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ABSTRACT 

Two n w  p o s i t r o n  a c t i v e  isotoFes,  Bg and Na20, have been found t o  decay 

i;o exc i t ed  states of Ee 8 and Ne2', which in t u r n  decaylnstanTaneouslyl '  by 

alpha emission. 

t ive ly ,  

an a-unstable  e x i t e d  s ta te  i n  C E 2 0  

20.015 r e s p e c t i v e l y ,  

same exc i t ed  state of Be8 as does LiGe 

exc i t ed  s t a t e  in C12 and Ne2O are made., 

The i r  h a l f - l i v e s  are 0.65 2 Q.1 sec,, and 1/4 sec.  respec-  

N12 i s  a l s o  f o m d  t o  have a low energy p o s i t r o n  grouy: which l e a d s  t o  

The masses of E 5  and NakG are 8..527 and 

B8 decays by a 13"7 2 0,3 Mev posi t ron,  through t h e  

Es t ima tes  of t h e  ene rg ie s  of t h e  
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Luis  E. Alvarex 

Radiat ion Laboratory, Department of Fhysics  
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In t roduct ion  

U h t i l  t h e  present  time, t h e  only known l i g h t ,  delayed alpha emitter, 

was L i 8  !" 
p a r t i c l e s , "  such a s  those  from L i  , are  c a l l e d  "long range a lpha-par t ic les . r l  

They arise from exc i t ed  states of a daughter nucleus, fol lowing a beta-decay, 

and t h e i r  real  l i f e t i m e s  are t o o  shor t  t o  be measured d i r e c t l y ,  Their  

apparent l i f e t i m e s  are those  of t h e i r  parents ,  wi th  which they  a r e  i n  

I n  t h e  terminology of c l a s s i c a l  r a d i o a c t i v i t y ,  I'delayed alpha- 

8 

equi l ibr ium, 

reason, t o  i n d i c a t e  t h a t  t h e  observed neutron a c t i v i t y  of n u c l e i  such as 

NI7,  (2) i s  not  a t r u e  neutron r a d i o a c t i v i t y ,  but r a t h e r  t h e  " instantaneousf1 

d i s i n t e g r a t i o n  of an exc i t ed  beta-decay daughter nucleus.  

and alpha-decays of t h e  delayed v a r i e t y ,  it i s  poss ib l e  t o  determine t h e  

l i f e t i m e  of t h e  a c t u a l  heavy p a r t i c l e  reac t ion ,  no t  by time measurements, 

but  i n d i r e c t l y ,  from t h e  u n c e r t a i n t y  p r inc ip l e ,  using a measurement of t h e  

energy spread of t h e  emit ted p a r t i c l e s .  

The expression "delayed neutron emitter,! '  i s  used f o r  t h e  same 

I n  both neutron 

Crane, Delsasso, Fowler and Lauri tsen,  Fhys. Rev. 47, 971 (1935) 

( 2 )  L. V.  h lvarez,  Phys. Rev. a, 1127 (1949) 
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(31 ( 4 )  (5)  ( 6 )  
L i s  has Seen inves t iga t ed  by a number of nuc lear  ph ) s i c i sz s ,  

and i t s  decay scheme Bs well understood. The b e t a  t r a n s i t i o n  i s  f i rs t  

forbidden, and leaves  t h e  Be8 daughter i n  a broad exc i ted  s t a t e  about 3.1 

MeV above t h e  ground s t a t e .  The width of t h e  s t a t e  i s  0,8 iilev, 

Descr ip t ion  of Expr imen t s  

The present  experiments were s t a r t e d  i n  an at tempt  t o  c'oserve 8.n example 

Although t h i s  process  has not  ye t  been repor ted ,  of de laysd  p r o t m  emission, 

it would be expected Trom n u c l e i  such as Nei', O U  and C s o  

Ne;ri, t he  m s z t i m s  would be 

7 -  I n  t h e  case of 

This  pir of r e a c t i o n s  i s  similar tc i  t h e  F a i r  descr ib ing  t h e  delayed neutron 

a c t i v i t y  of N:?: 

i7Nt7-b 80 17" + e- 

The 32 &lev proton beam from t h e  Berkeley l i n e a r  acce le ra to r  was used t o  

bombard a p ropor t iona l  counter f i l l e d  wi th  B1%'3* 

g ive  C99 and protons p lus  F19 could g ive  Ne170) 

'(Protons p lus  B1* could 

The l i n e a r  a c c e l e r a t o r  i s  

, 

pulsed 15 times per second, f o r  300 p sec., and t h e  propor t iona l  counter  

"c leans  apt1 i n  a f e w  mi l l i seconds  from t h e  huge b u r s t  of i o n s  formed during 

.-- 

( 3 )  D .  S ,  Eayiey and H.  R ,  Crane, Phys. Rev. 2, 604 (1937) 

Bonner, Evans, Dlialide and Risser, Fh3.s. Ecev. '"73, 815 (1548) 

(5)  3'. L a ,  Hereford, Phys. Rev. 73, 574 (1948) 

( 6 )  W, F, TIarnyak and T, L a i r i t s e n ,  Phys. Rev, 79, 160 (1?50) 
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t h e  300 p sec. pulse .  It i s  t h e r e f o r e  very convenient t o  count delayed heayy 

p a r t i c l e s  through a ga te  c i r c u i t  which e l imina te s  a l l  pu lses  during t h e  time 

t h e  counter  i s  paralyzed,  

bui ldup t o  equilibrium, and after t h e  a c c e l e r a t o r  i s  turned of f ,  through decay. 

