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Production cross  s ec t ion  measurements were where Iy is  the  i n t e n s i t y  of t he  gamma ray  correc ted  

c a r r i e d  out  f o r  t he  r eac t ion  9 3 ~ b  ( 6 ~ i , x ) y  f o r  f o r  dead time and ef f ic iency,and f is the  p robab i l i t y  

6 ~ i  beam energies  of 55, 65, 77 and 91  MeV. t h a t  t he  gamma ray  w i l l  occur i f  t h e  exci ted  nucleus 

A 5 mg/cm2 t h i c k  93Nb t a r g e t  was used f o r  t he  was produced. The constants  take  i n t o  account t o t a l  

55 and 65 MeV runs; f o r  t h e  77 and 91MeV runs charge co l l ec t ed  i n  t he  Faraday cup and t a r g e t  thick- 

a 17 mg/cm2 t a r g e t  was used. A gamma ray  ness,  angle,  i s o t o p i c  enrichment, y-ray de tec t ion  

spectrum taken a t  77 MeV beam energy is shown e f f i c i e n c i e s  and s o l i d  angle. 

i n  Figure 1. A cursory inspect ion  of t he  The r e s u l t s  f o r  t h e  (xn) channels leading  t o  t he  

f i g u r e  r evea l s  t h a t  t he  major t r a n s i t i o n s  Ru i so topes  a r e  compiled i n  Table 1. In  the  case of 

come from the  Tc and Mo iso topes .  I n  genera l ,  even-even i so topes  t h e  2' + 0+ (g. s. t r a n s i t i o n )  

known gamma ray  t r a n s i t i o n s  were used t o  accumulates most of t h e  production s t rength ;  we there-  

i d e n t i f y  t h e  f i n a l  n u c l e i  and t o  s e t  lower f o r e  took f = 1 i n  t h e  cross  s ec t ion  ca l cu l a t i on .  

limits on t h e i r  production cross  s ec t ions .  For t he  odd-even Ru i so topes  observations from (a,xn) 

The c ros s  s ec t ions  were ca l cu l a t ed  using the  r eac t ions  show t h a t  t h e r e  a r e  s eve ra l  s t rong  tran- 

following r e l a t i o n :  s i t i o n s  t o  t he  ground s t a t e  (g.s .) .  We attempted 

~ ( m b )  = 454 ~ ~ / f  , ELi = 55, 65 MeV, t o  i d e n t i f y  a s  many g.s. t r a n s i t i o n s  a s  poss ib l e  and 

summed t h e i r  c ross  sec t ions .  Similar  cons idera t ion  
o(mb) = 2731 I ~ I ~ ,  ELi = 77, 91  MeV, 

Figure 1. Sample in-beam y-ray spectrum from 6 ~ i  bombardment of 93Nb a t  77 MeV. 



Table 1. Cross s ec t ions  ( i n  mi l l i ba rns )  f o r  Table 2. Cross s ec t ions  ( i n  mi l l i ba rns )  f o r  pro- 
production of Ru i so topes  by 9 3 ~ b  ( 6 ~ i , x n )  duction of Mo iso topes  by 9 3 ~ b  (6Li, 2pxn) reac t ions .  
reac t ions .  

F ina l  E ( 6 ~ i )  , MeV F ina l  E (6Li) ,MeV 
Products Exi t  channel 55 65 77 91 Products Exi t  channel 55 65 77 91 

Tota l  (xn) c ross  s ec t ion  120 120 170 30 
(lower l i m i t )  

a )  Based on 1392 keV 13/2++ 912' g.s .  
t r a n s i t i o n s  seen i n  (a,3n). 

b) Based on 1429 keV 2' + 0' g.s. t r a n s i t i o n .  
c )  Based on 1346 keV and 941 keV t r a n s i t i o n s  

t o  g.s. 
. i 

d) Based on 833 keV 2' + 0 t r a n s i t i o n .  

To ta l  (2pxn) c ross  s ec t ion  380 450 910 580 
(lower l i m i t )  

a )  Based on the  949 keV 2+ + 0' t r a n s i t i o n .  No 
a c t i v i t y  observed. A 947 keV t r a n s i t i o n  is  
in t ense  i n  55 and 65 MeV spec t r a .  

b) Based on 1414 keV 13/2+ -+ 912' t r a n s i t i o n  
observed i n  (a,xn) and 502 keV 312- -+ 112- 
t r a n s i t i o n ,  t he  l a t t e r  has most of t h e  negat ive  
p a r i t y  s t r eng th .  

c )  Based on 1511 keV 2+ -+ 0' t r a n s i t i o n .  Decay 
component from 9 2 ~ c  neg l ig ib l e .  + 

d) Based on 1477 keV t r a n s i t i o n  912 -+ 5/2+ (g .s . ) .  
Negligible a c t i v i t y .  Lower bound. 

e )  Calculated using 293 keV t r a n s i t i o n .  From (axn) 
work 293 keV (g.s .  t r a n s i t i o n )  117. 

