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INTRODUCTION 

Contract AT(11-1)-1760 is a Special Research Support Agreement 
which provides financial support for maintenance of a basic minimal 
level of operation of the Cyclotron Laboratory of Washington Univer
sity. The Cyclotron Laboratory provides accelerated particle beams 
and bombardment facilities, research areas, and technicians in aid 
of research programs in the Department of Chemistry which require 
them. Washington University pays part of the cost for this basic 
minimal level of operation, and the AEC pays the remainder via 
contract AT(11-1)-1760. The contract first took effect November 1, 
1967 for 12 month.3, and has been renewed twice for additional 12 
month periods, through October 31* 1970* This operations report 
covers a 12 month period ending May 31» 1970 just prior to the 
start of preparation of this report. Earlier reports (COO-I760-I 
and -2) cover periods of seven and twelve months, ending on May 31» 
of I968 and 1969, respectively. 

The "basic minimal level of operation" includes (1) staff and 
crew services on a daytime basis and for a five-day week, (2) all 
maintenance and repairs that become necessary, and (3) minimal 
improvements in the laboratory facilities, either for specific 
research purposes or to obtain generally better operation. 
Expenditures for this purpose include staff and crew salaries, 
electrical power, equipment, supplies, and shop facilities for 
cyclotron maintenance and operational improvements. 
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' Throughout the history of contract AT(11-1)-1760 a much 
higher level of operation has been consistently maintained than 
is provided for by AT(ll-l)-176o. This has been achieved through 
utilization of graduate students as cyclotron operators on their 
own research projects, by hiring part-time operators on an hourly 
basis, usually undergraduates who can work evening and weekend 
shifts, and with the assistance of additional funds generated 
from various research contracts and grants, to provide the addi
tional costs for power and maintenance which additional operations 
cause. This higher operating level was needed to meet the demand 
for cyclotron time from users both in the Department of Chemistry 
and in the Department of Physics, as well as from others in the 
School of Medicine. Total use exceeded by about 70$ the maximum 
conceivable number of operating hours provided in the "basic 
minimal level of operation". 

The demand for shop work in the Cyclotron Laboratory machine 
shop continues to be high. The one machinist provided for in the 
budget for contract AT(11-1)-1760 is able to keep up with jobs 
having to do with the cyclotron and the Cyclotron Laboratory 
itself, but there i3 continual pressure to take on additional 
work having to do with specific research projects. Insofar as 
possible we have attempted to maintain a second machinist in this 
shop, using outside funds. To date we have succeeded, but it is 
unclear whether we will be able to continue this practice, which 
has been of enormous value in increasing the output of the shop 
and facilitating work requiring more than one pair of hands. 
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• This operating report has been divided into several sections, 

each devoted to some aspect of the Cyclotron Laboratory's operations 
during the 12 months ending May 31, 1970. Various data relating to 
operations have been broken down and analyzed to present a clear 
picture of laboratory activities. For reference, Pig. 1 shows 
the layout of the underground cyclotron vault and adjacent research 
area, while Fig. 2 outlines the more prominent modules of the 
cyclotron beam extraction system. 

SUMMARY OP CYCLOTRON USE 

Scheduled Use 
The same bi-weekly schedule of assigned times used during the 

previous twelve months was continued during the past year without 
change. This schedule ensures equitable distribution of the avail
able hours of the week among a rather large group of different 
users. It works out (see p.5) to give Chemistry Department users 
l̂ -9»33 scheduled hours and Physics Department users lj.6.67 scheduled 
hours during each two-week cycle. The allotted"hours fall between 
9:00 a.m. and 12:00 midnight, seven days a week, and total 210 
hours every two weeks. This includes 196 hours assigned to indi
vidual users or groups and an allowance of II4- hours to cover regular 
maintenance and for cooling down periods following each use of 
deuterons, to reduce residual activity. 

The schedule is made out in the names of the faculty super
visors of the graduate student users. Symbols (C) and (P) indicate 



I 

i * 

V 

! J 

£ j | CUAORUPOLES 

m POWER 

S U P P L I E S 

BEAM TWEAKERS ■ Ep ■' ^ R A B B L T _LI NE_ TO_R ADIOCHEMISTR Y_ _L A_B. 