A delayed heavy p a r t i c l e  a c t i v i t y  was observed i n  BF3, with a h a l f - l i f e  of 

about 2/3 sec. 

A c t i v i t i e s  may be followed in t h i s  manner, through 

Before g iv ing  t h e  reasons  f o r  t h e  assignment of t h i s  a c t i v i t y  t o  B8, it 

w i l l  be w e l l  t o  desc r ibe  o the r  experimental  t echniques  which were used i n  

t h e s e  i n v e s t i g a t i o n s .  Gaseous t a r g e t s  of C H 4  and Ne were a l s o  bombarded, 

and heavy p a r t i c l e  a c t i v i t i e s  were again observed i n  t h e  manner j u s t  described. 

I n  t h e  case  of BF3, coincidences between t h e  heavy p a r t i c l e s  and t h e  pos i t rons  

were de tec t ed ,  Actual ly ,  t r i p l e  coincidence techniques  were used t o  reduce 

t h e  background, 

t i o n a l  counters ;  

c idences from secondary e l e c t r o n s  of gamma-ray o r i g i n .  

were de tec t ed  i n  t h e  bombarded counter.  

measured by absorp t ion  techniques,  using t h e  t r i p l e  coincidence c i r c u i t ,  and 

f i n a l l y  comparing t h e  B8 curve wi th  t h a t  of 

method. 

a f te r  t h e  B8 curve,  

The p o s i t r o n s  were observed wi th  a p a i r  of t r a y s  of propor- 

an absorber  was placed between t h e  t r a y s  t o  e l imina te  coin- 

The a lpha -pa r t i c l e s  

The energy of t h e  B 8  pos i t rons  was 

9 ( 7 )  i n  t h e  Feather  comparison 

The N1* absorp t ion  curve was taken i n  t h e  same geometry, immediately 

E x c i t a t i o n  curves f o r  a l l  t h e  observed r e a c t i o n s  were determined, and 

t h e  v a l u e s  of t h e  th re sho lds  were measured r e l a t i v e  t o  t h e  C12(p,n)N12 

threshold ,  which was inves t iga t ed  very c a r e f u l l y  i n  t h i s  labora tory  last 

year.") The l i n e a r  a c c e l e r a t o r  beam i s  very  mono-energetic a t  a given time, 

but t h e  va lue  of t h e  energy may change by a few hundred k i l o v o l t s  from day 

(7 )  L, W. Alvarez, Phys. Rev. 1615 (1949)  



53 c l q ,  d.ependl2.g U F O ~  fhe adjustment of t h e  f i n a l  a c c e l e r a t i n g  gap'. It i s  

t h e r e f ~ e  xaportsnt  i.s have an. e a s i l y  reproducible  energy standard in t h e  

r eg ion  !:.mer ;n?restLgal;ion. The Sharp p9a t h re sho ld  f o r  %he p r o d c d f m  of 

~ ' 2  sei-\iSs ~~~~~ purpose, 

S o l i d  targe.is  of Be9, Bpo and B l l  were bombarded on a nmber  of occesions,  

and bozl- a l p h a ~ . p a ~ t i c l e s  and be ta - r ays  of s h o r t  h a l f - l i v e s  were observed. 

.klphu-part ~ c l ?  range d i s t r i b u t i o n s  were measured from s o l i d  t a r g e t s ,  using 

:a;ibz.k.;i=,rl xi-ca absztiers and a pyoport ional  counter  equipped s l t h  a t h i n  

mica windm Bs-~a r a d i a t i o n  from s o l i d  t a r g e t s  was d e t e c t e d  bj  2 pair  of 

proport i,2!nal :cIwT;ers in coincidence, and i n  some exreriments,  2 rnsgnetic 

c; --.,A '* w a ~  i i t e d  :.n sepa ra t e  t h e  e f f e c t s  of  p c s i t r o n s  and e l e c t r o n s ,  Th i s  

t e c h n i q e  M J ~ Z  es!ssntial i n  the s tudy of t h e  a c t i v i t i e s  from Be9, where Li 8 

an.3 Bs a r e  !!iacia d~ the  same time, 

nesr ly  equs;. half -lives, almost i d e n t i c a l  beta-ray upFer I-imits, and iden- 

t i c a l  a l ~ b ~  -partlsie s p e c t r a ,  

They have similar e x c i t a t i o n  curves, 

Boron 3 ~- 

Tht? delayed heavy p a r t i c l e s  from Bl0F3 were observed t o  have a h a l f - l i f e  

of 0,65 f 0,1 see.  Since Li' has a h a l f - l i f e  of 0.88 sec,, and since it can 

it pas -C'irst necessary t o  show t h a t  t h e  observed a c t i v i t y  wes not due t o  

L i  8 The energet ie  t h r e s h o l d  f o r  t h e  (p,3p)  r e a c t i o p  i s  2 5 - q  iiie.i, 'out t h e  

ocservad ThreshDLci f o r  ',he delayed heavy p a r t i c l e s  was f o m d  t:~ be 2102 MeV, 