Table 3. Cross s ec t ions  ( i n  mi l l i ba rns )  f o r  Table 4. Cross s ec t ions  ( i n  mi l l i ba rns )  f o r  pro- 
production of Tc i so topes  by 9 3 ~ b  ( 6 ~ i  ,pxn) duct  i on  of Nb i so topes  by , 9 3 ~ b  ( 6 ~ i ,  3pxn) reac t ions .  
reac t ions .  

F ina l  E (6Li) ,MeV F ina l  E ( 6 ~ i )  ,MeV 
Products Exi t  channel 55 65 77 91 'P roduc t s  E x i t c h a n n e l  55 65 77 91 

9 5 ~ c  ( ~ 3 n >  120 50 40 
Tota l  

Tota l  (pxn) c r o s s  s ec t ion  335 295 640 335 
(lower l i m i t s )  

a )  Based on t h e  213 keV t r a n s i t i o n  t o  t he  7' 
ground s t a t e .  

b) Based on the  1434 keV 1312' + 912' (g.s .)  
t r a n s i t i o n  and t h e  1016 keV 512- -+ 112- 
t r a n s i t i o n .  The 512- l e v e l  is the  lowest 
negat ive  p a r i t y  s t a t e .  

c )  Based on the  102 keV t r a n s i t i o n  t o  t h e  7' 
ground s t a t e  and t h e  1373 keV t r a n s i t i o n  
t o  t he  g.s .  observed i n  (a,xn) reac t ions .  

d)  Based on the  882 keV 1312' -+ 912' (g.s .)  
t r a n s i t i o n  observed i n  (a,xn) reac t ions .  

a )  Based on 122 keV t r a n s i t i o n s  t o  7' g.s. 
Degenerate region i n  spectrum. 

b) Based on 819 keV 1712' -+ 1312' t r a n s i t i o n  and 
t h e  1082 keV 512- -+ 112' t r a n s i t i o n .  

c )  Based on 385 keV 1712 -+ 1312 t r a n s i t i o n  and 777 
512- -+ 112- t r a n s i t i o n .  1312' -+ 9/2+ (g .s . )  
degenerate with 948 of 9%0. 

NOTE: (Table 3. ) 
None of t he  Tc t r a n s i t i o n s  had observable decay 
component from t h e  Ru i so topes .  



apply t o  t he  cross  s ec t ion  es t imates  i n  Table r eac t ions  have a l s o  been observed i n  t he  present  

2 i n  which we compile t he  r e s u l t s  f o r  t h e  (2pxn) work. The exc i t i ng  ques t ion  remains: Are t he re  
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channel leading  t o  t he  Mo iso topes .  new types of s t a t e s  produced i n  t hese  r eac t ions?  

The r e s u l t s  f o r  t he  (pxn) and (3pxn) chan- Work is  underway t o  answer t h i s  quest ion a s  well .  

n e l s  a r e  compiled i n  Tables 3 and 4 respect ive ly .  

Since many of t he  odd-odd Tc and Nb iso topes  

have not  been s tudied  with H . I .  r e ac t ions  t h e  

quoted es t imates  a r e  lower l i m i t s  only. Wher- 

ever poss ib le ,  we used (a,xn) s t u d i e s  t o  de ter -  

mine the  main ground s t a t e  t r a n s i t i o n s .  

Some of t he  measured cross  s ec t ions  were 

compared wi th  t he  values predic ted  by the  Geo- 

metry - Dependent Hybrid Model (GDHM), embodied 

i n  t he  computer code ALICE. (See Figure 2. ) 

Typically t he  two cross  s ec t ions  were wi th in  

an order of magnitude of each o ther .  I n  case 

of 9 4 ~ 0  the  GDHM ca l cu l a t i on  f o r  6~ i - induced  

reac t ions  underestimates t he  measured c ros s  

s ec t ion  by seve ra l  orders  of magnitude. The 

excess c ros s  s ec t ion  observed may be t h e  r e s u l t  

of o the r  processes,  f o r  example ( 6 ~ i , a x n )  in-  

volving absorption of t h e  deuteron fragment 

of t he  6~ i .  Further study on t h i s  ques t ion  

is i n  progress.  

I n  conclusion i t  appears t h a t  t he  r eac t ions  

induced by 6 ~ i  beams of in termedia te  energy 

a r e  u se fu l  f o r  spectroscopic s tud i e s .  A t  77 

MeV, 8 i so topes  were produced wi th  c r o s s  sec- 

t i o n s  g rea t e r  than 100 mb. Furthermore, a l l  

of t he  high sp in  s t a t e s  observed i n  (a,xn) 
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Figure 2. Summary of da t a  f o r  t he  production 
of Mo iso topes  by 9 3 ~ b  ( 6 ~ i ,  zpxn) reac t ions .  
The s o l i d  curves a r e  t h e o r e t i c a l  (GDHEI) 
predic t ions .  See d iscuss ion  i n  t e x t .  


