i e d  over  t h e  years  t o  g e t  a s i gna l  f rom 
t h e  corona mushroom'but I r a n  i n t o  problems w i t h  phase s h i f t s  and o t h e r  
t h i n g s .  

No&: Do t h e  c i r c u i t s  descr ibed  by Tom T r a i n o r  use t h a t  i n f o r m a t i o n  i n  t h e  - 
feedback l oop?  

Fauska: Yes, t h i s  i s  an i n p u t  to. Tom's c i r c u i t .  



b?f The Performance of the Carbon Stripping Foils in the Argo,nne FN Tandem 
t 
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-- 

A b s t r a c t  

Carbon stripping foils produced by the glow 
discharge cracking of ethylene were produced and the 
foils were tested in the Argonne FN tandem accelerator. 
The results are presented and the characteristics of 
stripping media are discussed. 

I. Introduction 

Gaseous and solid electron stripping media are used in tandem electro- 
static accelerators for ion polarity reversal. Additional effects of the strip- 
ping medium on the transmitted ion beam are not desired. The ideal stripping 
medium is characterized by the production of a positive ion beam with a high 
average charge state and with a small energy straggling. Also, additional 
divergence introduced into the beam by multiple scattering should be small and 
the stripper should have an infinite or very long lifetime. 

The need for a high mean charge state to achieve ntaxitnum energy gain 
often eliminates gaseous media'from consideration as strippers for heavy 
ions, A < 16. Chargestate distributions for a number of heavy ions have been 
compiled by ~et.1) for 02 and carbon strippers. A density effect strongly 
favors solid media2 9 3) , 

'l'he energy straggling introduced by a stripping media should he as 
small as possible so as to maintain the excellent beam quality available from 
electrostatic accelerators. In systems utilizing beam bunching, such as the 
Argonne superconducting linac, this requirement is especially crucial. Addi- 
tional energy straggling introduced by the stripper is translated into a longer 
ion pulse at the nuclear target. For arc-evaporated carbon foils used as 
strippers, the energy stra ling has been found to increase as t$, where t is $7 the thickness of the foil . The technique can be used inversely to determine 
the thickness of carbon foils when the energy straggling is calibrated with 
standard foils of known thickness. Although the absolute energy straggling 
may ditfer for different carbon structures, the thickness variation is expected 
to remain. 

The transmission of ions through the accelerator is dependent on the 
emittance of the ion beam and the electrostatic focusing of the accelerator 
tubes. Multiple scattering of the ion beam by the stripper increases the 

*This research was performed under the auspices of theU,S. Department 
of Energy. 



divergence of the beam. The net contribution to the transverse emittance is 
minimized by placing a waist at the stripper. Since the multiple scattering 
increases with projectile mass and stripper thickness, media only as thick as 
necessary to produce charge state equilibrium should be used. Self-supporting 
solid strippers, generally carbon films, are always thicker than necessary for 
charge state equilibrium at the terminal energies of existing electrostatic 
accelerators. A frequently observed characteristic of carbon strippers is a 
decrease in transmitted beam intensity as the foil irradiation time increases. ~ . - .  

Presumably, this effect is due to the thickening of the foil by ion beam 
cracking of residual hydrocarbons, although the effect has been observed in - -  - 

ultra-high vacuum systems with very low hydrocarbon partial pressures. The 
hydrocarbons may be liberated by beam heating of apertures in the vicinity of 
the foi14~9). 

Whereas a gaseous stripper can be continuously renewed, solid 
strippers are subject to radiatiowinduced damage and eventual destruction. 
The precise mechanism for the destruction is not known, but the macroscopic 
features of the process have been widely observed. The thin film of carbon 
becomes taut around the edges while the beam spot itself acquires a mirror- 
like appearance. The tension in the foil increases until rupture finally 
occurs, Several a_u_t.hh._qrs5 6 g)--&ave suggest& -that the time to rupture of carbon 
foils is dependent on the integrated radiation dose nd varies inversely with 
the nuclear stopping power, S . Dobberstein et al.5f have related this to the 
energy required to produce a Vrenkel defect in crystalline solids. Livingston, x .  
et a1. 8, have suggested the reduced lifetime, r , which satisfies the empirical 
formula: r (ppa min/mm2) = A * E ~ .  l5 (~ev~amu) . A varies from A 2 60 for 1 4 ~  to - R' 
A "  5 for 58~i. They found that at low velocities the lifetimes of carbon 
strippers decreased faster than 1/S Because the lifetime of arc-evaporated N ' 
carbon stripping foils can become very short for heavy ions, considerable effort 
has been devoted to the investigation of the properties of carbon strippers 

4 , 
prepared by other methods. 

f . 

II. Testing Carbon Foil Lifetimes 

The comparison of the effectiveness of different stripper foils 
requires a uniform testing environment. The lifetime of carbon stripper foils 
is known to depend upon many variables including the ion species, energy, and 
the intensity, as well as the accelerator characteristics such as the beam 
position, stability and the size of the beam at the stripper. Foil-mounting 
techniques such as slackening the f ilmlO), mounting a grid12,10), and moving 
the filml1), have also been shown to effect the lifetime. Although stripper 
performance is only directly measurable in beam tests in the terminal of a 
tandem accelerator, many experiments have been done after acceleration using 
the positive exit beam. This type of test allows excellent control over para- 
meters such as the beam spot size, foil position, and the residual pressure. 
Extensive instrumentation is possible, allowing the simultaneous measurement 
of many attributes, but the time available for such tests is usually very 
limited. In tandem terminal tests, however, time is not a critical factor if 
the beam time can be shared with other experiments. Although the foil position 
is remote and instrumentation is difficult, the dose-response curve of the foil 
is directly determined in terms of the quantities of primary importance: the 
useful lifetime, the 11eau1 t~*ari~~aissic.)~~, a~rJ Llle ellergy ~Lraggliug. 



The lifetime of a carbon foil has been'variously defined by different 
investigators. In tests performed in beamline scattering chambers, foil rupture 
has often been the criteria, since it is easily observed and marks a definite 
transition. In terminal tests, however, incomplete foil breakage will only 
cause a reduction in beam intensity or possibly a decrease in voltage stability 
or beam directional stability. We have chosen to measure the lifetime as the 
dose required to reduce the transmission of the foil and accelerator to 70% of 
its initial value. The transmission is measured as the ratio of the injected 
current to the analyzed current of the most probable charge state. Frequently, 
experiments cannot tolerate a larger fluctuation in intensity. 

111. Foil Testing Facility at ANL 

To enable foil testing while sharing beamtime with other experimenters, 
a microcomputer controlled stripper indexer was mounted in the terminal of the 
Argonne FN tandem. The system is shown in Figure 1. The indexer operates 
similarly to the one developed at ~unichl~). A punched mylar tape driven by an 
NEcl5) 230 position changer is read and the position is transmitted by the com- 
puter on a fiber-optic link. A base computer decodes the signal and displays 
the position. Figure 2 is a block diagram of the system. The indexer allows 
complex foil loadings with many foil types, yet particular foils can be located 
and tested or used as required. To simplify data acquisition another computer 
is used to monitor and control the Faraday cup positions and record the mea- 
sured currents. 

Energy straggling measurements can be made using the beam bunchin 
system of the Argonne superconducting linac which is described elsewherel6,&). 

IV. Production of Cracked Ethylene Foils 

During the past year the primary emphasis of our foil development. 
program has been the reproduction of the encouraging results reported by 
~aresbur~"), Chalk River18) and Oak Ridge19) for foils produced by cracking 
ethylene in a glow discharge. Figure 3 shows the apparatus,which is modeled 
closely upon that of J. Gallant. Table 1 compares the techniques used by the 
several groups, The techniques appear equfualent: in most respects,although tfir 
ORNL and Daresbury groups report significantly lower deposition rates than the 
CRNL and ANL groups. We have used thinner release agents than the other 
researchers. The use of a thinner release agent was prompted by the occurence 
of sparking in the discharge when thicker layers were used. The sparking was 
reduced by first cleaning the substrate with a preliminary pure Ar dfscharge. 
The Ar discharge was found to reduce the carbon deposition rate of the 
subsequent 90% C2H4 + 10% Ar discharge, presumably by changing the surface 
structure of the NaC1. The Ar cleaning was only done for a few seconds to 
reduce this effect, Figure 4 shows typical voltage and current characteristics 
of two successive 5 second glow discharges of the ethylene -Ar mixture follow- 
ing a brief pureAr cleaning discharge. The small amount of sparking evident 
in the first discharge is completely absent in the second. These two discharges 
produced a foil with areal density of about 10 pg/cm2 as estimated from trans- 
mission measurements. 



V. Results and Discussion 

Preliminary results of testing these foils in the Argonne FN tandem 
nave been disappointing. Table 2 shows a comparison of the results obtained 
by the different groups and the testing condition under which they were acquired. 
The wide disparity in testing technique makes the comparison difficult, but 
three of the groups report large increases in stripper lifetimes with glow- 
discharge foils. Our failure to reproduce these results suggests that factors 
important to the success of the process remain unknown. The presence or 
absence of trace contaminants is a possibility, or perhaps the substrate or 
release agent differ in some significant but subtle respect. We hope to be able 
to delineate these differences after additional work. Future plans also include 
a direct comparison of the performance of carbon strippers supplied by other 
laboratories by testing in the Argonne FN tandem. 
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TABLE 1. Comparison of glow discharge techniques. The CRNL data 
is from Ref. 18, the ORNL data is from Ref. 19, and the Daresbury data is 
from Ref. 9 and 17. 

Cathode 
Area/.type 

(CM2) 

Cathode- Anode 
spacing (CM) 

Gas 

Pressure 
(Torr) 

Current 
Density 

(mi cm-2) 

Release 
Agent 

(pg. 

Deposition 
Rate 

-2 1 (pe-cm * S  .) 

Discharge 
Voltage (KV) 

Estimated 
Thickness 

ANL - CRNL DARE s BURY 

161 128' 5 8 25 
Metal Metal Metal Glass 

0.08 0.08' 0.10 0.10 
Flowing Static Flowing Flowing 

2- 10 15 15 
NACL NC AL NACL 

- 
NAGL 
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TABLE 2. Comparison' of glow discharge. strcqper foil. test conditions 
and results. Data is from same references as Table 1. 

ANL CRNL ORNL DARESBURY - 

Test 
Beam . '  

Beam Intensity 0.5 1.0 0.35 0.7 
(pa> 

. . . . 
Beom Energy 8.0 4.9 3.0.0 4.8 
(MEV) 

Lifetime 
Definition 

Yes Yes No 

. 7  I. . 510 Rupture Rupture 

Lifetime 
Increase 1 10-20 5-20 25 
Faetar 



Fig. 1 .  The terminal f o i l  indexer and the computer i n  t h e i r  
double shielded boxes showing the mylar punched tape. 
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Fig. 2. Block diagram of the foil indeger and terminal 
comnunicatlon system, 
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Fig. 3 .  ~ h e ' ~ $ p a ; a t u ~  &ed ' f i r  the production o f  Ol+dw 
discharge carbn' fo i l  5 .  
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Fig. 4. Typical voltage and current characteristics of a 
glow discharge . 
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ABSTRACT 

Long l i f e t ime  carbon sFripper f o i l s  are e s s e n t i a l  t o  t h e  
.. .. 

operation of.heavy ion tandem accelerators .  The glow discharge 

cracking of ethylene gas produces carbon films' t h a t  a r e  more r e s i s t a n t  

t o  rad ia t ion  drslage than those prepared i n  the  conventional manner. A 

modified form of t he  glow discharge apparatus and t he  preparat ion and 

the charac te r iza t ion  of these f o i l s  a r e  described. 

INTRODUCTION 

Tandem e l e c t r o s t a t i c  accelerators  make use of negative ions  

on the "upward" journey t o  high voltage terminal and pos i t ive  ions  on 

the "downward" leg.  The pos i t ive  ions may have many e lec t rons  removed, 

i n  some cases even a l l  of them, and generally the  more removed t h e  b e t t e r  because 

f o r  a given terminal vol tage the  higher the  charge the  grea te r  t h e  energy. 

The process of changing the incoming negative ions  t o  an outgoing (multiply 

charged) pos i t ive  ion is known as "stripping", It is accomplished by a, 

t h i n  Payer of matter ca l l ed  a s t r i ppe r .  A t  f i r s t  s t r i pp ing  was done in a 

gas but  now both gas and s o l i d  s t r i p p e r s  a r e  used. Sol id  s t r i p p e r s  have t h e  

advantage of giving a higher average pos i t ive  charge and hence h igher  0utpu.t 

energies,  o r  o f ten  more importantly, higher output i n t e n s i t i e s  at  a given 

high energy a ~ d  a r e  thus  c r u c i a l  i n  many experiments. However, they 



s u f f e r  from a , s e r i o u s  disadvantage, t h a t  of r ad i a t i on  damage which,' s i nce  thej 

2 must be very t h i n  (5 vg/cm ) t o  avoid l o s s  of .beam p a r t i c l e s  and energy 

d e f i n i t i o n ,  causes them t o  break. The r a t e  of damage increases  with the  mass 

of t h e  ion  and i s  such t h a t  i n  t yp i ca l  tandem operat ion,  a s tandard carbon f i l m  

(carbon fs universa l ly  used for '  t he  purpose) l a s t s  f o r  weeks i n  a hydrogen beam 

but  breaks i n  an . iod ine  beam i n  the  order of one minute- 

For more than a year the  tandem occs l s r a to r . . a t  t h e  Chalk River Nuclear 

1.nboratorles has been using relaxed eraeked ethylene foils1) prepared hy 

2) a procedure tha t  .was . f $ t s t  employed a t  the  Daresbury Lzboratory i n  England 

The development of these  f o i l s  has  increased t h e  f o i l  l i f e t i n s  i n  an iodine 

beam t o  about one hour (Figure 1). with t h e  r i s u l t  t h a t  t h e  use of f o i l s  f o r  

s t ~ i p p i n g  of ions  as.heavy a s  iodine 2s- now prac t fcab le ,  whereas t h e  former 

l i m i t  was i n  t h e  i r o n  region. 

APPARATUS 

Ethylene gas can be r ead i ly  d i ssoc ia ted  511 a h i g h  vblrage disc1lai:ge 

between two eleccrode~ w i r l c l i  restiles in crrxbon h ~ f n g  profexcnt:ieIly depos i ted  

a t  t he  cathode. The apparatus shown i n  d e t a i l  i n  Figure 2 has been used 

s u c c e s s f u l l y ~ a t  Chalk River during the  last year t o  produce longel- l.ife- 

time carbon f i lms.  It cons i s t s  of two 140 mm diameter mct.al e l e c t r o d e s  

spaced 100 rmn a p a r t  i n  a vacuum chamber with gas t n f e t  and high voltage 

feedthrough. The ' e lec t rodes  are isolaced frrjiv the di3churgc se t?!~l: only 

the metillic f ace  of .the e lec t rode  is exposed. 

Carbon As deposited on the  surface of the.catl iode.  Our p~:oceduxe 

v a r i e s  from t h a t  of o the r s  i n  t h a t  a . m e t a l  c o l l e c t o r  plate and constant  

gas p ressure  is used. The.'cracking i s  performed for ,  a v e r y , s h o r t  per iod 

o f . t f m e  (5 seconds) i n  a DC discharge s o  t h a t  t h e  increase  of  p r e s su re  due 



i ,- i 
* .  . 

to the breakdown of the gas. and the related drop in current is not significant. 

Fkrlier experiments have :proved that films prepared by RF discharge ' are less 

resiiitant to iadiation damage than those prepared by the DC glow discharge 

PROCEDURE 

. A chromium plated brass disc, 130 mm in diameter, is coated with a 

2 
sodium chloride film, 10 pg/cm thick, and transferred to the cracking 

. .. 
-3 

apparatus. The chamber ie evacuated to a pressure of 1.33 x 10 Pa 

( 1 0 ~ ~  &or=) and the ethylene leaked into the system to a pressure of 10.7 Pa. 

The ethylene is cracked at a potential of 2.5 kV for a predetermined period 

: of time, usually 5 seconds. 

DETERMINATION OF FOIL THICKNESS 

1. Energy loss of copper beam in a carbon film 

A thickness measurement in b a  in the tandem terminal was 

74- performed i.n the following way. A beam of 81 MeV Cu produced by 

gas stripping was analysed at a terminal voltage reading of, for example, 

10, POGG MV. The precl er. ahsnlute ca1.l brat.ion of the generating voltmeter 

(GVM) was unimportant since the thickness determination depends only on 

small differences. A stripping foil was then inserted ahead of the gas 

canal and it was found that in order to obtain the same analysed ecergy 

the voltage had. to be increased to 10.1160 IN. The energy .loss in the 

foil was thus 9.4 x 8 75 keV. From Northcliffe and Schilling, the 

stopping power of copper in carbon at 10 MeV is 22.9 ke~/pg/cm 2(4) so 

2 
that the stripper foil thickness was I3.l ug/crn with. an estimated emor 

of about *lo%. 



2. Wei~hing -. t h e  carbon deposit  

To determir~e d i r e c t l y  the thickness of the  carbon f i lms,  a 

metal. d i sc  of 135 mm diameter with a 74 mm hole  a t  t he  cea te r  was placed 

wer a 100 mm diameter aluminum disc.  Ethylene w a s  cracked f o r  f i v e  

second i n t e r v a l s  and . the  gas renewed a f t e r  every cracking. The disc 

was  weighed a t  every.second cycle. This procedure was repeated ten times. 

T i .  versus areal dens i ty  of carbon deposit ion was p lo t t ed  (Figure 3).-  

2 weight of deposi t  Areal density i n  g/cm = 
area 

T)re ca l ib ra t ion  determined t h a t  the  r e su l t i ng  f i lm from a f i v e  second 

2 cracking period is &3 pg/cfrn m the thickness being d i r e c t l y  proportional 

t o  time, a t  a given gas pressure. 

CONCLUSION 

Str ipper  f o i l s  prepared by t h i s  method i n  combination wi th  t he  

f o i l  re laxing technique2) are now i n  rout ine use a t  the  Chalk River 

2 tandem accelerator ,  t y p i c a l  thicknesses being 3 pg/cm a t  t he  terminal 

2 
and lO'pg/cm a t  the  second s t r ipper .  

~ u r t h e r  research,  f o r  exsmpfe' on cracking at higher voltage 

and co l l ec t ing  carbon on heated subs t ra tes ,  is now being carried out  by 

o the r -  laborator ies .  If t h a t  work proves successful  t he  presen t  techniiue 

can e a s i l y  be  modified t o  incorporate any improvemen t s  . r e q u i r e d .  

The authors wish t o  express t h e i r  s incere  thanks t o  N. Burn, Dr .  J.C.D. Milton, 

and Dr. H.R. Andrews f o r  t h e i r  invaluable ass is tance.  

[ E d i t o r ' s  note:  Discussion o f  t h i s  presentat ion was postponed u n t i l  a f t e r  
t h e  fo l lowing r e p o r t  by Charles Jones .] 
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f o i l  s t r i p p e r s  i n  t h e  t e r m i n a l  o f  t h e  MP tandem a c c e l e r a t o r .  
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Fig .  2. Schematic o f  t he  ethy lene c rack ing  apparatus. 

F ig .  3. C a l i b r a t i o n  of carbon th ickness versus cr.acking t ime.  



Notes on S t r i p p e r  F o i l  L i f e t i m e s *  
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L a s t  yea r  David Weisser r e p o r t e d  on measurements which we had done a t  Oak 
Ridge on t h e  l i f e t i m e  o f  carbon f o i l s  exposed t o  10-MeV c h l o r i n e  beams f rom o u r  
EN tandem a c c e l e r a t o r .  These measurements con f i rmed t h a t  glow d ischarge  f o i l s  
e x h i b i t  s i g n i f i c a n t l y  enhanced l i f e t i m e s  i n  comparison t o  evaporated f o i l s  and 
f u r t h e r ;  t h a t  g low d ischarge  f o i l  1  i f e t i m e s  showed ' a  d - i s t i n c t  c o r r e l a t i o n  w i t h  
t h i c kness ,  t h i c k e r  f o i l s  l a s t i n g  a  l onge r  t i m e .  A l though  o f  cons iderab le '  i n t e r -  
e s t  t o  us, these measurements had t h e  d isadvantage t h a t  q u i t e  a  l o n g  t ime  was 
r e q u i r e d  t o  t e s t  a  f o i l .  S p e c i f i c a l l y ,  t h e  t i m e  r e q u i r e d  t o  break a  g l o w - d i s -  
charge f o i l  w i t h  t he  0.5-ppA c h l o r i n e  beam o b t a i n a b l e  f rom o u r  EN tandem a c c e l -  
e r a t o r  was o f  t h e  o r d e r  o f  12 hours.  There fo re ,  we were mo t i va ted  t o  develop 
a  more r a p i d  way t o  t e s t  f o i l s  which would s t i l l  be p r e d i c t i v e  o f  t h e i r  behav- 
i o r  when exposed t o  e n e r g e t i c  heavy i o n  beams; 

My t a l k  today concerns i n  p a r t  what we b e l i e v e  t o  be a  s o l u t i o n  t o  t h i s  
problem. The technique,  which was developed by Ron Auble w i t h  t h e  ass i s t ence  
o f  Dave G a l b r a i t h ,  i s  based on bombarding carbon f o i l s  w i t h  20-keV n i t r o g e n  
i ons  i n  a  General Ionex S p u t t e r  B e l l .  Th i s  apparatus,  which was developed f o r  
t a r g e t  f a b r i c a t i o n ,  i s  equipped w i t h  a  duoplasmatron which i s  t h e  source o f  a  
heavy i o n  beam, u s u a l l y  argon, which i s  a c c e l e r a t e d  and used t o  s p u t t e r  r e f r a c -  
t o r y  m a t e r i a l  s  on to  subs t ra tes .  For t h e  p resen t  appl  i c a t i o n ,  t h e  duopl  asmatron 
was s e t  up t o  produce a  20-keV n i t r o g e n  beam and t h e  S p u t t e r  B e l l  was equipped 
w i t h  a  mu1 t i p l e  f o i l  ho l de r  and a  suppressed Faraday cup. W i t h  t h i s  apparatus 
i t  was then p o s s i b l e  t o  i r r a d i a t e  carbon f o i l s  w i t h  known f l uences  o f  20-keV 
n i t r o g e n  i ons .  

The f i r s t  r e s u l t  ob ta ined  from these measurements was t h a t  t h e  l i f e t i m e  o f  
unslackened g low-d ischarge f o i l s  was o f  t h e  o r d e r  o f  10  t o  15 t imes  l o n g e r  t han  
t h a t  f o r  unslackened evaporated f o i  1  s .  ( o u r  c r i t e r i o n  f o r  1  i f e t i m e  i s  r u p t u r e  .) 
Th i s  i s  i n  good agreement w i t h  measurements a t  h i g h e r  bombarding ene rg i es .  I n  
a d d i t i o n ,  as expected, t h e  t ime  r e q u i r e d  t o  break a  f o i l  was measured i n  m inu tes  
r a t h e r  than hours .  

Be fo re  d i s c u s s i n g  these measurements f u r t h e r ,  I w i l l  now d i g r e s s  and d i scuss  
a  t h e o r e t i c a l  method f o r  e s t i m a t i n g  f o i l  l i f e t i m e s  which has been developed by 
Ron Auble as a r t  o f  t h i s  work. Th i s  method i s  descr ibed  i n  d e t a i l  i n  an accom- P pany ing paper which was prepared by Ron Auble and Dave G a l b r a i t h  f o r  p r e s e n t a t i o n  
a t  t h e  N i n t h  World Conference on t h e  I n t e r n a t i o n a l  Nuc lear  Ta rge t  Development 
S o c i e t y  t h a t  i s  be ing h e l d  i n  G a t l i n b u r g  a t  t h e  same t i m e  as t h i s  Symposium. The 
method i s  based on t h e  i dea  o f  e s t i m a t i n g  t h e  number o f  d isp lacements  which occur  
pe r  i n c i d e n t  i o n  and then  assuming t h a t  f o i l  l i f e t i m e  i s  i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  p roduc t  o f  t h e  number o f  d isp lacements  per  i n c i d e n t  i o n  and t h e  f l u e n c e .  

Resu l t s  f o r  t h e  S p u t t e r  B e l l  measurements, a l ong  w i t h  o t h e r  measurements a t  
h i ghe r  bombarding energ ies,  a r e  shown i n  F i g .  1  where I have p l o t t e d  experimen- 
t a l l y  observed l i f e t i m e s  on t h e  v e r t i c a l  a x i s  versus cor respond ing  t h e o r e t i c a l  
1  i f e t i m e s ,  c a l c u l a t e d  w i t h  t he  formulae o f  t h e  f o l l o w i n g  paper1, on t h e  h o r i z o n t a l  

*Research sponsored by t h e  D i v i s i o n  o f  Bas ic  Energy Sciences, U.S. Department o f  
Energy under c o n t r a c t  W-7405-eng-26 w i t h  t h e  Union Carbide Co rpo ra t i on .  



a x i s .  To simp1 i f y  t h i s  f i g u r e  I have, w i t h  one except ion, drawn ba l loons  r a t h e r  
than e r r o r  bars, b u t  t he  s i z e  of  t he  bal loons i s  a measure o f  e i t h e r  an est imated 
u n c e r t a i n t y  f o r  a s i n g l e  measurement o r  t h e  spread i n  observed values f o r  a num- 
ber  o f  measurements. A l l  o f  t he  measurements summarized i n  t he  f i g u r e  a re  f o r  
unslackened glow-discharge f o i l s .  Data from Chalk R iver  (CRNL), the  Daresbury- 
Harewel l  c o l l a b o r a t i o n  (D-H), and t h e  10-MeV 3 5 C l  ORNL data were taken from a 
r e c e n t  comp i la t i on  by Robin Tai t2. The cross-hatched bal loons l abe led  ORNL accep- 
tance t e s t s  a r e  f o r  s i n g l e  f o i l s  used i n  t he  acceptance t e s t s  o f  t he  Oak Ridge 
25-MV tandem a c c e l e r a t o r .  

Two essen t i a l  r e s u l t s  may be noted i n  F ig .  1 .  The f i r s t  i s  t h a t  f o i l s  fab- 
r i c a t e d  by glow discharge from d i f f e r e n t  gases3 and bombarded by 20-keV n i t rogen  
i o n s  do not  show s i g n i f i c a n t l y  d i f f e r e n t  l i f e t i m e s .  The second i s  t h a t  t he  l i f e -  
t ime theory  developed by Ron Aubl e ap ears t o  be a f a i r l y  good representa t ion  o f  
f o i l  l i f e t i m e  over a mass range from P4N t o  1 2 7 ~  and an energy range from 20 keV 
t o  10 MeV. A c o r o l l a r y  o f  t h i s  second r e s u l t  i s  t h a t  t e s t s  o f  f o i l  1 i f e t i r ne  
w i t h  keV-energy i o n  beams can be a meaningful p r e d i c t o r  o f  1 i f e t i m e s  a t  bornhard- 
i n g  energies corresponding t o  the  use o f  carbon f o i l s  as te rmina l  s t r i p p e r s  i n  
tandem acce lera tors .  
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puA min/mm2 - Theory 

F ig .  1 . Li fe t imes f o r  glow-discharge carbon f o i l s .  The theore t i ca l  1 i f e t i m e  
p lo t ted  on the  horizontal  ax is  i s  defined as: 

where k = 0.0073 x thickness (ug/cm2) - 0.01 0 f o r  glow-discharge f o i l s  w i th  
thickness i n  the  range 2-1 0 ug/cm2. 



A PROCEDURE FOR THE RAPID EVALUATION OF CARBON STRIPPER FOILS 
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presented by C .M. Jones 

The mot ivat ion for  t r y i n g  t o  use very low energy i o n  beams f o r  
t e s t i n g  carbon f o i l s  i s  obvious. F i r s t  o f  a l l ,  i t  i s  considerably 
f a s t e r  and, secondly, the hardware i s  much simpler and general 1y more 
avai lab le f o r  such studies than large accelerators. An ideal  source f o r  
such beams i s  a sput ter ing apparatus, which can provide a va r ie t y  o f  
ions a t  energies on the order o f  20 keV. The question then ar ises as t o  
whether o r  not  the  resu l t s  obtained under these conditions can be 
re la ted  t o  the much higher energies encountered i n  large e lec t ros ta t i c  
accelerators. 

To answer t h i s  question, we have made the basic assumption t h a t  
f o i  1 1 i fetimes under i o n  bombardment are 1 i m i  ted  by s t ruc tura l  changes 
induced by rad ia t i on  damage. We bel ieve t h i s  i s  the case since the 
1 i fet imes do not  appear t o  be 1 i m i  ted by more fundamental processes such 
as sputtering. This i s  an important po in t  since i t  leaves o en the 
possi b i l  i ty  f o r  f u r the r  improvement i n  f o i  1 1 i f  etimes throug g contro l  o f  
the  microstructure of the f o i l .  The ra te  a t  which rad ia t ion  damage 
occurs i s  determined by the damage energy, Ed, given by 

where da/dE i s  the cross section f o r  the roduction o f  a primary 
knockon atok (pka) w i t h  energy ER and v(ER! i s  the f rac t i on  o f  ER which 
i s  u l t imate ly  deposited i n  the mater ial  i n  the t o m  o f  displaced atoms. 
The in tegra t ion  i s  over a l l  pka energies from the threshold energy, Td, 
required t o  displace an atom from i t s  c rys ta l  l a t t i c e ,  t o  Emax, which, 
f o r  e l a s t i c  scatter ing, i s  given by 

where Mi, M2 are the  masses o f  the inc ident  and target  atoms, respectively, 
and Eo i s  the energy o f  the Inc ident  beam. 

*Operated by Union Carbide Corporation under contract W-7405-eng-20 
w i th  the U.S. Department o f  Energy. 



F o r  low energy hea ly  i ons ,  t h e  r e a c t i o n  c ross  s e c t i o n  can be . . , . ' 

r ep laced  by t h e  R u t h e r f o r d  s c a t t e r i n g  c ross  s e c t i o n ,  
. . .  . - .  