If one i r?as  nof bel leve t h a t  t h e  t r i - p r o t o n  i s  a s r a b i e  nucleus a i t h  a bind- 

ing energy pf a:, l e a s t  406 MeV, t h e s e  e n e r g e t i c  dhta i n d l c a t a  thaLS t h e  

acti:Ti-ty :annot 52 due ' i o  L i Y ,  and must be from some unknown i w t o p e ,  3ne 
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would then  t e n t a t i v e l y  a s s ign  t h e  a c t i v i t y  e i t h e r  t o  B* or C 9 .  hssuming t h e  

r e a c t i o n s  t o  be 

BIO (p, 2n) C9 o r  BIO (p, p9 2111 B8 

one c a l c u l a t e s  t h e  masses t o  be 

C9 = 9,0270 or  B8 = 8.0189 

Barkas (8) estimate of t h e  mass of C 9  i s  9.036. Although h i s  mass 

es t imates  have proved t o  be very  r e l i a b l e ,  t h e r e  a r e  no known n u c l e i  with 

t h r e e  more pro tons  than  neutrons,  so  t h e r e  i s  no way t o  evaluate  t h e  accu- 

r acy  of h i s  e s t ima tes  s o  fa r  from t h e  reg ion  of s t a b i l i t y .  It was hard  t o  

be l i eve  t h a t  t h e  mass of B8 would be 5.7 lVIev l i g h t e r  than t h a t  of Li8,  

(8.02502) i n  view of i t s  g r e a t e r  Coulomb energy. For t h i s  reason, it was a t  

f i r s t  f e l t  t h a t  t h e  a c t i v i t y  was probebly C9- But i f  one assumes t h e  reac-  

t i o n  t o  be  

BIO ( p9 H3 ) B89 

t h e  mass of B8 would be 8.0279, 

ene rge t i c  arguments, but  it i s  h igher  thzn  i s  allowed by t h e  proton s t a b i l i t y  

of t h e  a c t i v e  nucleus.  B8 must be l i g h t e r  than  t h e  sum of Be7 p lus  a proton, 

which i s  8.0273 mass units, The discrepancy between t h i s  upper l i m i t  and t h e  

mass ca l cu la t ed  from t h e  th re sho ld  energy can be a t t r i b u t e d  t o  t h e  b a r r i e r  

effect .  I n  o the r  words, t h e  observed th re sho ld  f o r  a (p9H3) r e a c t i o n  must 

be g r e a t e r  than  t h e  ene rge t i c  th reshold .  

Panofsky and P h i l l i p s  i n  t h e  C1*(p,d)Cl1 r eac t ion ,  where the  masses of a l l  

t h e  r e a c t i n g  atoms a r e  known. 

about 0,5 Mev h igher  than t h e  ca l cu la t ed  ene rge t i c  threshold.  

would t ake  only a 0-6  Mev s h i f t  i n  t h e  experimental  threshold f o r  t h e  

Th i s  i s  a more reascnable  value from simple 

Th i s  e f f e c t  was observed by 

They found t h a t  t h e  observed threshold  was 

Since it 

( 8 )  W. Barkas, Phys, Rev. z, 691 (1939) 



-i q . 
3"";g,T:B' r~:z;3<;ioo, t o  make 38 str=ble a g a i n s t  proton l o s s ,  it wX11 be assumed 

frm ngw 03, tuba+, t h e  m s s  of' Ei5 i s  almost e q u d  t o  its m a x F m u n i  s t a b l e  value 

S eoQ2730  Ir, - T I ~ K  of The x r x e r t a l n t i e s  or' t h e  actual t h re sho ld  and t h e  

s-lrmg ej iden\ce ;hat  tha n37.v a c t i v i t y  is B ti , no o t h e r  view could s e r i o u s l y  

be taken, ( E ~ k a s ~  e s t ima te  of t h e  mass of BS i s  5,027.) 

There are ssveral  ways of e l imina t ing  C 9  from cons ide ra t ion ,  I n  t h e  

first Dlace, tie maximum p o s s i b l e  rositron energy it could have ( i f  i t s  mass 

I 1.; 83c,ilt 'E7 I Y h ;  E n  the  second place,  it, could not be produced 

t " m m  Es", -NhilP 3* c m i d  be s o  produced, 

fol lowed,  and C 9  was shown 50 Foe ru l ed  out by both of them. 

Both of t h e s e  l i n e s  of a t t a c k  were 

Ths p s i i r o n s  i n  coincidencc with t h e  heavy p r t > i c l e s  were f o m d  by t h e  

r'ea?;%r?r csmparison method t o  have an urper  l i m i t  of 13.9 2 <3 Mev, thereby 
0 rulXng OUT: C' qi':.h c e r h i i n t y ,  T h i s  upper l i m i t  energy checks c l o s e l y  with 

t h e  77aIue c:alculat.ed from t h e  m i s s  of B 8 i f  one assumes t h a t  t h e  a.lpha- 

par*,icles come f i - f i m  t h e  same a t a t e  of Be8 as those  fol lQwing t h e  decay of 