" SLITS'- Q) / . 

2 2 " SWITCHING MAGNET 

Figure 1. Layout of cyclotron 
vault and research room 

-~}T 

I
 : 



^-^1 

■nvvmT'&v-rv;-w*tr*-73*Kp-ii ■ ^■ wTyfggs?nB^"a»^>» '■■^''•■\|rrTTTyj| 

Figure 2. Plan view of 
acceleration chamber 



Chemistry and Physics Departments, respectively. Every third 
week a switch of time occurs for the last 8 hours of Friday and 
for all 15 hours Saturday, so that 1/3 of those hours actually 
belong to Sarantites and only 2/3 to Shull as shown. 

The only alteration from this schedule has occurred through 
diminishing utilization by Professor Walker (P) of the time assigned 
to him. Increasingly this time has been switched by mutual agree
ment to two faculty users from the Department of Radiology of the 
Medical School, Professors Ter-Pogossian and Welch. 

Actual Use 
Actual use totaled 3^12.9 operating hours and 2616.7 beam 

hours during the twelve months ended May 31, 1970. The term 
operating hours refers to time read from a clock which runs when
ever the filament is turned on in the power tetrode of the cyclotron 
r.f. power supply; this time measure often comes pretty close to 
total clock hours, but can sometimes be a bit misleading. The term 
beam hours refers to time read from a clock which turns on every 
time r.f. power is actually fed to the dee of the cyclotron. This 
comes pretty close to being the time during which beam is actually 
being produced, but also includes time spent trying to tune in a 
beam beforehand. Obviously beam hours is always the smaller of 
the two numbers, because operating hours also includes additional 
time used by the experimenter for set-up work, adjustments, target 

—chemistry, -and repairs which may occur -during his assigned set of 
hours. 
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Day of week 
Monday 

Tuesday 

First week (hours) Second week (hours) 

Wednesday 
Thursday 
Friday 

Saturday 

Sunday 

Maintenance 
Sarantites(C) 
Wahl(C), Gaspar(C) 
deuteron runs to 
obtain neutrons 

Cooling off period 
Walker(P) 
Reeder(C) 
Sarantites(C) 
Wahl(C), Gaspar(C) 
deuteron runs to 
obtain neutrons 

Cooling off period 
Shull*(P) 
(*Note: every third 
Shull*(P) 
("''"Note: every third 
Reeder(C) 

5 Maintenance 6 
10 Sarantites(C) 10 
6 Wahl(C), Gaspar(C) 6 

deuteron runs to 

obtain neutrons 

1 Cooling off period 1 

8 Walker(P) 8 

15 Sarant i tes(C) 15 

15 Sarant i tes(C) 15 

6 Wahl(C), Gaspar(C) 6 

deuteron runs to 

obtain neutrons 

1 Cooling off period 1 

8 Shull*(P) 8 

week, Sarant i tes(C) 8 hours) 

15 Shull*(P) 15 

week, Sarant i tes(C) 15 hours) 

15 Sarantites(C) 15 

Whenever scheduled time was not going to be used, informal 
arrangements were permitted for trades or replacements by other 
users. 

Monthly actual use is summarized on page 7 (Table I) for the 
12 months covered by this operations report and is followed by a 
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breakdown of beam hours according to ion type being accelerated. 
(Table II) The low usage in June and January corresponds to the 
times of examination periods at Washington University. January 
is additionally complicated by the unusually high consumption 
of 120 hours for maintenance. This resulted from a breakdown 
of electrical insulation in the magnet coil tanks of the cyclotron, 
with sparking to ground and inability to maintain steady magnetic 
field and high enough field strength. The difficulty was success
fully repaired and operations resumed, but only after a couple of 
weeks of rather messy hard work. We feel, incidentally, that the 
repairs improved the situation by reducing the likelihood of a 
possible recurrence through improved design. 