The damage e f f i c i e n c y  can be c a l c u l a t e d  u s i n g  t h e  accepted1 exp ress ion  
which, f o r  carbon, i s  

Us ing  these  express ions ,  we have c a l c u l a t e d  t h e  damage ene rg ies  f o r  
seve ra l  d i f f e r e n t  i n c i d e n t  i o n s .  We found t h a t  most o f  t h e  damage i s  
produced by pka energ ies  l e s s  than  10  keV, and have used t h i s  f a c t  t o  
d e r i v e  an easy t o  use express ion  t o  es t ima te  t h e  damage energy. I n  
a d d i t i o n ,  t h e  damage e f f i c i e n c y  v a r i e s  s l o w l y  ove r  t h e  energy range f r o m  
40 eV, wh ich  i s  t h e  v a l u e  o f  T assumed i n  t h i s  s tudy ,  t o  1 0  keV, and 
can be approx imated r a t h e r  w e l f  by a  l i n e a r  f u n c t i o n  o f  ER. Wi th  these  
approx imat ions ,  t h e  damage energy f o r  carbon becomes 

Ca-rbon f o i l  l i f e t i m e s  can, t h e r e f o r e ,  be es t ima ted  e a s i l y  f r o m  

The p r o p o r t i o n a l i t y  f a c t o r ,  kfYil, w i ' l  l depend on the. d e t a i l e d  m'icro- 
s t r u c t u r e  o f  t h e  f o i l s  and w i  , t h e r e f o r e ,  be d i f f e r e n t  f o r  f o i l s . m a d e  
by  d i f f e r e n t  techn iques .  The empi r i  c a l  l y  determined cons tan t s  a r e  f ound  
t o  be kfoil = 0.0018 f o r  vapor  depos i t ed  f o i l s ,  and kfoil = 0.0073 t - 
0.010 f o r  glow d i scha rge  f o i l s  o f  t h i ckness  t ( ~ g * c m - ~ ) .  The l a t t e r  i s  
f o r  f o i l s  made u s i n g  e t h y l e n e  p l u s  10% argon and 2  -2.5 kV b i a s .  Measured 
l i f e t i m e s  a r e  found t o  be i n  remarkably  good agreement w i t h  es t ima tes  
f r o m  eqn. 6 as shown i n .  t a b l e s  1  .and 2.. Measurements a t  much h ighe r  
energ ies have been repo r ted  f o r  vapor deposi ted f o i l s 2  and t h e  agreement 
i s  much poorer,  measured va lues  be ing up t o  t en  t imes  t he  ,est imates from 
eqn. 6 .  Fu r t he r  s t u d i e s  a t  h igher  energ ies should,  t h e r e f o r e ,  be made 
t o  determine t h e  energy range over  which these es t imates  can be a p p l i e d .  

These r e s u l t s  suggest t h a t  l i f e t i m e  measurements made w i t h  v e r y  l ow  
energy i o n  beams can be r e a d i l y  r e l a t e d  t o  energ ies and i o n s  used i n  
1 arge a c c e l e r a t o r s .  We have, t h e r e f o r e ,  used t h i s  technique t o  t e s t  



c j l  ow d i  scharge f o i  1s made w i t h  d i f f e r e n t  hydrocarbon gases. The resu l t s  , 
shown i n  t a b l e  3, have been disappoint ing' thus far .  F o i l s  made using 
welding grade acety lene and w i t h  MAPP gas have given l i f e t i m e s  which are 
e s s e n t i a l l y  the same as those made w i t h  ethylene + argon.. Thus, i t  
appears a t  present t h a t  f u r t h e r  improvements w i l l  have t o  f i n d  t h e i r  
o r i g i n s  i n  o ther  areas, such as annealing o r  the use o f  r e f r a c t o r y  
compounds having more i sot rop i  c proper t ies  than graphi t e .  
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[ E d i t o r ' s  no te :  The f o l l o w i n g  d i scuss ion  concerns t h e  f o u r  preceding 
papers on t h e  s u b j e c t  o f  carbon s t r i p p e r  f o i l s . ]  

Den Har tog:  I want t o  ment ion something t h a t  I l e f t  o u t  o f  my t a l k .  We 
have taken  t h e  o p p o s i t e  approach t o  t h a t  o f  ORNL as f a r  as t r y i n g  t o  t e s t  
f o i l s  ve ry  r a p i d l y .  We accept  t h a t  we cannot t e s t  them r a p i d l y  under r e a l  
beam c o n d i t i o n s .  That  i s  t he  purpose o f  t h e  microcomputer and i ndexe r .  
We a l s o  have a da ta  a c q u i s i t i o n  system so t h a t  we can now keep t r a c k  o f  
t h e  1 i f e t i m e  o f  every  f o i l  t h a t  we use. 

Jones : T h a t ' s  a  good t h i n g  t o  do. 

Chapman: I had heard t h a t  cracked e thy lene  f o i l s  a r e  more f r a g i l e  than  
evaporated f o i l s .  I s  t h a t  s t i l l  t h e  case and, i f  so, d o e s n ' t  t h a t  make i t  
more d i f f i c u l t  t o  handle them? 

Den Hwrtog: We use t h e  same technique t h a t  G a l l a n t  used and I t h i n k  we use 
t h e  same th i ckness  used a t  Oak Ridge. We then  use a c o l l o d i o n  isoamyl ace- 
t a t e  m i x t u r e  t o  c o a t  t h e  f o i l s .  That  pu t s  about 100 pg/cm2 o f  p l a s t i c  on t h e  
s u r f a c e  t o  g i v e  them s t r e n g t h .  The coa t i ng  i s  r a p i d l y  evaporated by t h e  beam. 

Jones: Our c o l l o d i o n  i s  c l o s e r  t o  5 o r  10  pg/cm2. 

Weitkamp: Does anybody 'ever see any problems w i t h  t h a t  c o l l o d i o n  i n s i d e  t h e  
vacuum sys tem? 

Den Har tog:  We used formvar  f o r  years .  We h a v e n ' t  seen any problems s i nce  
we swi tched.  We have i o n  pumping i n  t he  t e rm ina l  and h i g h  vacuum tubes. I t  
pum s down r a p i d l y  and w i t h i n  5 o r  10 seconds t h e  p ressure  i s  back below 
lo-! T n r r .  

Burn: .We observe t h e  same t h i n g .  When you p u t  beam on a f o i l  t h e  pressure 
inc reases  s l o w l y  and t h e  c o l l o d i o n  i s  gone w i t h i n  a  few minu tes .  

Den Har tog:  I ' d  l i k e  t o  inv ' i te .anybody who i s  produc ing these f o i l s  t o  send 
them t o  us f o r  t e s t i n g  i n  o u r  machine. We i n t e n d  t o  do t h i s  nex t  week w i t h  
some f o i l s  from severa l  o t h e r  l a b s .  We hope t o  g e t  some comparat ive s t a t i s -  
t i c s  under s i m i l a r  c o n d i t i o n s .  

Jones: On t h e  b a s i s  o f  observ ing  two f o i l s  i t  i s  my personal o p i n i o n  t h a t  
we d o n ' t  see ev idence f o r  t h e  k i n d  o f  gradual  decrease i n  beam i n t e n s i t y  t h a t  
N e i l  descr ibed .  For one o f  t h e  f o i l s  t he  beam was cons tan t  u n t i l  t h e  f o i l  
r up tu red ,  and then i t  went t o  zero .  For t h e  o t h e r  f o i l  t h a t  we r a n  f o r  a  
l o n g  t ime  t h e  beam was cons tan t .  We probably  have p r e t t y  good vacuum i n  t h a t  
reg ion ,  about 10'8 T o r r .  That behaviur. :is e n t i r e l y  cons.is1;ets.l: w i t h  t l re wbser- 
v a t i o n s  t h a t  we made w i t h  a  c h l o r i n e  beam from t h e  EN tandem. F o i l s  made - 

w i t h  a glow d ischarge  w i l l  t h i c k e n  s l  i g h t l y  and then  begin t o  decrease i n  
t h i ckness  due t o  s p u t t e r i n g .  Evaporated f o i l s  t h i c k e n  s u b s t a n t i a l l y  and usu- 
a l l y  break w i t h o u t  ever  decreas ing.  I t i s  a  v e r y  i n t e r e s t i n g  ques t i on  why 
you r  beam appears t o  g r a d u a l l y  go down. 



Burn: The r a p i d  growth t h a t  y o u ' r e  t a l k i n g  about ,  Char les ,  i s  t h a t  f o r  l o w  - 
energy beam t e s t s ?  

Jones: I ' m  t a l k i n g  now about t h e  v e r y  smal l  number o f  measurements t h a t  we 
made w i t h  f o i l s  i n  t h e  a c c e l e r a t o r .  

Burn:  We have observed many f o i l s  where t h e  beam i n t e n s i t y  w i l l  s l o w l y  de- 
crease and a t  some p o i n t  i t  may r u p t u r e .  When we were do ing  t e s t s  w i t h  i o n  
beams on t h e  cracked e thy l ene  slackened f o i l s  we l e f t  one o f  them t o  see how 
l o n g  i t  would go. The beam dropped down t o  t h e  5 o r  10% i n t e n s i t y  l e v e l  .and 
s tayed t h e r e  f o r  w e l l  o v e r  a  day. I t  r a n  f o r  about  one hour and t hen  grad-  
u a l l y  dropped o f f  i n  i n t e n s i t y .  Now maybe t h e  f o i l  had broke, i n  t h e  m i d d l e  
and we were u s i n g  t he  f r i n g e s .  

Jones: What i s  t h e  vacuum where t h e  f o i l  i s ?  

Burn:  1 t " s  n o t  a  ve r y  good vacuum, p robab ly  .on t h e  o r d e r  o f  10'6 T o r r .  - 
Jones: T h a t ' s  a  s i g n i f i c a n t  d i f f e r e n c e  f rom t h e  s i t u a t i o n  i n  ou r  a c c e l e r a t o r .  
You may be c r a c k i n g  carbon on t h e  su r f ace .  

Say lo r :  I have a  comment. We a t  P i  t t s b u r g  a r e  us i ng  cracked e t h y l e n e  f o i l s  
from an rf d ischarge  which I descr ibed  a t  l a s t  y e a r ' s  SNEAP meet ing .  The one 
t h i n g  we see i s  t h a t  t hey  f r a c t u r e  ve r y  u n i f o r m l y .  O f  t h e  l -cm f o i l  area t h e  
f o i l  w i l l  be gone ove r  h a l f  t h e  area, b u t  t h e  edges w i l l  be covered w i t h  f o i l  . 
Do people  know how much f o i l  area i s  be ing  bombarded by t h e  beam? And ano ther  
ques t ion ,  cou ld  t h i s  d rop  o f f  be due t o  a  h o l e  fo rm ing  and g e t t i n g  b i g g e r ?  

Burn:  On t h e  t e s t s  t h a t  we d i d  i n  t h e  t e r m i n a l ,  we removed t h e  f o i l s  a f t e r -  
wards. We found one o r  two o f  them cracked near  t h e  edge o f  t h e  beam shadow, 
b u t  t h e  v a s t  m a j o r i t y  were s t i l l  i n t a c t .  

Say lo r :  How b i g  was t h e  beam spo t?  

Burn:  I t ' s  on . t h e  o r d e r  o f  8  mm i n  d iamete r .  The f o i l s  a r e  about 16  mm diam- 
G. 

Den Har tog :  Our exper ience  i s  s i m i l a r  t o  N e i l  I s .  The f o i l s  we t a k e  o u t  a r e  
n o t  broken. They've decreased t o  70% o f  i n i t i a l  c u r r e n t  b u t  a re  s t i l l  i n t a c t .  
A lso ,  i t ' s  hard t o  say how b i g  t h e  beam spo t  i s  because t h e  beam g e t s  s teered  
t o  d i f f e r e n t  p o s i t i o n s .  Bu t  we see about  an 8-mm shadow. 

S a y l o r :  We do see t h i s  r o l l  o f f  b u t  we d o n ' t  spend any t ime  do ing  e x p e r i -  
ments on i t .  We a l s o  see t h e  sudden f r a c t u r e .  I wonder i f  people  can t e l l  
a t  what p o i n t  t h e y  break.  

Den Har tog:  I t ' s  imposs ib l e  t o  t e l l  I t h i n k  when a  f o i l  i s  broken i n s i d e  
t h e  t e r m i n a l .  

Yntema: T h a t ' s  n o t  q u i t e  c o r r e c t  because i n  f a c t  when t h e  f o i l  c racks  and 
breaks then  t h e  n e g a t i v e  i o n  beam e n t e r s  t h e  h igh-energy tube .  



Burn: We do a f a i r  amount of work on heavy ions  so people w i l l  be acce ler -  - 
a t i n g  beams of  S i ,  S, Cu, N i ,  and o the rs .  General ly  the  experimenters w i l l  
n o t  t o l e r a t e  very much of a drop. So when the  beam i n t e n s i t y  has dropped 
to ,  say, 80% o f  the  i n i t i a l  i n t e n s i t y  we w i l l  then go on t o  another.  f o i l .  
Bu t  t he  h i s t o r y  o f  t he  f o i l  i s  logged. I f  we l a t e r  run  another experiment 
w i t h ,  say, C, 0, o r  N beams, then we can go back and reuse those same f o i l s  
aga in .  

Say lor :  Are they  as good as a new f o i l  f o r  t he  1 i g h t e r  i o n  beams? 

Burn: Yes. 

 NO^: I presume t h a t  t h i s  drop i n  analyzed beam i s  from m u l t i p l e  s c a t t e r i n g  - 
due t o  th i cken ing  o f  t he  f o i l .  I s  t h a t  t he  genera l l y  accepted exp lanat ion? 

Rowton: I t h i n k  John i s  probably r i g h t  about t h a t .  People tend t o  accept 
m x p l a n a t i o n .  I have a recori~~ner~ddl;~iun L l ~ a t :  I ' d  1 i k e  t o  see a t  l e a s t  
one l a b  f o l l o w .  As anyone who has had any deal ,!rig w ' i ' t l ~  f o i l  p repa ra t i on  o r .  
t a r g e t  making knows t h e r e  seems t o  be a l o t  o f  what we c a l l  b lack magic 
associated w i t h  i t . A t  l e a s t  one source o f  t h a t  I tend t o  be l i eve  i s  the  
r e s i d u a l  gases around the  t a r g e t  making systems. Has anyone put  i n  an RGA 
o r  mass spectrometer t he re  and a c t u a l l y  looked a t  t he  gases dur ing  the  glow 
discharge o r  evaporat ion? That kin'd o f  i n fo rma t ion  can he lp  reproduce the  
system from one l a b  t o  another, o r  even from one evaporat ion t o  another,  
and l i k e w i s e  i n  t he  te rmina l  o f  the  machine. 

Burn: I 'd  1 i ke t o  make a comment on the  procedure t h a t  Joe Ga l l an t  uses-. 
Once when I needed a thermocouple gauge t o  use as a mon i to r  i n  a system 
where I was b lank ing  o f f  t he  system and l e a v i n g  i t  s i t  f o r  several days, 
I borrowed one o f  t h e  gauges t h a t  Joe was us ing .  When I d i d  the measure- 
ment t he  outgassing r a t e  seemed phenomenally h igh.  I then leak  checked the  
gauge and found t h a t  the  feedthroughs were l eak ing .  The epoxy was porous. 
Sa I decided t o  use a new gauge and I found t h e  same t h i n g .  I checked 5 
gauges. Two t h a t  Joe was us ing and two t h a t  he had i n  s tock had l eak  r a t e s  
t h a t  were very  s i m i l a r .  So, i n  fact ,  Joe may be c rack ing  a mixture o f  
ethy lene and Chalk River  a i r .  

Rowton: I t h i n k  t h i s  demonstrates what I was saying. There are  l a r g e  
v a r i a t i o n s  I n  cond i t i ons  . 
Den Hartoq: Contamination i s  very  important .  I t h i n k  a t  Chalk R iver  t he re  
was measured a 3% hydrogen content ,  whereas a t  Heidelberg they  measured 30% 
hydrogen content .  

McKay: N e i l ,  a r e  you going t o  b o t t l e  Chalk River  a i r  and supply anyone Wlio 
wants i t ?  

Burn: I was going t o  b r i n g  t h a t  up. Perhaps we can send everyone a f r e e  
sample w i t h  the  SNEAP proceedings. 



Cond i t i on i ng  R e b u i l t  A c c e l e r a t i n g  Tubes 

Edgar D. Berners  
U n i v e r s i t y  o f  N o t r e  Dame 

I n  May 1980 t h e  a c c e l e r a t i n g  tube  vacuum system o f  o u r  FN tandem was 
opened f o r  i n s t a l l a t i o n  o f  a  new f o i l  changer and r e a l  ignment o f  t h e  tubes .  
Dur ing t h e  second week a f t e r  opening, i t  was found one morn ing t h a t  tube  
s e c t i o n  2 had broken i n t o  two p ieces  sometime d u r i n g  t h e  n i g h t .  About two 
weeks' l a t e r . ,  tube  s e c t i o n  1  a1 so b roke .  

I t  seems c l e a r  f rom examinat ion o f  t h e  broken p ieces t h a t  i n  b o t h  cases 
a  g l u e  j o i n t  between g l ass  i n s u l a t o r  and aluminum e l e c t r o d e  f a i l e d .  Over 
t h e  l owe r  t h r e e - f o u r t h s  o f  t h e  sea l  t h e  g l u e  p u l l e d  away from t h e  e l e c t r o d e  
w i t h o u t  l e a v i n g  a  t r a c e  behind.  The broken tubes f e l l  on to  t h e  s t r i n g  s h i e l d s .  
(Du r i ng  r e b u i l d i n g  we i n s t a l l e d  s t r i n g  s h i e l d s  under t h e  h i g h  energy tubes t o  
a c t  as ca t che rs  i n  case one o f  these  shou ld  break sometime.) 

The broken tubes were t h e  o r i g i n a l  tubes f i r s t  r u n  a t  t h e  f a c t o r y  i n  
1967. T o t a l  t i m e  a t  v o l t a g e  was 60,000 hours .  We do n o t  know why t h e y  came 
a p a r t .  The a c c e l e r a t o r  was sub jec ted  t o  severe v i b r a t i o n  ove r  a  p e r i o d  o f  
severa l  months d u r i n g  b u i l d i n g  c o n t r u c t i o n  go ing  on j u s t  a  few f e e t  f rom o u r  
l ab ,  and t h a t  may have been a  f a c t o r .  However, we have l e a r n e d  f rom L i o n e l  
F e l l  t h a t  a  tube  b u i l t  by Dowl i s h ,  w i t h  v i n y l  sea l ,  and s t o r e d  f o r  12 years ,  
came a p a r t  t h e  Same way when i t  was taken  o u t  o f  s t o rage .  

A l l  f o u r  o f  o u r  i n c l i n e d  f i e l d  tubes were r e b u i l t  a t  P o t e n t i a l s ,  I n c .  i n  
Round Rock, Texas. The r e b u i l d i n g  and vacuum t e s t i n g  t ook  f o u r  weeks. The 
tubes were unloaded i n  South Bend on J u l y  14, and t h e  f i r s t  pumpdown s t a r t e d  
on J u l y  25. Cond i t i on i ng  began on August 3. 

The tubes a re  pumped by Sargent-Welch tu rbo-mo lecu la r  pumps w i t h  r e f r i g -  
e ra ted  b a f f l e s .  The e f f e c t i v e  speed o f  each pump i s  200 l / s .  A f t e r  Seven 
days o f  pumping on t h e  new tubes t h e  p ressure  a t  t h e  l o w  energy and h i g h  energy 
ends was 7  p T o r r  and 3 ~ T o r r ,  r e s p e c t i v e l y .  A f t e r  another  10  weeks t h e  h i g h  
energy end had s t a b i l  i z e d  a t  0.2 p T o r r  and t h e  l ow  energy end was 0.7 ~ T o r r  and 
s t i l l  dec reas ing  ve ry  s l o w l y .  

U n t i l  t h i s  yea r  o u r  c o n d i t i o n i n g  m o n i t o r  cons i s t ed  o f  t h r e e  Geiger  tubes  
mounted on t h e  o u t s i d e  o f .  t h e  tank,  o p p o s i t e  t h e  t e r m i n a l  and t h e  column m id -  
s e c t i o n s .  For  c o n d i t i o n i n g  t h e  r e b u i l t  tubes we i n s t a l l e d  p h o t o m u l t i p l i e r  
tubes t o  m o n i t o r  1  i g h t  e m i t t e d  by m ic rod ischarges  i n s i d e  t h e  tubes.  Th i s  
scheme was f i r s t  used a t  Rochester and was f u r t h e r  developed a t  Brookhaven. 
We mounted windows on f i d e  o f  t h e  p o r t s  on t o p  o f  t h e  tank  and coup led  a  
6655A phototube t o  each window w i t h  a  s h o r t  l i g h t  p i pe .  The s i g n a l s  f rom 
t h e  tubes go t o  summing amp1 i f i e r s  so t h a t  a l l  channels a r e  d i s p l a y e d  on one 
o s c i l l o s c o p e  t r a c e  and one reco rde r  channel .  



The 1  i g h t  pu lses  accompanying m i  c rod ischarges have r o u g h l y  a  Gaussian 
shape and a r e  5  t o  10  ms wide. They appear t o  c o n t a i n  a  l a r g e  number o f  v e r y  
s h o r t  d u r a t i o n  pu lses  . A t  11 00 V o l t s  on t h e  6655A t h e  amp1 i t u d e  o f  t h e  anode 
s i g n a l  was about  10  mV f o r  an average-s ized pu l  se. There i s  a lmos t  a1 ways a  
b u r s t  o f  X - r a d i a t i o n  o r  b:remsstrahlung i n  co inc idence  w i t h  each li h t  pu lse,  
and t h e  Geiger coun t i ng  r a t e  o f t e n  sa tu ra tes  f o r  t h e  d u r a t i o n  o f  t 9, e  l i g h t  
p u l s e .  I f  t h e  dead t ime  o f , t h e  Geiger tube  i s  0.5 ms, t h e r e  can be 20 counts  
i n  a  10-ms d ischarge .  

We have a l s o  observed hard r a d i a t i o n  n o t  accompanied by any d e t e c t a b l e  
1  i g h t  pu lses  (anode s i g n a l  l e s s  than  1  mV) . Dur ing  c o n d i t i o n i n g  we dec ided t o  
assume t h a t  t h i s  hard  r a d i a t i o n  was produced by a  d ischarge  t h a t  i n v o l v e s  o n l y  
e l e c t r o n s  w i t h  no secondary i ons  and t h a t  such a  d ischarge  would n o t  damage t h e  
tubes .  We t h e r e f o r e  accepted h ighe r  1  eve1 s  (up t o  5  mR/hr) o f  t h i s  r a d i a t i o n  
whenever t h a t  was necessary t o  keep t h e  c o n d i t i o n i n g  process go ing.  

C o n d i t i o n i n g  s t a r t e d  w i t h  t h e  appearance o f  l i y h t  pu lses a t  2.0 MV. When- 
eve r  t h e  Geiger l e v e l  was under two t imes background (-0.1 mR/hr) and t h e  1 i g h t  
p u l s e  r a t e  was o n l y  a  few per m inu te ,  t h e  v o l t a g e  cou ld  be r a i s e d  by 10 kV. I f  
t h e  ~ G e i g e r  l e v e l  went ove r  2 mR/hr o r  i f  t h e  1  i g h t  pu l se  r a t e  went ove r  one pe r  
second, then t h e  v o l  tage had t o  be reduced by 10  kV. These r u l  es were r a t h e r  
e l a s t i c ,  b u t  most o f  t h e  t ime we obeyed them as g i ven .  Our i n t e n t i o n  was t o  
produce mic rod ischarges  a t  the  l owes t  r a t e  t h a t  cou ld  be ma in ta ined  more o r  l e s s  
c o n t i n u o u s l y .  

F i gu re  1  shows t h e  t e rm ina l  v o l t a g e  as a  f u n c t i o n  o f  t ime  d u r i n g  t h e  f i r s t  
f i v e  days. The gaps a r e  o v e r n i g h t  shutdowns; t h e  two sudden drops were f o r ced  
by v e r y  h i g h  r a d i a t i o n  l e v e l s  o r  by spark ing .  F i gu re  2  shows a l l  o f  t h e  cond i -  
t i o n i n g  up t o  t he  t ime  o f  t h i s  y e a r ' s  SNEAP meet ing .  Each v e r t i c a l  bar  shows 
t h e  inc rease  i n  v o l t a g e  d u r i n g  p a r t  o r  a l l  o f  an 8-hour pe r i od .  The t ime  be- 
tween c o n d i t i o n i n g  runs  was m o s t l y  g i ven  t o  exper iments w i t h  t e rm ina l  vo l t ages  
l e s s  than  t h e  h i g h e s t  c o n d i t i o n i n g  l e v e l .  Note how f a r  t h e  c o n d i t i o n i n g  
t h r e s h o l d  goes down between c o n d i t i o n i n g  sessions, and how r a p i d l y  t h e  machine 
c o n d i t i o n s  upward a f t e r  a  l ong  p e r i o d  o f  exper imenta l  running, espec ia l  1 y a t  
t he  45 th  day. A1 so shown i s  t h e  h i g h e s t  o p e r a t i n g  v o l t a g e  (9.655 MV) be fo re  
t h e  tubes broke.  

Look ing i n t o  t h e  r e b u i l t  tubes, we cou ld  see t h a t  t he  e l e c t r o d e s '  ape r tu res  
were n o t  p e r f e c t l y  a l ign 'ed,  b u t  had appa ren t l y  random r o t a t i o n s  about t h e  tube  
a x i s  o f  perhaps as much as +I degree. These .va r i a t i ons  appear t o  be un impor tan t ,  
because the  performance o f  the  r e b u i l t  tubes has been h i g h l y  s a t i s f a c t o r y .  The 
h i g h  energy vacuum i s  as good as ever;  t h e  l ow  energy vacuum i s  about f o u r  t imes  
t h e  bes t  ever  b u t  i t  i s  s t i l l  improv ing.  The t ransmiss ion  f o r  p ro tons  from t h e  
charge-exchange source has been about 60%, and f o r  heavy i o n s  from t h e  2.5-MV 
i n j e c t o r  i t  has been about  100%. 



AUGUST 1980  

F i g .  1 . C o n d i t i o n i n g  l e v e l  d u r i n g  t h e  f i r s t  6 days.  
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F i g .  2. C o n d i t i o n i n g  d u r i n g  t h e  f i r s t  50 days.  



S a y l o r :  When you saw t h e  r a d i a t i o n  w i t h o u t  t h e  l i g h t ,  what d i d  you do t o  
g e t  p a s t  t h a t  p o i n t ?  

Berners :  We kep t  on r a i s i n g  t he  t e rm ina l  v o l t a g e .  Th i s  was a f t e r  a  r a t h e r  
l o n g  d i s c u s s i o n  on whether o r  n o t  t h a t  was an a p p r o p r i a t e  response. 

S a y l o r :  When you f i r s t  saw i t  d i d  you go down i n  v o l t a g e  w h i l e  you d iscussed? 

Berners :  Oh, yes.  The f i r s t  t ime  t h i s  happened we were a t  about  6 MV. We 
immediate ly  went down t o  5 MV which made e v e r y t h i n g  v e r y  q u i e t .  .Then i n  a  
v e r y  r e l a x e d  way we t r i e d  t o  f i g u r e  o u t  what had been happening. We decided 
we c o u l d  go on. 

Jones: What i s  you r  hypo thes is  f o r  normal c o n d i t i o n i n g ?  

Berners :  For normal c o n d i t i o n i n g  phenomena t h e r e  i s  a  d ischarge  t h a t  i n v o l v e s  
t h e  p r o d u c t i o n  o f  i o n s  which t r a v e l  t o  another  e l e c t r o d e  and t h e r e  produce 
secondary i o n s  which i n  t u r n  go back and f o r t h .  The gas l i b e r a t e d  by t h e  
s p u t t e r i n g  o p e r a t i o n  o f  t h e  e l ec t rodes  emi ts  t h e  l i g h t  t h a t  we see from t h e  
tubes .  NOW, t h i s  i s  n o t  a  hypothes is  t h a t  I made up. I ' v e  heard t h i s  i dea  
o f  what happens i n  a  m i c r o c o n d i t i o n i n g  d ischarge  f o r  a  l o n g  t ime .  

Weitkamp: I m i g h t  ment ion  t h a t  you can see t h i s  w i t h  t h e  eye i f  y o u ' r e  da rk  
adapted. I don ' t  know what t h e  X-ray 1  eve1 i s  so i t  may n o t  be too  heal t h y .  
B u t  a t  l e a s t  i n  t h e  case t h a t  I saw the  l i g h t  seemed t o  occupy t he  whole tube.  

Berners :  Once, some t i m e  ago, I saw a  glow 1 i k e  t h a t  over  a  d i s t a n c e  o f  about 
10  t o  15  hoops n e x t  t o  t h e  t e rm ina l  on t h e  high-energy s i de .  I was l o o k i n g  
i n  a f t e r  about  20 minu tes  i n  t h e  dark .  The glow would come and go. 

Den Har tog:  I t h i n k  you m igh t  ment ion what you were t a l k i n g  t o  me about  
t h e  o t h e r  day. Wh i le  you were do ing  t h i s  t h e r e  seemed t o  be no v o l t a g e  
excurs ions  whatsoever.  

Berners:  T h a t ' s  r i g h t .  

Den Har tog:  And no vacuum f l u c t u a t i o n s .  

Berners:  We l l ,  t h e  vacuum f l u c t u a t i o n s  were most v i s i b l e  when we had a  com- 
-ischarge o f  t h e  t e r m i n a l .  They d i d  n o t  always occur ,  b u t  t hey  o f t e n  
d i d .  There sometimes were very  i n t e n s e  b u r s t s  o f  c o n d i t i o n i n g ,  f a r  more i n -  * 

t ense  than we in tended them t o  be. Th i s  caused us t o  t u r n  down t h e  t e rm ina l  
v o l t a g e  by a  few tens o f  k i l a v o l  t s  t o  make them go away. Those sometimes 
were accompanied by a  vacuum excurs ion .  Almost a l l  o f  t h e  c o n d i t i o n i n g  events  
t h a t  I descr ibed  and drew the  p i c t u r e  o f  pr.oduced no d i sce rnab le  e f f e c t  on 
t e r m i n a l  vo l t age .  

T r a i n o r :  D id  you say t h a t ' s  t h e  r e s u l t  o f  m o n i t o r i n g  t h e  GVM w i t h  an o s c i l -  
1  oscope? 