Li 8 The calcuiat .ed upper 'Inmix i s  14 " 0  Nlev, The abso rp t ion  cwve of t h e  

s lpha -pa r s i c i e s ,  as menmred from a solid, t h i c k  t a r g e t  of BIO, was i n  

a g r e m e n t  with t h a t  c a l c u l a t e d  from t h e  known Li '  spectrum. 

t h e  view a t  t h e  xime exc i t ed  s t a t e  of %et3 i s  r e s p o n s i b l e  f o r  t h e  delayed 

a l p h a - p a r t i c l e s  f r s m  both L i s  and a', The measured energy of t h e  p o s i t r o n s  

i s  another  i n d i c n t i o n  t ha t  t h e  observed heavy p a r t i c l e s  are a l p h a - p a r t i c l e s  

with t h e  same energy d i s t r f b u t i o n  as 'chose fol lowing t h e  L i 8  b e t a  t r a n s i -  

t i o n  

Th i s  confirms 

There i s  experimental  evidence t o  support  t h e  t h e o r e t i c a l  view t h a t  t h e  

,gow.d 3 5 2 ' ~ ~  of pairs Qf Y t m j r f x  nude!-v1 have t h e  same spectroscopic  char- 

ac-F,er S x ? e  Li8 and E3 4 h376 t h e  s m e  forbidden v a l u e  of f t  f o r  t h e i r  be t a  

de:ays, - r J x l d  be 7ery swpr:s'ing i f  they did n o t  decay t o  t h e  same s ta te  
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8 i n  Bego The two measurements of t h e  E a l p h a - ~ a r t i c i e  energy ( d i r e c t ,  and 

by s u b t r a c t i o n  of t h e  P-energy from t h e  mass d i f f e r e n c e )  support  t h i s  view. 

The f i rs t  at tempts  t o  produce t h e  0,65 sec.  a c t i v i t y  by proton k'ombard- 

ment of Be 9 were = m s u w e s s f d i n  t h a t  t h e  measured h a l f - l i f e  of t h e  observed 

b e t a - p a r t i c l e s  was always c l o s e  t o  t h e  0.88 see.  h a l f - l i f e  of L i8 .  

was f e l t  t h a t  t h e  c r o s s  s e c t i o n s  f o r  producing a p,2n r e a c t i o n  should be much 

g r e a t e r  t han  t h a t  l ead ing  t o  a p,2p r e a c t i o n  near t h e  threshold,  t h i s  obser- 

v a t i o n  was t h e  best evidence t h a t  t h e  new a c t i v i t y  was C9. 

with magnetic a n a l y s i s  of t h e  beta-rays showed t h a t  t h e  s h o r t e r  l i v e d  posi-  

t r o n s  were p resen t ,  and with t h e  c a l c u l a t e d  th re sho ld ,  

c ros s  s e c t i o n  i s  s t i l l  an unexplained f a c t ,  al though it might be r e l a t e d  t o  

t h e  almost n e g l i g i b l e  binding energy of t h e  las t  proton i n  B 

shows t h e  y i e l d  curves of p o s i t r o n s  and e l e c t r o n s  from Be9 bombarded with 

protons.  

seen without magnetic a n a l y s i s .  The mass of B8, as ca l cu la t ed  from t h e  Be9 

th re sho ld  i s  8,0264e This  is n o t  so  r e l i a b l e  a mass value as t h a t  from t h e  

BIO experiment, s i n c e  no c a l i b r a t i o n  r e l a t i v e . t o  t h e  N 1 2  t h re sho ld  was made, 

and no background r u n s  were made. 

mari ly  t o  see i f  t h e  0.65 s e c ,  a c t i v i t y  could be made from Be9 by proton 

bombardment, t he reby  r u l i n g  out  C9.  

mass are merely inaccura t e  by-products of a q u a l i t a t i v e  experiment t o  check 

t h e  i s o t o p e  assigcment,  

Since it 

Eut l a t e r  work 

The smallness  of t h e  

8 Figure  1 

It i s  apparent from t h e  curves why t h e  B8 h a l f - l i f e  could no t  be 

The purpose of t h e  experiment was p r i -  

The th re sho ld  value, and i t s  r e l a t e d  B8 

An a d d i t i o n a l  method of producing E' was found. A propor t iona l  counter 

f i l l e d  with C H 4  was bombarded with protons,  and two delayed alpha e m i t t e r s  

were observed. 

s e c t i o n ,  

t o o  weak t o  g ive  an accu ra t e  decay curve,  

One o f  t h e s e  was Nl2, as w i l l  be descr ibed i n  t h e  nex t  

The o the r  had a l i fe t ime of about 1/2 sec. ,  but t h e  a c t i v i t y  was 

( I t  i s  an i n t e r e s t i n g  exFerimenta1 



Pat,t ‘chaL w ~ t h  t h e  technique.., used i n  $ h i s  l a b c r a t o r y ,  a hal l ‘ - l i fe  i n  t h i s  

range pf t imes  i s  about t h e  mas5 d i f f i c u l t  t o  rceasure a c c i r a t e l l .  If it i s  

L O  times s h o r t e r ,  t h e  *‘moveable ga te f ’  technique can be emplsyed, ivith 15 Mev 

samples being made evsry second. Thousands of counts may ke taken a t  each 

setting of t h e  gate,  so an a c c u r a t e  decay curve may be made, as was done i n  

t h e  case of N’** If t h e  l i f e t i m e  i s  s e v e r a l  seconds, a pen r eco rde r  can be 

us& T? e x h i b i t  the  output pu l se s  of a s c a l e r ,  and. the s c a l i n g  r a t i o  may be 

