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Tab le  1  / con t inued /  

The expe r imen ta l  t e c h n i q u e s  used i n  t h e  p r e s e n t  

s t u d y  a r e  e s s e n t i a l 1 7  t h o s e  d e s c r i b e d  i n  I. T a r g e t  s t a c k s  

c o n s i s t e d  of  t h r e e  35 mg/crn2 t h k k  go ld  f o i l s :  t h e  o u t e r s  

were used f o r  r e c o i l  l o s s  compensat ion,  t h e  middle waa 

a n a l y z e e .  The t a r g e t  f o i l s  were enc losed  i n  Mylar c a t c h e r s  

17.5  mg/cm2 t h i c k .  The i nduced  2 4 ~ a  a c t i v i t y  i n  t h e  A l - f o i l  

o f  t h i c k n e s s  20 mg/cm2 / su r rounded  by gua rd  f o i l a  o f  t h e  

same t h i c k n e s s e s /  was used  t o  c a l c u l a t e  beam f l u x .  The 

t a r g e t  s t a c k s ,  p o s i t i o n e d  s o  t h a t  t h e  beam passed  through 

t h e  c e n t r e ,  were exposed t o  3.65 AGeV "c-ion and p r o t o n  

beams w i t h  a t o t a l  i n t e n s i t y  o f  a b o u t  8 . 4 ~ 1 0 "  and 2.1x1913, 

r e s p e c t i v e l y .  The moc i io r s ,  c a t c h e r s  and t a r g e t  f o i l s  from 

a g i v e n  i r r a d i a t i o n  x e r e  a s s a y e d  by o f f - l i n e  gamma c o u n t i n g  

unde r  i d e n t i c a l  geometry on h i g h  r e s o l u t i o n  Ge/Li/ spec t ro -  

me te r s .  S p e c t r a  were a n a l y z e d  w i t h  a computer program 

S A M P O / ~ / .  Rad ionuc l ides  i d e n t i f i e d  on t h e  b a s i s  o f  gamma- 

r a y  e n e r g i e s ,  h a l f - l i v e s  a n d  f r a c t i o n a l  abundances  a r e  

g i v e n  i n  Table  1. 

Table  1  Re levan t  p r o p e r t i e s  o f  t h e  measured n u c l i d e s  
........................................................ 

Half-live R a d i a t i o n  F r a c t i o n a l  
Nucl ide  measured abundance 

-------- ---------- --------- Lk-e_vL ------------ I%/ ------ --- 

___________---__-__------------------------------------- 
Half-live R a d i a t i o n  F r a c t i o n a l  

Nucl ide  measured abundance 



Table  1  / con t inued /  ........................................................ 
Half-live R a d i a t i o n  . F r a c t i o n a l  t i u= l ide  measured abundance 

/keV/ /%/ ........................................................ 

8 4 ~ b  32.87d 882 67.8 
83 Rb 86.2 d 520 46.0 

7 5 ~ e  119.8 d 265 59.1 
136 59.0 

7 4 ~ s  17.78d 596 60.3 

6 5 ~ n  244.1 d  11 1 5  50.7 

5 9 ~ e  44.5 h 1099 56.5 

541uln 312.5 d  83 9  1  00 

4 8 ~  15.97 d  984 100 

48Sc 43.7 h  1038 97.5 

4 6 ~ c  83.83d 88 9  100 
I 

4 4 ~ c m  2.44 d  272 86.8 

I 28h3 20.9 h  1779 100 

2 4 ~ a  15.02h 1369 100 
___-___________--__-----_------------------------------- 

3. RESULTS AND DISCUSSION 

The measured n u c l i d i c  f o r m a t i o n  c r o s s  s e c t i o n s  a r e  

r e p o r t e d  i n  Table  2. A s  d i s c u s s e d  i n  I. t h e  e r r o r e  a s s i g n e d  

t o  t h e  c r o s e  s e c t i o n  v a l u e s  a r e  based  on t h o s e  o f  coun t ing  

statistics. d e t e c t o r  e f f i c i e n c i e e  and t a r g e t  t h i c k n e s s e s ;  

a s y s t e m a t i c  e r r o r  of  a b o u t  1596 co r re spond ing  t o  t h e  beam 

f l u x  mon i to r  is  n o t  i nc luded .  

4 

Tab le  2  N u c l i d i c  f o r x i t i o n  . c r o s s  s e c t i o n s  of t a r g e t  
r e s i d u e s  i n  t h e  r e a c t i o n s  of  1 9 7 ~ u  w i t h  3.65 
AGeV 12c- ions  and  p ro tons .  A s  u s u a l l y ,  aymbols 
I and C  a r e  used f o r  i ndependen t  and cumula t ive  
y i e l d a ,  r e s p e c t i v e l y .  ........................................................ 

Product TY~:e;: Bp f..l S; Zc [..I 
........................................................ 