Berners:  No. That i s  t h e  f a s t  p i c k o f f ,  t h e  p o s i t i v e  mushroom s igna l  t h a t  
i s  d i sp layed  on t h e  o s c i l l o s c o p e .  We d o n ' t  p u t  t h e  genera t ing  vo l tme te r  on 
t h e  o s c i l l o s c o p e .  



T r a i n o r :  I would recommend t h a t  everybody do t h a t  s o r t  o f  t h i n g  because i t  
has dc response and a t  h i g h  frequencies i t  works j u s t  as w e l l  as t h e  mush- 
rooms. We've observed l a t e l y  t h a t  you can c l a s s i f y  tube  d ischarge  events  
based on t h e  s t r u c t u r e  o f  t h e  GVM t r a c e .  For ins tance ,  i n  a  tank  spark t h e  
GVM w i l l  go t o  zero v e r y  r a p i d l y ,  i n  nanoseconds. The t e rm ina l  v o l t a g e  w i l l  
r e s t o r e  i t s e l f  through a  s e r i e s  o f  exponent ia l  curves t h a t  go up.  I f  you 
have tube d ischarges over  severa l  sec t i ons  o f  tube, then t h e r e l s , a  much 
s lower  decrease i n  t h e  t e rm ina l  v o l t a g e  which i s  exponent ia l  w i t h  t ime  con- 
s t a n t s  o f  some tens o f  m i l l i s e c o n d s  because o f  the  l i m i t e d  e l e c t r o n  c u r r e n t  
a v a i l a b l e  t o  r e d i s t r i b u t e  t h e  charge on t h e  column. A f t e r  t h a t  event  t h e  
charge aga in  r e d i s t r i b u t e s  i t s e l f  w i t h  t h e  same s e r i e s  o f  exponen t i a l s .  I f  
you have a  charge r e d i s t r i b u t i o n  event  1  i ke y o u ' r e  desc r i b i ng ,  then t h e  t e r - .  
m ina l  vo l t age  must change by some amount. 
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Unt i l  t h e  r e l a t i v e l y  recent  development of  f i b e r  o p t i c s  technology, 
c o n t r o l  of t h e  equipment i n  t h e  high voltage terminal  o f  acce le ra to r s  was 
accomplished by t h e  use of  i n s u l a t i n g  rods o r  s t r i n g s .  Although r e l i a b l e  
and simple these  systems a r e  bulky and expensive, and l imi ted  i n  number 
simply because of  t h e i r  physica l  s i ze .  Small diameter o p t i c a l  f i b e r s  on 
t h e  o t h e r  hand can provide hundreds of  con t ro l  channels i n  t h e  space nor- 
mally occupied by one conventional con t ro l  rod. 

The f i r s t  simple minded at tempt t o  e s t a b l i s h  a f i b e r  o p t i c  l i n k  i n  
t h e  Queen's 4 MV Van de Graaff was made i n  1973. The l i n k  consis ted  o f  a  
s tandard  Bausch and Lomb g l a s s  f i b e r  o p t i c  bundle i n  a  v iny l  jacket  s t rung,  
f r e e l y  suspended, from t h e  terminal  t o  ground with intermediate connections 
t o  t h e  column every 1 8  column planes  where the  bundle passed through t h e  
column s h i e l d  p l a t e s .  The f i b e r s  were l e d ,  by means of an epoxy pressure  
s e a l ,  through the  tank base o u t  i n t o  the  labora tory .  A small t e s t  lamp i n  
t h e  te rminal ,  energized by t h e  terminal  a l t e r n a t o r ,  was the  l i g h t  source. 
On prel iminary t e s t s  t h e  bundle was found t o  be working normally with a l l  
riLers t i c l i v e .  

The machine was voltage conditioned t o  4.1 MV i n  the  usual  way with 
t h e  occurrence of  seve ra l  tank sparks i n  t h e  process.  Subsequently, on 
examination, t h e  f i b e r  o p t i c s  were found t o  have f a i l e d ,  with no t r ans -  
mission of l i g h t  from t h e  t e s t  lamp. The f i b e r s  were removed from t h e  
machine 86 days l a t e r  on a machine tank opening f o r  other maintenance. 

Examination of  t h e  f i b e r s  showed t h a t  t h e  g l a s s  of t h e  f i b e r s  had be- 
come highly discoloured a t  t h e  terminal  end i n  t h e  manner c h a r a c t e r i s t i c  of 
g l a s s  exposed t o  a  high X-ray f lux .  This however could no t  explain t h e  ca t -  
a s t r o p h i c  f a i l u r e  of  l i g h t  t ransmission before any X-ray exposure had oc- 
curred .  The f i b e r s  w e r e  found t o  be sha t t e red  a t  seve ra l  pl.aces inside the 
v i n y l  sheath,  probably a t  the  p o i n t s  t h a t  had been i n  contac t  with the  column 
s h i e l d  p la te s .  It was no t  c l e a r  however whether t h i s  damage was due t o  
mechanical o r  e l e c t r i c a l  t r a n s i e n t  e f f e c t s  o r  both. The v iny l  sheath showed 
some s igns  of  e l e c t r i c a l  a rc ing  damage. 

In  view o f  t h i s  experience a new l i n k  was designed. The f ihers  i n  t h i s  
l i n k  were Valtec PC-10 polymer c l ad  s i l i c a  (PSC) f i b e r s  with high r e s i s t a n c e  
t o  r a d i a t i o n  damage. The f i b e r s  were supplied a s  s i n g l e  s t r ands  i n  k i lo -  
meter lengths  and a r e  shipped with a rubber l ike  o u t e r  p ro tec t ive  coat ing  of 
"Tefzel".  The l i n k  consis ted  o f  about 30 s i n g l e  s t r ands ,  and four  looped 
s t r ands  t o  be used f o r  c a l i b r a t i o n  and test purposes, The bundle of f i b e r s  
was fed through a l u c i t e  tube which was then sea led  a t  t h e  ends and f i l l e d  
with Hysol HD 3561 epoxy c a s t i n g  r e s i n  f o r  mechanical r i g i d i t y .  Every e f -  
f o r t  was made t o  e l imina te  trapped gas bubbles from t h e  epoxy by t i l t i n g  
and turning t h e  tube ,  and eventual ly  by evacuating it, b u t  the  gas bubbles 



could not be en t i r e ly  eliminated, and pers is ted i n  the  cured res in .  In 
s p i t e  of t h i s  it was decided t o  i n s t a l l  the  l ink  i n  the Van de Graaff 
f o r  tests i n  a spare carbonized location. Again, the  f i be r s  w e r e  l ed  
out of the  pressure tank i n t o  the laboratory through an epoxy sealed 
pressure f i t t i n g .  Tests made on the looped f ibe r s  showed these t o  be 
functioning normally t o  transmit l i g h t  with the tank pressurized to  260 
psig, the  normal operating pressure. 

The accelerator was run on a normal voltage conditioning sequence. 
A t  2 MV on the terminal the voltage was observed t o  be e r r a t i c  and t h i s  
eventually f e l l  t o  zero, and could not  be brought up. Clearly, the  te r -  
minal had shorted t o  ground. A check of the  looped f ibe r s  i n  the  op t i ca l  
l ink  showed these t o  have fa i led ,  with no l i g h t  transmission now apparent. 
The machine was opened f o r  examination. 

The opt ica l  l i nk  was found t o  have suffered massive e l e c t r i c a l  dis-  
charge damage with a r c  t racks  c l ea r ly  v i s ib l e  a l l  along the  f i b e r s  and i n  
many cases penetrating r ad i a l ly  through the  walls of the  tube i n  t he  regions 
where the l ink  had passed through the column sh ie ld  plates .  The l i n k  had 
i n  f ac t  become an e l e c t r i c a l  conductor through the  carbonized tracks,  t h w  
ef fec t ive ly  shorting the terminal t o  ground. Figure 1 is a photograph of 
some of the  more in te res t ing  damage seen. 



On close examination it was seen that the electrical  discharip had 
occurred mainly i n  the outer "Tefzel" protective coating of  the fibers With 
accompanying damage to the core of the fibers as  a result of tnet!hanical 
shock or localized micro-discharges, Short lengths of  the ffbers rkaov& 
from a section o f  the link showed the glass  t o  be still optically clear 
even whera the coating was very black f r o m  the discharge. It wae'also 

' 4 .  apparent .that a t  l eas t  t o  the 2 W voltage t o  which the link had,ben 'ex- 
posed, the gas bubbles i n  the epoxy had not beha the cause of t& bre&&wfi. 

I '  

In future it is  pmposed.to fabricate a link i n  which the protective 
coatling has been removed from the fibers. Also, a better method of castFng 
the epoxy resin to allow a ir  or gas bubbles t o  escape might be to slot the 
tube longitudhally for f i l l i n g .  Any bubbles which accumulate on the epoxy 
surface oan then be machined o f f  later. 

Walker: Henry, why d id  you put the f ibers  i n  l u c i t e  tubes? 

Janzen: Just t o  get mechanical r i g i d i t y .  I n  a previous t e s t  when we had 
no t  done this, but j u s t  strung a bundle of f ibers up the column, they d i d  
not l a s t .  We suspected t h a t  the damage was a mechanical damage due t o  
mechanical t rans i  ents. 

R a t h e l l :  I wouldn't recomnend the epoxy e i ther  and I probably wouldn't 
recommend the 1 uc i te  tube, nor the "Tefzel I' coating. 

Janzen: No. I cer ta in l y  don't recommend that.  The reason we t r i e d  the 
_i__ 

l u c i t e  tube was t h a t  we had l u c i t e  rods i n  the machine which seem t o  stand 
up qu i te  we1 1 . The epoxy, I would have supposed, w u l  d be as good as the 
l u c i t e .  

Lund: Our rad ia l  short ing rod tha t  I described i n  the l a b  repor t  i s  remark- - 
ably s imi la r  t o  these i n  the sense tha t  we fooled around quj te  a b i t  before 
we found an insu la t ing  s t r i n g  which would survive i n  the machine environ- 
ment. I think tha t  the essential po int  i s  that  no matter what you do w i th  
epoxy, you're never going to  get a homogeneous rod and tha t ' s  a fundamental 
difference from a l u c i  t e  rod. When we were looking f o r  monofilament 1 ine  
we wanted something homogeneous. Something tha t  works qui te  s a t i f a c t o r i l y  
i s  the weed-eater cord from e l e c t r i c  and gas motor-driven trimmers. I t ' s  a 
p l a s t i c  0.1 inches i n  diameter. But i t  had t o  be located so tha t  i t  was very 
c lose ly  coupled t o  the e lec t ros ta t i c  f i e l d .  I f  i t ' s  out i n  the open i t  
wouldn't work. It must be very close t o  the gradient column. I in te rp re t  
t h i s  as beIng re lated t o  surface charges bui ld ing up on the insulator .  

That's t rue f o r  anything out  i n  the open. You have t o  use ground 
#is per iod ica l l y  along the column. We have many cords that run t o  the 
terminal, and every 50 or  so sections we put a plane so t h a t  the electro- 
s t a t i c  distribution of charge does not spark along the length of the cord. 
I f  you run things close t o  the column or put i n  planes per iod ica l l y  t o  
segment the charge distr'ibutlon, t h e y ' l l  l a s t  a l o t  longer. 



Den Hartog: Let  me add my vo ice t o  the clamor. That 's the  r e s u l t  we get, 
too. We use f i b e r  op t i c s  i n  our machine and so long as they a re  graded and 
attached t o  the column we don ' t  have any problems. I t h i n k  we have them 
attached every o ther  plane. We've had some cables i n  f o r  about a year and 
a h a l f .  

Janzen: Some people seem t o  be able t o  run f i b e r  op t i c s  up t h e i r  columns 
wi thout  much t rouble,  but  we have no t  succeeded ye t .  

McKal: I n  f i ne  o l d  SNEAP t r a d i t i o n  I 'm going t o  say t h a t  we've done some- 
t h i n g  t h a t  I guess everyone e lse  has done. We run f i s h i n g  l i n e .  We went 
down t o  the l o c a l  hardware s t o re  and bought some f i s h i n g  1 ine.  Some o f  i t  
runs i n  shie lds and some o f  i t  runs i n  the open. 

Letournel:  We have used f i s h i n g  l i n e  i n  a CN f o r  more than 20 years. I n  the 
MP we have a 3 mm-diameter l i n e  t h a t  i s  completely open. 

Janzen: I might make one comment. I t h i n k  our machine runs a t  gradients 
t h a t  are  much higher than most machines run a t .  

Berners: I 'm sure I remember a previous SNEAP meeting where someone r e -  
ported t h a t  the l u c i t e  con t ro l  rod i n  tubu lar  form shattered. 

Janzen: That was me. The machine w i l l  no t  t o l e r a t e  tubes o f  any type 
running up the co l  umn . 
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about 50 pF of capaci tance  t o  move through 6 kV with a maxi- 

mum c u r r e n t  of 3 amperes. By us ing  

i = C(AV/At )  

w e  a r r i v e  a t  a switching t i m e  of  100 nsec. To wi ths tand t h e  

vo l t age  and c u r r e n t  involved,  a 3329 vacuum t u b e  was used 

(see Fig. 1), and switching w a s  perforined by connecting t h e  

3329 cathode t o  ground us ing  t h r e e  2N6661 VMOS t r a n s i s t o r s  

(see Fig. 2 ) .  These VMOS u n i t s  are much f a s t e r  than  b i p o l a r s  

and have been used by t h e  au thor  i n  test  c i r c u i t s  t o  make 

100-volt pu l ses  i n  50 ohms with about 10 nsec  rise t i m e s .  . 

I n  t h e  p resen t  case ,  they  a c t  a s  c u r r e n t  sources  l i m i t i n g  

a t  about t h r e e  amperes when switched on a t  t h e  ga te .  The 

3329  g r i d s  a r e  he ld  a t  100 v o l t s  wi th  a c u r r e n t  l i m i t i n g  

r e s i s t o r  and t h e  sc reens  h e l d  a t  2 4 0  V with another  r e s i s t o r .  

The cathode i s  pu l l ed  from 240 V t o  ground t o  t u r n  on t h e  

tube  and then  r e l e a s e d  t o  c u t  it o f f .  Three t r a n s i s t o r s  

a r e  s tacked t o  achieve t h e  vo l t age  c a p a b i l i t y ,  a s  they  . 

a r e  r a t e d  a t  only  90 V each, The g a t e  of t h e  lowest t r a n -  

s i s t o r  i s  switched from 0 V t o  +15 V by an a c t i v e  c i r c u i t  

a t  t15 t o  achieve maximum switching speed. 

Severa l  p l a t e  pul l -up r e s i s t o r s  a r e  avai l? .ble  t o  t h e  

u s e r ,  t h e  choice depending on t h e  pu l se  l e n g t h  used and t h e  

recovery t i m e  des i r ed .  For s h o r t  p u l s e s  and s h o r t  recovery 

t i m e ,  t h e  5170 ohm r e s i s t o r  may be s e l e c t e d ,  g iv ing  a recovery 

cons tant  of about 260 nsec. The pu l se  l e n g t h  must be l i m i t e d  

s o  a s  n o t  t o  exceed t h e  10 mA c u r r e n t  l i m i t  o f  t h e  supply. 

For longer  pu l ses ,  r e s i s t o r s  of 52 k and 3 M are provided. 



Fig. 1.  High voltage c i r c u i t s .  

F ig .  2. D r i v e r  circuits. 



STATUS OF THE OXFORD FOLDED TANDEM 

K.W. Allen 
Nuclear Physics Laborato*, Oxford, England 

The Oxford Folded Tandem (Fig. 1) has been described i n  the  SNEAP 
proceedings (19781, i n  a Laboratory Report (Oxford Nuclear Physics Lab- 
oratory 71/79) and most recently i n  a paper submitted t o  the  CATANIA Con- 
ference (1980). This paper w i l l  out l ine  our operating experience over 
the  past  two years, draw a t ten t ion  t o  some a t t r a c t i v e  features  of t he  de- 
sign and out l ine  some of the  improvements w e  plan t o  make over t h e  next 
few years. 

Operating Experience 

Since the  conversion was completed i n  1978, the  folded tandem has op- 
erated for  a t o t a l  of 6500 hours. During the t e s t  and commisslioning per- 
iod of s i x  months from July 1978 t o  January 1979, operation was l imited t o  
short  tests of 400 hours t o t a l  duration. Helium beams were accelerated a t  
energies up t o  21 MeV (7 MV terminal voltage) and sa t i s fac tory  transmission 
was achieved a f t e r  f i e l d  clamps were f i t t e d  t o  t he  180° magnet to cor rec t  
the  fringing f ie lds .  During t h i s  period the infra-red data l i nk  was made 
f u l l y  operational and the Middleton and RF ion sources were completed. . 

In the f i r s t  s i x  months of experimental use, from January t o  July 1979, 
the  accelerator ran f o r  a t o t a l  of 2200 hours, 1500 hours being experimen- 
t a l  and 700 machine development. The maximum terminal voltage was 9.3 MV 
and 750 hours were spent above 8 MV. A number of modifications t o  improve 
performance and r e l i a b i l i t y  were made and the 180° magnet box, which had 
developed leaks due t o  cracking of the  s t a in l e s s  s t e e l  walls, was repaired 
temporarily. About half  the  running w a s  with heavy ion beams from the  
Middleton source, t he  remainder being with helium and neon beans from the  
terminal source and helium from the  charge exchange source. 

In the period August 1979 t o  January 1980, there  was a fur ther  small 
increase i n  operating t i m e  t o  2300 hours, i n  s p i t e  of prolonged shutdowns 
t o  change the charge b e l t  and t o  cure pressure sens i t ive  leaks i n  the  ter- 
minal. The maximum terminal voltage achieved was 9.8 MV and 1000 hours were 
spent above 8 W .  Experimental use increased s l i gh t ly  and machine develop- 
ment t i m e  was reduced. 

In the four months February-May 1980, a t o t a l  of 1750 hours of opera- 
t i on  was achieved, of which 1600 was experimental and 850 above 8 MV. Making 
allowance fo r  the  Easter shutdown and f o r  time l o s t  i n  finding and repair ing 
pressure sens i t ive  leaks,  t h i s  patcern of operation would correspond t o  5000 
hours of useful operation per year, which is considered t o  be reasonably 
sat isfactory.  

Since the s t a r t  of experimental  pera at ion i n  January 1979, the  tank has 
been opened 31 t i m e s ,  14 times for  scheduled maintenance and 17  t i m e s  t o  
correct  faults- The average run duration i s  180 hours and the  longest  run 
520 hours. The frequency of scheduled maintenance resul ted from the  l imited 



capacity of the second f o i l  s t r ipper  (used for ~e 2+ and ~e 2+ beams) . 
A new str ipper  is being designed w i t h  more f o i l s  t o  overcome t h i s  limita- 
t ion.  Vacuum fau l t s  were the most frequent cause of unscheduled main- 
tenance. A s  well a s  the cracks i n  the walls of the laOO magnet box sev- 
e r a l  leaks were traced t o  large diameter flanges sealed with copper gas- 
kets. Most of these leaks developed on depressurizing the tank. Lack 
of s t i f fness  in  the flanges resulted i n  overcompression of the gasket a s  
a resul t  of flange deflection caused by the external gas pressure. On 
reducing the external pressure, the flange would relax and, because of 
the  lack of e l a s t i c i t y  of the copper, a leak would develop. 

The second common fau l t  was sparking i n  the column, due e i ther  t o  
displaced b e l t  guide bars o r  t o  broken o r  disconnected resis tors .  The 
grading res is tors  are  mounted nude between screening plates  and must be 
assembled select ively to  conpensate for  variations i n  length and concen-, 
t r i c i t y .  Some assemblies are  subjected t o  mechanical stress when fixed 
i n  position and are  l i ab le  t o  break i n  service. There is, so far ,  l i t t l e  
evidence of e l ec t r i ca l  damage t o  khe resis tors .  

Another recurring fau l t  is loss  of cooling water from the 180° magnet 
cooling c i rcu i t .  The source of the loss  has not yet been identif ied hut 
it seems probable tha t  COn from the tank gas enters the water c i r cu i t ,  dis- 
solves and, when pressure is reduced, causes the c i rcu i t  to overflow. 

During the various high voltage runs and conditioning periods the 
machine has sparked many times. Column breakdowns are more common than 
tank or intershield sparks; tube breakdowns, with accompanying vacuum. rises, 
a re  very rare.  None of these breakdowns has caused any damage t o  the data 
l ink  o r  terminal e l ec t r i ca l  @stems nor are there any signs of internal  
breakdown i n  the accelerator tubes. There are several superficial  external 
t racks across tube insulators but these do not appear and indeed would not 
be expected t o  a f fec t  performance. 

One component that is sensitive t o  surge damage is the corona probe, 
used t o  adjust the D.C. level of the intershield, and a t  present located 
i n  the aentral port  of the l i d  of the veslel.  This has on several occasions 
suffered insulator  fa i lure  and the  life of the needles is unacceptably short. 
It is planned t o  move t h i s  t o  a side point near the bottom of the inter-  
shield where it is hoped tha t  it w i l l  not absorb a significant amount of 
surge energy. 

Vacuum 

An operating pressure can be achieved w i t h  the 450 R/s  turbo molecular 
pump alone, but i n  practice the four 500 R / s  ion pumps are always running 
during operation. A typical pump d m  time is 30 minutes t o  10-~mbar, IS0 
minutes t o  10"mbar and 500 minutes t o  2.5~10-~znbar. The ultimate pressure, 
without ion pumps, is  -1.5xl0-'mbar i n  the terminal. With a l l  ion pumps 
running, the  ultimate pressure is between 3x10-' and 3x10"mbar a t  the ion 
pumps, assuming the  system to be leak free. 

Vol.$age and Radiation 

The highest voltage achieved so f a r  has been 9.8 MV. Progressive op- 
eration has shortened the time needed t o  condition t o  high voltage and has 

\ 



reduced the X-radiation leve ls  observed chief ly  around the upper p a r t  
of the L.E. tube. These leve ls  depend on vacuum and beam conditions 
and are typical ly  l e s s  than Smrad/h measured outside the tank near the  
1,. 1C. t\iL>e rind level w i t h  the kcrminal. Tube cimtliti.oninq i s d i f f i c u l t  
t o  Inonitor because of the absence of detectable vacuunl a c t i v i t y  i n  the  
accelerator tubes. The voltage appears t o  be l imited by random break- 
down i n  the column. In retrospect t h i s  has usually been traced t o  
spec i f ic  defects  such a s  broken r e s i s to r s ,  eroded connections o r  mis- 
placed connector springs. Deconditioning is only s ign i f ican t  a f t e r  the  
tubes have been exposed t o  gas. Under good vacuum conditions, the  machine 
returns t o  high ~ l t a g e  with very l i t t l e  reconditioning. 

Beam 'Transmission 

A number of beam transmission measurements were recently car r ied  out ,  
involving beams of various masses and energies. Although not complete ye t ,  
these measurements provide useful information about t he  problems and l i m i -  
t a t i ons  of the  present ion-optical arrangement of the  Folded Tandem. 

The tests were carr ied out a t  terminal voltages of  4,  6 and 8.5-9MV 
with beams of lithium, carbon, f luor ine and s i l i con  ions, but not every 
combination of the  above masses and terminal voltages has been investigated.  
A complete se.t: of measurements has beell ca r r ied  out fo r  the  carbon beam and 
is shown i n  Fig. 2(a,b).  This graph indicates  not only the  overa l l  trans- 
mission .(T3,7) of the accelerator  from the entrance to the negative tube 
t o  the e x i t  of the  analyzer magnet but a l so  the transmission a t  various 
stages .through the machine, such as:  transmission along the  negative tube T3,4; 
around the 180° magnet i n  the  terminal T ~ , s ;  down the high energy tube and 
around the  90° analyzer T5,7 ( t h i s  quanti ty is the geometrical average of 
the  corresponding quant i t i es  for  the  d i f fe ren t  charge s t a t e s ) .  The trans- 
mission along the negative accelerating tube is essen t ia l ly  100% f o r  volt-  
ages above 5 MV approximately (Fig. 2a). Transmission around the 180' mag- 
ne t  appears t o  be limited by sca t te r ing  i n  the  f o i l  s t r i p r  whfch becomes 
less severe a s  the  terminal voltage i s  increased. The l imita t ions  imposed 
by beam sca t te r ing  w i l l  be eased once provision has  been made t o  move the  
gas s t r i ppe r  tube out  of the  beam path when f o i l  s t r ipp ing  is  being used. 
The rapid drop of transmission along the  high energy tube C T 5 , t )  with t e r -  
minal voltage, i s  not so easy t o  understand. One possible explanation could 
be provided by Eig. 2b which shows the var ia t ions  of T5,7 with d i f f e r en t  
charge s t a t e s  fo r  three d i f f e r en t  terminal voltages. The transmission de- 
creases with decreasing charge s t a t e  and t h i s  decrease i s  much more pro- 
nounced a t  lower terminal voltages. The behaviour could be due t o  poor 
vscuum i n  the region of the  90° analyzer magnet which destroys the  slower 
moving ions (low q, low TIT). Further tests would be required t o  c l a r i f y  
t h i s  par t icu la r  poknt. The overa l l  transmission of  t he  machine (T3,7) is 
shown i n  f ig .  3. I n  t h i s  f igure ,  a s  i n  the  previous one, we define trans- 
mission as the quanti ty 

where I is the measured curusnt a t  charge state  q and I the injected nega- bi -+ 
t i v e  iog current. For a given mass, the  transmission ofothe machine increases 
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as  the terminal voltage is  increased; for  a given terrmna~ voltage, how- 
ever, the transmission deteriorates with increasing mass. 

Special features of the design 

For the user, the most a t t rac t ive  feature of the folded tandem has 
been its a b i l i t y  t o  produce beams of ful ly stripped lithium, carbon and 
oxygen ions. The yields have been adequate for  a variety of experiments, 
especially those involving large sol id angle, high efficiency y detectors. 

The control system and the new voltage s t ab i l i ze r  have been outstand- 
ingly successful and no d i f f i cu l t i e s  have been encountered with the opera- 
t ion  of the 180e magnet i n  the terminal. A be l t  specially manufactured 
for  us by HVEC w i l l  shortly be instal led and t h i s  w i l l ,  we hope, eliminate 
o r  greatly reduce stretching which has been a problem w i t h  the be l t s  cur- 
rent ly i n  use. 

Improvements 

The folded tandem is  i n  regular use for  experiments and so there is 
l i t t l e  t h e  for  our accelerator team im make improvements I;o the machine 
itself. Although improvements were made, notably i n  the control system 
and vacuum system, during the conversion, funds were limited and much re4 
mains t o  be done t o  what is, basically, a very old acceleratat. 

We are currently ins ta l l ing  new o i l  f ree  compressors and a large 
vacuum pump t o  improve the gas handling cycle. A t  the same t i m e  leakage 
r a t e s  are being reduced so tha t  it w i l l  be possible t o  use gas mixtures 
containing a substantial  amount of expensive SF6 and t h i s  w i l l  improve the 
voltage capabili ty of the accelerator. This i s  no sign of tube l imitation 
a t  p ~ e s e n t ,  Sb we f e e l  tha t  11 MV w i l l  be within our grasp. 

We plan eventually t o  i n s t a l l  an HVEC laddertron t o  replace the belt .  
This would eliminate the belt changing operation which is time c o n s m q  
and d i f f i c u l t  with our t ight ly  packed Iliyh voltage terminal. W l e  would 
also  be reduced and t h e  machine intoriol  wuld  be largely free of dust. 

We are also watching with in teres t  the development by GENERAL IONEX 
of a new cryo pumping system which does not consume terminal power and we 
may replace one of the ion pumps (the gas stripper pump) i n  due course. 

Although we are obtaining good yields of fu l ly  ~tripperl liqht ions, 
dnlrhle stripping still has a role i n  the production of heavier ions which 
are  required for  our atomic physics programme. The voltage s tabi l izer  
has been designed with double stripping i n  mind, but a s  yet no experimental 
work has bean carried ~ut. rhubltr stripping call's for independent control 
of terminal and intershield potentials;  intershield control w i l l  be achieved 
v ia  the liner/generating voltmeter system and terminal s tabi l izat ion via a 
variable s tr ipper  potent ial  controlled froxu beam slits i n  the usual way. 

We intend to  re ta in  the terminal ion source since the capabili ty of 
neon and intense ~ e '  beam production i s  an important feature of our pm- 
gr=- 



We would like very much to install a buncher and nanosecond pulsing 
system, but it is unlikely that funds for this development will be avail- 
able in the foreseeable future. 

Conclusion I 

The past two years' operation has shown that the Oxford folded tandem 
is a reliable accelerator capable of further development and improvement. 

Rowton: On your Conflat flanges, do you know i f  they were being pu l l ed  up 
metal t o  metal ? 

Al len:  Yes, I th ink  i t  i s  a complex question. I th ink  t h e y a e r e  ber'hg 
pu l led  up metal t o  metal and I suspect t h a t  the flanges were no t  q u i t e  as 
strong as they should have been. The leaks i nvq r l ab l y  came when we released 
pressure and we t h i nk  the j o i n t s  j u s t  came apart  a 1 i t t l e  b i t .  

Rowton: Pu l l  i ng  them metal t o  metal i s   roba ably bad. I f  you leave a gap 
then you have spr ing energy stored i n  t he  'f langes . 
Allen: Yes. We .have done some separate experiments i n  a pressure tank - 
and found t ha t  the standard Conf lat  does g ive t roub le  a f t e r  I forge t  how 
many cy lc les  -- qu i te  a la rge  number, but  t h a t  the aluminum wi re  j o i n t s  
seem t o  stand a very la rge  number o f  cycles. 

K .  Ziegler :  What i s  the pressure d i f ference and what voltage do ydu hold 
i n  your machine? 

Al len:  About 200 p s i  n i t rogen and carbon dioxide. With t h a t  mix ture  and 
before we put tubes i n  whi le making the conversion we d i d  get  almost 12 MV. 
But s ince then we are running s u l f e r  hexaf lour ide and w i t h  tubes i t  doesn't  
run above 9.5 MV. 
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Fig. 1 . The Oxford fol dad tandem. 