A different view of actual use is presented in Table III on 
pages 8 and 9 i*1 which the monthly use is broken down for the 
entire year according to graduate student and faculty supervisor. 
Also shown is some indication of what ions were used. Of some 
interest are (1) the general decrease in use by Prof. Walker's 
space physics group as a radiation damage project of theirs 
reached its conclusion, (2) the abrupt drop-off of use by Profs. 
Shull and Hafele and Mr. Siegel as Siegel's project approached 
its successful termination, and the increasing usage by Profs. 
Sarantites and Reeder of the nuclear chemistry group. The 
symbol (R) refers to Department of Radiology for Profs. 
Ter-Pogossian and Welch. 
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Table I. Monthly Actual Use 
6-I-69 to 5-31-70 

3212.9 26l6.7 

Maintenance and 
Month 

June 1969 

J u l y 

Augus t 

S e p t e m b e r 

O c t o b e r 

November 

December 

J a n u a r y 1970 

F e b r u a r y 

March 

A p r i l 

May 

O p e r a t i n g Hours 

191.3 
278.1 

32I4..2 

330.4 
338.2 

337.3 
370.0 

151.9 

3 9 7 4 

242.5 

293.3 

258.3 

Beam Hours 

125.4 

184-5 

235.2 

2 4 4 0 

233.7 
265.2 

273.9 

91.5 

327.9 

193.5 
233.6 

208.0 

Improvement Hours 

60 

22 

15 

15 
11 

15 

15 
120 

15 

15 

15 

15 

333 

Table II. Breakdown of Beam Hours by Ion Type 

Helium 3 750.6 
Alphas 
Deuterons 
Protons 
Carbon 12 
Cyclotron Tune 

15464 
125.0 

141.6 

1.5 (i-4 ions) 

51.6 

26l6.7 



TABLE III - PART I 
6-1-69 to 5-31-70 Operating Hours (Tetrode Filament On) 

1969 June ,July_ Aug. Sept. Oct. Nov. Dec. 
A. Wahl (C) 
M. Fowler 
J. Lin 
M. Devous 

D. Sarantites 
M. Phelps 
E. Hoffman 
A. Xenoulis 
N. Lu 
W. V/inn 

P. Reeder (C) 
R. Walker (P) 
M. Hair 
M. Seitz 
H. Hoyt 
U. Haack 

(C) 

F. Shull, J. Hafele (P) 
G. Siegel 

M. Ter-Pogossi 
M. Welch (C,R) 

an (R) 

6e2 

"Y.5 
42.9 15.8 

16.7 

32.7 

32.0 
1.9 

1.7 
13.1 

24.4 
25.0 . 

12.6 

10.2 
35.9 9.0 

117.8 

5.9 

To" 
17.1 
11.4 
244 
"5I2 

10.2 

10.3 
55.4 

1574 
— 

6.9 

4.8 

0.3 
57.4 
15.6 
85.9 
4§.8 
32.4 
14.9 
28.3 
"4^9 
--__ 

8.6 
M. Israel (P) 
R. Mewaldt 

Bell Labs. 
H. Potratz (C) 
P. Gaspar (C) 
P. Markusch 

Dr. Kay (U. of Mo.) 
Cyclotron Tuning 

Total 

3.6 

35.8 

191.3 

18.9 
278.1 

34 

14.9 
324.2 

3.8 

330.4 

0.5 
0.3 
3.1 
3.2 
17.8 
____ 
34.9 
22.9 25.8 18.5 

0.6 
11.2 _-_-

11.2 
15.3 
&4 
12.7 
44.1 

44 9.5 8.5 0.7 
2.2 
14.1 84.5 
28.7 
42.3 

84.0 
21.7 

1.4 
88.7 

9.8 

5.6 

52.3 

338.2 
13.3 

337.3 

66.3 

"44 

16.8 
48.9 

10.2 

4.7 

55^9 

8.1 

35.1 

5.3 

I 
00 
I 

370.0 



TABLE III - PART 2 
6-1-69 to 5-31-70 Operating Hour3 (Tetrode Filament On) 

