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CYCLOTRON-PRODUCED RADIOISOTOPES f I ) 

T,  A ,  But,l.er 
J .  J. P i n a j i a n  

R s tudy  of t h e  i n t e r n a l  p ro ton  beam e h a r a c t c r i s t i c s  of  t h e  
OEINL %-Inch Cyclotron has shown t h a t ,  for (p, n )  r e a c t i o n s ,  
the y i e l d  can be used as a func t ion  of beam power t o  o p t i -  
mihe product ion y i e l d s .  The method of vary ing  t h e  pro ton  
energy over  the range of 17-23 Mev i s  descr ibed .  The radial  
d i s t r i b u t i o n  ( r a d i a l  width, -1/4 i n . ) ,  bean spread (by au to-  
radiography) ,  and p e n e t r a t i o n  ( s tacked f o i l  experiments at 
6" to t h e  i n c i d e n t  beam) are examined. "he p e n e t r a t i o n  of  
;i3-l\iiev pro tons  i n  ~e / ~ e ~ ~ ( p , n ) ~ o ~ ~  -+ F G ~ ( ~ , ~ ~ ) c o " ~  + Fe58 
(p,3n)Cos6], N i  [Ni"(p,2p)C0"~ t. Ni5 '  (p,pn + p , 2 n ) ~ i " ~ - 3 6  
h r - > C ~ ~ ~ ] ~  Cu r C ~ ~ ~ ( p , n ) Z n ~ ~ ]  and Rh [RhLo3(p,n)Pd'03 and 
8h'03(p,pn)Rh"021 w a s  used t o  s tudy low energy (p,n) and h igh  
energy (p,2n) ,  (p ,pn)  o s  (p,3n)  r e a c t i o n s ,  Q t i r r l u r n  t a r g e t  
t h i ckness  w a s  0.006 i n .  for s i n g l e  nucleon evapora t ion  proc-  
esses and -0.003 i n .  for two and three nucleon evapora t ion  
p rocesses .  

INTIEUJ& BEAM CHARACTERISTICS, F'LAL? PLAT9 TARGETS 

F w  i nc reased  e f f i c i e n c y  i n  the product ion  of neu t ron -de f i c i en t  r a d i o i s o -  
t opes  i n  t h e  ORNL 86-Inch Cyclotron, it i s  desirable t o  have knowledge of  
t h e  beam c h a r a c t e r i s t i c s ,  e .  g. s p a t i a l  d i s t r i b u t i o n  (bo th  i n t e r n a l  beam 
and e x t e r n a l  beam), beam energy, and t h e  power i n p u t .  
ledge,  t a r g e t  y i e l d s  may be opt imized and. contaminat ion from o t h e r  radio- 
i so topes  minimized., I n  t h i s  r e p o r t  t h e  c h a r a c t e r i s t i c s  of t h e  i n t e r n a l  
p ro ton  beam impinging on a f la t  p l a t e  t a rge t '  i s  examined and i t s  rela- 
t i o n s h i p  t o  t h e  product ion  of r a d i o i s o t o p e s  cons idered ,  

With this know- 

Yield as a Funct ion of Beam Powt?r 

With t h e  pro tons  of -20 Mev energy, t h e  t h i c k  t a rge t  y i e l d  o f  a p a r t i c u l a r  
i s o t o p e  w i l l  i n c r e a s e  wi th  i n c r e a s i n g  p ro ton  energjr. This inc rease  i s  
due t o  the f a c t  t h a t  t h e  r e a c t i o n  c r o s s  s e c t i o n  does not drop t o  zero a € t e i  
peaking (but  decreases  t o  -10% of the  peak va lue  wi th  ac inc rease  of 3-4 
Mcv i n  pro ton  cnergy) ,  
y i e l d  would remain cons tan t  wi th  i n c r e a s i n g  pro ton  energy. 

Green a3d Martin have c a l c u l a t e d  t h i c k  t a r g e t  yie1d.s f o r  t h e  r e a c t i o n s  
Cu6"(p,n)ZnG5 and C U ~ ~ ( P ,  2n)Zn62 from e x c i t a t i o n  f u m t i o n s  measured. with 
t h e  ORNL 86-1nch Cyclotron,  

If t h e  c r o s s  s e c t i o n  were t o  drop t o  zero, t h e  

2 

The energy dependence of  t h e  y i e l d  from a 
I 

'T. A. But le r ,  Reactor- and Cyclotron-Produced Isotopes, July-October,  
O R I Y L - T M - ~ ~ ~ ,  