Fig ,  2.  (a )  Carban beam t ransmission a t  var ious  p o i n t s  thro.wgh t h e  
accelerator ,  as a func t i on  o f  terminal  vo l tage .  (b)  Transmission 
o f  a carbon beam along the  h igh  energy tube as a f u n c t i o n  o f  charge 
s t a t e  f o r  t h ree  d i f f e r e n t  te rmina l  vol tages.  
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Fig.  3. Overal l  t ransmission o f  t h e  acce lera tor  as a 
funct ion o f  te rmina l  vol tage.  
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ARMMNE SUPERCOWDUC'PING BOOSTER 

* 
S. h. 'yntema 

Argonne National Laboratory 

A t  the  1979 SNEAP Meeting D r .  Bollinger described the superconducting 
l i n e a r  accelerator  which is being developed by his group. This report  
covers the  operating experience with sect ions  of the  l i nac  booster as a 
pos t  accelerator  f o r  heavy ion beams from the  modified Argonne FN tandem. 
During the  pas t  year t he  tandem-booster system operated f o r  about 20 weeks 
with beams from 60 t o  3 4 ~  and a br ie f  excursion t o  "~a. The t o t a l  tandem- 
booster operating t i n e  to date  is about 5000 hours of which 3500 hours w e r e  
used for  the  experimental program. 

The tandem booster configuration in  its f i n a l  form is shown i n  Fig. 1. 
During t h e  pas t  year tanks C and D were used with tank D i n  the  location of 
tank 8. I n  the  run s t a r t i n g  October 21, the  configuration w i l l  be tanks 
A, D, C. I n  the  Spring the f i n a l  configuration A, B, C, D w i l l  be used. 
However, w e  expect tank B to have i n i t i a l l y  4 resonators with the  f i n a l  4 
to be added i n  the  f a l l *  of 1981. 

The t o t a l  tandem booster experience t o  date  i s  summarized i n  Table 1. 
Since there  w i l l  be a su f f i c i en t  number of low 0 resonators ($ = 0.06) i n  
the  confiquration i n  the  beginning of November, we w i l l  be able  t o  extend 
the mass range of p a r t  accelerated p a r t i c l e s  t o  mass 64. The operating 
experience w i t h  t h e  individual resonator of tank C f o r  the  l a s t  18 months 
shows t h a t  on the average there  have been no s ign i f ican t  changes i n  the  
behavior of the  resonators as a function of time. 

A new H e  re f r igera tor  is i n  process of  i n s t a l l a t i on .  The new re- 
f r igera t ion  system w i l l  be adequate f o r  the  e n t i r e  booster. During the 
year the new high vacuum 70 in. sca t te r ing  chamber became available fo r  
use i n  t he  experimental program. A t i m e  of f l i g h t  tuning system was 
brought i n t o  operation and a t i m e  of f l i g h t  energy measurement system is 
nearing completion and w i l l  be tes ted  i n  ear ly  November. 

The maximum beam energies obtained with the  tandem-booster system 
through June are shown i n  Table 2. The ant ic ipat ions  fo r  t he  ~ovember run 
and runs during the summer of 1981 d ~ u  sumiarized i n  Table 3 .  

* Reporting on work of L.M. Bollinger, R. Benaroya, R. Pardo, and 
K.W. Shepard 



F i g .  ? .  

* l 
i. , ', ,' '. ??: .7. ' 'ST?: -; - ':+; ;, 

4., , ,*  P 
. . * .  . *-;.: 

. - 1 .  
'# < *. 
.:, . - 

k... . .  .. . . -.:,: 
-. - *' ... ': :* ,!:;v .*..'. ..a. I . . . ?  . . . .  . : .  ?'"  -. .. +: -;:*. ; ,,..:; 'I*,; .;. ,-, :.;:.. ,;; <:$; ;:+ ;,: .:.-::.,: !..;.%!;?;? ;*::,..~~q.,:~.:<;:~ .. Ir e .t.. I. 

. _ . . _  
, . ! .: :;: . . 
d;' " : : ,!:. .*. : ....... 

. ..... . .-.. - 3  9 9 2 4 6 ) 1 0  :%. :. *; , .. CT11400 ..4 

, .? SCALE ( f ~ l l  HELIUM ..... r,. 
,- : 9;d ,..! .'.., ; 

,& . 
L . :. . 
; ?,.;;-<. . . . . . .  ". , . ,: ." . . . . . .  .. . 2 . .  
. ! a .  - . :.: . , 
.*.!I :. 

* - 
. 6.. - ...... '.,.i .:; .. ' ., 
. . . . . .  

' I '  

t..' 

:). ;,;. ,.. :i.; . & 

W L  
STORAGE 

#WAR 
2 

Q - 
-. 

C 8 D 

:' . '. , . '. :' w. , .  
*.,. ',', 

' LlNhC ASSEMBLY AREA 
!.tC 

a '  * ', . - * .  0 8  ". . , 
.* . 
; a ,  0 # 

-. . ... , .. ' 9  * .  
, 
. * . , 

I ' d  

- 8 0  . .  

. 
I . . :  r .  . . 

1 
: ,*  ,. , 

* .  
? . . '  . , . . . 

. . . . . . . . .  0 . . . .  . . . .  . . __ : * '. . b .. . . , ; c .  ,$ '-; *:; *.. 
, . C  .. .'! . .  . , , 1 -  , . . .  , .  , ' *  . , 

a:. * .  . . .  -I .I . , . e i '"* . . , , .. 9 -,.- ' . , ? '  ." , . . . . . . . .  .>. , . - 9 
. *  # a  :.* . . , , I . 0 .  . . .  .. : , . - .  . * : , .  , ' . .  , .  a . ' *  ', . ,  4 ' .  d . , ? .; I 

0 * 
, ,  . '  . . .  . 

P .  4 .  I ?  ,..: . ..:... . . . . I . * .  ' 1 '  . ; ?  I *  r - i  
? . . '  '* . . .  : 4 

,.-'... 

a ' ,  ;. 
, .+  _ . . . .  . ... 



. . 
> ' 8  . ,  .. 8 r .  :. - .  -- ... I . ,  . . . ,  1 L . 

Period 
Weeks o f  No. o f  
Operation ~esonatore 

&lax. Accel. 

June 1978 
Sept. 1978 . 
D e c .  1978 
Mar.-Apr. 1979 
June 1979 
Oct.-Dec. 1979 
Feb. -Apr. 1980 
June-July 1980 

Total Operating Time t o  Date 

Resonantars - 5000 hr 
Useful Beam .., 3500 hr 

Table 2 Operation o f  the Booster 
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Tab1 e  3 Boos te r  Performance -(Maximum ~ n e r g i e s )  

Assumptions 

' { no. of Resonat. 
{ Accel. Voltage 

{ No. of Hesonat. 
H i - A  ( Act:,! I . "0 I t : , ~ . t .  

No6: What determines t h e  schedule f o r  f i n i s h i n g  s e c t i o n  B ?  
Y 

Yntema: W e l l ,  i t ' s  e s p e c i a l l y  a  q u e s t i o n  o f  money, o f  course,  and i t ' s  a  
q u e s t i o n  o f  machine shop t i m e .  The c r i t i c a l  p o r t i o n  o f  machine t i m e  i s  
t h e  e l e c t r o n  bean1 w e l d i n g  - o f  t h e  r e s o n a t o r s .  We have two e l e c t r o n  beam 
welders  who can do a  reasonab ly  good j o b  a t  i t .  The t i m e  f o r  o u r  r e s o n a t o r s  
t o  go th rough  t h e  shop i s  a p p r o x i m a t e l y  59 days.  So we a r e  l i m i t e d  and 
w e  dw n o t  t h e  o n l y  users  o f  t h e  c l c c t r o n  beam equipment. 
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ABSTRACT 

A super -conduc t ing  l i n e a r  a c c e l e r a t o r  b o o s t e r  i s  t o  be  added t o  t h e  
e x i s t i n g  s u p e r  FN tandem Van d e  G r a a f f  a c c e l e r a t o r  i n s t a l l a t i o n  a t  
F l o r i d a  S t a t e  U n i v e r s i t y  t o  a c h i e v e  a n  e f f e c t i v e  1 2  MV a d d i t i o n a l  
a c c e l e r a t i o n  v o l t a g e .  A d e s c r i p t i o n  o f  t h i s  b o o s t e r ,  t h e  tandem modi- 
f i c a t i o n s  t o  accommodate it and t h e  p r e s e n t  st.at.e of t h i s  p r o j e c t  a r e  
d e s c r j  bed.  

1. I n t r o d u c t i o n  

I n  t h e  f a l l  o f  1977,  it w a s  d e c i d e d  t h a t  t h e  r e s e a r c h  needs  o f  t h e  
l a b o r a t o r y  r e q u i r e d  an  i n c r e a s e  i n  o u r  energy  c a p a b i l i t y  t o  1 0  MeV/nucleon, 
and  t h a t  t h e s e  needs  could  b e  m e t  t h rough  t h e  n e x t  decade by i n s t a l l a t i o n  
o f  a 17 MV tandem Van d e  G r a a f f  a c c e l e r a t o r .  

The c h i e f  problem w i t h  such  a p r o p o s a l  w a s  t h e  lump sum n a t u r e  o f  t h e  
funding r e q u i r e d  and t h e  h i g h  c o s t  invo lved  ( o v e r  $11 M). T h e r e f o r e  sev-  
e r a l  a l t e r n a t i v e  o p t i o n s  were c o n s i d e r e d ,  a l a r g e  l i n e a r  a c c e l e r a t o r ,  a 
tandem p l u s  c y c l o t r o n  combinat ion and a tandem p l u s  l i n e a r  a c c e l e r a t o r  
combinat ion.  The f i r s t  two o f  t h e s e  have t h e  same d i f f i c u l t y  as t h e  l a r g e  
tandem - a v e r y  l a r g e  c a p i t a l  inves tment .  The tandem p l u s  l i n a c  combina- 
t i o n  can p r o v i d e  t h e  r e q u i r e d  b o o s t  a t  a moderate c o s t  and  i n  a d d i t i o n  t o  
t h i s  l a r g e  c o s t  advan tage ,  t h e  c o n s t r u c t i o n  t i m e  r e q u i r e d  t o  add a l i n a c  
s h o u l d  b e  much less t h a n  t h a t  r e q u i r e d  f o r  t h e  o t h e r  sys tems.  But11 a s t a n d -  
a l o n e  tandem and t h e  tandem p l u s  l l n a c  combinat ion have e d s i l y  v a r i a b l e  en- 
e r g y  and p r e c i s e  enerqy  c o n t r o l  making them q u i t e  s u i t a b l e  f o r  t h e  proposed 
r e s e a r c h .  The p u l s e d  beams from t h e  tandem p l u s  l i n a c  combinat ion make it 
p o s s i b l e  t o  c o n s t r u c t  an  i n e x p e n s i v e  heavy i o n  s p e c t r o m e t e r  t h a t  h a s  most 
o f  t h e  c a p a b i l i t i e s  o f  more e x p e n s i v e  sys tems.  The t ime  s t r u c t u r e  o f  t h e  
beam w i l l  n o t  e x t e n d  s i g n i f i c a n t l y  t h e  t ime  r e q u i r e d  f o r  t h e  vasL m a j o r i t y  
o f  exper iments .  

The n p t i n n q  open t o  us from amonq t h e  l i n e a r  a c c e l e r a t o r  energy  b o o s t e r s  
a l r e a d y  under  development a r e  w e l l  r e p r e s e n t e d  by t h e  f fe ide lberg4  ' ', Stony 
  rook^ , r 7 ,  and Argonne s y s t e m s 1  r 3 .  W e  have d e c i d e d ,  because  o f  l i m i t e d  
rrsonrces, p o t  t o  deve lop  a d i s t i n c t l y  d i f f e r e n t  system. A schemat ic  com- 
p a r i s o n  o f  t h e  sys tems  d i s c u s s e d  a r e  shown i n  k ' i g .  1. 

The f i r s t  c h o i c e ,  superconduc t ing  o r  ambient  t e m p e r a t u r e ,  w a s  n o t  t o o  

* Supported i n  p a r t  by t h e  N a t i o n a l  Sc ience  Foundat ion.  



d i f f i c u l t .  There a r e  advantages of a c c e s s i b i l i t y  and modularity t o  a 
room temperature device such a s  the  Heidelberg booster ,  but  the  c a p i t a l  
c o s t  per  PO? of the  Heidelberg room temperature l i n a c  appears t o  be about 
twice t h a t  f o r  t h e  Argonne superconducting booster .  opera t ing  c o s t s  f o r  
e l e c t r i c  power a r e  about a f a c t o r  of 5 g r e a t e r  f o r  t h e  Heidelberg booster  
and e l e c t r i c  power c o s t s  a r e  l i k e l y  t o  be of increas ing importance i n  t h e  
next decade. The add i t iona l  c o s t  f o r  cooling water i s  a l s o  d i r e c t l y  pro- 
por t iona l  t o  the  primary power cos t .  The l a r g e s t  por t ion  of t h e  power 
consumption f o r  a super conducting l i n a c  i s  f o r  the  r e f r i g e r a t i o n  sys- 
tems. 

This decision would not have been so e a s i l y  j u s t i f i e d  a few years  
ago when power c o s t s  were a minor f a c t o r  and when superconducting tech- 
noloqy has not  a s  well. developed. Rut now such systems havc reached a 
sat i .sfnctory l e v c l  of devc?lol)ment, o ~ ~ e r a t c d  successful ly  and appcar t o  
bc ~ i r ~ c h  more cos t  e f f c c t i v c .  

Iluring the  l a t t e r  p a r t  of 1978 and t h e  sp r ing  of 1979, an assess-  
ment of the  r e l a t i v e  mer i t s  of the  superconducting a l t e r n a t i v e s  was made 
and the  Argonne system se lec ted  f o r  our  booster .  The bas ic  philosophy 
and t o t a l  c o s t  f o r  comparable systems based on e i t h e r  technique a r e  s i m i -  
l a r .  Both use superconducting p i l l -box shaped resonators  with ' s p l i t  r i n g '  
d r i f t  tube mountings. The Cal Tech-Stony Brook design opera tes  a t  152 MHz 
with a lead  superconductor p la t ed  onto a copper s t r u c t u r e .  The Argonne 
desiqn opera tes  a t  97 MHz using niobium and niobium explosively bonded 
t o  copper a s  the  superconductor. The Cal Tech-Stony Brook resonators  are 
much cheaper t o  cons t ruc t  bu t  the  acce le ra t ion  per  resonator  i s  much l e s s .  
The r e f r i g e r a t i o n  requirements f o r  t h e  Argonne design may be somewhat 
higher f o r  t h e  same energy boost .  Operation a t  t h e  hiqher frequency i s  
sometimes a disadvantage from a nuclear  physics s tandpoint  but  may be ad- 
vantageous a s  regards phasing contro l .  

The p o s s i b i l i t y  of vacuum accidents  must bc considered and t h e  s t a -  
b i l i t y  and longevity of the niobium resonator  appears t o  be considerably 
b e t t e r  than the  lead  plated a l t e r n a t i v e .  Rel)lati,ng of t h e  lead i s  a com- 
pa ra t ive ly  simple IJroccss but  would ~Jrobably need t o  be done more £re-  
quently than e lec t ropo l i sh ing  of the  niobium c a v i t i e s  t o  maintain perfor-  
mance. Conclusive da ta  i s  not  ava i l ab le  but  the consensus among cryo- 
genics exper ts  appears t o  be t h a t  niobium i s  the  super ior  superconductor 
and behaves much b e t t e r  than lead a t  R . F .  f requencies.  

The development of the  Argonne booster  i s  f u r t h e r  advanced than t h e  
Cal Tech-Stony Brook system. Sections of t h e  Argonne booster ,  t h a t  almost 
exact ly  match our  requirements, have been i n  opera t ion .  During a por t ion  
of  an experimental run, which began i n  October 1979, the  average energy 
boost per  resonator  was i n  excess of  1 MV. The system operated f o r  more 
than f i v e  weeks acce le ra t ing  beams of  160, 2 8 ~ i ,  3 2 ~  and 3 4 ~  and during 
t h i s  period the  system was phase locked over 90% of t h e  time. 

Based on these  cons idera t ions  t h e  decis ion  was made t o  cons t ruc t  our 
h n n s t e r  based on the Arqonne system. 

2 .  Tandem Linac F a c i l i t y  

The plan of the  complete i n s t a l l a t i o n  i s  shown i n  Fig. 2 .  The beam, 
from the  e x i s t i n g  tandem w i l l  pass s t r a i g h t  through the  e x i s t i n g  90° an- 
alyzing magnet, through the  end wall  of t h e  acce le ra to r  v a u l t  and i n t o  t h e  



new l i n e a r  a c c e l e r a t o r  v a u l t  where it w i l l  be  ben t  by a new 90° ana lyz ing  
magnet on to  t h e  a x i s  o f  t h e  l i n a c .  This  method w i l l  cause a minimum d i s -  
turbance of  t h e  a c c e l e r a t o r  ope ra t ion  and experimental  program dur ing  con- 
s t r u c t i o n  and w i l l  r e t a i n  t h e  o l d  beam l i n e s  and t a r g e t  room f o r  exper i -  
ments which do n o t  c a l l  f o r  use o f  t h e  l i n a c  even a f t e r  cons t ruc t ion  i s  
complete. 

The approximately 1-ns beam pu l se  from t h e  p re -acce l e ra t ion  p u l s e r  
w i l l  pass  through a pos t - acce l e ra to r  cryogenic buncher which w i l l  compress 
t h i s  beam i n t o  a 50-ps pulse  width.  It w i l l  then  pas s  through t h e  t e n  ac- 
c e l e r a t i n g  r e s o n a t o r s  t o  a switching magnet which w i l l  d e f l e c t  t h e  beam 
i n t o  the  d e s i r e d  beam l i n e ,  t h e r e  w i l l  i n i t i a l l y  be t h r e e  such experimen- 
t a l  l i n e s .  F a c i l i t i e s  w i l l  be a v a i l a b l e  t o  s t r i p  t h e  beam t o  a h ighe r  
charge s t a t e  h a l f  way down t h e  tandem high energy column and before  i n -  
j e c t i o n  i n t o  t h e  l i n a c .  A debuncher w i l l  be  i n s t a l l e d  between t h e  l i n a c  
and t h e  swi tch ing  magnet t o  a d j u s t  t h e  l o n g i t u d i n a l  phase space t o  match 
t h e  experiment i n  progress .  

3 .  Resonators 
* 

The b a s i c  r e sona to r  i s  shown i n  F ig .  3 .  I t  c o n s i s t s  of  a c y l i n d r i c a l  
box made of  niobium exp los ive ly  burided to copper.  The two end p l a t e s  have 
niobium bonded t o  both  s i d e s  t o  avoid thermal  d i s t o r t i o n  and a r e  connected 
t o  t h e  body by a niobium r i n g  compressed b y ' b o l t e d  f l anges .  The s p l i t  r i n g  
and d r i f t  tube  assembly i s  made of niobium and welded i n t o  t h e  body o f  t h e  
r e sona to r .  The whole assembly i s  e l e c t r o n  beam welded and e l e c t r o p o l i s h e d .  
Tuning is achieved i n  s e v e r a l  s t ages .  F i r s t l y  dur ing  manufacture,  t h e  
body and t h e  niobium end s e a l i n g  r i n g s  a r e  s i z e d  t o  b r i n g  t h e  c a v i t y  t o  
approximately t h e  c o r r e c t  resonant  frequency. This  i s  f u r t h e r  a d j u s t e d  
by ds fo r~na t ion  o f  one end platc? w h i l s t  t h e  r e sona to r  i s  warm by t h e  po- 
s i t i o n  of a maclline screw. Then a pneumatic device  mounted on one end 
\)-l.ntc d i s t o r t s  t h i s  ) ) l a t e  t o  acl~i.cve a slow tuninq t h a t  main ta ins  t h e  
rcsorlant frequency wi th in  t h e  range o f  t h e  f a s t  t une r  which has a c o n t r o l  
window of  approximately 150 Hz. The East t une r  is a VCX (Voltage Cont ro l led  
Reactance) which o p e r a t e s  u s ing  4 p i n  d iodes  c o n t r o l l e d  by c i r c u i t r y  out-  
3 idc  the  c r y o s t a t .  

4 .  Sulerioid Lens 

The t r a n s v e r s e  motion of  t h e  beam i s  c o n t r o l l e d  by superconducting 
so lenoid  l e n s e s  l o c a t e d  a t  t h e  en t r ance ,  e x i t  and a f t e r  each p a i r  of s p l i t  
r i n g  r e sona to r s .  These a r e  housed i n  t h e  same c r y o s t a t  a s  t h e  r e sona to r s  
and share  a common l i q u i d  helium supply with them. 

5 .  Cryos t a t s  

The crryost.at-.s tr.ha.t: honsc khc. cryogenic buncher and robuncher are shown 
i n  Fig.  4 and each houses a s i n g l e  r e sona to r .  

The l i n a c  a c c e l e r a t i n g  s t r u c t u r e  i s  composed of  s e v e r a l  r e sona to r s  
housed i n  a common h o r i z o n t a l  c r y o s t a t  a s  shown i n  Fig.  5. I t  i s  a n t i c i -  
pa ted  t h a t  t h e  FSU boos t e r  w i l l  c o n s i s t  o f  two such c r y o s t a t s  e i t h e r  of  
wllich w i l l  be a b l e  t o  be pumped, cooled and condi t ioned  o f f  l i n e ,  then  
being brought i n t o  s e r v i c e  without  l o s s  of  vacuum o r  cool ing .  In  t h e s e  
c r y o s t a t s  t h e  r e s o n a t o r s  a r e  mounted on an o p t i c a l  bench formed by two 
l a r g e  h o r i z o n t a l  t u b e s  which a l s o  a c t  a s  supply and r e t u r n  l i n e s  f o r  
l i q u i d  helium. 



6 -  Bean1 Bunching 

The two s t a g e  beam-bunching system i s  des igned  t o  bunch 75% of  
t h e  D.C. beam i n t o  p u l s e s  < 100 p s  wide a t  a f requency o f  97/2 MHz. 

The system c o n s i s t s  o f  a p r e - a c c e l e r a t i o n  p u l s e r  shown i n  F ig .  6. 
The v o l t a g e  between t h e  two g r i d s  i s  a r r a n g e d  t o  be  v e r y  c l o s e  t o  t h e  
i d e a l  saw-tooth form by s u i t a b l e  ad jus tment  o f  t h e  phase  and ampl i tude  
o f  t h e  fundamental  [48.5 Hz] and t h r e e  harmonics i n  open ended and c l o s e d  
ended r e s o n a n t  t u b e s .  The p o s t - a c c e l e r a t i o n  buncher  i s  a r e s o n a t o r  o f  ' 

t h e  same t y p e  used i n . t h e  a c c e l e r a t i n g  s t r u c t u r e  and t h i s  compresses  
t h e  =! I n s  p u l s e  from t h e  p r e - a c c e l e r a t i o n  p u l s e r  t o  < 100 p s  f o r  i n j e c -  
t i o n  i n t o  t h e  l i n a c .  

A 1)ost tandem chopper  removes t h e  s m a l l  background o f  unbunched 
i o n s  L)c?twc:en pul.scs a n d  a 1)liase d e t e c t o r ,  c o n s i s t i n g  o f  a h e l i c a l  re.soL 
n a n t  s t ruc: turc ,  dyllnmi.ca1.l.y coujl lcs the  1)hases o f  t h e  p r c  and p o s t  a c c e l -  
era t.icx, l . ~ ~ n c l ~ c r s .  

7.  Tanclcm A c c e l e r a t o r  

The s u p e r  F N  tandem t h a t  w i l l  be  used a s  an  i n j e c t o r  t o  t h e  l i n a c  
h a s  r e q u i r e d  v e r y  l i t t l e  m o d i f i c a t i o n .  The b e l t  c h a r g i n g ,  r e s i s t a n c e  
g r a d i n g  and s t a i n l e s s  s t e e l  i n c l i n e d  f i e l d  t u b e s  have ,  a f t e r  some i n i t i a l  
t e e t h i n g  t r o u b l e s ,  performed v e r y  r e l i a b l y  f o r  s e v e r a l  y e a r s .  We t h e r e -  
f o r e  dec ided  t o  r e t a i n  t h e s e  and f e l t  t h a t  w e  would be  a b l e  t o  a c h i e v e  
t h e  " I n s  p u l s e  wid th  th rough  t h e  a c c e l e r a t o r  t h a t  was r e q u i r e d .  P u l s i n g  
t e s t s  have subsequen t ly  proved t h i s  t o  be c o r r e c t .  A f a s t  s t a b i l i z e r  
u s i n g  a modulated s t r i p p e r  f o i l  and an i n f r a - r e d  l i g h t  l i n k  was i n s t a l l e d  
and t h e  s t a b i l i z e r  o f  t h e  p r e - a c c e l e r a t o r  was r e b u i l t  t o  minimize beam 
energy and hence t r a n s i t  t ime  i n s t a b i l i t i e s .  

The low energy  beam l i n e  r e q u i r e d  m o d i f i c a t i o n  t o  accommodate t h e  
p r e - a c c c l c r a t i o n  p u l s e r  s o  t h e  01)portunity was t a k e n  t o  r e b u i l d  t h i s  whole 
s e c t i o n  u s i n g  stainless steel beam p i p e ,  C o n f l a t  s e a l s  and cryo-pumping. 

Tlic Ilic-(h cnc\rcly bejlm l.i.ne from t h e  ; ~ c c c l . c r n t o r  t o  t h c  s w i t c h i n q  
111 ;1c111 t~ t  11;1!; l ~ ! i ? t ~  rcl)i~.i S f :  I I ! . ; ~ I I ~ J  :.:t;iil.~l(!:;:; s(:(!(?'I I>c!;trn ~ ~ i l ) e  and c a n f l a t  scn:Ls. 
'I ' l l  i :: I I , \ W  ::;v:;1-(>11i ; ~ ~ : c : o ~ ~ ~ ~ ~ i o t l , l I . ( \ : i  1-11,! 11;  ~ J I I  o ~ ~ c ~ t - ~ y  c:ryol~l.~l~~l)in(j s t a t i o n ,  t h c  
c: l - \~c) : ; l : i l  t:, L11c swc?c:l ~j ~): l . ; i  tzcs arid tllc l)liasc d c  Lec to r .  

The pre-tandem p u l s e r  and new low energy  beam l i n e  were i n s t a l l e d  
l as t  y e a r .  T h i s  y e a r  t h e  r e s o n a t o r  c r y o s t a t  was completed and t h e  reso-  
n a t o r  i n s t a l l e d  and t e s t e d  o f f  l i n e .  I n  August t h i s  c r y o s t a t  was i n -  
s t a l l e d  between t h e  90' and beam s w i t c h i n g  magnets. c o n s i d e r a b l e  changes  
were made t o  t h e  h i g h  energy'vacuum sys tems  t o  p r o t e c t  t h e  r e s o n a t o r .  A 
vacuum p r o t e c t i o n  system was b u i l t  and i n s t a l l e d  w i t h  pneumatic v a l v e s  on 
e i t h e r  s i d e  o f . t h e  c r y o s t a t  and s e n s i n g  u n i t s  i n  a l l  e x p e r i m e n t a l  beam 
l i n e s .  The pump uricle~- the  s w i t c h i n g  magnet w a s  v~placed by a t u r b o -  
molecu la r  one.  The two pumps b e f o r e  and a f t e r  t h e  90° magnet w e r e  re- 
p l a c e d  w i t h  a s i n g l e  t u r b o  pump, pumping i n t o  b o t h  beam l i n e s  by means o f  
a G i n c h  pumping l i n k .  

The sweeping p l a t e s  and phase  s e n s o r  were a l s o  i n s t a l l e d ,  t h e  former  



b e f o r e  and t h e  l a t t e r  a f t e r  t h e  90° magnet. 
The h i g h  encrgy pumping s t a t i o n  was r e p l a c e d  w i t h  a cryopuml, a l s o  

i n  August. T h i s  was o f  t h e  same t y p e  i n s t a l l ( > d  i l l  t l l c ?  low encrgy l i n e  
last yea>-. W e  I I ~ V C .  been very  sa t:i.:: f i c d  w i t h  tll<?..;~. I ) l i m l , s .  1'11~. I c>w 
C ? I I C : ~ ~ Y  o11~> h a s  IIOW b p ~ ! l ~  c y w r a t i i ~ q  i1.0~- over a yc\ ;~r  w.i.th I ~ C )  !:cri.oti:; 1lroL1- 
l c l l ~ s  anti t l . 1 ~  e f f i c i . e n c y  o f  t1.w systoni i s  j.ndicclted 1)y a r c c c ~ l t  fo.i.1. 
change.  The t u b e  was l e t  up t o  d r y  n i t r o g e n  and t h e  f o i l s  chanqed. 
The system was e v a c u a t e d  t o  approx imate ly  100p w i t h  a mechanical  pump 
and t h e n  opened t o  t h e  cryopumps. By t h e  t ime  t h e  o p e r a t o r  had r e -  
t u r n e d  t o  t h e  c o n t r o l  room, b o t h  h i g h  and  low energy  vacuums were <lo- '  mrn. 
The vacuum c o n t i n u e d  t o  improve r a p i d l y  t o  approx imate ly  mm. 

~ e s t i n g  o f  t h e  r e s o n a t o r  w i t h  beam i s  j u s t  s t a r t i n g .  I t  h a s  been 
c o o l e d  t o  l i q u i d  he l ium tempera tu re  i n  i t s  new p o s i t i o n  and R.F. tests 
completed.  Beam tests  w i l l  be conducted d u r i n g  t h e  n e x t  weeks. 

The b u i l d i n g  t o  house t h e  l i n a c  b o o s t e r  i s  w e l l  under way. The 
a r c h i t e c t  h a s  completed t h e  p l a n s  and t h e  c o n t r a c t  i s  a b o u t  t o  b e  b i d .  

9 .  Concluoiono 

Work on t h e  PSU b o o s t e r  is proceed ing  w e l l  and wiif be  completed i n  
t h r e e  s t a g e s . ,  One and two, which a r e  funded, w i l l  s e e  complet ion o f  t h e  
l i n a c  v a u l t  and t a r g e t  room. The complet ion o f  t h e  bunching system i n t o  
t h e  o l d  t a r g e t  room and  t h e  new l i n a c  v a u l t  and some i n i t i a l  s e c t i o n s  o f  
l i n a c  a c c e l e r a t i o n .  A p p l i c a t i o n  f o r  f e d e r a l  funds  h a s  been made f o r  phase. 3 ,  
t o  complete  t h e  p r o j e c t ,  and f a v o r a b l y  r e c e i v e d .  