I 9 8 ~ u  C  190225 

9 4 ~ u  I 66213 

'~OI, c 4&9 

le3Re C  21.022.9 55210 

7 5 ~ f  C 1 7 . 9 2 - 3  3  728 

173Hf C 3327 

' 7%f C  14.822.4 4227 



Table 2 /continued/ 
- -  -- - - 

h o d u c t  mpe Of y i e l d  

Both s e t s  of r e s u l t s  were examined by the  f i t t i n g  

procedure ou t l ined  i n  r e f .  / lo / .  The n u c l i d i c  fogmation 

c r o s s  s e c t i o n s  ~ / ( A . z ) ,  d iv ided  i n t o  s i x  groups according 

t o  mass number, were parametr ized by 

w i t h  a  l i n e a r  dependence of Z on A .  The cumulative c ross  
P . . 

s e c t i o n s  were cor rec ted  f o r  p recursor  be ta  decay/''/ and 

no i somer ic  s t a t e s  were included.  The two Gaussian para- 

mete rs  t h a t  spec i fy  the  width C, and t h e  c e n t e r  Zp(A) of 

t h e  charge d i s t r i b u t i o n s  were f i t t e d  t o  t h e  measured d a t a  

o v e r  l i m i t e d  mass reg ion  by t h e  f i t t i n g  program ROLSM/'~/ .  

The charge-dispersion parameters  C, and Z f o r  a  given mass 
P 

r e g i o n  a r e  given i n  Table 3. With the  except ion of mass range 
. .. 

83 f A  6 9 6  f o r  proton-induced r e a c t i o n s ,  the  parameters 

d e s c r i b i n g  the  charge d i s t r i b u t i o n  f o r  a  given group a r e  

n e a r l y  t h e  same f o r  every experiment. The r e s u l t s  of t h i s  

f i t t i n g  3rocedure can be seen  i n  Pigs.1 and 2, where charge- 

d i s p e r s i o n  curves / f r a c t i o n a l  i s o b a r i c  y i e l d s  p l o t t e d  ver- 

B U S  Z -2 values/  of t a r g e t  r e s i d u e s  i n  12c- and proton- 
P 

induced r e a c t i o n s  on lg7*u a r e  displayed.  The f r a c t i o n a l  

i s o b a r i c  y i e l d s  from t h e  r e a c t i o n s  of 12c p r o j e c t i l e s  and 

p r o t o n s  w i t h  lg7Au a r e  found t o  l i e  a long  t h e  same charge- 

d i s p e r s i o n  curves showtag some d i f f e r e n c e s  i n  mass reg ion  

where f i s s i o n  fragments a r e  p resen t .  

!l!able 3 Charge-dispersion parameters  

Mass 
reg ion  z~ 

Mass 
reg ion  'z z~ .--__-_---_---_-_----------- 1 



0.01 
0 - 2  -2  

Zp-Z ZP-z Zp-Z 

Fig.1. The charge-dispersion curves of t a r g e t  r e a i d u e s  

formed i n  t h e  r e a c t i o n 8  of  3.65 GeV pro tons  with lg7Au. 

0.0'1 

zp- z Zp- z Zp- z 
Pig.2. The charge-dispersion curves of t a r g e t  rea idues  
formed i n  the r e a c t i o n s  of  3.65 AGeV 12C-ions with "'Au. 

The mass y i e l d  curves,  based on t h e  s e t  of  a p p r o p r i a t e  

charge-disperaion parameters  /Table 3/ and the  assumption 

of Gaussian charge dispersion a r e  shown i n  Fig.3. Aa expec- 

t e d ,  both 1 2 ~ + 1 9 7 ~ u  and p+197~u mass-yield curves increase  

sharp ly  wi th  increasing -4 f o r  the  near - ta rge t  products. 

The s i m i l a r i t y  between both maas-yield d i s t r i b u t i o n s  i s  

evident .  The i n t e g r a t i o n  of  the mass-yield curves over mass 

number g i v e a  t h e  c r o a s  s e c t i o n  f o r  the product ion of  t a r g e t  

res idues ,  s T R . 0 u r  i n t e g r a t i o n  waa performed over the  i n t e r -  

val from A340 t o  t h e  masa number of  t h e  t a r g e t .  The r e s u l t s  

a r e  given i n  Table 4, where t h e  t o t a l  r e a c t i o n  croaa sec- 

t i o n s  eR c a l c u l a t e d  as /13/ 

with t h e  parameter ro=1.37 f m  and bx0.51 a r e  a l s o  included. 

The subscripts P and T a r e  used f o r  p r o j e c t i l e  and t a r g e t ,  

r e s p e c t i v e l y .  The e f f e c t i v e  impact parameters b  eatimated/'14/ 

from t h e  t o t a l  c rosa  a e c t i o n s  f o r  r e s i d u e  production i n  both 

r e a c t i o n s  / see  Table 4/ were found t o  be smaller  than t h e  

sum o f  Rp and %. This  f a c t  i l l u s t r a t e s  t h e  formation o f  

t a r g e t  f ragments  i n  c e n t r a l  collisions. 

To t e s t  t h e  f a c t o r i z a t i o n ,  we compared i a o b a r i c  c r o s s  

a c c t i o n s  q~), normalized t o  t h e  . t o t a l  c r o s s  aec t iona  19.0 

mb and e.3 mb/15/ of  monitor ing r e a c t i o n s  2 7 ~ 1 / 1 2 ~ . ~ / 2 4 ~  

.and 2 7 ~ l / p , ~ / 2 4 ~ ,  r e s p e c t i v e l y .  The average va lue  of  

1 .05~0.14 proves t h e  v a l i d i t y  of  t h e  f a c t o r i z a t i o n  hypo- 

t h e s i s .  

To t e s t  t h e  energy independence of c r o s s  s e c t i o n s  

of  t a r g e t  r e s i d u e s  / l i 2 i t i n p  fragmentat ion/ ,  we compared 

our  12c p r o j e c t i l e  r e r ~ l t s  with previous d a t a  a t  2.1 A G ~ v / ~ /  
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