1970 
A. Wahl (C) 
M. Fowler 
J. Lin 
M. Devous • 

D. Sarantites (C) 
M. Phelps 
E. Hoffman, 
A. Xenoulis 
N. Lu 
W. Winn 

P. Reeder (C) 
R. Walker (P) 
M. Hair 
M. Seitz-
H. Hoyt 
U. Haack 

F. Shull, J. Hafele (P) 
G. Siegel 

M. Ter-Pogossian (R) 
M. Welch (C,R) 
M. Israel (P) 
R. Mewaldt 

Bell Labs. 
H. Potratz (C) 
P. Gaspar (C) 
P. Markusch 

Dr. Kay (U. of Mo.) 
Cyclotron Tuning 

Total 

Jan. Feb. March April May Total 
Prof. 
Total 

3.8 
7.2 

11.2 
30.4 
10.5 

49.3 

31.5 

44 

3.6 

3.5 
7.3 

3.6 
6.7 

126.0 
78.5 

71.3 

79.1 

8.0 

6.8 
2.8 
3.8 

6.2 
5.6 

10.8 
5875 
70.6 

72.2 

7.9 

8.9 

1.8 

7.0 

29.6 
130.0 
17.7 

80.7 

4.2 
8.1 

13.5 
1.0 

5.3 1.8 1.0 
13.2 
53.1 2.1 
42.2 
111.0 

10.2 

2.1 
8.4 

7.9 

, 5 ' 5 45.9 
71.6 
6.7 

120.1 
I29.4 
676.9 
377.1 
152.9 
111.4 
659.0 

36.6 
57.6 

129.8 
9.0 
4.9 

18.2 
6H.3 

8.2 
86.3 

7.0 
41.9 

2.8 
1 9 4 
30.3 

1.0 
92.1 

129.7 

1567.8 
659.0 

237.9 

629.5 
8.2 

86.3 

7.0 
41.9 

2.8 

49.7 
1.0 

92.1 

Par t ic les 
*-,d 
d 
d 
d 
p , * , d 
&,ot , p , 

0L 
P 
3He, OL 
OL 
PC 
0L 
0L 
oC 

d, 3 H 0 

3He, <*-
9 3H 

3 He, OL 

<*,P 
3He 
d 
d 
d' 
P 

'He 

1 
o 

151.9 3974 242.5 293.3 258.3 3512.9 3512.9 
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Overall "efficiency of use", defined as hours used divided 
by hours assigned, was 3512.9/54^0.0 = 64.2>% for operating hours 
and 26l6.7/5460.0 = 47.9^ for* beam hours. For the previous years 
the corresponding numbers were 64$ and 45$. 

OPERATIONAL ACHIEVEMENTS 

Some indication of the variety of ions and ion energy re
quested by users and of our success in upping the achievable 
yields of them is given in Table IV. The beam current figures 
given in parentheses following some of the energy numbers repre
sent beam measured in the main target chamber (see Fig. 2), which 
is where targets are positioned when maximum yield of some par
ticular activity is desired and a collimated beam onto a small 
area is not required. Beam-current figures are presented only 
whore improvement over previous performance has been measured. 
Our capabilities at other energies and for other ions remain 
more or less as reported last yearc 

In addition to improved yields at th© main target chamber, 
we have achieved some degree of improvement in beam delivered 
through collimators to the big 43-inch scattering chamber used 
in quite a bit of our work. For example, when accelerating 
He-3 ions to 32 MeV we have been able to deliver as much as 
1.4 microamperes through a 1/4 inch square aperture to the 
scattering chamber target, compared with a peak of about 1.0 a 
year ago. 
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Table IV. Particle Energies & Some Maximum Currents in the 
Main Target Chamber 

6-I-69 to 5-31-70 

alpha 

12.2 MeV 
12.5 MeV 
15 
18 
20 
22 
26 
27 
28 
30 

MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 

(13 ua) 

(15 ua) 

(15 ua) 
(16 ua) 
(17 ua) 

he 

9.5 MeV 
10 
15 
2$ 

29 
30 
32 
34 
35 

MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 

£ 
3.07 
3.5 
4.0 

(9 ua) 5.0 
(18 ua) 6.0 

10 

(9 ua) 
(9 ua) 

MeV 
MeV 
MeV 
MeV 
MeV 
MeV (10 ua) 

d 
13 MeV 
6.25 MeV ( 
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IMPROVEMENTS 

Improvement projects undertaken this year fall into three 
categories: 
(i) Projects intended to improve either the reliability or 

the convenience of operation of the cyclotron, especially 
to reduce the possibilities for prolonged shutdowns for 
repairs to the accelerator. 