The i o n  e n e r g i e s  t h a t  w i l l  be a v a i l a b l e  a r ?  shown i n  F ig .  8 t o g e t h e r  
w i t h  t h e  Coulomb b a r r i e r  f o r  A on A ,  ( z ~ / ~ A ' / ~ ) .  
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area  i s  e x i s t i n g  i n s t a l  l a t i o n .  

F i g .  3 .  Superconducting s p l i t  r i n g  resonator f o r  6 = 0.105 
[from ANL At1 as proposal] .  



Fig. 4 .  Single resonator cryostat as used for post-tandem buncher. 



F i g .  5. End view of beam line cryostat [from ANL Atlas pro- 
posal]. 
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F i g .  7 .  Measured t ime distribution o f  
i o n  pulses from pre-tandem buncher. Oxy- 
gen ions from s i l  icon, pre-accel e r a t o r  
100 kV. 

F i g .  6 .  Pre-tandem buncher accel-  
e r a t i n g  s t r u c t u r e  [from ANL At las  
proposal ] . 

F i g .  8.  Maximum beam energy vs. p r o j e c t i l e  
mass f o r  a1 t e r n a t i v e  s t r i p p e r  l o c a t i o n s .  
The Coulomb b a r r i e r  f o r  A on A i s  a1 so i n -  
d i c a t e d .  



Walker :  Ken, I ~ i i i s sed  where you r  p o i n t e r  was headed when you were p o i n t -  
i n g  a t  t l i e  va r i ous  t u r b o  puinps. 

Chapman: 011e i s  on t h e  bea111 1 i n e  i n l ~ l i ed i a te l y  be fo re  t he  90" tilagnet and 
t h e  o t h e r  i s  under t h e  s w i t c h i n g  magnet. 

Walker:  What i s  t h e i r  pumping speed? 

Chapman: They a r e  e f f e c t i v e l y  6 - inch  t h r o a t  pumps. I ' m  n o t  sure o f  t h e  . 

pumpi ng speed. 

Wal ke r :  Are t h e y  Leybo ld ' s  1  a t e s t  model ? 

Chapman: As f a r  as I know t h e y  a r e  L e y b o l d ' s  l a t e s t .  We have been we1 1  
s a t i s f i e d  w i t h  t he  pumps and I must say we've been l e s s  s a t i s f i e d  w i t h  our  
f requency changer.  They d e l i v e r e d  us two, one which was i n o p e r a t i v e  when 
i t  a r r i v e d  and another  which d i e d  w i t h i n  h a l f  an hour o f  be ing  swi tched 
on. They then sen t  us an emergency one which has worked b e a u t i f u l l y .  Bu t  
i t ' s  v e r y  i n t e r e s t i n g  t o  t ake  t h e  cover  o f f  and see t h a t  i n s t e a d  o f  t h e  
t i n y  t ransformer  and t i n y  hea t  s h i e l d s  i n  t h e  one ' they s u p p l i e d  i n i t i a l l y  
t h i s  one has much l a r g e r  t r ans fo rmer  and hea t  s h i e l d s .  They 've now taken 
t h a t  back and supp'l i e d  us w i t h  a  r e p a i r e d  v e r s i o n  o f  one we s h a l l  keep. 
I t  appa ren t l y  i s  work ing q u i t e  w e l l ,  b u t  i t  has had ve ry  l i t t l e  r unn ing  
t ime  as y e t .  

Walker: We have j u s t  bought two, bo th  o f  which had t o  be sen t  back be- 
cause o f  bear ing  problems. We have two c o n t r o l l e r s .  I t a l k e d  t o  t h e  peo- 
p l e  a t  McMaster some t i m e  ago t o  f i n d  o u t  i f  we were a b l e  t o  g e t  schematics 
f o r  t h e  c o n t r o l l e r s  f o r  o u r  pumps. Appa ren t l y  Leybold  i s  subcon t rac t i ng  
t h e i r  c o n t r o l l e r s  t o  v a r i o u s  manufacturers  and e v e r y t h i n g  comes back t o  
them epoxy encapsul a ted  . 
Chapman: We l l ,  i t ' s  a  l i t t l e  b i t  more d i f f i c u l t  than  t h a t .  I n  f a c t ,  t h e y  
were n o t  a b l e  t o  supp ly  us w i t h  a  schematic o f  t h e  f requency changer be- 
cause no two o f  t h e  f requency changers were t h e  same. The two t h e y  sen t  
us had e n t i r e l y  , d i f f e r e n t  c i r c u i t r y  i n  them. 

Wal k e r :  I know o f  f o u r  d i f f e r e n t  manufac tu re rs .  

Chapman: So t h i s  appears t o  be go ing  th rough  a  s tage  o f  development a t  t h e  
moment. 

McKay: Our exper ience w i t h  Leybold  pumps i s  s i m i l a r  t o ' K e n ' s  except  t h a t  
we've managed t o  d e s t r o y  a  coup le  o f  pumps as we1 1  . The rumors we hear 
f rom t h e  sa les  r e p r e s e n t a t i v e s  a re  t h a t  Leybold  i n  t h e  S t a t e s  i s  f e d  up 
w i t h  t h e  German power supp l i es  and t hey  a r e  l i k e l y  t o  s t a r t  b u i l d i n g  t h e i r  
own. Appa ren t l y  t h e  manufac tu re rs  o f  t h e  power su'ppl i e s  see no r e a l  rea -  
son why they  should  supp ly  schematics t o  Leybold  and, t h e r e f o r e ,  Leybold  
c a n ' t  t e l l  us wha t ' s  i n  them. 



s: Withou t  go ing  i n t o  d e t a i l s ,  we have had t h e  same k i nds  o f  problems. 
I have a  ques t i on  about bunching. What beam was t h a t  you .were u s i n g ?  

Chapman: Oxygen. 

No6: Can you say a  word about  t h e  i n j e c t i o n  energy and s t a b i l i t y ?  - 

Chapman: The i . n j e c t i o n  energy was approx imate ly  100 keV. The s t a b i l i t y  , . 
i n i t i a l l y  was c e r t a i n l y  poor .  I ' m  n o t  su re  what t he  magnitude o f  t h a t  
was. Supposedly w i t h  t h e  new s t a b i l i z e r  t h e  s t a b i l i t y  i s  o f  t h e  o r d e r  
o f  50-60 v o l  t s .  

Noe: Do you hdve  a phase feedback? 

Chapman: Yes. 

Den Ha r to  : What do you a n t i c i p a t e  t o  be t h e  e f f e c t  on bunching o f  u s i n g  + i n c  i n e d - f i e l d  tubes'? 

Chapman: The wor ry  i s  t r a n s i t  t ime .  I t h i n k  t h e  i n d i c a t i o n s  from t h e  
t e s t s  we've done so f a r  i s  t h a t  t h i s  i s  n o t  go ing  t o  be t roublesome.  Un- 
t i l  we have succeeded i n  phase l o c k i n g  t h e  buncher i n  w i t h  t h e  p u l s e r  i t  
i s  d i f f i c u l t  t o  be d e f i n i t e  about  t h i s .  The s t a i n l e s s  s t e e l  tubes t h a t  
were p u t  i n t o  t h e  machine when i t  was i n s t a l l e d  i n  1970 a r e  e f f e c t i v e l y  
as good as t h e  day t hey  went i n .  So i f  t hey  per fo rm i n  t h i s  f u n c t i o n  we 
w i l l  be ve r y  happy w i t h  them. There 's  some r a d i a t i o n  b lacken ing  c e r t a i n l y  
and t h e r e ' s  some p o l i s h  l i n e s  on t h e  g l ass ,  b u t  these  p robab ly  occur red  
i n  t h e  f i r s t  few hundred hours w h i l e  t h e  tubes were c o n d i t i o n e d .  

L i ndg ren :  - Hear ing  t h i s  t a l k  o f  t u r b o  pumps, I have a  ques t i on .  Does 
anybody know a  good v e r t i c a l  t u r b o ?  I ' v e  heard d i s p a r a g i n g  remarks about  
Welch v e r t i c a l  t u r b o s  and now Leybold .  What i s  a  good one? 

Den Har tog :  We l l ,  we d o n ' t  have any t r o u b l e  w i t h  t h e  power supp l i es  w i t h  
Welch u n i t s .  

r n :  . ,. ...-A... How about  t h e  bear ings?  

Den Har tog:  Oh, have l o t s  o f  t r o u b l e  w i t h  t h e  bear ings .  Bu t  I ' v e  heard 
t h a t  if you r u n  them a t  h a l f  speed they  w i l l  l a s t  f o r e v e r . .  . o r  a t  l e a s t  
t w i c e  as l o n g  anyway, 

B i l l q u i s t :  T h a t ' s  n o t  as funny as i t  sounds. The 1500 1 1 s  Welch has a 
s w i t c h  f o r  h i g h  speed ( 1  500 1  / s )  and l o w  speed ( 1  000 1  /s) ' .  So i f  what - 

Pat  says i s  t r u e  and you need a  t u r b o  pump, t h a t  would be a l l  r i g h t .  

L indgren :  We p l a n  t o  use them on the  n e g a t i v e - i o n  i n j e c t o r  where we have 
t o  pump he1 ium. We a l s o  want t o  use a  cryopump f o r  normal use. 



Upgrade of MP-6 and MP-7 

Robert Lindgren 
Brookhaven National Laboratory 

In  1979 t h e  i n s t a l l a t i o n  of C T I  model 8 cryopumps and GE 500-R/s 
ion pumps was completed on MP-7, a t  both ends of  the  machine, t o  replace  
t h e  mercury d i f fus ion  pumps. This r e s u l t e d  i n  t h e  s u b s t a n t i a l  savings 
i n  power and l i q u i d  N2 c o s t s  of about $13,00O/year. To d a t e  we f ind  the  
use of these  pumps has given us no more t roub le  than the  d i f fus ion  pumps. 
The ion gauge readings a r e  comparable, about 1.0 x Torr. In  Apri l  
of t h i s  year MP-6 was shut  down f o r  two and one ha l f  months, during which 
time we kept  MP-7 on l i n e ,  and i n s t a l l e d  the :  

1) 3-chain Pe l l e t ron  
2 )  Power d r ive  s h a f t  
3) 14-inch HVEC acce le ra t ion  tubes 
4) Fo i l  changer i n  the  5-6 dead sec t ion  . . 

5) Ion pump i n  the 6-7 dead sec t ion  
6)  Caddock r e s i s t o r s  with capac i t ive  p l a t e s  and inductances, 600 MG 
7 )  Cryopumps on both ends of machine a s  on MP-7 

. ., . . 

NEC supplied. the  power s h a f t  which d r i v e s  two 3-kW, 3-phase a l t e r n a t o r s  i n  
the  te rminal ,  one insu la ted  f o r  100 kV, t h e  o the r  a t  terminal  p o t e n t i a l  

. 4 ( t o  power the  negative ion  source ) ,  and one a l t e r n a t o r  i n  t h e  6-7 dead 
sec t ion  f o r  the  pump power supply. The 7.5-hp motor i s  d i r e c t  coupled, 
a s  a r e  t h e  a l t e r n a t o r s .  So f a r ,  t h i s  d r i v e  s h a f t  has run f lawless ly .  

: ..1 

The Pe l l e t ron  charging system, running i n  t h e  p o s i t i v e  te rminal  mode, 
a l s o  performs extremely well.  Ripple i s  l e s s  than 100 v o l t s .  But due t o  
our l imitkd supply of i n s u l a t i n g  gas mix, 140 ps ig  i n  MP-7, 0 psig i n  s t o r -  
age, t h a t  leaves  us 65 ps ig  f o r  MP-6 and we f e e l  a  l i m i t a t i o n  of  about 8 t o  
9 MV+ f o r  the  present .  

We f ind  a l i m i t a t i o n  o f ' a b o u t  -7.5 MV i n  both MP-6 and MP-7 even though 
MP-7 has 140 p s i g  i n  it. Above t h i s  terminal  voltage it becomes uns table  
and occas ional ly ,  spontaneously drops severa l  MV. A higher than normal in -  
ductor  voltage i s  requi red ,  and the  measured charge dens i ty  on t h e  down run 
o f  the  chains i s  very low, a s  observed on t h e  induct ive  p ickof f s .  We have 
t r i e d  a down charge supply i n  the  terminal  o f  MP-6, bu t  t h i s  d id  nothing 
t o  a l l e v i a t e  t h e  problem. This r equ i res  f u r t h e r  study. 

The one problem which has been most p e r s i s t e n t  i n  l i m i t i n g  t h e  perfor-  
mance of MP-7 has been t h e  lack of r e l i a b i l i t y  of t h e ' r e s i s t i v e  voltage 
d i v i d e r s  used along t h e  tube and column. Res is tors  changing values,  opening 
o r  being physica l ly  damaged have caused recur r ing  .- - d i f f i c u l t i e s .  - . . .  The s i m -  - 

p l e s t  and l e a s t  expensive method of a l l  t he  systems we've ' t r i e d  i s  now 
being imglement.ed f a r  both machinec. This i s  a p a i r  of caddock resis- 
t o r s  with a spark gap across  them, mounted between capacitj .ve p l a t e s .  



These p a r a l l e l  p l a t e s  a r e  1/16-inch aluminum, and a r e  mount.c?d 011 4-inch 
long  p l e x i g l a s s  i n s u l a t o r s  around which t h e  induc tances  a r e  wound. The 

p r o t e c t i o n  o f  t h e  r e s i s t o r  i s  mainly based on an LC network t o  a t t enu -  
a t e  t h e  high frequency components o f  t h e  vo l t age  t r a n s i e n t s  s o  a s  t o  
a l l ow  s u f f i c i e n t  t ime f o r  t h e  p r o t e c t i v e  spark yap t o  f i r e  before  ex- 
c e s s i v e l y  h igh  g r a d i e n t s  a r e  reached.  Th i s  system has  been t e s t e d  o u t  
i n  MP-7 f o r  over  a yea r  a t  t e rmina l  vo l t ages  up t o  14.1 MV i n  t u b e s  2 
and 5 and column s e c t i o n  #4. W e  a r e  schedul inq two weeks e a r l y  i n  No- 
vember t o  complete t h e  i n s t a l l a t i o n  of  t h i s  r e s i s t o r  type  i n  MP-7. In- 
c i d e n t a l l y ,  t h e  c o s t  of  one r e s i s t o r  assembly i s  about  $30. Our system 
was adapted from t h e  Rochester  and Daresbury des ign ,  w i th  t h e  induc- 
t a n c e s  added, i n  t h e  hope t h a t  wi th  eve r  i r ic reas ing  t e rmina l  v o l t a g e s ,  
t h e  r e s i s t o r s  would cont inue  t o  su rv ive .  

MP-6  ha^ al.ready had t h e  r e s i s t o r  assembl ies  mounted i n  t h e  column. 
The tube  e l e c t r o d e s  a r e  e l e c t r i c a l l y  connected Lo t h c  column, wi th  t h e  
normal s p r i n g s  which a r e  a t t ached  t o  t h e  a c c e l e r a t i o n  t ube  e l e c t r o d e  
w i t h  2-5b Screws, Lllc calm end of t h e  s p r i n g  wire  i s  clamped under t h e  
head o f  a screw, t o  t h e  column. ?tYo 300-~R r e s i s t o r s  a r e  cu~llle:.ctcd i n  
s e r i e s .  

W c  Ilave work i n  p rog re s s  on sha1)cd s t a j . n l c s s  s t e e l  t e rmina l  s h i c l d s  
f o r  l>oI:h a c c e l e r a t o r s ,  t o  r ep l ace  the  ho r i zon ta l  b a r s ,  f o r  improved e l e c -  
t r o s t a t i c  s u r f a c e s  s i m i l a r  t o  t h e  Rochester t e rmina l .  

We had expected t o  have improved vo l t age  r egu la t ed  e x t r a c t i o n  power 
s u p p l i e s  f o r  bo th  nega t ive  i o n  i n j e c t o r s ,  b u t  un fo r tuna t e ly  t h e  General 
Ionex 1304 u n i t s  d i d  n o t  su rv ive  ve.ry long ,  s o  t hey  a r e  be ing  s e n t  hack 
f u r  r e p a i r .  

Acce le ra t ion  t ube  ex t ens ions :  A f t e r  t h e  success  o f  S t rasbourg ,  w e  
a r e  c u r r e n t l y  ~ t u d y i n g  wi th  HVEC ?.he f e a s i b i l i t y  and c n s t s  o f  adding 
electrodes and in su l aLor s  t o  our priascnt tubes .  We would wish tu make 
th(-rn a s  long as  l>ossi.ble,  and s t i l l  l.rave space i n  t h e  dead sec.tiiuris to 
I i . ~ .  i I n s ,  s w .  as  1 l o w  Wc? arc2 conunittcd to 
t l l k .  j.o~l I)'.lrnl)s ;I:; wc? 11;lvc them .in I.io~~:;i. now. Thcy  arc Varian 110-%/s 
~ u I I I ~ ) : ; ,  w i t h  t l . ~ c :  NGC drivc? sl1a.ft.s f o r  t h e  a l l e r n n t o r s .  We axso 1)l.an t o  
d r i v e  thc termlnai. a:LLerl~atsrs wi th  t h ~ s e  driv'c s h a f t s .  'I'he l e n g t h  of  
t h ~  modified t ubes  w i l l  have t o  be con~promised w i t h  i n s t a l l a t i o n  of t11e 
i o n  pumps. 

NO;: Do you  see any problem w i t h  the  P e l l e t r o r l  when yo11 cxtend t h p  tube?  - 

Lindq ren :  - . - . . - - . .- - No, t h e  P e l l e t r o n  i s  mounted above t h e  t ube .  We d o n ' t  t h i n k  
r ! o r  I I .  i t  r o l l  I . T!tc>r.c* ' I ,  c!nocr!j!, ' ; l ) , r  c:.i ncj fro111 I: hct .Lul)r!!; 1.0 
l~rl,y 1.hi 11!j I:!\,I 1,':; I I ~ ~ C I ~ .  I,~H~III. 

Noe: My ques t i on  was based on t h e  remark t h a t  someone made t h a t  t h e  f i e l d .  - 
1 i n e s  would have t o  bend somewhat more sha rp l y .  

L indqren :  I t ' s  a good s u b j e c t  t o  t h i n k  about,  b u t  I hope we d o n ' t  have any 
d i f f i c u l t i e s .  



F i g .  1 .  NEC d r i v e  shaf ts  and a l t e r n a t o r s  i n  dead sect ion  ( top)  and i n  
the terminal o f  MP-6 (bottom). 
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ABSTRACT 

We have rep laced  t h e  s tanda rd .72 - i nch  tube  s e c t i o n s  w i t h  new 88- inch  
tube sec t i ons  t a k i n g  advantage bo th  o f  t h e  p r o t r u s i o n  o f  t h e  e l e c t r o s t a t i c  
f i e l d  toward t h e  dead sec t i ons  and t h e  space l e f t  t h e r e .  A new tube  has 
been t e s t e d  s e p a r a t e l y  up t o  4.6 MV and a l s o  i n  normal YP runn ing  c o n d i t i o n s  
f o r  t h r e e  months. A f t e r  some d i f f i c u l t i e s  w i t h  broken tube  g l ass ,  t h e  t e s t s  
o f  t h e  e n t i r e  ungraded machine have been c a r r i e d  o u t  up t o  15.75 MV i n  
August o f  1980. 

Twice w i t h o u t  a c c e l e r a t i n g  tubes we made column t e s t s  up t o  1 6  MV and 
17 MV w i t h  b e l t  charg ing  and a t  100 p s i  SF6 p ressure .  W i t h  a  t ube  t h e  MP 
machines a r e  l i m i t e d  t o  about 13 M V .  I t  appears t h a t  a  tube  v o l t a g e  g r a d i e n t  
o f  18-20 kV/cm i s  a  p r a c t i c a l  l i m i t  o f  e x i t i n g  a c c e l e r a t i n g  tubes .  For an 
i n c l  i ned  f i e l d  tube t h e  v o l t a g e  i s  a lmos t  p r o p o r t i o n a l  t o  t h e  l e n g t h .  

Looking back a t  t he  t e s t s  w i t h o u t  a c c e l e r a t i n g  tubes i n  an MP, t h e  no r -  
mal c o n f i g u r a t i o n  o f  t h e  e l e c t r i c  f i e l d  i n s i d e  t h e  column shows a  n a t u r a l  
p e n e t r a t i o n  o f  t h i s  f i e l d  i n t o  t h e  dead sec t i ons  and i n t o  t h e  t e r m i n a l  and 
a  p r o t r u s i o n  o u t s i d e  t h e  LE and HE columns. Nowhere i n s i d e  t h e  column i s  
t h e r e  a  h i g h  e l e c t r i c a l  s t r e s s ,  t he  f i e l d  be ing  i n  t h e  range o f  20 kV/cm o r  
one - t en th  t he  s t r esses  found i n  some p laces o u t s i d e  o f  t h e  column. So keep- 
i n g  t he  same 13-MV v o l t a g e  tube g r a d i e n t  i t  i s  n a t u r a l  , from an e l  e c t r i c a l  
p o i n t  o f  v iew, t o  leng then  t h e  tube  s e c t i o n s .  For such an arrangement t h e  
tubes and t h e  column have separate  r e s i s t o r  cha ins i n  para1 l e l  and t hey  a r e  
connected o n l y  a t  t h e  dead s e c t i o n s .  Our p r o j e c t  c o n s i s t s  o f  l eng then ing  
o u r  72-gap tubes ( w i t h  70 l i v e  gaps) by 16 gaps i n  o r d e r  t o  g e t  88 -sec t i on  
tubes .  A l l  o f  t h e  i n d i v i d u a l  tube sec t i ons  i n  t h e  MP a r e  i d e n t i c a l  except  
f o r  t h e  number 1  tube .  

One c h a r a c t e r i s t i c  o f  t h i s  tube, d i f f e r e n t  f rom t h e  o r i g i n a l ,  i s  i t s  
symmetry w i t h  r espec t  t o  a  c e n t r a l  a x i s .  E i t h e r  end can be used f o r  beam 
i n p u t  o r  o u t p u t .  Th i s  i s  impo r tan t  i f  we w ish  t o  keep t h e  p rev i ous  v o l t a g e  
c o n d i t i o n i n g ,  and so we can move a  tube  f r o m ' t h e  LE s i d e  t o  t h e  HE s i d e .  
The beam o p t i c s  c a l c u l a t e d  by HVEC shows o n l y  moderate m o d i f i c a t i o n s  and 
p r e d i c t s  t h e  same t ransmiss ion .  The dual  p o s t - f o i l  s t r i p p e r  has been kep t  
i n  t h e  dead s e c t i o n  between tubes 5 and 6.  The tube  f l a n g e  t h i c k n e s s  had 
been reduced f rom 75 mm t o  36 mm a t  f i r s t  b u t  now i t  i s  45 rnm. The l a s t  
i n c l i n e d  f i e l d  ( I F )  e l e c t r o d e  on bo th  s i des  o f  t h e  tube  s e c t i o n  p ro t r udes  
8 inches i n s i d e  t he  dead sec t i ons  and o u t s i d e  t h e  LE column on bo th  ends o f  
t h e  LE t ube .  The f i r s t  t e rm ina l  grounded e l e c t r o d e  o f  t h e  number 5  tube  
p ro t r udes  10 inches i n s i d e  t h e  t e rm ina l  because o f  a  s p e c i a l  arrangement o f  
o u r  p o s t - f o i l  s t r i p p e r  which i nc l udes  a  spec ia l  be l lows  i n  t h e  dead s e c t i o n  
between tubes 5  and 6  where t h e  1  a s t  I F  e l e c t r o d e  p ro t r udes  o n l y  6  i nches .  
Smal le r  be l lows  a r e  used i n  each dead s e c t i o n .  The t e rm ina l  s t r i p p e r  has . 
been r e b u i l t  w i t h  t h e  l e n g t h  reduced by about 15 inches .  



For t h e  e l e c t r o s t a t i c  f i e l d  p e n e t r a t i o n  t h e  h o r i z o n t a l  p lane  i s  t h e  
w o r s t  case and F i g .  2 shows a  rough ske tch  o f  t h e  e q u i p o t e n t i a l  1  i n e s .  
Smooth p l a t e s  a r e  p l aced  i n  these l o c a t i o n s ,  and f o r  a  b e t t e r  match t o  t h e  
f i e l d  p e n t r a t i o n  l i n e s ,  t he  g r a d i e n t  rods have a  spec ia l  round shape. 

They  a r e  pushed o u t s i d e  toward t h e  column and dead s e c t i o n  compared t o  t h e  
o r i g i n a l  s t r a i g h t  des ign .  The 88 tube  r e s i s t o r s  a r e  1200 MS2 as a r e  t h e  
column r e s i s t o r s .  The spark  gaps a r e  3  mm f o r  t h e  tube  r e s i s t o r s  and 3.4 
mm f o r  t he  column r e s i s t o r s .  They a r e  p laced above t h e  tube .  The tube  
suppor ts  have n o t  been m o d i f i e d ,  bu t  have been moved i n s i d e  t h e  dead sec- 
t i o n s .  

I n  May, 1979 we i n s t a l l e d  a  new 88- inch  s t a i n l e s s  s t e e l  tube i n  t h e  
number 7  p o s i t i o n .  The tube had f l anges  36 mm t h i c k  and m e t a l l i c  gaskets  
1  i ke t h e  o t h e r  tubes .  The tube  was t e s t e d  a lone  up  t o  4.6 YV and then  
l e f t  i n  p o s i t i o n  f o r  f l ~ r l l l d l  r u n n i n g  u n t i l  August 1 ,  1979. A l l  t h e  72- inch 
tubes  were then removed and sen t  t o  B u r l i n g t o n  t o  be lengthened.  

When we r e c e i v e d  t h e  sevefi tubes I e r ~ ~ l h e n e d  t o  88 inches we had d i f f i -  
c u l t i e s  w i t h  many broken g l ass  i n s u l a t o r s .  I 1  tuok somc t ime  be fo re  f i n d i n g  
t h e  reason. Thc new t e r m i n a t i n n  f l anges  were marg ina l  i n  t h e  i s o l a t i o n  o f  
t h e  end i n s u l a t o r s  f rom deformat ions produced when making up the  bo l  ted 
j o i n t s .  T h i s  problem was aggravated by r e s i d u a l  s t r e s s  i n  t h e  new g lass  
i n s u l a t o r s .  We t e s t e d  d i f f e r e n t  tube  end t e r m i n a t i o n s  and f i n a l l y  dec ided 
on t h e  s o l i d  ch i cken  f l a n g e s .  The SF6 s e c u r i t y  va l ves  a r e  s t i l l  i n  p l a c e  
t o  deal  w i t h  t h e  problem o f  gas l o s s  i n  t h e  event  o f  a  break under p ressure .  
We had t h r e e  g l a s s  breaks, one on tube number 1  and two on tube  number 6. 
The breaks d i d  n o t  cause vacuum l eaks  and we have r e p a i r e d  them i n  s i t u .  

Vo l tage t e s t s  have been c a r r i e d  o u t  on i n d i v i d u a l  tubes up  t o  4.7 MV 
excep t  f o r  tube  number 1  which h e l d  between 3.7 and 4.0 MV.  Twice we reached 
13.5 MV on s i x  tubes t oge the r  (numbers 2, 3, 4, 5, 6, and 8 ) .  Dur ing  t h i s  
c o n d i t i o n i n g  we had problems w i t h  many tube r e s i s t o r s ,  and t h e  machine was 
opened seve ra l  t imes .  The l o n g  spark  gaps across t h e  tube  r e s i s t o r s  had 
loosened where t h e  spark  gap b lades a r e  screwed on to  t h e  r e s i s t o r  end t e rm in -  
a t i o n .  We found epoxy between t h e  b lade  and t h e  r e s i s t o r .  

The machine has now r u n  many t i l i les a t  15.5 MV w i t h  75% t r ansm iss i on  o f  
a  p ro ton  beam th rough  t h e  90" a n a l y z e r .  The machine went t o  15.76 MV and i s  
ve r y  s t a b l e .  We s t i l l  run  w i t h  an o r d i n a r y  be1 t bu t  mounted i n  a  ha l f -open  
s t r u c t u r e  as shown i n  F i g .  3.  We o c c a s i o n a l l y  see sparks a t  h i g h  vo l t age ,  
b u t  appa ren t l y  no ddmage occurs  t o  tubes, r e s i s t o r s ,  o r  o t h e r  components. 

About 1 5  days ago we i n s t a l l e d  o u r  second p o s t - f o i l  s t r i p p e r  between 
tubes 5 and 6  and acce le ra ted  a  beam a t  15.6 M V .  A t  t h c  end o f  l a s t  wcclc 
we resumed o u r  r esca rch  program. P h y s i c i s t s  had been unable  t o  per fo rm 
exper iments  f o r  more than  one yea r  and we cannot t i e  up t h e  machine for  t o o  
many t e s t s  now. However, we hope t o  be o p e r a t i n g  a t  16  MV v e r y  soon. We 
r u n  w i t h  8 kg/cm2 SF6 p ressure  w i t h  a  10% a i r  con tamina t ion .  We a l s o  have 
two Cs r a d i a t i o n  sources o f  3  Cur ies  each I n  t h e  prsessure vcsl;cl.  

We have made some o t h e r  m o d i f i c a t i o n s  t o  ou r  machine. F i r s t  we i n s t a l l e d  
two SF6 s e c u r i t y  va l ves  between t h e  a c c e l e r a t i n g  tubes and t h e  LE and HE d r i f t  
tubes .  They a r e  operated pneuma t i ca l l y  by SF6 gas. Second, t h e r e  a re  e i g h t  
independent systems f o r  s h o r t  c i r c u i t i n q  i n d i v i d u a l  beam tube s e c t i o n s .  Each 
one c o n s i s t s  o f  a  sp r ing -opera ted  t a k e  up  r e e l  w i t h  a  s t e e l  rope  r e t u r n  con- 
nected t o  a  n y l o n  s t r i n g .  A l l  a r e  manua l l y  operated f rom o u t s i d e  t h e  tank .  
The t h i r d  m o d i f i c a t i o n  i s  a  s e t  o f  decoupl i n g  p l  a tes  between r e s i s t o r s .  
Dur ing  column t e s t s  a t  15 MV we broke 50 new column r e s i s t o r s .  A f t e r  i n s t a l -  
i n g  90 decoup l ing  p l a t e s  between column r e s i s t o r s  th roughou t  t h e  machine we 
repeated t h e  t e s t s  and no r e s i s t o r s  broke.  Ne now have 90 p l a t e s  f o r  t h e  co l  
umn r e s i s t o r s  and about  100 p l a t e s  f o r  t h e  tube  r e s i s t o r s .  
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F i g .  1 .  C o n d i t i o n i n g  c h a r a c t e r i s t i c s  o f  t h e  MP 
column w i t h o u t  tubes .  
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F i g .  2; Sketch o f  t h e  HE column showing t h e  e q u i p o t e n t i a l  l i n e s  w i t h  new 
88- inch^ tubes i n s t a l  l e d .  
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F i g .  3.  Arrangement o f  t h e  c h a r g i n g  b e l t  i n  t h e  h a l f - o p e n  geometry.  