*F, L.  Green and J. A. Martin,  Nuclear S e i ,  and Eng:. 1, 38'7 (1960). - 
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t y p i c a l  ( ,p ,n)  react i .on i s  shown i n  Fig.  I, 
above 15 Mev i n  ZnG5 y i d d  when p l o t t e d  i n  mc/ma-hr, whereas Curve B shows 
t h a t  t h e  yield.  reaches  a peak a t  -15 Mev and then  drops when p lo t ted .  as a 
func t ion  of bea-m power on t h e  t a r g e t  e Since t a r g e t  cha rac t e r i s t i - c s  l i m i t  
t h e  tota.1. lieam which may b e  u - t i l i z e d  because of tlie power d i s s i p a t i o n  prob- 
lem, the  h p o r t a n t  cons ide ra t ion  becomes the y i e l d  p e r  kw-hr r a t h e r  than  
t h e  y i e l d  pe r  ma-hr. A t y p i c a l  (p ,2n) ,  t h i c k  t a r g e t ,  p roduct ioa  r a t e  i s  
giver? i n  Fig. 2 .  The y i e l d  p e r  kw-hr and pe r  ma-br a r e  both  s t i l l  r i s i n g  
s t e e p l y  at. 22 MeV. 
be  u t i l i z e d ,  Target  t h i ckness  tilay be optimized t o  reduce t h e  cos t  of  mate- 
r i a l s  o r  conserve m a t e r i a l s  ( e .g . ,  enr iched  i so topes  which may- be expensive 
or not  r e a d i l y  a v a i l a b l e  i n  l a r g e  q u a n t i t i e s )  as w e l l  as t o  l i m i t  t h e  pro-  
duc t ion  of  unwanted a c t i v i t i e s .  

Curve A shows t h e  slow inc rease  

Therefore,  maximum a v a i l a b l e  energy of t h e  pro tons  can 

Proton Energy Range 

I n  a f ixed-frequency cyc lo t ron ,  a simple method of bombaxding a barget a t  
a n  energy below t h e  maximum design energy i-s t o  i n s e r t  .tile t a r g e t  a t  a 
redj_as at, which t h e  d e s i r e d  energy can be obta ined .  
dees and t h e  gap betweeri t h e  po le  f aces  seve re ly  limrits e x p l o i t i n g  t h e  
technique t o  any deg?.-ee. The ORNL 86-Inch Cyclotron u t i l i z e s  a system of 
p recess ing  t h e  o r b i t  cen'cers lo ward^ t h e  t a r g e t  by in t roduc ing  a f i r s t  
harmonic i n  t h e  magnetic f i e l d .  3 

Spacing between t h e  

Auxi l ia ry  c0i.J.s (asymmetric, cu r ren t - ca r ry ing  windings on t h e  po le  t i p s  ) 
i n s t a l l e d  as p a r t  of t h e  beam. d e f l e c t i o n  system, make i.t p o s s i b l e  t..o r e -  
duce Lhe beam e n e r a  from -23 t o  -17 Mev. S tab le ,  l a r g e  beam c u r r e n t s  a r e  
more r e a d i l y  a ,va i lab le  by pushing t h e  e f f e c t i v e  beam cen te r  toward Lhe 
t a r g e t  t o  decrease t h e  energy, 

Radi a1 D i  s t r i b u t  i o  n - 
I, 

Coh.el.n-' has measured t h e  rad-ial d i s t r i b u t i o n  of RYI. i n t e r n a l  cyclo bron t a r g e t  
by mou-it4ng a s t a c k  of seventeen 1/32-in.- long carbon f o i l s  on a modifled 
windov-type t a r g e t .  Figure 3 shows t h e  t a r g e t  head, a p-oton o r b i t  which 
j u s t  misses t h e  t a r g e t ,  and- t h e  very  next  o r b i t  which would s t r i k e  t h e  tar-  
get. The measured. a c t i v i t y  was due to long- l ived  impuri-Lies i n  t h e  carbon 
and t.he 20-min a c t i v i t y  from C12(p,pn)C1'. The rad.ri.al width of t h e  i.nteriial 
beam i s  -d.l/b i n . ;  t h e  highes;-i beam i n t e n s i t y  i s  a t  t h e  t o p  o r  i m e r  pOi_tiOn 
of the t a r g e t  (:.e., i n  F ig .  4 a t  t h e  31-in.  rad.i.us r a t h e r  t han  tlie 3l-l/b-- 
i 1. r L .  -raciixs), 

Beam SDread 

In Fig" 4, a f l a t  t a r g e t  p l a t e  i s  shown tangent  t o  t h e  beam, 
b i t  i s  showi s t r i k i n g  t h e  t a r g e t  wi th  a r a d i a l  i nc rease  of  l / b - i n ,  which 
i s ,  i n  e f f e c t ,  t h e  r a d i a l  width of t h e  i n t e r n a l  beam, In a c t u a l  opera t ion ,  

The next  o r -  

2 
"Electromagnetic Research Div. Semiannual Pmgress  Report Yo:? Period 

Endifig --- March 20, 1953, ORNL-1531, (June 8, 1953). 
4B, L, Cohen, S a t i a l  D i s t r i b u z g n  of Current on an I n t e r n a l  Cyclotron 

___l_l-- 
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