-%anged ss-vera1 times during t h e  course of t h e  decay. But with a h a l f - l i f e  

a€ lc’2 sec. ,  t h e  t i xe  consumed i n  changing t h e  s c a l i n g  f a c t o r  i s  apprec iab le  

comprad i;o t h e  h a l f - l i f e .  

a value t h a t  rrjamsft t h e  pen recorde? t o  one thai;  i s  t o o  slow t c  g ive  more 

than m e  r o m t  pe r  h a l f - l i f e ,  Th i s  i s  of course not a fundamental d i f f i c u l t y ,  

but 3 ~ 9  which depends upon t h e  a v a i l a b l e  techniques.)  

a c t i o i t y  frm GHA was a l s o  B 

a l t e r e d  by anything l e a s  thar, a very ex tens ive  program of ha l f - l i f e  measure- 

men;, 

50 percen t )  t h e  th re sho ld  f o r -  t h e  r e a c t i o n ,  which was assumed t o  be 

C12(p,na)B8y agreed c l o s e l y  wi th  t h a t  c a l c u l a t e d  from t h e  p rev ious ly  meas- 

ured va lue  of BB0 

The counting r a t e  then changes t o o  r a F i d l y  from 

The evidence t h a t  t h e  
* 8 was SO s t r o n g  t h a t  it could no t  have been 

I n  a d d i t i o n  t o  t h e  approximate h a l f - l i f e  (which could n c t  be o f f  by 

The observed t h r e s h o l d  was about 30 Mev. A simple calcu- 

l a t i o n  us ing  t h i s  t h re sho ld  shows t h e  mass of E8 t o  be 8.029. The inc rease  

i n  aFFarent t h r e s h o l d  d w  t o  bar r ie r  e l f e c t  w i l l  be g r e a t e r  i n  t h i s  r e a c t i o n  

than i n  t h e  p,T r e a c t i o n  on B I o 9  s i n c e  an a l p h a - p a r t i c l e  has  to come out. 

a d d i t i o n  it hhs been found thac observed t h r e s h o l d s  a r e  higher t han  t r u e  

s h r e s h d d s  when t h e  a c t i v i t i e s  are weak, Since t h e  th re sho ld  i s  almost a t  

max-im;ur, energy of t h e  l i n e a r  a c c e l e r a t o r ,  it was impossible t o  e x t r a p o l a t e  

the y-eld carve t o  zero y i e l d ,  For those  t w o  reasons,  it i s  bel ieved t h a t  

t h e  sbzerved 5hreshold is of t h e  order  of 2 Mev g r e a t e r  than t h e  e n e r g e t i c  

I n  
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threshold .  

Mev, s o  t h e  va lue  l i s t e d  i s  - 8.027. 

t h a t  t h e  a s s ignmnto f  t h e  new a c t i v i t y  t o  B8 i s  c o r r e c t  are summarized below. 

I n  t h e  fol lowing t a b l e ,  t h e  value of 6,029 has  been reduced by 2 

The ene rge t i c  arguments f o r  be l iev ing  

Calcula ted  Mass of 

From BIO + p t h re sho ld  

From Be9 + p th reshold  

From C12 + p th reshold  

From Barkas ( theory)  

From proton s t a b i l i t y  

B* 

8.027 

8.026 

4 8.027 

E:. 027 

8.0273 

c 9  

9.027 

Impossible 

- 9e014 

9.036 

'9.035 

Addi t iona l  ene rge t i c  arguments can be used t o  show t h a t  no o ther  poss ib le  

nucleus could have t h e  a lpha  and pos i t ron  energ ies  measured. This  may be 

apprec ia ted  by not ing  t h a t  i f  o ther  heavy p a r t i c l e s  are emit ted i n  t h e  p r i -  

mary r eac t ions ,  energy is  requ i r ed  (of t h e  order of magnitude of binding 

energy), and t h i s  would have t o  be a t  t h e  expense of t h e  decay energies ,  

s ince  t h e  threshold  i s  f i x e d  experimentally.  The i so tope  assigment i s  
I -  

t h e r e f o r e  q u i t e . d e f i n i t e ,  a l though no chemical i d e n t i f i c a t i o n  was poss ib le .  

Nitrogen 12 

m e n  C H 4  was bombarded by protons,  two delayed heavy p a r t i c l e  emitters 

were observed. One of t h e s e  was shown i n  t h e  l a s t  s ec t ion  t o  be B8. The 

second group of heavi ly  ion iz ing  p a r t i c l e s  had a measured h a l f - l i f e  of 0.013 

- + .001 sec. The h a l f - l i f e  of t h e  pos i t rons  f rom N12, as measured by t h e  

same "delayed ga te"  equipment, was 0,0125 sec.  The th re sho ld  f o r  t h e  pro- 

duct ion of  heavy p a r t i c l e s  was t h e  same as t h a t  prev ious ly  found f o r  t he  N12 

pos i t rons .  The coincidence of h a l f - l i f e  and threshold,  makes it q u i t e  cer-  

t a i n  t h a t  N12 may decay i n  e i t h e r  of t h e  fol lowing two ways: 