Tube acci l i rateur  72' 

F i g .  4 .  Comparison o f  t h e  '72- lnch Lube and t h c  new 88- inch  t u b e  showing t h e  
o r i e n t a t i o n  . o f  t h e  i n c l i n e d  f i e l d  e l e c t r o d e s .  



Chapman: These s m a l l  b e l l o w s :  a r e  t h e y  welded b e l l o w s  o r  fo rmed b e l l o w s ?  

Letout-nel  : I ' n i  n o t  s u r e  b u t  I t h i n k  - they  a r e  welded be1 lows 

Lund: I s  t h e r e  any p r o v i s i o n  t o  b i a s  t h o s e  a p e r t u r e s  i n  t h e  b e l l o w s  
s e c t i o n s ?  

L e t o u r n e l :  We a t t a c h  t h e  a p e r t u r e  a t  one s i d e  o f  t h e  b e l l o w s  b u t  t h e  a p e r -  
, t u r e  i s  a t  t h e  m i d d l e  o f  t h e  b e l l o w s .  

Lund: Can you a p p l y  v o l  t a g e  t o  them? 

L e t o u r n e l  : No. 



.SNEAP Business Mee t i nq  

McKay: I n o t i c e  t h a t  I ' m  scheduled f o r  t h ree -qua r t e r s  o f  an hour .  I d o n ' t  
t h i n k  1 '11  t a k e  q u i t e  a l l  t h a t .  There a re  a  few t h i n g s  I would l i k e  t o  men- 
t i o n .  There has been some ques t ions  as t o  t he  h i s t o r y  o f  SNEAP and i t  m igh t  
be i n t e r e s t i n g  t o  those o f  you who a re  new t o  t h e  o r g a n i z a t i o n .  Th i s  i s  ac- 
t u a l l y  t he  f o u r t e e n t h  sess ion  o f  SNEAP, which j u s t  shows how precoc ious  I am. 
I ' m  o n l y  29 years  o l d  and here I am t h e  f a t h e r  o f  t h i s .  There a r e  f i f t y  
members o f  t h e  o r g a n i z a t i o n  a t  p resen t ,  pember be ing  de f i ned  by t h e  s t range  
and ~ n y s t e r i o u s  r u l e s  o f  t h e  s e c r e t a r i a t  ( t h a t ' s  t h e  name f o r  my bottom f i l i n g  
c a b i n e t  d rawer ) .  These a re  made up o f  s i x  commercial members and t h e r e  a r e  
44 i n s t i t u t i o n s .  E x a c t l y  ha1 f o f  them a r e  American and h a l f  o f  them a r e  f rom 
o u t s i d e .  We a re  represen ted  on every  continent except  As ia ,  and I ' m  work ing 
on a  coup le  o f  p o s s i b i l i t i e s  t he re .  That  j u s t  shows how ex tens i ve  t h e  Nor th -  
e a s t  r e a l l y  i s .  

I would l i k e  t o  r e p e a t  Don Walker ' s  sent iments  f rom t h i s  mornlny forb  
t h e  ve r y  smooth ly  r u n  SNEAP. Having done i t  be fo re  r n y q ~ l f ,  I know what prob- 
lems can be i n v o l v e d .  So I l i k e  t o  express my personal  thanks and t h e  thanks 
o f  everyone e l s e  i n  t h e  o r g a n i z a t i o n  t o  o u r  hos ts  a t  Wisconsin.  

The n e x t  i t em  on t he  aqenda i s  t h e  f i n a n c i a l  r e p o r t .  ble have a  ve r y  
complex accoun t i ng  system. I xeroxed t h e  accounts f rom t h e  s t a r t  o f  t h e  organ-  
i z a t i o n  on t h i s  page f o r  any one who wants t o  examine them. We have something 
1  i k e  $1,146.79 (Canadian) which i s  about  16% l e s s  i f  you t r a n s l a t e  t o  American. 
Those funds a re  a v a i l a b l e  p a r t i c u l a r l y  f o r  u n i v e r s i t i e s  t h a t  r u n  SNEAP t o  he1 p  
cover  expenses. We ungenerous ly  f e e l  t h a t  t h e  b i g  n a t i o n a l  l a b s  can cover  a l l  
t h e  expenses, b u t  sometimes i t ' s  d i f f i c u l t  f o r  a  u n i v e r s i t y  o r  a  sma l l e r  l a b  
t o  t ake  on t h e  r e s p o n s i b i l i t i e s .  So t h a t  i s  t h e  f u n c t i o n  o f  these  funds.  I f  
you a re  go ing  t o  b i d  t o  hos t  SNEAP t h e r e  i s  sonle money t o  covc r  i t .  A lso ,  
r ega rd i ng  f inances ,  I would l i k e  t o  appeal once aga in  t o  everyone t o  hand i n  
h i s  ~~ iembe rsh ip  form. The most impo r tan t  t h i n g  i s  t h a t  I g e t  t h e  bottom sec- 
t i o n  w i t h  dn up - to -da te  m a i l  i n g  1  i s t  sn t h a t  we can keep c o n t a c t  w i t h  people .  
1 ' v e  c o l l e c t e d  j u s t  about  cnough money t o  g e t  home so I 'm n o t  t oo  w o r r i e d  
about  t he  membership f e e .  

About t h e  1979 proceedings:  I ' v e  t a l  ked t o  Char l  i e  about i t  and t h e y  
a r e  w e l l  under way. He s a i d  t h a t  t h e y  have a lmost  f i n i s h e d  a l l  t h e  t y p i n g  on 
the111 and t hey  should  be o u t  i n  a  m a t t e r  o f  two o r  t h r e e  weeks. I know t h e r e  
have been some problems t h e r e .  Char l  i e  was s i c k  j u s t  a f t e r  SNEAP and i t  i s  
ver,y d i f f i c u l t  t o  do t h e  m inu tes  i f  you c a n ' t  g e t  a t  them r i g h t  away. 

There a r e  a t  l e a s t  two o ther -  l t c m s  t o  d i scuss .  I t h i n k  i t  would be 
good a t  t h i s  p o i n t  t o  t a l k  about t he  n a t u r e  o f  SNEAP and whether we l i k e  t h e  
way i t ' s  deve lop ing ,  o r  whether we have some suggest ions on how we should  
charlye tor  t h e  n e x t  yedr. Th i s  should se rve  as a gu ide  f o r  t h e  n e x t  y e a r ' s  
sponsor.  And, o f  course,  we have t o  p i c k  someone o u t .  I have a  few cons~ierrts, 
some o f  my own and some t h a t  I p icked  up from people  who have l e f t  a l r eady .  
The l a b  r e p o r t s  t h a t  s t a r t e d  l a s t  year  i n  P h i l a d e l p h i a  1 t h i n k  a r e  v e r y  good. 
I t h i n k  we m i g h t  want t o  compress them a  l i t t l e  b i t .  Perhaps i n s t e a d  o f  hav- 
i n g  w r i t t e n  and o r a l  r e p o r t s  rrwm everyonc, people cou ld  i n d i c a t e  whether t h e y  
have something t hey  would l i k e  t o  p resen t  a t  t h e  open sess ion  o r  whether they  
w i l l  j u s t  g i v e  o u t  t h e  w r i t t e n  r e p o r t  and a l l o w  people  t o  g e t  i n  touch  w i t h  
them. How do people  f e e l  about  t h a t ?  



Chapman: I t h i n k  i t  would be q u i t e  n i c e  i f  i t  were p o s s i b l e  t o  have t h e  
s e c t i o n  on t h e  l a b  r e p o r t s  on t h e  second day. You w i l l  ge t  p r i n t e d  l a b  r e -  
p o r t s  on t h e  f i r s t  day and have an o p p o r t u n i t y  t h e  f i r s t  evening t o  l o o k  them 
ove r .  I f  t h e r e  was a  s e c t i o n  f o r  ask ing  ques t ions  t h a t  were brought  o u t  by 
t h e  w r i t t e n  l a b  r e p o r t s  t h a t  would a l s o  be n i c e .  

B i l l e n :  .I agree. I though t  t h a t  t h e  main drawback o f  t h e  system t h i s  year  
was t h a t  we spent  a  l o t  o f  t ime  s h u f f l i n g  papers and d i d  n o t  g e t  a  chance t o  
read  a  r e p o r t  be fo re  t h e  au tho r  was supposed t o  g e t  up and presumably summar- 
i z e  h i s  r e p o r t .  

Larson: Has anyone though t  o f  t h e  p o s s i b i l i t y  o f  ask i ng  each o r g a n i z a t i o n  t o  
reduce i t s  r e p o r t  t o  one page o r  perhaps one sheet p r i n t e d  on bo th  s i des  j u s t  
t o  m in im i ze  t h e  paper? Th i s  shou ld  be j u s t  a  summary o f  t h e  i tems o f  i n t e r e s t  
p l u s  perhaps t h e  names o f  people  who cou ld  be con tac ted  w i t h  r ega rd  t o  t h a t  
s u b j e c t .  Anyth ing wor thy  o f  more d e t a i l e d  d e s c r i p t i o n  should  be g i ven  i n  a  
sess ion devoted t o  a  s p e c i f i c  t o p i c .  I t h i n k  a l s o  w i t h  r ega rd  t o  condensat ion 
t h a t  i f  you expect  30 people  t o  t a l k ,  t h a t  i s  go ing  t o  t ake  up  a  l a r g e  f r a c t i o n  
o f  t h e  day.  I t h i n k  t h a t ' s  v e r y  i n e f f i c i e n t  use o f  t i m e .  

Berners :  I r e a l l y  d i d  n o t  f e e l  burdened by t h e  amount o f  paper t h a t  was passed 
around i n  t h e  l a b  r e p o r t s .  I was t h i n k i n g  t h a t  one way t o  reduce t h e  l e n g t h  o f  
r e p o r t  sess ions cou ld  be t o  open them t o  ques t ions  o n l y ,  and n o t  ask f o r  a  p r e -  
s e n t a t i o n .  

McKay: E s p e c i a l l y  i f  we had t h i s  on t h e  second day.  

Berners :  The p resen ta t i ons  a r e  s imp l y  i n  p r i n t e d  form. Then d u r i n g  t h e  r e p o r t  
sess ion  t h e r e  would be ques t ions  t o  t he  au tho rs .  

McKay: That would mean t h a t  you would have t o  come prepared t o  defend what you 
s a i d .  

Walker:  That  c u t s  i n t o  Monday evening, t oo  by t h e  way. 

No6: I t  would be bes t  i f  these  r e p o r t s  were a v a i l a b l e  on Sunday evening.  - 

McKay: I was v e r y  pleased t o  see how many people  a c t u a l l y  brought  them. We 
can t r y  t o  g e t  them o u t  e a r l i e r .  The o n l y  o t h e r  comment I ' v e  heard f rom people  
i s  t h a t  perhaps we should  have t h e  meet ing  a  l i t t l e  b i t  more open, w i t h  more 
t ime  f o r  d i scuss ion .  I had an i n t e r e s t i n g  comment f rom t h e  Los Alamos people  
about  t h e  business meet ing.  T h e i r  expense account people  l o o k  a t  t he  schedule  
and conc lude t h a t  3:30 p.m. i s  t h e  end of  t h e  r e a l  sess ion .  The bus iness meet- 
i n g  d o e s n ' t  count ,  so t h e y ' r e  t o l d  t o  come back today .  There i s  a  r e q u e s t  
from t h e  Los Alamos people  t h a t  t h e  bus iness sess ion  (wh ich  i s  u s u a l l y  v e r y  
s h o r t )  be s t uck  i n  t h e  m i d d l e  o f  t h e  meet ing somewhere. Then ou r  " r e a l "  sess ion  
can go t i l l  4:30 o r  5:00 o r  whatever i s  a p p r o p r i a t e  on t h e  l a s t  day. Tha t  
amount o f  space cou ld  be v e r y  u s e f u l l y  devoted t o  open genera l  d i s c u s s i o n .  

Walker:  I agree, John. I t  seems t o  me t h a t  most SPJEAPs . i n  f a c t  t u r n  o u t  t o  be -- 
two and a  h a l f  day conferences r a t h e r  than  t h r e e .  Th i s  m igh t  encourage peo.ple 
t o  s t a y  around. 



McKay: I d i d n ' t  r e a l i z e  t h a t  t h e r e  was t h i s  a d m i n i s t r a t i v e  problem. Are t h e r e  
o t h e r  comments t h a t  o t h e r  people  would l i k e  t o  make on what we can do t o  improv 
t h e  o r g a n i z a t i o n ?  

Burn :  A t  l u n c h  t i m e  I heard a  comment about t h e  Tuesday a f t e rnoon  o u t i n g .  I 
p e r s o n a l l y  would l i k e  t o  see t h a t  k i n d  o f  t h i n g  s t a y  because I t h i n k  t h a t  i f  you 
have a  th ree-day  meet ing  where you c o n t i n u a l l y  l i s t e n  t o  p resen ta t i ons  you g e t  
t o  a  p o i n t  where you want t o  g e t  o u t  f o r  awh i l e .  I t h i n k  t h a t  a l o t  o f  u s e f u l  
work can a1 so be accompl i shed  on, f o r  example, t h e  boa t  t r i p .  You know people  
a r e  t a l k i n g  about  t h e i r  common problems. I would l i k e  t o  see t h a t  s t a y .  

McKay.: I t h i n k  i t ' s  u s e f u l  , t o o .  

N O C :  1 t h i n k  i t  shou ld  f o l l o w  t he  d i scuss ion  o f  l a b o r a t o r y  r e p o r t s ,  though. ---- 

McKay: T h a t ' s  a  good i dea .  T h a t ' s  a  good d e s c r i p t i o n  o f  t h e  second day t h a t  i s  
shaplr ly  up. You coc~ l r l  s t a r t  w i t h  d i s c u s s i o n  o f  l a b  r e p o r t s  i n  t h e  morn ing,  and 
have t h e  bus iness sess ion  r i g h t  be fo re  lur lch.  TI.len t h e  a f t o rnonn  would be l e f t  
f o r  t h e  so - ca l l ed  s o c i a l  sess ion.  

B i l l  q u i s t :  I have a  comment on t h e  s u b j e c t  o f  openness and t he  f o r m a l i t y  o f  
d i s c u s s i o n s .  I t h i n k  t h a t  you may have n o t i c e d  t h e  number o f  people  a t  t h i s  
meet ing  who have n o t  s a i d  a  word. I t h i n k  t h e y  tend  t o  be t h e  t e c h n i c a l  p ro -  
f e s s i o n a l  s  as opposed t o  t h e  s c i e n t i f i c  p r o f e s s i o n a l s  (McKay: T h a t ' s  a  p l easen t  
d i s t i n c t i o n . ) ,  and I t h i n k  i t  happens because t h e  s e t t i n g  becomes s c i e n t i f i c  
and if w e ' r e  a  l i t t l e  l a t e  c l o s e  t o  break t i m e  d i scuss ion  ge t s  cu. t  s h o r t .  And 
i n  t h e  conference room we've been ve ry  se r i ous ;  t h e r e  have been no jokes .  I 
was tempted t o  ask Ed when he was g i v i n g  h i s  t a l k  why he d i d n ' t  f o l l o w  wha t ' s  
becolne f ash ionab le :  t o  t e s t  h i s  machine f o r  v o l t a g e  w i t h o u t  t h e  tubes i n  i t .  
I d i d n ' t  know i f  t h e  l e v i t y  would go ove r .  Those o f  us w i t h o u t  Ph. D. 's o r  

' 

n ~ a s t e r s  degrees tend t o  f e e l  i n h i b i t e d  j u s t  hecause o f  t h e  format t h a t  ge t s  
t i q h t e r  and t i g h t e r  i n  terms o f  fon l la l  p r e s e n t a t i o n s .  

McKay: I t h i n k  t h a t  t h e  goa ls  o f  formal  p resen ta t i ons  and t h e  s i z e  o f  t h e  
group have a l l  gone aga' inst  some o f  t h e  i n f o r m a l i t y .  I t h i n k  i t  i s  wor th  t r y -  
i n g  t o  p reserve  t h a t  o r  t o  b r i n g  i t  back. 

B i l l e n :  We s t a r t e d  o u t  w i t h  t h e  i dea  o f  t r y i n g  t o  keep as much t i m e  as p o s s i b l e  
f o r  d i s cuss ion ,  and we i n i t i a l l y  had q u i t e  a  smal l  l i s t  o f  people,  I though t ,  
who were qo ing  t o  speak. I t ' s  s u p r i s i n g  how t h e  number o f  c o n t r i b u t i o n s  can 
grow and how l o n g  some o f  l l ~ e l ~ r  ean bccome Tt, i s  d i f f i c u l t  w i t h  formal presen- 
t .a t ions t o  r ese rve  adequate t ime  f o r  d i scuss ion .  You d o n ' t  l i k e  t u  t e l l  some- 
one t h a t  he has o n l y  5 l r ~ i n u t e s  and then he f o r c e d  t o  t e l l  him t o  s t o p  before 
h e ' s  f i l l i s h e d .  I d o n ' t  know an easy s o l u t i o n .  

McKay: We1 1  , t h i s  i s  something t h a t  has t o  be l e f t  up t o  t h e  people  o r g a n i z i n g  
t h e  meet ing,  because they  a r e  t h e  ones t h a t  have t o  do i t .  If you go way back 
t o  t he  a n c i e n t  days, we had one ten-minute t a l k  pe r  sess ion .  Maybe i t  i s  t i m e  
t o  be a  1 i t t l e  more r -u th less  and say we r e a l l y  d o n ' t  t h i n k  we need a  f u l l  t a l k  
on t h i s  s u b j e c t ,  and c o u l d  you j u s t  make you r  comments where t hey  work i n .  T t  
depends on how n a s t y  t h e  o rgan i ze r  wants t o  be. 



Den Har tog:  I ' d  ha te  t o  see t h e  number o f  p resen ta t i ons  decrease because I 
t h i n k  t h e r e  i s  enough i n fo rma t i on  i n  them t h a t  we a l l  should be exposed t o .  
There i s  no such t h i n g  as a  ten-minute t a l k ,  appa ren t l y .  Maybe we should 
have t h e  sess ion chairmen come a  day e a r l y  and l e a r n  t o r t u r e  techniques o r  
something. Nobody wants t o  shu t  somebody o f f ,  b u t  i f  we j u s t  d i d  t h a t ,  then  
t h e  t ime  f o r  t h e  i n f o r m a l i t y  t h a t  people d e s i r e  would be here.  

Chapman: I f  t h e  l a b  r e p o r t s  a r e  reduced, t h a t  w i l l  g i v e  us more t ime .  

McKay: One o f  t h e  t h i n g s  I was t h i n k i n g  about  a t  l unch  was t h a t  s i n c e  t h e  
b i gge r  a c c e l e r a t o r  conference i s  go ing t o  be a t  Oak Ridge i n  t h e  Sp r i ng  o f  
n e x t  year ,  t h i s  cou ld  be an advantage f o r  SNEAP. Some o f  t h e  more formal  
p resen ta t i ons  m igh t  f i t  i n  t h e r e  b e t t e r  and we c o u l d  g e t  back t o  o u r  i n f o r -  
mal i t y  . 
Walker: When t h e  f i r s t  n o t i c e  comes o u t  t h e r e  i s  u s u a l l y  a  c a l l  f o r  c o n t r i -  
bu t i ons  such as " a r e  you w i l l i n g  t o  t a l k  about  something" o r  "would you 
l i k e  t o  have so-and-so d iscussed" .  The m inu te  you do t h a t  y o u ' r e  ask ing  f o r  
some degree o f  f o r m a l i t y  and perhaps people f e e l  o b l i g a t e d  t o  prepare some- 
t h i n g .  

B i l l e n :  I know t h a t  t h e r e  a r e  some people who can come t o  a  conference 1  i ke '  
t h i s  o n l y  i f  they  a r e  go ing t o  p resen t  a  paper.  

McKay: I d o n ' t  know how we can g e t  around t h a t  s o r t  . o f  a d m i n i s t r a t i v e  r u l i n g .  

Burn:  I f  you remember, John, back i n  t h e  o l d  days when we had o n l y  one t en -  - 
minute  p resen ta t i on  by someone a t  t h e  beg inn ing  o f  a  two-hour sess ion .  The 
d i scuss ion  f o l l o w i n g  t h a t  would o f t e n  g e t  a  l i t t l e  ragged and d i so rgan i zed  
making i t  v e r y  d i f f i c u l t  o r  imposs ib le  t o  produce any k i n d  o f  coherent  p ro -  
ceedings. I t h i n k  t h e  formal  t a l k s  do t i e  t h i n g s  t oge the r .  I agree w i t h  Pat;  
I w o u l d n ' t  l i k e  t o  see t h e  number reduced. I t h i n k  t h a t  J im has h i t  a  f a i r l y .  
good balance. And i f  we reduce l a b  r e p o r t s  i t  should f u r t h e r  ease t h e  s i t u a -  
t i o n .  

McKay: We cou ld  have t h r e e  ten-minute p resen ta t i ons  ove r  a  two and a  h a l f  
hour p e r i  od . 
Larson: I would l i k e  t o  suggest t h a t  t h e  busi.ness meet ing m igh t  f i t  w e l l  i n t o  
t h e  end o f  a  f r ee - runn ing  b u l l  sess ion on t h e  second day j u s t  be fo re  l unch .  
Another comment. I f i n d  t h a t  i f  t h e  d i scuss ion  o f  i n d i v i d u a l  papers i s  p u t  o f f  
u n t i l  severa l  papers on t he  same s u b j e c t  have been presented, i t  i s  v e r y  s t i f -  
l i n g  o f  ques t ions .  

McKay: Wel l  then, I guess t h e  consensus i s  t h a t  we've g o t  t o  schedule more t ime  
t'or d i scuss ion  t o  f ' low when something u s e f u l  i s  happening. 

Berners : 
dard alarm 
and w i t h  a  

I t h i n k  you can r e a l l y  h o l d  t h e  papers t o  t en  minu tes  w i t h  t h e  s tan -  
1 c l o c k  t h a t  r i n g s  a  few minutes be fo re  t h e  end and a t  t h e  dead l i ne  

determined chairman. I a l s o  t h i n k  t h a t  i t  i s  wo r th  t h e  t r o u b l e  t o  
t r y  t o  ach ieve t h a t  because I missed hav ing t h e  u n l i m i t e d  d i scuss ions  a f t e r  
papers t h a t  we used t o  be a b l e  t o  have when t h e  meet ing was a  l o t  sma l l e r .  I t  
i s  w e l l  wor th  t h e  e f f o r t  t o  t r y  t o  ge t  back t o  t h a t .  



L indg ren :  One way o f  g e t t i n g  more t ime  and s t i l l  a l l o w i n g  more people t o  
p resen t  papers (peop le  who w i l l ,  t he re fo re ,  be a b l e  t o  a t t e n d  t h e  meet ing)  
i s  t o  have them come and p k u e u t t . t h e  papers.  They can be pub l i shed  i n  t h e  
minu tes .  

McKay: I ,can  t h i n k  o f  some t h i n g s  where i t  would be ex t reme ly  good. For 
example, some o f  t h e  e l e c t r o n i c s  m a t e r i a l  i s  v e r y  impress ive  on t h e  screen, 

. b u t  i t ' s  v e r y  hard t o  g e t  much o u t  o f  i t .  B u t  i t  can be an ex t reme ly  v a l u -  
a b l e  t h i n g  t o  t a k e  home. 

Burn: I agree w i t h  Ed t h a t  i t  i s  b e t t e r  t o  c u t  t h e  l e n g t h  o f  t h e  presenta-  
t i o n s  than t o  c u t  t h e  d i scuss ions  as we d i d  t h i s  t ime .  There were o f t e n  a  
h a l f  dozen peop le  want ing  t o  ask ques t ions  when d i scuss ion  was c u t  o f f .  

Larson:  G i v i ng  a  paper i n  i d e a l  f ash ion  i s  v e r y  d i f f i c u l t .  Many speakers 
spend 8 minutes i n t r o d u c i n g  t h e  paper and then when t h e  f i r s t  b e l l  r i n g s  
t h e y  t r y  t o  speed th rough the  paper.  T h a t ' s  a  m a t t e r  o f ,  personal  d i s i p l i n e .  
There i s  t h e  p o s t e r  sess ion.  I t ' s  a  way o f  g e t t i n g  many papers i n  w i t h o u t  

' spend ing  t h e  t i m e  t a l k i n g  about them. For c i r c u i t s  and sub jec t s  o f  , t h a t  na- 
t u r e  I t h i n k  t h a t  a  p o s t e r  i s  b e t t e r  than  a  p resen ta t i on .  

McKay: These a r e  a l l  t h i n g s  f o r  n e x t  year .  

B i l l q u i s t :  I n  o r d e r  t o  r e a l l y  change any th i ng  a t  a l l  we need t o  have someone 
h o s t i n g  i t  who. understands t h e  changes he wants t o  make and has t h e  back ing 
o f  h i s  home o r g a n i z a t i o n  t o  do i t .  The problem i s  t h a t  we have had t h i s  same 
k i n d  o f  d i scuss ion  f o r  t h r e e  years  i n  a  row now. There have been a t tempts  t o  
change the f o rma t  be fo re .  We have t o  dec ide  who i s  go ing t o  hos t  t h e  meet ing  
and p u t  t he  p ressure  on t h a t  person. 

&Kay: ,Tha t ' s  t h e  l a s t  i t em  I had t o  d:iscuss. We a r e  g e t t i n g  t o  t h e  p o i n t  
where we a r e  go ing  t o  have t o '  draw l o t s  t o  see who has i t .  S e a t t l e  has o f f e r e d  
t o  have i t  n e x t  year ,  a1 so Rochester, and we a r e  very  ih,terested 1n t a k i n y  i t  
back t o  Canada t o  McMaster as we1 1  . I 'was t h i n k i n g  t h a t  perhaps n e x t  year  you 
people who a r e  i n t e r e s t e d  i n  h o s t i n g  SNEAP should s,end a  l e t t e r  say ing  so be fo re  
t h e  meet ing so t h a t  people have a .  b e t t e r  chance t o  cons ider  i t .  I t ' s  tended 
t o  be my honing around be fo re  g e t t i n g  a  f e e l i n g  f o r  who m igh t  be i n t e r e s t e d .  P I t ' s  r e a l  y n o t  t h e  b e s t  way t o  dec ide where i t  should yo'. My own personal  
p l u g  f o r  t a k i n g  i t  back t o  McMaster i s  t h a t  i t .  has been f i v e  years  now s i n c e  
i t ' s  been i n  Canada. We would 1  i ke t o  see people a t  ou r  . l ab .  

G-onno1l.y: W i th  t h e  i n t e r n a t i o n a l  meet ing be ing  i n  t he '  Un i ted  S ta tes  n e x t  year ,  
perhaps Canada would be t h e  l o g i c a l  one t o  have SNEAP n e x t  year .  . . 

Walker:  1 ' 1 1  go a long  w i t h  t h a t  C h a r l i e .  A lso s i n c e  John has severa l  years  
o f  o r g a n i z a t i o n  under h i s  b e l t  and i f  h e ' s  s i n c e r e  about want ing  i t  back a t  
McMaster, then  I would move t h a t  we go to.McMaster n e x t  yea r .  

McKay: Wel l ,  I ' v e  g o t  two p roxy  votes f o r  S e a t t l e .  Los Alamos would l i k e  t o  
go t o  S e a t t l e  and presumably S e a t t l e  would t o o .  



Den Har tog :  I s  t h e r e  any p o s s i b i l i t y  t h a t  we dec ide  two years  i n  advance 
i ns tead  o f  one. I t  m i g h t  h e l p  t h e  i n s t i t u t i o n  p repare  a  l i t t l e .  

McKay: A year  i s  p robab ly  enough t ime .  I would 1  i ke t o  have p roposa ls  i n  
' 

a  l i t t l e  more f i r m l y  though, and dec ided on a t  t h e  m i d d l e  bus iness meet ing.  
As you can see more than  h a l f  t h e  people  a r e  n o t  here  now. 

Den Har tog:  J im was j u s t  say ing  t h a t  he had t o  r ese rve  t h i s  b u i l d i n g  one 
week a f t e r  t h e  l a s t  SNEAP meet ing ended. 

B i l l e n :  That  may be un ique t o  t h i s  campus. 

McKay: No, i t  i s  a  problem i n  some p laces .  

Burn:  I f  you remember about  f i v e  years  ago one o f  t h e  o b j e c t i a n s  t o  hav ing  - 
it  i n  Canada was t h a t  t h e r e  were r e s t r i c t i o n s  on t r a v e l  f o r  a l l  people  i n  t h e  
U.S. Does t h a t  s t i l l  app l y?  

McKay: We l l ,  . the re  was a r u l e  about  conven t ions .  There has been a t r e a t y  
s igned by t h e  a p p r o p r i a t e  heads o f  government b u t  i t  h a s n ' t  been passed by  
you r  l e g i s l a t i v e  people .  I t h i n k  t h e r e  a r e  two ques t ions  I would l i k e  t o  
p u t  t o  a  vo te .  Where would we 1 i k e  t o  have i t  and a l s o  a t  what t ime  o f  yea r  
should  we have i t .  We cou ld  have i t  on campus, f o r  example, i n  August, b u t  
if we have i t  l a t e r  on i n  t h e  yea r  (we ' r e  t h i n k i n g  o f  t h e  American Thanks- . 
g i v i n g )  we would have t o  a r range  i t  i n  a  h o t e l  o r  perhaps a t  a  r e s o r t  some 
p lace  away from t h e  l a b .  L e t ' s  f i r s t  v o t e  on where we ' r e  go ing  t o  have i t .  
A l l  those i n  f a v o r  o f  hav ing i t  a t  McMaster ... a l l  those i n  f a v o r  o f  hav ing  
i t  anywhere e lse . .  . Wel l ,  i t  l ooks  as though i t  w i l l  be a t  McMaster. 