(ii) Projects aimed at general improvement in the utility of 
the laboratory or the accelerator for research users, 
but having no specific user in mind. 

(iii) Projects directly associated with the research of some 
particular user, often shop work which might otherwise 
have been performed in some departmental shop. 

These are reported below in groups according to these categories. 

To Improve Reliability and Convenience of Operation 
1. The shorting spider cooling-water lines were re-routed, 

and copper tubing used to replace Teflon. Formerly a coil 
of Teflon tubing was needed inside the evacuated dee-stem 
housing to allow for the changes of position of the grounding 
spider when the length of the r.f. resonant line was changed 
as part of tuning for a different ion or-acceleration energy. 
In the new arrangement copper tubing enters the vacuum system 
through the fixed-length hollow push rods by which the spider 
is moved in or out from outside. All the flexible segments 



-13-

of water tubing are now outside of the vacuum system, and 
our former troubles with internal water leaks thereby 
eliminated. 
Work has continued steadily but slowly on fabrication of 
a new section of the r.f. system which comprises the dee, 
stem, and the transition between the dee and the dee stem. 
This section has always been one of the most difficult to 
make function properly, since it handles very high r.f. 
currents, and consequently much heat must be dissipated. 
Its complicated shape and the necessity for good electrical 
contacts and adequate cooling present the engineer with a 
tough problem. The new stem is much better cooled with 
water in contact with the under side of the skin instead 
of in copper tubes soldered to the skin. The new dee 
design eliminates some internal projections and provides 
a larger beam aperture. The new unit is now about 90$ 
complete. This includes silver-plating of the "skin" 
of the dee stem for good conductivity and leak testing of 
all water paths. 
A new spare regulator circuit was constructed for the main 
magnet power supply. The original circuit was destroyed by 
a current surge through an unfused line. The offending line 
was also fused, as were corresponding lines in the trim coil 
power supplies. 
Five short-circuits to ground were located and corrected in 
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the upper coil tank of the main magnet. These proved to 
result from charring of maple insulator spacers between 
coil layers. The problem had to do with nearby metal rod 
supports which bear the weight of the coil bank and its 
tank of cooling oil. In correcting this problem, the 
distance to the nearest grounded metal was increased by 
moving the supporting rods. 
A continuous-trickle vacuum oil dryer system was constructed 
for the cooling oil of the main magnet coil system. Also 
a ground fault indicator and shut-down system was installed 
on the main magnet coil-current system. These improvements 
were outgrowths of the short-circuit difficulties reported 
above, and are intended to forestall any recurrence of 
such difficulties. 
Cooling fans were replaced in the 100 kilowatt power ampli
fier cabinet. 
A circuit for testing the one kilowatt pentodes used in the 
r.f. driver output stage and heating the filaments was built 
and put into service. The spares of this tube tend to have 
a short shelf-life because of lack of use (heating) when in 
storage. The new circuit enables testing and heating to 
improve shelf-life and avoid being caught short with in
operable spare tubes when needed. 
A new motor was installed on the drive assembly which changes 
the position of the grounding spider when retuning the 
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cyclotron for operation at some new frequency. With greater 
power, the process of moving the spider by remote control is 
now much more reliable and certain. 

9» One of the ion source filament structures was completely 
rebuilt. 

10. A rectifier bridge was constructed for the 10-volt 300-
ampere power supply for the main tetrode power supply. 

•11. A gas flow monitoring system was installed on the ion 
source gas line to facilitate duplication of optimum ioni
zation conditions for various gases. 

To Improve General Research Utility 
1. A triple relay rack was installed in the control room to 

allow for expansion. It already houses beam-tweaker power 
supplies, slit-current meters, and a closed-circuit TV beam-
spot monitor. 