(9)  ape:: E?-? by  3prcyak and Lai i r i tsen appeared. These i n v e s t i g a t o r s  show 

t17zi-c. a K v z ~ ~  p l o t  ?f -:he !312 be ta - r ay  spectrum can be pesolved i n t o  t h r e e  

s, vi.?.h m d  points at 13c,49 6.3 and 2 RAev, Within t h e  accuracy of 

- .  F:.,.oJ; F Z S ~ ~ U L ~ O ~ . ,  t he  e x c i t e d  s ta te  of C I 2  t o  which t h e  6.3 Mev 

b e h - r u ?  :eztis bas -the sa.me mass as Be8 f Xe4” T h i s  s t a t e  t h e r e f o r e  cannot 

:11e for- T.he hezirily i o n i z i n g  p a r t i c l e s  observed in. t h e  NI2 bFanch- 

ins ,  a3 ! i s 5  Je:ay by e m i t t i n g  e i t h e r  gamma-rqs w very low energy alpha- 

,-- p 3 r  - .- ,.: 2-5 :,empting t o  i d e n t i f y  t h e  a l r h a - p r t i c l e s  seen i n  t h e  ~ 1 2  

kranc3Ir:g ’3.5 x - i s x g  ikom t h e  decay of t h e  higher  exc i t ed  s t a t e  of C 12 

postulated iiornyak and L a i r i t s e n  t o  e x p l a i n  t h e  lowest energy component 

of tke BI2%,  This  state should l e a d  t o  t h r e e  a l p h a - p a r t i c l e s  with a t o t a l  

eilargy of ab;>ui; 4 .$lev. 

t h e  CEi f i l l e d  p ropor t iona l  coun te r s ,  A lpha -pa r t i c l e s  from t h e  lower ex- 

ci-r;ed s-srte of C a 2  could q D t  have been d e t e c t e d  above t h e  gamma-ray back- 

Th i s  i s  c o n s i s t e n t  with t h e  pulse  he igh t  observed i n  

ground” I n  the  ~ ~ S C U S S ~ Q L  so far ,  it has  been t a c i t l y  assumed t h a t  t h e  

o k s e x e d  hesvy par-bides  are a l p h a - p r t i c l e s ,  It may e a s i l y  be shown from 

t h e  measured mass of N12, t h a t  t h e r e  i3 i n s u f f i c i e n t  energy a v a i l a b l e  f o r  

any rJ:her knmn partid-e, such as a proton or  an He3 nucleus t o  be emitted.  

It i s  :’nerefure considered e s t a l l l i shed  tha t  -tine delayed heavy p a r t i c l e s  a r e  

aiphas 



UC RL -73 9 
Page l4 

It would be i n t e r e s t i n g  t o  make an accura te  determinat ion of t h e  shape 

of t h e  N12 b e t a  spectrum t o  see i f  t h r e e  components e x i s t .  (So f a r  only t h e  

uI;.per limit of  t h e  h ighes t  energy group i s  known.) 

ideas,  t h e  same groups should be observed from B12 and N120 

groups which could be de t ec t ed  by t h e  methods employed have shown up, s o  t h e  

According t o  present  

Both of t h e  

results s o  far are i n  agreement with t h e  theory t h a t  t h e  mirror n u c l e i  a r e  

i d e n t i c a l  i n  so  f a r  as t h e i r  ground s t a t e s  a r e  concerned. 
i 

Lauritsenls t a b l e  of nuc lear  energy states (lo) shows no exc i ted  s t a t e  

12 of CI2 a t  t h e  energy r equ i r ed  t o  explziin t h e  lowest energy group of B 

beta-rays,  and presumably t h e  N l 2  delayed a lpha -Fa r t i c l e s .  

lowest t a b u l a t e d  exc i t ed  s t a t e  of 

MeV. Th i s  i s  no t  t o o  unexpected, s ince  t h e  exc i t ed  s ta te  of Be which gives  

t h e  delayed a9 s from L i 8  and B 

I n  f a c t ,  t h e  

which l e a d s  t o  a-emission i s  a t  16.1 

8 

8 i s  observed i n  no o ther  r eac t ions .  There 

must be many h igh ly  exc i t ed  s ta tes  of t h e  simple n u c l e i  which have n o t  ye t  

been observed, s i n c e  t h e  d e n s i t y  of observed states does not  increase  

markedly wi th  energy, as t h e  Bohr theory r equ i r e s .  