Burn:  T h a t ' s  r i g h t  John. You know how i t  should  be r u n .  - 
McKay: The o t h e r  ques t i on  I would l i k e  a  few comments on i s  what do you t h i m k  
o f  hav ing  i t  n o t  i n  a  u n i v e r s i t y  b u t  i n  a  r e s o r t  somewhere i n  a  nearby area'  if 
we c o u l d  f i n d  a  cheap one. 

Burn:  N iagra  F a l l s ?  

Den Har tog:  T h a t ' s  a  r e s o r t ?  

McKay: T h a t ' s  one p o s s i b i l i t y .  Do you have comments on t h a t ?  

Den Har tog :  I would l i k e  t o  v o t e  a g a i n s t  August.  

McKay: T h a t ' s  t h e  n e x t  ques t i on .  How many people  would l i k e  t h e  i dea  o f '  
f i n d i n g  someplace t h a t ' s  a c t u a l l y  away f rom t h e  i n s t i t u t i o n ?  

: Toron to?  

McKay: We Hamil t on i ans  i g n o r e  t h a t  as a  suburb.  Does anyone o b j e c t  t o  t h a t ?  

wa l ke r :  You m i g h t  have t r o u b l e  s e l l i n g  i t .  



McKay: I d o n ' t  t h i n k  ,so. I t  c o u l d  a l s o ' b e  cheaper.. Tha t ' s  one ques t i on  then . . 
. .  t h a t  people a r e  v e r y  open on. Now what about  t h e  ques t i on  o f  hav ing i t  i n  

Augus.t 'as opposed t o  l a t e r  i n  t h e  F a l l ?  I t h i n k  we can p u t  i t  t o ' a  vo te .  How 
many people would p r e f e r  August? I t ' s  n i c e r  then ... There 's  about  8 o r  9 
f o r  August. How many people would p r e f e r  i t  l a t e r ? .  . . . . About f i v e .  I assume 
t h a t  t h e r e  a r e  some t h a t  r e a l l y  d o n ' t  ca re  when we have i t. 

Nor ton :  When we went t o  s e t  t h i s  meet ing date.  t h e r e  were v e r y  many o b j e c t i o n s  
t o  August and September from t h e  group as a whole. 

McKay: We have had i t  i n  August. 

K.  Z i e g l e r :  The i n t e r n a t i o n a l  conference i s  i n  A p r i l  .. D o n ' t  g e t  t oo  c l o s e '  
t o  t h a t .  

McKay: T h a t ' s  r i g h t .  I can t h i n k  o f  reasons f o r  hav ing  It .Irl .the F d ' l l .  'The 
reason I would l i k e  t o  have i t  i n  August i s  t h a t  I can have i t  on campus. 

Den Har tog:  What's t h e  advantage o f  hav ing i t  on campus? 

McKay: We can have s tuden t  accommodations which i s  q u i t e  good. The campus 
e s s e n t i a l l y  becomes a conference c e n t e r  f o r  t h e  summer. Another t h i n g  we 
d i d  f o r  people who d o n ' t  know t h e  h i s t o r y  o f  SNEAP was t h a t  we changed t h e  
t i m e  t o  March one yea r  and went t o  F l o r i d a .  We l l ,  I t h i n k  then .  t h a t  people 
d o n ' t  have any v i o l e n t  o b j e c t i o n s  t o  any o f  t h e  t h i n g s  we have t a l k e d  about .  
I t h i n k  i t  w i l l  be d i c t a t e d  t o  a l a r g e  e x t e n t  by what p r a c t i c a l  arrangements 
we can make. 

B i l l q u i s t :  I have no o b j e c t i o n s  myse l f ,  b u t  1 r e c a l l  t h e  CUI I I I I I ~ I~~~  fr'om 
people a t  severa l  l a b s  who a r e  i n v o l v e d  i n  ope ra t i ons  t h a t  l e a d  t o  personnel 
probl'ems i n  t h e  Summer w i t h  vaca t i ons .  

NcKay: I t h f n k  the re  a r e  r e a l  p r o b l m s  w i t h  t h a t .  

Den Har tog:  Summer tends t o  be one o f  t h e  b u s i e s t  t imes .  

Larson: May I change t h e  s u b j e c t ?  

McKay: We1 1 , i f  t h e r e  a re  n o t  more comments on t h a t  and people a r e '  w i l l  i n g  t o  
l e t  me do what I m i g h t  i n t e n d  t o  do. 

Larson: 1 would l i k e  t o  recommerld d y d . i ~ l  t h e  reasonably  scve re l y  e d i t e d  t r a n -  
s c r i p t  o f  t h c  cor~fer.ence. I thought. i t  was g e t t i n g  too  hl 'oated and had t o o  
much redundant o r  i r r e l e v a n t  language i n  a t  l e a s t  t h e  l a s t  couple o f  volumes 
t h a t  I ' v e  seen. . . ' . . . . 

. . . . 
. . .  

McKay: I would c e r t a i n l y  add m y  v o l c e  t o  y o u r s a n d  recommen'd t o  t h e  e d i t o r s  
t o  be ve ry  egotistical and, Lo chop e v e r y t h i n g  you t h i n k  i s n . ' t . r e a l l y  11sefu1. 
I ' v e  d0ne . i . t  i n  a r a t h e r  s t r ong  fash ion .  on a couple o f  occas.ions and.'had no 
ob jec t ions , .  Now I " m  n o t  sure i f  t h a t  meant people agreed w i t h  me .or j g s t  t h a t  
t h e y  d i d n  ' t. b o t h e r -  r ead ing  i t  . . I .  t h i n k  everyone understands t h e  d i f f i c u l t y  
o f  do ing minu tes  and f e e l s  t h a t  t h e  e d i t o r  should t ake  a f r e e  hand t o  produce 
a usefu l  volume o f  i n f o rma t j on  even i f  you d o n ' t  - c a t c h  every golden nugget 
t h a t  we u t t e red . ,  . . .  . , 

. .  . . . . . 

. . 
. . 



Ging.erich: I ga the r  t h a t  t h i s  o r g a n i z a t i o n  does n o t  have a  c o n s t i t u t f o n .  
I was wondering i f  t h a t  m igh t  n o t  be such a  bad i dea  t o  have one because i t  
seems a  l i t t l e  unusual t h a t  hos t i ng  shou ld  determine t h e  f l a v o r  o f  t h e  con- 
fe rence .  

McKay: The o r g a n i z a t i o n  c o n s i s t s  o f  t h e  f o l l o w i n g .  I have one f i l i n g  drawer 
which i s  SNEAP and promise t o  t r y  and keep up t h e  m a i l i n g  l i s t .  Beyond t h a t  
whoever takes on t h e  conference does a l l  t h e  work.  I t  makes f o r  a  v e r y  m o b i l e  
o r g a n i z a t i o n  and I l i k e  t h e  f a c t  t h a t  i t  changes f rom year  t o  y e a r .  

Wal k e r :  I f  i t  was a  1  i ttl e  more formal  , John, you cou ld  have a  s e c r e t a r y .  

G inger i ch :  The reason I was ask i ng  i s  t h a t  I expected t h i s  t o  be a  ve r y  p rac -  
t i c a l  conference.  Th i s  i s  t h e  f i r s t  yea r  I managed t o  g e t  here i n  t h r e e  yea rs .  
The o t h e r  t imes when I showed t h e  programs t o  my boss he s a i d  "No way, i t ' s  
a l l  i o n  sources" .  I t h i n k  f o r  a  couple  o f  years  i t  was p r e t t y  heavy on i o n  
sources. I am n o t  i n t e r e s t e d  i n  whether I know t h e  progress o f  t h e  8 0 0 - b i l l i o n  
v o l t  tandem i n  Outer  Mongol ia.  

McKay: I t h i n k  t h e  va lue  o f  t h e  conferences ve ry  o f t e n  depends on t h e  i n f o r m a l  
sess ions.  I t ' s  ha rd  t o  express t h a t  i n  a  program. I know i t  i s  a  problem 
conv inc i ng  sma l l e r  l a b s  t o  l e t  t h e i r  people  come t o  i t .  I ' m  n o t  q u i t e  su re  , 

what we can do about  i t .  

Larson: F i r s t ,  I ' d  l i k e  t o  v o i c e  a  v o t e  f o r  keeping i t  as i n f o r m a l  as p o s s i -  
b l e  and as l i t t l e  o rgan ized  as p o s s i b l e .  I t h i n k  t h a t ' s  a  g r e a t  asse t .  And 
if I may t r e a d  on some toes,  t h i s  i s  about  t h e  f o u r t h  o r  f i f t h  yea r  I ' v e  been 
here a t  my own expense. As f a r  as I know, no one e l s e  i s  ever  stopped from 
go ing  somewhere a t  h i s  expense. The f a c t  t h a t  I appear as a  c o n s u l t a n t  may 
l e a d  you t o  be1 i e v e  t h a t  I make a  l o t  o f  money. Bu t  i f  you want t o  t r a d e  you r  
s a l a r y  f o r  mine, I'll do i t  on t h e  spo t ,  s i g h t  unseen. I t h i n k  people  can pay 
o u t  o f  t h e i r  own pockets  i f  t h e y ' r e  i n t e r e s t e d  i n  what t h e y  a r e  do ing .  So if 
your  o r g a n i z a t i o n  w o n ' t  suppor t  you, why n o t  p u l l  o u t  a  few bucks and come on 
you r  own? 

McKay: T h a t ' s  an i n t e r e s t i n g  though t .  We tend  n o t  t o  l o o k  a t  t h a t  o p t i o n ,  
I must admi t .  

Larson:  You cou ld  p robab ly  g e t  here on p a i d  v a c a t i o n  which beats  my method. 

McKay: We1 1  , I d o n ' t  have any th i ng  more t o  d iscuss .  I f  no one e l s e  does 1 ' 1  1  
t u r n  t h e  meet ing  back over  t o  Jim w i t h  g r e a t  thanks and l e t  him f o r m a l l y  c l o s e  
t h e  meet ing o r  in t rodu 'ce  any more s u p r i s e  sess ions.  

B l l l e n :  Thank you. The meet ing  i s  f o r m a l l y  c l osed .  



SNEAP 1980 P a r t i c i p a n t s  

Char les T.  Adams 

Ken W .  A l l e n ,  

P h i l i p  ' G .  Ashbaugh 

B .  Badyer> 

Edgar D. Berners 

James H .  B i l l e n  

Pe te r  J .  B i l l q u i s t  

Gregory P. Borse l  1 a 

Claude Brassard  

Dan ie l  B. Bu l  l e n  

N e i l  Burn 

U n i v e r s i t y  o f  ~ e n n s ~ l ' v a n i a  
Department o f  Physics 
209 S. 33rd S t r e e t ,  E-1 
Ph i l ade lph ia ,  PA 19104 

Oxford U n i v e r s i t y  
Nuclear  Physics Labora to ry  
Oxford, England OX1 3RH 

McMas t e r  U n i v e r s i t y  41 6-525-91 40 
General Sciences B u i l d i n g  105 
Hamil ton,  On ta r i o  
Canada LOS 4K1 

U n i v e r s i  t.y n f  Wisconsin 
1440 Monroe S t r e e t  
Madison, W I  53706 

U n i v e r s i t y  o f  No t re  Dame 
Phys ics Department 
Not re  Dame, I N  46556 

U n i v e r s i t y  o f  Wisconsin 608-262-3598 
Department o f  Physics 
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

Argonne Na t i ona l  Labora to ry  31 2-972-.4116 
9700 South Cass Avenue 
Argonne, I L  60439 

Erqookhaven Na t i ona l  Laborat0r.y 51 6-345-4581 
Bu i  1 d i n g  901 A 
Upton, NY 11973 

U n i v e r s i t y  o f  Montrea l  
- P . O .  Dox 6128, S t a t i o n  A 
Montreal  , Quebec 
Canada H3C 337 

Univer-s i Ly O F  Wisconsin 
81 51 Engi n ~ c r i  ng Research 
1500 Johnson D r i v e  
Madison, W I  53706 

Atomic '  ~ n e r g y  o f  Canada L td .  
Chalk R iver  Nuclear  Labo ra to r i es  
Chal k River , '  On ta r i o  
Canada KOJ 1PO 



Gr,eg Caskey 

A1 b e r t o  E .  Ceba l los  

Ken R. Chapman 

Frank Chmara 

Char les  E. Conno l l y  

Rober t  E. Dan ie l  

Char les  A. Dav is  

Pat  K. Den Har tog  

Edward D i  11 a r d  

H a r o l d  Fauska 

LSonel R. F e l l  

Char1 es E .L. G i n g e l l  

U n i v e r s i t y  o f  ~ i , s c o n s i n  
Department o f  Phys ics  
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

N a t i o n a l  Atomic Energy Comi c i o n  
Avda L i  b e r t a d o r  '8250 
1429 Buenos A i r e s  
A r g e n t i n a  

~ l d r i d a  S t a t e  University 
Phys ics  Department 
Ta l  lahassee, FL 32306 

Peabody s c i e n t i f i c  
P.O. Box 2009 
Peabody, MA 01 960 

U n i v e r s i t y  o f  Lowel 1 
Energy Cqnter 
Lowel 1, MA 01 854 

. N a t i o n a l  E l  e c t r o s t a t i c s  Corp. 608-831 -7600 
Box 31 0, Graber Road 
Midd le ton ,  W I  53562 

U n i v e r s i t y  o f  Wiscons in  608-263-2633 
Department o f  Phys ics  
11 50 U n i v e r s i t y  -Avenue 
Madison, W I  53706 

Argonne N a t i o n a l  L a b o r a t o r y  31 2-972-41 15  
9700 South Cass Avenue 
Argonne, I L  60439 

S t a n f o r d  U n i v e r s i t y  41 5-497-461 7 
Department o f  Phys ics  
S t a n f o r d ,  CA 94305 

U n i v e r s i t y  o f '  Washington 206-543-4080 
Nuc lear  Phys ics  L a b o r a t o r y  
GL-1 0 
S e a t t l e ,  WA 981 95 

Dowl i s h  Development L t d .  
Dowl ish Ford M i l l s  
I l m i n s t e r ,  Su~i~er.set  
England TA19 OPF 

Y a l e - U n i v e r s i t y  203-436-2949 
W r i g h t  Nuc lea r  S t r u c t u r e  L a b o r a t o r y  
260 Whitney Avenue 
New Haven, CT 0651 1 



Char l  es H. Go ld i e  

Gordon R. Goosney 

Cyn th i a  Gosset t  

W i l  l y  Haeber l  i 

Rober t  A. Hardekopf 

Raymond G. Herb 

James A. Idowu 

W i l l i a m  B. I n g a l l s  

Henry  Janzen 

U n i v e r s i t y  o f  Guel ph 
Department o f  Phys ics  
Guel ph, O n t a r i o  
Canada N 1 G  2W1 

High  Vo l tage  Eng ineer ing  Corp . 
P.O. Box 416, S .  Bedford S t r e e t  
B u r l i n g t o n ,  MA 01803 

Los A1 amos S c i e n t i f i c  Labo ra to r y  
P.O.. Box 1663, M.S. 480 
Los Alamos, NM 87545 

U n i v e r s i t y  o f  Wisconsin 
Department o f  Phys ics  
11 50 U n i v e r s i t y  Avenue 
Madison, MI 53706 

U n i v e r s i t y  o f  Wiscons in .  
Department o f  Phys ics  
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

Los A1 amos S c i e n t i f i c  Labo ra to r y  
Group P-9, M.S. 480 
Los Alamos, NM 87545 

N a t i o n a l  E l e c t r o s t a t i c s  Corp. 
Box 31 0, Graber Road 
Midd l  e ton,  W l  53562 

U n i v e r s i t y  o f  I f e  
Department o f  Phys ics  
I l e - I f e ,  Oyo 
N i g e r i a  

U n i v e r s i t y  o f  Washington 
Nucl ea r  Phys ics  Labo ra to r y  
CL-10 
S e a t t l e ,  WA 98195 

Queen's U n i v e r s i t y  
Departrrler~l; o f  Phy$'ics 
K i  ngs,ton, O n t a r i o  
Canada K7L ,3N6 

. . Char1 es M. Jones Oak Ridge Na t i ona l  Labora to ry  . , 61 5-574-4753 
P.O. Box X.  B ldg .  6000 
Oak Ridge, TN 37830 . . 

Raymond C.  Juras Oak Ridge Na t i ona l  Labora to ry  
P.O. Box X, B ldg .  6000 
Oak Ridge, TN 37830 



Danie l  K e l l y .  

R ichard  J .  K i l l i a n  

~ n i v ' e r s i  ty o f  Rochester 71 6-275-4947 
Nuclear  S t r u c t u r e  Research Labo ra to r y  
271 East  R i v e r  Road 
Rochester, NY 14627 

A1 1 i e d  ~ h e h i c a l  .Gorp. 
P.O. Box 1139R 
Morr is town,  NJ 17960 

James 'Daniel  Larson 1001 1 East 35 th  ' s t r e e t  Ter race  81 6-353-1 527 
Independence, MO. 64052 

R ichard  L e i d i  ch Rutgers U n i v e r s i t y  
Nucl ea r  Phys ics  Department 
P.O. Box 849 
Piscataway, NJ 08854 

Michel  . Le tourne l  Cent re  de Recherc hes ~ u c l 6 a i  r e s  
B.P. 201 C.R.  0 
67037 S trasbourg-Cedex 

.. France 

Robert  A. L indgren  

Terence S. Lund 

Joseph E. Mann 

M a r t i n  J .  Mas t ro i ann i  

Dav id  Mavis 

  avid L.  McDaniel 

John W. McKay 

Brookhaven Na t i ona l  Labo ra to r y  51 6-345-4581 
B u i l d i n g  901A 
Upton, NY 11 934 

U n i v e r s i t y  o f  Rochester 71 6-275-4939 
Nuclear  S t r u c t u r e  Research Labo ra to r y  
271 Eas t  R i v e r  Road 
Rochester,  NY 14627 

Oak Ridge Na t i ona l  Labo ra to r y  61 5-574-4752 
P.O. Box X, B l dg .  6000 
Oak Ridge, TN 37830 

A1 1 i e d  Chemical Corp. 
P . O .  Box 1139R 
Morr is town,  NJ 07960 

U n i v e r s i t y  o f  Wiscons in  
Department o f  Phys ics  
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

U n i v e r s i t y  o f  Wisconsin 
'Department o f  Phys ics  
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

M C M ~ S  t k r  ~ n i  v e r s i  ty 41 6-525-91 40 
General Sciences B u i l d i n g  '1 05 
Hamil t on ,  O n t a r i o  
Canada L8S 4K1 



Roy Middl  e ton  

Wal id  Mourad 

John NO& 

Gregory A.  Nor ton  

I g o r  Nowi kow 

'George A. Oso 

A rno ld  N. Petersen 

Michael  C .  Pohl 

Paul A. Q u i n  

Char les  A. Ra t c l  i f f e  

Rober t  D. Rathmell 

Hugh T.  ,Richards 

U n i v e r s i t y  o f  Pennsylvania 
Department o f  Physics 
209 S .  33rd S t r e e t ,  E-1 
Phi 1 adel ph ia  , PA 191 04 

Na t i ona l  E l  e c t r o s t a t i c s  Corp. 
Box 31 0, Graber Road 
Midd le ton ,  W I  53562 

S t a t e  U n i v e r s i t y  o f  New York 
a t  Stony Brook 

Phys ics Department 
Stony Brook, NY 11794 

Na t i ona l  E l e c t r o s t a t i c s  Corp. 
Box 31 0, Craber Road 
Middl  eton, W I  53562 

McMaster U n i v e r s i t y  
General Sciences B u i l d i n g  105 
Hamil ton ,  On ta r i o  
Canada L8S 4K1 

U n i v e r s i t y  o f  I f e  
Department of  Physics 
I l e - I f e ,  Oyo 
N i g e r i a  

General Ionex Corpora t ion  
19  Gra f  Road 
Newbury P o r t ,  MA 01 950 

A, i r  Products & Chemicals I n c .  
P.O. Box 351 
Tamaqua, PA 18240 

U n i v e r s i t y  o f  Wisconsin 
Deparblrent o f  Physics 
11 50 Uni.versi  t y  Avenue 
Madison, Wl 53706 

Ba t te l l e -No r thwes t  
P.O. Box 999 
Rich land,  WA 99352 

Na t i ona l  E l  e c t r o s t a t i  cs Corp . 
.Box 31 0, Graber Road 
Midd le to i l ,  WI, 53562 

U n i v e r s i t y  o f  Wisconsin 
Department o f  Physics 
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 



E.G. Richardson 

Steven .Ri'edhauser 

,Lonnie B. Roberts 

Ju l , i o  J. Rossi  

L a r r y  Rowton 

Kenzo Sato 

T i 1  lman R. S a y l o r  

Dave Schm i t t  

John Southon 

James W .  S t a r k  

Derek W .  Storm 

Se rg io  Tau 

Oak Ridge Na t i ona l  Laborat .ory 
P.O. Box X, B ldg .  6000 
Oak Ridge, TN 37830 

U n i v e r s i t y  o f  Wisconsin 
Department o f  Phys ics  
11 50 U n i v e r s i t y  Avenue 
Mad i son, W I 53706 

Los Alamos S c i e n t i f i c  Labo ra to r y  
P.O. Box 1663, M.S. 480 " 
Los Alamos, NM 87545 

Na t i ona l  Atomic Energy Comicion 
Avda L i  be r tador  8250 
1429 Buenos A i r e s  
Argen t ina  

Los Alamos S c i e n t i f i c  Labo ra to r y  
P.O. Box 1663, M.S. 480 
Los Alamos, NM 87545 

Yal e U n i v e r s i t y  
Wr i gh t  Nucl ear S t r u c t u r e  La~bo ra to r y  
260 Whitney Avenue 
New Haven, CT 06511 

U n i v e r s i t y  o f  P i t t s b u r g h  
Department o f  Phys ics  
P i t t s b u r g h ,  PA 15260 

Los Alamos S c i e n t i f i c  Labo ra to r y  
P.O. Box 1663, M.S.  480 
Los Alamos, NM 87545 

McMaster U n i v e r s i t y  
General Sciences B u i l d i n g  105 
Hami l ton ,  Ontarlo 
Canada L8S 4K1 

.McMaster U n i v e r s i t y  
General Sciences B u i l d i n g  105 
Hami 1 t on ,  On ta r i o  
Canada L8S 4K1 

U n i v e r s i t y  o f  Washington 
Nuclear  Phys ics  LaboraLury 
GL-10 
S e a t t l e ,  WA 981 95 

Na t i ona l  Atomic Energy Comicion 
Avda L i  be r t ado r  8250 
1429 Buenos A i r e s  
Argen t ina  



Joseph R.  Tesmer 

Steve Tesmer 

Thomas A. T r a i n o r  

Donald A.S. Walker 

Kober t  R. Wal t8er 

W i l l i a m  G. Weitkamp 

C h r i s  R . 'Wes te r f e l d t  

R ichard  0.. Whi te  

John F. W i l  kerson 

Thomas S .  Wise 

R ichard  Woods 

Los Alamos S c i e n t i f i c  Labora to ry  
Group P-9, M.S. 480 . 
Los A1 amo~,  NM 87545 

U n i v e r s i t y  o f  Wisconsin 
Department o f  Physics 
11 50 U n i v e r s i t y  Avenue 
Madison, W I  53706 

U n i v e r s i t y  o f  Washington 
Nuc lear  Physics Labora to ry  
GL-10 
S e a t t l e ,  WA 98195 . . 

Atomic Energy o f  Canada L t d .  
Chal k R i ve r  Nuclear Labo ra to r i es  
C h a l k  R l v p r ,  f l n t . a r i n  
Canada KOJ 1 J O  

Alr P r o d u c t s  & Chemicals I n c .  
P . O .  Box 538 
A1 lentown, PA 181 05 

~ n i v ' e r s i  ty o f  Washington 
Nucl ear Phys ics Labora to ry  
GL-10 , 

S e a t t l e ,  WA 98195 

Duke U n i v e r s i t y  
T r i a n g l e  U n i v e r s i t i e s  Nuclear  

Labora to ry  
Department o f  Physics 
Durham, NC 27706 

Lehigh U n i v e r s i t y  
Sherman Fai  r c h i l  d Labora to ry  
Beth'l ehem, PA 1801 5 

U n i v e r s i t y  o f  No r th  Carol  i n a  
T r i a n g l e  U n i v e r s i t i e s  Nuclear  

Labora to ry  
175 P h i ' l l  i ps Hal l 
Chapel Hi1 1 , NC 27514 

Un iveVs i ty  o f  Wisconsin 
Department o f  Physics 
1150 U n i v e r s i t y  Avenue 
Madison, W I  53706 

Los A1 amos S c i e n t l f l c  Labora to ry  
P . O .  Box 1663, M.S. 480 
Los Alamos, NM 87545 



Jan L .  Yntema 

Kl  aus Z ieg l  e r  

Norval  F. Z i e g l e r  

Argonne Na t i ona l  Labora to ry  
9700 South Cass Avenue 
Argonne, I L  60439 

Hahn -Me i t ne r - I ns t i t u t  
G l  i e n i c k e r  S t rasse  100 
0-1 000 B e r l i n  39. 
West Germany 

Oak Ridge Na t i ona l  Labora to ry  61 57574-4761 
P.O. Box X, B ldg.  6000 
Oak Ridge, TN 37830 



Member I n s t i t u t i o n s  o f  SNEAP 

~ e i r e s e n t a t  i v e s  a t t e n d i n g  ' t h e  1980 Symposium a r e  1  i s t e d  a f t e r  each i n s t i t u t i o n . .  

U n i v e r s i t y  o f  Aarhus 

A i r  Products  & Chemicals I n c .  
Michael  C.  Pohl 
Robert  B. W a l t e r  

Argonne Na t i ona l  Labo ra to r y  
Pe te r  J .  B i l l q u i s t  
Pat  K .  Den Har tng  
Jan L.  Yntema 

Atomic  Energy Commission (A rgen t i na )  
A1 b e r t o  E.  Ceba l los  
J u l i o  J .  Rossi  
Se rg i o  Tau 

Atomic  Energy o f  Canada L t d .  
N e i l  Burn 
Dona1 d A.S . Wal k e r  

Hahn-Meitner I n s t i t u t  . .. 
Klaus Z i  eg l  e r  

H igh  Vol tage  Eng ineer ing  Co rpo ra t i on  
'Charles H. Go ld ie  

U n i v e r s i t y  o f .  I f e  
James A .  ' I dowu 
George A; .Oso 

I n t i t u t  de Physique Nuc lga i r es  (Orsay) 

I n s t i t u t e  o f  Nuc lear  Science 
(New Zeal and) 

U n i v e r s i t y  o f  Ko1n 

L a b o r a t o r i  Naz ional  i' d i  Legnaro 

Lava1 U n i v e r s i t y  
A u s t r a l  i a n  N a t i o n a l  U n i v e r s i t y  

B a t t e l l  e-Northwest 
Char les  A. Ra t c l  i f f e  

Be1 1 Telephone Labs 

Brookhaven N a t i o n a l  Labo ra to r y  
Gregory P. Bo rse l  l a  
Robert  A .  L i ndg ren  

Cent re  de Recherches ~ u c l 6 a i r e s  
(S t rasbourg  , France) 

Michel  Le tou rne l  

Dares bury  Nuc lear  Phys ics  Labo ra to r y  

bowl i s h  Development L i m i t e d  
L i o n e l  R .  F e l l  

F l o r i d a  S t a t e  U n i v e r s i t y  
Ken R.  Chapman 

General lonex Co rpo ra t i on  
A rno ld  N. Petersen 

U n i v e r s i t y  o f  Guel ph 
- R ichard G inge r i ch  

Lehigh U n i v e r s i t y  
R ichard  0 .  White 

Los Alamos S c i e n t i f i c  Labo ra to r y  
Gordon R. Goosney 
Rnhert  A .  Hardeknpf 
Lonn ie  B .  Roberts 
L a r r y  Rowton 
Dave S c h m i t t  
Joseph R. Tesmer 
R ichard  Woods 

U n i v e r s i t y  o f  Lowel 1 
Chgr les E. Conno l l y  

McMaster U n i v e r s i t y  
P h i l i p  G.  Ashbaugh 
John W .  McKay 
I g o r  Nowi.kow 
John Southon 
James W .  S t a r k  

U n i v e r s i t y  o f  Montrea l  
Claude Brassard 

U n i v e r s i t y  o f  Munich 



Nat i ona l  E l e c t r o s t a t i c s  Corpora t ion  
Robert  E .  Danie l  
Raymond G. Herb 
Wa l id  Mourad 
Gregory A. Nor ton  
Robert  D. Rathmel l  

Na t i ona l  Research Counci l  (Cana-da) 

S t a t e  Univ .  o f  New York - Albany 

S t a t e  Univ .  o f  New York -Stony Brook 
John No6 

U n i v e r s i t y  o f  No t re  Dame 
Edgar D. Berners  

Oak Ridge Na t i ona l  Labora to ry  
Char les M .  Jones 
Raymond C .  Juras 
Joseph E .  Mann 
E . G .  Richardson 
Norva l  F. Z i e g l e r  

Ohio Umivers i  t y  . . 

Oxford U n i v e r s i t y  
Ken W .  A l l e n  

Peabody S c i e n t i f i c .  
Frank. Chmara 

U n i v e r s i t y  o f  Pennsylvania 
Char les T .  Adams 
Roy Midd le ton  

U n i v e r s i t y  o f  P i t t s b u r g h  
T i 1  lman R .  Say lo r  

Queen's U n i v e r s i t y  
Henry Janzen 

U n i v e r s i t y  o f  Rochester 
Danie l  K e l l y  
Terence S. Lund 

Rutgers U n i v e r s i t y  . 
R ichard  L e i d i c h  

S tan fo rd  Uni 'vers i ty  
Edward Di  11 a r d  

U n i v e r s i t y  o f  Toronto 

T r i a n g l  e  U n i v e r s i t i e s  Nucl ea r  Lab. 
Ch r i s  R. Wes te r fe l  d t  
John F. W i l  kerson 

U n i v e r s i t y  o f  Washington 
Haro ld  Fauska 
W i l l i a m  B. I n g a l l s  
Derek W .  Storm 
Thomas A. T r a i n o r  
W i l l i a m  G. Weitkamp 

Weizmann I n s t i t u t e  o f '  Sc ience 

U n i v e r s i t y  o f  Wiscons in  
B. Badger 
James H. B i l l e n  
Danie l  B. B u l l e n  
Greg Caskey 
Char les A. Dav is  
Cyn th ia  Gosset t  
W i l l y  Haebe r l i  
David Mavis 
David L McDaniel 
Pal11 A .  Q u i n  
Hugh T. Richards 
Steven Riedhauser 
Steve Tesmer 
Thomas S .  Wise 

Yale  U n i v e r s i t y  
Char les  E.L. G i n g e l l  
Kenzo Sato 



Dnrcsbury Lnbora tory 
Scicllcc Kescarch Council 
DARESBURY 

WARRINGTON WA4 4AD 

Telephone: WARRINGTON 65000 Ext. 