2. The gas target assembly was modified to accept a solid 
target with a carrier gas circulating around it. 

3. A new main target chamber was constructed which accommodates 
all existing targetry in two removable inserts. The alter
nate insert provides a three-inch diameter fast neutron cave. 
Neutrons for bombarding targets in this cave are produced in 
a beryllium target directly in front of the cave. 

. .-4» .A .new beryllium target-probe for producing slow neutrons was 
built and installed. It receives 40 to 50 microamperes of 
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deflected deuterons onto a beryllium piece directly in 
front of the moderator mass. This target suffers no sig
nificant beam damage. 

5« A new target station was installed on the 15 tube between 
the 8 cm beam-focussing quadrupoles and the mass spectro
meter. This can be used for short-term experiments or 
irradiations which require a collimated focussed beam. 
It does not disturb the setups at other research stations. 

6. A positive-action "gate open-closed" indicator system was 
installed on the target vacuum lock gate. 

7. A beam-current integrating system with readout in micro
ampere-hours was installed. 

8. Tuning data were accumulated for proton beams through the 
range of energy 3*5 to 6.0 MeV. 

Projects In Aid Of Specific Research Experiments 
1. One of the biggest and most important additions to the 

laboratory's research capabilities came with the instal
lation of a mass spectrometer (obtained from France) at 
the end of the 15 external beam tube in the research room, 
along with a pair of magnetic quadrupoles for focussing the 
external beam to the spectrometer (see Fig. 3» lower left 
corner). This work was done by a combination of Prof. Reeder 
and his students and cyclotron personnel, and the instal
lation necessitated adapting its -connections to our existing 





Figure k 
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• •' electrical and vacuum fittings. Many parts and pieces 
were machined for the targetry and for the oven associated 
with the spectrometer. A flip-type viewing screen section 
was made and installed in the beam line upstream from the 
spectrometer. 

2. The small scattering chamber for gamma ray studies on the 
0° tube was replaced with a new design incorporating a 
radially-positionable lead shielding assembly for detectors, 
as a service to Prof. Sarantites. (See Fig. 3» upper left 
corner.) 

3» A l/5 scale model of the cyclotron magnet, once used in 
designing the three-sector main magnet poles now used, is 
being modified for use in experiments studying scattering 
in backwards directions, for Profs. Hafele and Sarantites. 
A power supply for it was modified as needed and a vacuum 
chamber for the backscattering application was designed 
and built. 

4» A special beam collimation system was built for Prof. 
Sarantites for his new annular-shaped detector of back-
scattered particles. 

OTHER EXPENSES, OTHER INCOME 
It was pointed out in the Introduction that a higher level 

of cyclotron operation has been maintained than Contract AT(11-1)-
I760 provides funds for. In this section, actual total costs of 
operation are compared with the amounts provided by the AT(11-1)-1760 
budget, and' the sources of additional funds to cover the additional 
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expenditures are outlined. Dollar numbers are given rounded off, 
and in thousands of dollars (K$). Since the contract year does 
not end until October 31» 1970, the "actual" totals involve some 
estimates. 

Budgeted in Total actually Excess spent 
Item AT(11-1)-1760 spent (est) over budget (est) 
Salaries, wages and 
indirect costs 
based on salaries, 
and fringe benefits 

Supplies, Materials, 
services 

Equipment 

Power 

109.6 K$ 

16.5 
4.0 

6.7 

125.8 K$ 16.2 K$ 

18.5 2.0 
4.0 0.0 
10.1 3 4 

136.8 K$ 1574 K$ 21.6 

The extra salary-related costs break down approximately as follows: 

Second machinist, salary 
overhead, fringe. l4»8 K$ 

Extra part-time help, as 
operators, draftsman, 
general labor. Salsry, 
overhead, fringe. 1.4 K$ 

16.2 K$ 



-19-

The sources of extra funds break down approximately as follows: 

Dr. Ter-Pogossian, Radiology 
toward cost of second machinist 8»6 K$ 

Sale of irradiation time to non-
AEC users 9.5 K$ (est.) 

Sale of shop services to users 3*5 K$ (est.) 

21.6 K$ (est.) 