Sodium 20 

A propor t iona l  counter  f i l l e d  with neon was bombarded with protons,  and 

a new delayed heavy p a r t i c l e  a c t i v i t y  was found. The h a l f - l i f e  i s  approxi- 

mately 1/4 sec., and t h e  cross  sec t ion  f o r  t h e  product ion of t h e  heav i ly  

ion iz ing  p a r t i c l e s  i s  a t  l ea s t  a hundred t imes g r e a t e r  than t h a t  f o r  t h e  two 

previously descr ibed  a c t i v i t i e s .  The obvious assignment of t h i s  a c t i v i t y  

i s  t o  Na2O, s i nce  it i s  a member of t h e  s e r i e s  Z = 2n + 1, A = 4n. I n  t h i s  

series, we have: 

n = 2, B8, a delayed a -emi t t e r ;  

f o r  n = 1, Li4, which i s  almost c e r t a i n l y  unstable;  

f o r  n = 3, N l 2 ,  a delayed 3-emit ter ;  

f o r  

f o r  

(lo) T .  Laur i t sen ,  Nat iona l  Research Council Prel iminary Report No, 5 (1949) 



- ,  
n = &, F"'"oj a nurlkus which xs alms': :ex-Ltainly p r o t m  uns'tab1e (high energy 

p r Q t m  hombardmenx of L37L6 y4 eLds no short- l ived,  high energy Fos i t rons )  . It 

is  t h e r e f o r e  reasonable  r,a a s s m e  t h a t  t h e  114 sec .  ac tPg i t$  is Na2' (n = 5 

i n  the  . ;er i?s) ,  prodxced m a p,n r s a e t i m  cm 

r e a c t i o n  Bs 16,9 i k v ,  

:orre2-:, :,s X93,0152, Bsrkas  p r e d i c t s  a va lue  of' 10,0163, 2nd t h e  h ighes t  

nass -JYhirh a WaZ9 a t m  could. haye and be stable against proton ernission fs 

23,CL-<Ci? 

The th re sho ld  f o r  t h e  

The mass of ?!Is2O9 asslming that,  -6he assignment is 

The p red ic s ix i s  zJf Bar.kaa #on t h e  masses of t h e  s e r i e s  Z = 2n f 1, 

k :: 4n ara all 50 c h J e  t r j  t h e  l i i n i t  of proton s t a b i l i t y  that Barkas could 

not, say nrh-.t.har o r  QO:: they vould 38 s t a b l e ,  

By>) Y L Z I  m d  N920 are  j1~s-c s '~ab le ,  while  PI6 1s jxst unstableo 

1% appea's e s p e r i a e n t a l l y  t h a t  

After  116ting %hat  Na2' IS B reasonable assignment of t h e  a c t i v i t y ,  it 

is n$c.-:ssnsy Lo i n q d r e  if R L ~  ohher iso-cope could equa l ly  w e l l  fill t h e  

b i l l ,  

be l i g r? t a r  5han He199 and sa it and a l l  l i g h t e r  2:30topes of Na me r u l e d  

mt. N+-'  Fs ~ O W A  +,a h m e  a h a l f - l i f e  of 23 s e e ,  All l i g h t e r  Ne i so topes  

PT'T : -~~)  p r d u s e d  i n  a ??2n  reaczisn with the observed threshold,  mould 

?r3 

produced ELL t h e  obssrqreci t h r e s h o l d  would be l i g h t e r  than t h e  known i so topes  

i n t o  which t h e y  would have t o  decay, and are t h e r e f o r e  r u l e d  ou t ,  The same 

is t r u e  fo r  a l l  unknown i s o t o p e s  of elements 7,vith Z less than  10, These 

e n e r g e t i c  arguments complete t h e  i d e n t i f i c a t i o n  of t h e  I/.$ see, a c t i v i t y  as 

N2-0" 

By t h e  e n e r g e t i c  arguments used i n  t h e  ease of N I 2 ,  a t  is p o s s i b l e  t o  

shsw t h a t  t h e  observed hes-77 p a r t i c l e a  from NaLo a r e  d . p h a - p r t l C l e S ,  

then possj-ble xo Se i ;  l i m i t s  on t h e  height  of t h e  exc i t ed  s-cate m Ne , 
mhich decyvrs in-63 an a=par-tfcle p l u s  an  9" nuc leus ,  

HaL and @I6 is 20,0339, acd the  mass a€ he2' 1s 19.99897. 

c i t e d  stace of 

It i s  

20 

The eomtined mass of 

The lowest ex- 

which c m l d  g ive  rise 'ts sn a-pxetlcle, IS then 4.8 Mlev 
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above t h e  ground s t a t e .  The h ighes t  s t a t e  of Ne20 which could be reached 

from Na20 (by a p o s i t r o n  of ze ro  energy), i s  14.3 Mev above t h e  ground ,state. 

The l i m i t s  can be pushed t o g e t h e r  from both d i r e c t i o n s  by t h e  fol lowing 

arguments, The h e i g h t s  of t h e  a - p a r t i c l e  pu l se s  ind ica t ed  t h a t  t h e  energy 

r e l e a s e  was g r e a t e r  t han  2 BIIev. 

t h a t  t h e  windows of t h e  p ropor t iona l  counter were t o o  t h i c k  t o  allow C a l i -  

b r a t i n g  a - p a r t i c l e s  t o  be introduced,  

limit on t h e  e x c i t e d  s ta te  t o  6,b MeV.  The i n t e n s i t y  of t h e  a - p a r t i c l e s  was 

so g r e a t  t h a t  it i s  v e r y  improbable t h a t  t h e  p o s i t r o n  branching r a t i o  t o  t h e  

e x c i t e d  s ta te  of Ne20 i s  l e s s  than 5 pe rcen t .  T h i s  would make t h e  e f f e c t i v e  

h a l f - l i f e  f o r  t h e  t r a n s i t i o n  less than  5 sec, ,  o r  t h e  posi t ron energy g r e a t e r  

than 3 . 5  MeV. 