Telex : 629609 

Our Reference 
20th August, 1980 

Your Reference 

D r .  J . H .  B i l l en ,  
uepartment of .Physics, 
University of Wisconsin, 
1150 University Avenue, 
Madison, 
Wisconsin 53706, 
U.S.A. 

Dear D r .  B i l l en ,  

Thank you f o r  your l e t t e r  of the  12th August, 1980, regarding the  
forthcoming SNEAP meeting. A s  it happens I s e n t  a t e l e x  yesterday t o  
Mr .  Norton a t  N.E.C; saying t h a t  unfortunately it w i l l  not be possible  
t o  send anybody from Daresbury. I had hoped t h a t  we could be represented, ' 

b u t  i n  October we s h a l l  be s t a r t i n g  the  next s tage of high voltage t e s t s  
on.our accelerator .  The people who would be su i t ab l e  f o r  giving a t a l k  
a t  SNEAP a r e  j u s t  t he  ones who w i l l  be most involved here. So, w i t h  g r e a t  
regre t ,  I am a f r a i d  I have to decl ine  the  inv i ta t ion .  

. . 

If  it would be of any interest, we could produce a sho r t  repor t  on 
where we have g o t  t o ,  f o r  a i rou la t ion  a t  your mcctdng. If you would lilce 
us t o  do t h a t ,  p lease  l e t  m e  know. F 

I hope you have a very successful  mee'ting. The programme you s e n t  
looks very i n t e r e s t i ng .  

~ l l  good wishes. 

Yours s incerely ,  

R.G.P. VOSS 



llarcsbury Laboratory 
Scic~lcc IIcscarch Council 
DARESBURY 

WARRINGTON WA4 4AD 

Telephone : WARRINGTON 65000 Ext. 

Telex : 629609 

Our Reference 

Your Reference 27 th  November, 1980 

D r .  G. Norton, 
National E l ec t ro s t a t i c s  Corporation, 
P.O. Box 117, 
Graber Road, 
Middleton, 
Wisconsin 53562, 
U. S.A. 

Dear D r .  Norton, 

This l e t t e r  is, I am a f r a id ,  too l a t e  t o  do any good, b u t  I want 
t o  apologise to you f o r  our complete f a i l u r e  t o  send you any mater ia l  
on the  Nuclear S t ruc ture  F a c i l i t y  fo r  the recent SNEAP meeting. ' 

Thc present s t a t e  o f  the  pro jec t  here is  keeping a l l  of us very 
busy, and we rea l i sed ,  with considerable embarrassment, t h a t  we had 
l e f t  things too l a t e .  I can only repeat  t h a t  I am sorry. I am sure ,  
however, t h a t  you had a most successful  meeting, unmarred by our  
negligence. 

A l l  good wishes. 

Yours s incerely ,  

R.G.P. Voss 
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TELEPHONE CALL 

FROM: . M r .  L a r r y  Rowton DATE: January 15, 1981 
Los Alamos S c i e n t i f i c  Labora to ry  

. . 

TO: G. A. No r t on  
N E  C 

L a r r y  r e p o r t e d  t h a t  t h e r e  was an acc iden t  i n v o l v i n g  t h e  s e r v i c e  p l a t f o r m  
w i t h  the  v e r t i c a l  Van de G r a a f f  a c c e l e r a t o r  (McKibbon Machine).  The 

"serv ice  p l a t f o r m  a b r u p t l y  dropped approx in ia te ly  18-20 f e e t .  

The mechanical winch uses a  double worm gear d r i v e .  T h i s  system i s  over  
t h i r t y  yea rs  o l d  and t h e r e  a r e  no counterweights .  The f i r s t  s e t  of  gears 
disengaged and a l l owed  t he  p l a t f o r m  t o  drop f r e e l y .  

They p l an  t o  'add on-board brakes t o  t h e  gu ide  r a i l s .  
. . 
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THE UNIVERSITY OF ROCHESTER 
ROCHESTER, NEW YORK 14627 

NUCLEAR STRUCTURE 
RESEARCH LABORATORY 

January 15, 1981 

Mr. James H..   ill en 
Physics Department 
University o f  Wisconsin 
1150 University Ave. 
Madison,. WI 53706 

Dear Mr. Billen: 

Enclosed is a copy of a report we prepared as a resu l t  of a human er ror  
which caused the loss of the insulating gas inventory from our Van de Graaff 
accelerator. Our motivation i n  sending this report  i s  t ha t  a similar costly 
accident could probably happen in most other laboratories,  and even worse i s  
the poss ib i l i ty  of injury or death from not being adequately prepared t o  deal 
w i t h  the depletion of oxygen from the accelerator area or basement. 

In par t icular ,  the health hazards need t o  be well understood by any 
laboratory members because t h i s  s i tuat ion could develop with N2-C02 machines 
as we1 1 as those with SF6, i f  the inventory of gas is large enough. 

3 Terence S. Lund 
Assistant Director, Operations 

TSL : kpm 
Encl . 



Summary of t h e  Loss of SF6 ~ n c i d e n t  

October 25-26, 1980 

T.S. Lund 

I n t r o d u c t i o n  

An i n c i d e n t  occurred  over  t h e  weekend o f  October 25-26, 1980 which 
r e s u l t e d  i n  t h e  l o s s  of approximately 90% of t h e  inventory  of i n s u l a t i n g  
g a s  a t  t h e  Nuclear S t r u c t u r e  Research Laboratory of t h e  Univers i ty  o f  
Rochester.  A t  t h e  t ime of  t h e  i n c i d e n t ,  t h e  i n s u l a t i n g  g a s  was a mixture 
o f  about  40% SF6 and 60% N z .    he t o t a l  inventory  of l l e  mixture  was a b u t .  
115.000 atmospheric  cub ic  f e e t ,  and t h e  replacement c o s t  is es t ima ted  t o  
b~ $60-$70,000. 

Background 

The a c c e l e r a t o r  t ank  had been opened f o r  r e p a i r  of cryogenic te rmina l  
pumps dur ing  t h e  week preceeding t h e  i n c i d e n t .  The t e rmina l  pump r e p a i r  
was completed on F r iday ,  October 2 4 ,  1980, and a t  a b u t  16:OO hours ,  Kinney' 
puinp was tu rned  on t o , e v a c u a t e  t h e  a i r  from t h e  a c c e l e r a t o r  tank  p r i o r  t o  
f i l l i n g  wi th  t h e  i n s u l a t i n g  g a s  mixture .  During t h e  t ime of t h e  t e rmina l  
pump r e p a i r ,  on ly  t h e  low- energy beam r i g h t  ( south  s i d e  of t h e  tank)  manway 
and  t h e  bottom manway had been opened. No o t h e r  viewports  o r  p re s su re  s e a l s  
had been d i s t u r b e d .  

Pre l iminarv  Events  

The s t anda rd  procedure f o r  evacuat ing  t h e  a i r  from t h e  tank  s t a t e s  t h a t  
a f t e r  8-10 hours ,  t h e  thermocouple gauge on t h e  ~ i n n e y  pump i n t a k e  should 
r ead  300 microns o r  less. On Saturday morning, a f t e r  a t  l e a s t  16 hours of  
pumping, t h e  Kinney pump i n t a k e  p re s su re  w a s  s t i l l  g r e a t e r  than  750 micrur~s.  
The a c c e l e r a t o r  t echn ic i an  who was monitor ing t h e  g a s  handl ing ope ra t ions  
t h a t  weekend decided t o  l e t  t h e  pumpdown cont inue  u n t i l  t h e  vacuum reached 
t h e  s p e c i f i e d  300 microns. A t  17:OO hours ,  Saturday evening t h e  vacuum 
still read  750 microns, and t h e  a c c e l e r a t o r  t echn ic i an  r e a l i z e d  t h e  vacuum 
would n o t  improve t o  300 microns, f o r  whatever reason ,  and went ahead t o  
begin t o  f i l l  t h e  tank  with i n s u l a t i n g  gas  by fo l lowing  t h e  publ i shed  check 
l i s t  of t h e  l a b o r a t o r y .  The reason t h a t  t h e  tank  vacuum would n o t  come down 
t o  t h e  i n d i c a t e d  vacuum of 300 microns i s  t h a t  t h e r e  a r e  a l a r g e  number of 
5eaJ 3 on t h c  t ank  t h a t  can l e a k  vnder vacuum b u t  n o t  under p re s su re .  The 
tank  viewports  are cons t ruc t ed  t h i s  way and o f t en  have small  l e a k s  under 
vacuum which l i m i t  t h e  u l t i m a t e  vacuum t h a t  can be a t t a i n e d .  

Subsequent Events  ' 

The procedure t o  f i l l  t h e  a c c e l e r a t o r  tank  wi th  gas  s ays  t h a t  t h e  ac- 
c e l e r a t o r  i n p u t  gauge should n o t  exceed 75 p s i a .  This  p re s su re  e s s e n t i a l l y  
e s t a b l i s h e s  t h e  f low o f  gas  from high  p re s su re  s to rage  i n t o  t h e  a c c e l e r a t o r  
t ank  because of t h e  conductance l i m i t a t i o n s  of t h e  p ip ing .  Also, t h e  thermal 



e f f e c t s  of t h e  expanding gas  l i m i t  t h e  r a t e  a t  which t h e  a c c e l e r a t o r  tank 
can be f i l l e d .  There i s  no provis ion  f o r  pre-heat ing t h e  incoming gas .  
I n  o r d e r  t o  be conserva t ive ,  t h e  a c c e l e r a t o r  t echn ic i an  on duty  s e t  t h e  
flow a t  something lower than  t h e  75 p s i  maximum o u t l i n e d  i n  t h e  procedure 
check l i s t .  

Another s t e p  of t h e  tank  f i l l i n g  procedure says  t o  keep t h e  Kinney 
pump running, wi th  t h e  pneumatic ba l l  va lve  between t h e  t ank  and t h e  pump 
c losed ,  and open t h e  Kinney b a l l a s t  va lve  i n  o r d e r  t o  purge t h e  Kinney 
pump o i l  of water  t h a t  may have condensed i n  t h e  o i l  dur ing  t h e  evacuat ion  
of a i r  from the  tank .  Two o r  t h r e e  hours  a r e  necessary  f o r  t h i s  clean-up 
of t h e  Kinney pump o i l  and it is convenient  t o  do it dur ing  t h e  tank  f i l l i n g  
opera t ion .  

The procedure i n  f i l l i n g  t h e  tank  i s  t o  l e a k  check t h e  manway g a s k e t s  
and any o t h e r  s e a l s  (such a s  view p o r t s )  t h a t  may have been opened during 
t h e  previous  tank  e n t r y  whenever t h e  tank  p re s su re  reaches  20-30 p s i  pos i -  
t i v e  p re s su re .  The manway gaske t s ,  i n  p a r t i c u l a r ,  may o f t e n  l e a k  wi th  a 
small  p re s su re  d i f f e r e n t i a l ,  and then  s e a l  themselves as t h e  tank  p re s su re  
i nc reases .  For t h i s  reason,  it is d i f f i c u l t  t o  l e a k  check t h e  manway gas- 
k e t s  a t  low tank  p re s su res ,  and t h e  gaske t s  w i l l  a lmost  always s e a l  as t h e  
tank is  f i l l e d .  A c e r t a i n  amount of experience and judqment , i s  necessary  
dur ing  t h i s  l eak  checking t o  decide i f  t h e  door gaske t s  a r e  going t o  s e a l .  
I n  s h o r t ,  t h i s  i s  p o t e n t i a l l y  a s e n s i t i v e  p a r t  of t h e  tank  f i l l i n g  procedure.  

A t  t h i s  p a r t i c u l a r  t ime,  a f t e r  t h e  f i l l i n g  began, t h e  a c c e l e r a t o r  
t echn ic i an  had been checking on t h e  g a s  handl ing system f o r  about  12 hours ,  
and he went home f o r  some t ime u n t i l  t h e  door g a s k e t s  needed t o  be l e a k  
checked. 

The t echn ic i an  r e tu rned  a t  about  02:00 hours  Sunday morning. He n o t i c e d  
t h a t  tile Kinney pump was o f f ,  and r e s t a r t e d  it. He a l s o  l e a k  checked t h e  
two manway doors t h a t  had been opened, and l e f t  t h e  l a b o r a t o r y  i n  less than  
15 minutes wi thout  r e a l i z i n g  t h a t  anything could he wrong. 

The t echn ic i an  r e t u r n e d . t o  t h e  l a b o r a t o r y  a t  about  08:00 t o , f i n i s h  
f i l l i n g  t h e  tank  and t o  s t a r t  r e c i r c u l a t i n g  t h e  tank  gas  t o  d ry  it. When 
he looked a t  t h e  gauges i n  t h e  basement, he immediately r e a l i z e d  t h a t  some- 
th ing  had gone wrong, because a l l  of t h e  gauges read  n e a r l y  zero.  He went 
back u p s t a i r s  t o  t h e  c o n t r o l  console  and r ead  t h e  p re s su re  on a p r e c i s i o n  
gauge. The gauge read  20 p s i a  i n s t e a d  of  about  135 p s i a  and he immediately 
c lo sed  a l l  va lves  i n  t h e  system and l e a k  checked t h e  door g a s k e t s  aga in .  
The low energy beam r i g h t  door seemed t o  i n d i c a t e  a l eak .  Because of t h e  
exci tement  and nervousness over  t h e  i n c i d e n t ,  he w a s  n o t  s u r e  what could 
have gone wrong, and he telephoned f o r  some advice .  Other people from t h e  
l abo ra to ry  s t a f f  were n o t  a v a i l a b l e  t o  work on t h e  problem on Sunday, and 
s o  it was decided t h a t  t h e  remaining g a s  would be pumped i n t o  s to rage  and 
t h a t  t h e  leaky  door gaske t  would be checked on Monday morning. He w a s  
caut ioned,  on t h e  te lephone ,  t o  check f o r  a dep le t ion  i n  t h e  oxygen leve3  
i n  the basement because SF6 i s  heavier  than  a i r .  Upon checking, he found 



t h a t  t h e  oxygen l e v e l  was 4-5% below t h e  normal a i r  conten t .  A t  l e a s t  it 
was s a f e  t o  proceed t o  pump t h e  remaining g a s  back i n t o  s t o r a g e .  

Follow-Up Events  

Monday morning, October 27, 1980, through d i scuss ions  wi th  t h e  ac-  
c e l e r a t o r  t e c h n i c i a n  who had been on duty ,  t h e  pre l iminary  even t s  and 
subsequent e v e n t s  as desc r ibed  above were recorded a s  rough no te s .  The 
i n d i c a t i o n  of  a l e a k  on t h e  low energy door could be i n v e s t i g a t e d  by a t  
least t h r e e  d i f f e r e n t  ways: (1) open t h e  door and i n s p e c t  f o r  proper  
i n s t a l l a t i o n  o f  t h e  gaske t ,  (2) e n t e r  t h e  tank  through ano the r  door 
(us ing  S u r v i v a i r  equipment) and i n s p e c t  t h e  gaske t ,  and ( 3 )  f i l l  t h e  t ank  
wi th  n i t rogen  and l e a k  check. I n  t h e  f i r s t  i n s t a n c e ,  upon opening t h e  
door ,  t h e  gaske t  could  f a l l  o u t ,  as sometimes happens, and it could  n o t  
be determined i f  t h e  gaske t  w a s  improperly s ea t ed .  Choice (2) w a s  s l i g h t l y  
d i f f i c u l t ,  and p o s s i b l y  dangerous and s o  it w a s  decided t o  r e f i l l  t h e  tank  
wi th  some N2 i n  o t h e r  s to rage  t anks .  

Whi l e . t he  tank  was being f i l l e d ,  some c a l c u l a t i o n s  were made t o  t r y  
t o  understand t h e  acc iden t .  With t h e  t i m e  involved and t h e  volume of gas  
l o s t ,  t h e  l e a k  r a t e  w a s  a t  l e a s t  150 CFM (12 hours  and 120,000 cu.  f t ,  . 
That l a r g e  a l e a k  rate, r u l e d  o u t  t h e  p o s s i b i l i t y  of  a smal l  door gaske t  
l eak .  The machine w a s  p r e s su r i zed  t o  about  60 p s i a ,  and t h e r e  w a s  no de- 
t e c t a b l e  l e a k  a t  t h e  door gaske t s .  

There a r e  on ly  two p o s s i b l e  ways f o r  gas  t o  be l o s t  from t h e  g a s  hand- 
l i n g  system, assuming t h e  system s t a y s  i n t a c t .  That is ,  (1) through t h e  
t ank  l e t -up  va lve  which t a k e s  air from t h e  basement and l e t s  it i n t o  t h e  
tank  a f t e r  a l l  of t h e  i n s u l a t i n g  gas  i s  removed, and (2) t h e  Kinney vacuum 
pump which exhaus ts  o u t s i d e  t h e  bu i ld ing  when removing a i r  from t h e  tank .  

The tank l e t  ,up valve i s  nnrmally c losed  and t h c  handle removed. Three 
people rea~elabened t h a t  t h c  valve w a s  clnsed on Fr iday  af te rnoon,  and t h e  
handle w a s  removed. The t e c h n i c i a n  on duty  dur ing  t h e  weekend was a l s o  
c e r t a i n  t h a t  he d i d  n o t  touch t h e  l e t -up  va lve .  Also, had t h e  i n s u l a t i n g  
gas  been completely vented i n t o  t h e  basement, o r  even i n t o  t h e  a c c e l e r a t o r  
room through a l e a k  i n  t h e  door gaske t ,  t h e  oxygen l e v e l  in t h e  basement 
could  have been s u f f i c i e n t l y  dep le t ed  by t h e  SF6 t h a t  t h e  t echn ic i an  might 
have been overcome by oxygen s t a r v a t i o n .  Because of t h e s e  f a c t o r s ,  t h e  
l e t -up  va lve  h a s  been r u l e d  out  as d pussible oouroo of t h ~  l n ~ s  of i n -  
s u l a t i n g  gas.  

' A 3  hc thouyllL over t.he whole i n c i d e n t ,  the a c c e l e r a t o r  t echn ic i an  could  
n o t  b e . s u r e  t h a t  he d i d  c l o s e  t h e  pneumatic Kinney pump b a l l  va lve  between 
t h e  pump and t h e  t ank ,  even though t h a t  s t e p  w a s  checked o f f  on t h e  check 
list.  The two t h i n g s  t h a t  are known a r e  t h a t  t h e  Kinney pump was l e f t  run- 
ning when t h e  g a s  f i l l i n g  ope ra t ion  began (s tandard  procedure)  and t h e  
~ i n n e y  pump w a s  off when t h e  t echn ic i an  l e a k  checked t h e  doors  dur ing  t h e  
n igh t .  The Kinney pump is i n t e r l o c k e d  s o  t h a t  it t u r n s  o f f  if t h e  exhaust  
p re s su re  exceeds .5  p s i g  (20 p s i a ) .  When t h e  Kinney pump t u r n s  o f f ,  t h e  
pneumatic b a l l  va lve  w i l l  c l o s e .  I f  t h e  Kinney pump p res su re  a t  t h e  i n t a k e  



skde i's. greater  than 10 psia  (10" vacuum), the  Kinney exhaus-t pressure 
w i l l  reach the  t r i p  point  of 5 psig because of r e s t r i c t i ons  from the  smoke 
e t h i n a t o r  f i l t e r  on the  outside exhaust l i ne .  

By tes t ing  with the  Np from storage,  we found t h a t  a t  a flow deter-  
mined by about 35 p s i  on the accelerator  input gauge, the  Kinney pump 
could almost keep up with the  flow. For a higher flow, the  tank pressure 
would r i s e  and the  Kinney would t r i p  off eventually, a s  described above. 
For a lower flow, the Kinney would keep pumping and the  storage would be 
evacuated. A s  described i n  the subsequent events section,  the  Kinney pump 
was off a t  02:OO when the  doors were leak checked. This means t h a t  the  
exhaust pressure did  reach 5 p s i  sometime before then. 

The conclusion is  t h a t  the  pneumatic b a l l  valve was not closed and 
the  flow i n t o  the  tank was jus t  s l i g h t l y  la rger  than the  Kinney pump could 
handle so t h a t  it pumped away about 90% of the  gas before being t r ipped o f f .  
The t e s t  measurements with Np seemed t o  indicate  t h a t  a t  the  maximum f low,  
allowed by the  wri t ten procedures perhaps 30-50% of the  gas would have been 
pumped away before the  Kinney pump tripped of f .  Clearly, the  conservative 
s e t t i ng  of a lower flow i n t o  the  tank resul ted i n  a l a rger  l o s s  of SF6 
during t h i s  incident.  

Conclusions 

A number of fac tors  contributed t o  t h i s  incident and they can be sum- 
marized i n  t h i s  list: 

1. Inexperience of the  technician with the  gas handling system 
operation. 

2 .  Pressure from the research groups (whether d i r e c t  o r  ind i rec t )  
t o  ge t  the  machine running on the  weekend. 

3. Inadequate manpower avai lable  (more than one person should be 
involved i n  the  gas t r ans fe r  operations).  

4. Gas handling operations a t  odd hours o r  during extended con-' 
tinuous s h i f t s  (as  due t o  (2 )  and (3) above). 

5. Inadequate in ter locks  and procedures f o r  the  gas handling op- 
era t ions .  

The laboratory operation has never been spec i f ica l ly  funded f o r  op- 
e ra t ion  more than f i ve  24 hour days a week. The ea r ly  operation of the  
machine, of 5 days a week, has gradually been extended t o  e s sen t i a l l y  7 
days a week. Also, during recent years, because of inadequate funding, 

. t h e  number of accelerator  technicians has been reduced t o  one half  of 
e a r l i e r  l eve l s  ( three  technicians a t  present vs. s i x  technicians f ive  o r ,  
six years ago). In  f a c t ,  a t  the  time of the  l o s s  of SF6, the  laboratory 
only had two technicians on the s t a f f  because of the  resignation of the  



Chief Accelerator Technician a month e a r l i e r .  The two remaining tech- 
n i c i ans  d id  not have a s  much experience with the  operation of the  gas 
handling system a s  they should have had. 

Procedural Changes 

Since t h i s  incident  happened, the  laboratory has completely reviewed 
t h e  fonnal tank pump-out procedures, and a number of s teps  a r e  being taken 
t o  reduce t he  p o s s i b i l i t y  of another such l o s s  of insulat ing gas incident.  
These s teps  include t he  following, i n  addit ion t o  the  review of the  wri t ten 
procedures: (1) A mechanical indicator  has been in s t a l l ed  on the  Kinney 
pump pneumatic valve t o  insure v i sua l ly  and with microswitches, t h a t  the  
valve has closed. (2)  A microswitch on the  pneumatic reducing valve, 
which Pets gas i n t o  t he  tank from storage, w i l l  sound an alann i f  Chat 
valve ia operated without c los ing the  Kinney pump ball valve. (3 )  Micro- 
switches and ind ica tors  w i l l  be added t o  several  of the  important valves 
i n  the  gas handling system t o  make it eas i e r  t o  monitor the  s t a t u s  of the  
system. (4) Two people must be d i r ec t l y  involved with any operation of 
t h e  gas handling system. (5)  A more thorough t ra in ing  program w i l l  be 
developed t o  insure t h a t  the  accelerator  technicians understand the op- 
e r a t i on  of the  system, and do not j u s t  t r y  t o  remember s teps  of procedures. 

Perhaps the  most dangerous aspect  of t h i s  whole incident i s  t he  re-  
a l i za t i on  of the  po ten t ia l  f o r  accidental  suff icat ion by oxygen s tarvat ion.  
The dangers of oxygen depletion a r e  well known, and t h i s  laboratory is one 
of the  few Van de Graaff accelerator  laborator ies  t h a t  has always main- 
ta ined two Survivair  breathing s e t s  f o r  j u s t  t h i s  reason. What has become 
c l e a r  as a r e s u l t  of t h i s  incident is  t h a t  the  accelerator  technician could 
have become overcome by the  SF6 i f  i n  f a c t  it had somehow vented i n t o  the  
acce le ra tor  room and basement. People have got  t o  be t ra ined t o  consider 
the  pos s ib i l i t y  of an SF6 problem any time they go i n t o  the  accelerator  
basement. J u s t  looking a L  tlse tank prccsure gauge at the  console, w i l l  
take care of t h i s  s i t ua t i on ,  If Ll~e insulat ing gas i s  ~iipposed t o  be i n  
t h e  tank, and is  not  i n  storage. A system t o  continuously monitor the  
oxygen content i n  the  accelerator  basement i s  needed. The e a s i e s t  ( i .e . ,  
Least expensive) system t h a t  we have thought of i s  t o  use a gas p i l o t  l i g h t  
assembly from a water heater o r  furnace w i t h  a thermocouple t o  de tec t  the  
flame. The assembly could be in s t a l l ed  i n  the  f loor  well under the  housing 
fo r  the terminal support jackscrew. A warning alarm w i l l  be sounded i f  the  
flame is extinguished fo r  any reason. This systeln cuuld be paolcagod like 
a miner's Davey lamp t o  avoid any explosion of flammable vapors a s  from 
a s p i l l  of solvent in  the  area.  



Experience with the  Rochester Be l t  Charging System 

Dan Kelly 
univers i ty  of Rochester 

.We have used the  designs and suggestions of M. Letournel of Strasbourg 
i n  the  Rochester MP b e l t  charging system. We have modified the  designs 
only t o  the extent  of put t ing two r o l l e r s  ins ide the  belt because of space 
l imita t ions .  In  ~ i g .  1 you can see t h a t  we a re  charging opposite the  r o l l e r  
a f t e r  the drive motor f o r  the  upcharge I and opposite the  a l t e rna to r  i n  the  
terminal fo r  the  downcharge I. We co l l ec t  the  charge with a 'coarse' screen 
a t  some nominal po ten t ia l  and clean up any res idual  charge with a ' f i ne1  
screen. This is done for  both the  upcharge and the  downcharge. The r o l l e r s  
a re  insulated and there  have been high-speed bearings i n s t a l l ed .  The r o l l e r s  
a r e  of the Strasbourg design. The r o l l e r s  i n  the  HE and terminal of the  
machine a r e  mainly t o  guide the  b e l t  onto the dr ive  motor and a l te rna tor .  
The r o l l e r s  i n  the  6-7 dead section corresponding t o  the  middle of the  belt 
length helps control  the  flapping of the b e l t .  A s  a r e s u l t  of the  b e l t  s t a -  
b i l i t y  we have adjusted the b e l t  spacers t o  within an inch of the  be l t .  The 
r o l l e r s  a re  'run-in' f o r  a few hours and then in s t a l l ed  t o  ro t a t e  i n  the  same 
direct ion.  W e  have noticed a g rea t  decrease i n  the  amount of b e l t  dust  and 
the  terminal r ipp le  as well.  

Fig. 1 
mchester  Delt Chargilsy System 
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Weitkamp: How much charge comes o f f  on the  f i n e  screen? 

K e l l y :  I t ' s  i n  the  microamp range. % 

Weitkamp: Do you know what the  f r a c t i o n  o f  the  t o t a l  charge i t  i s ?  

Lund: About 10% comes o f f  on the  second screen. - 
Saylor :  Do you have r e s i s t o r s  i n  se r i es  w i t h  the  screens? 

Lund: The f i r s t  screen i s  a t  ground. The second screen has about a hundred 
megohm ( I ' m  n o t  sure i f  t h a t ' s  e x a c t l y  r i g h t )  t o  induce h igh  vo l tage on t h e -  
screen. 

n e r :  U i d  you remove .the spacer- bars? - .  

K e l l y :  We're runn ing  w i t h  guides on the  ou ts ide  on l y .  

Ginger ich:  So i t ' s  n o t  t he  exact  system t h a t  Letournel  descr ibes? 

K e l l y :  No, t h e  spacer bars a re  2 inches from the  b e l t .  

Lund: They a r e  n o t  t he  standard HVEC spacer bars.  - 
Letourne l  : We have screens f o r  bo th  the  up charge and the  down charge. The 
f i r s t  main screen has 0.020-inch diameter w i r e  and i s  connected through 10 MQ 
t o  t h e  te rm ina l .  The second one i s  t h inne r  (0.012 inch)  and i s  connected c 
d i r e c t l y  t o  the  te rm ina l .  The purpose i s  t o  sweep up a l l  the  res idua l  charge 
n o t  co l  l e c t e d  on t h e  f i r s t  screen. With a 400-uA c u r r e n t  on the  be1 t the  
second screen lowers the  r i p p l e  from 5 kV t o  1 kV. I have a quest ion about 
one o f  the photographs t h a t  you showed. Why i s  there  so much dust  i n  t he  
machine? 

K e l l y :  The o l d  b e l t  had a t e a r  i n  i t  and we have n o t  had a chance t o  c lean 
i t  a l l  ou t  y e t .  

Le tourne l  : Our system i s very ve ry  c l  ean. The be1 t touches o n l y  the  r o l l  e rs  . 
Weitkamp: How much b e t t e r  i s  t he  r i p p l e  on your  system compared t o  what you 
had before? 

Lund r The r i p p l e  i s  2 o r  3 t imes small e r .  

Berners: I must have misunderstood something. You are  n o t  suggest ing t h a t  
i nc reas ing  the  number o f  screens lowers the  amount o f  dus t  produced, a re  you? 

Letourne l :  No. The screens have noth ing  t o  do w i t h  the  dus t .  That was a 
separate quest ion  1 asked about t he  amount o f  dus t  shown i n  the s l i d e .  We 
took  the  b e l t  guides o u t  o f  our  machine so the  b e l t  o n l y  i s  i n  contac t  w i t h  
the  r o l l e r s .  That helps keep down the  amount o f  dust .  