Th i s  i s  qual i ta tLve,  in view of t h e  fac t  

, . ,.,.-.- 
We w i l l  t h e r e f o r e  r a i s e  t h e  lower 

These cons ide ra t ions  lower t h e  maximum height  of t h e  e x c i t e d  

s t a t e  of Ne20 t o  10.8 Mev, 

t h e  e x c i t e d  s t a t e  of NeZO is between 6,8 and 10.8 Mev above t h e  ground s t a t e ,  

It seems r e l a t i v e l y  sa fe ,  then, t o  conclude t h a t  

It should be poss ib l e  t o  measure t h e  h e i g h t s  of t h e  exc i t ed  l e v e l s  i n  

both GI2 and Ne20 i n  e i t h e r  of two ways. 

t r o n s  i n  coincidence with t h e  a l p h a - p a r t i c l e s  would give t h e  necessary in fo r -  

An a t s o r p t i o n  curve of t h e  posi-  

mation, and so  would a pu l se  he igh t  a n a l y s i s  of t h e  a lpha -pa r t i c l e s .  

energy d i s t r i b u t i o n  of t h e  a l p h a - F a r t i c l e s  w a s  observed t o  be broad, by 

The 

inspec t ion  c;f t h e  cathode-ray tube  display,  but  no  accu ra t e  measurements were 

poss ib l e  i n  t h e  absence of a good c a l i b r a t i o n ,  

t r o n s  i n  coincidence with t h e  N l 2  and Na2' a l p h a - p a r t i c l e s .  A low i n t e n s i t y  

of r e l a t i v e l y  s o f t  p o s i t r o n s  was found from ,Y129 b u t  i n  the case of Na2', no 

convincing proof of t h e  ex i s t ence  of p o s i t r o n s  was found. This  shows t h a t  

most of t h e  Na*O p o s i t r o n s  t o  Ne20" were no t  e n e r g e t i c  enough t o  p e n e t r a t e  

t h e  b r a s s  wa l l s  of  t h e  counter, and would i n d i c z t e  t h a t  t h e  exc i t ed  l e v e l  i s  

somewhat h ighe r  t han  t h e  lower l i m i t  of 6,8 Mev quoted i n  t h e  las t  paragraph. 

A search was made f o r  posi-  

It is  i n t e r e s t i n g  t o  no te  t h a t  F20, t h e  mirror  image of Ne20, does not  



combine i n  a be-ca t r a n s i t m n  viith t h e  ground s t a t e  of 

tude of t h e  bTancki'ing r a t i o  i n  Ne2*, it i s  apparent t h h t  t h e  t r a n s i t i o n  

between the gromd states of Na2' and Ne2' i s  a l s o  no t  an allowed one. 

From t h e  magni- 

The la tes t  i so tope  c h a r t  i s sued  by t h e  General E l e c t r i c  company shows a 

3 see ,  p o s i t r o n  a c t i v i t y  ass igned t o  N a 2 * *  

c e r t a i n ;  one of s e v e r a l  p o s s i b l e  mass numbers) Dr. J .  R* Steho, who pre- 

pared the chart ,  h a s  t o l d  t h e  author  t h a t  t h e  3 see .  assignment i s  unwar- 

ranted, and t h a t  the present, i d e n t i f i c a t i o n  w i l l  r e p l a c e  it i n  h i s  next  

e d i t i o n ,  

The c l a s s i f i c a t i o n  i s  'ICtr (element 

Intar2re-Lat io2 of ftHarnmer Tracks" 

Comic-ray observers  have found many examples of "s ta rs f1  i n  photographic 

emulsions, d i i c h  ha-re !'hammer prongs. 11 A h e a v i l y  i o n i z i n g  t r a c k  i s  observed 

t o  leave t h e  sxploding n u c l m s ,  and a t  t h e  end of t h e  t r a c k  appear a p a i r  of 

heavy prongs of equa l  range, but o p p s i t e  d i r e c t i o n .  

assurned t h a t  such harmer t r a c k s  are L i 8  nuclei, and t h a t  t h e  heads of t h e  

hammers are  fcrmed 5y t h e  r e s u l t i n g  p a i r s  of a l p h a - p a r t i c l e s .  

It has  always been 

The l e n g t h s  

gf t h e  hammer heads a r e  i n  agreement with t h i s  assumI;tion. 

h a s  been found t h a t  B6 g i v e s  delayed a l F h a - y a r t i c l e s  w i th  t h e  same range 

distribufiion., t h i s  s t r i c t  i n t e r p r e t a t i o n  of hammer t r a c k s  can no longer  be 

But now t h a t  it 

made, 

a c t u a l l y  di_ze t o  L i 8  and n o t  t o  B89 s i n c e  t h e i r  lower charge would allow them 

But it is probably t r u e  t h a t  most of t h e  observed hammer t r a c k s  are 

t o  escape more eas i ly ,  

The author  wishes t o  thank t h e  l i n e a r  a c c e l e r a t o r  crew and i t s  ch ie f  

operator ,  &,, Robert Watt, f o r  va luab le  a s s i s t a n c e  i n  t h e  course of t h e  

exper imen s L) 

This  work @as su rpor t ed  by t h e  Atomic Energy Commission. 

Inf orrnatiaa3 Div i s ion  
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