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Recently t h e r e  has been considerable 

i n t e r e s t  i n  the  high-spin unique p a r i t y  s t a t e s  of 

odd-mass nuc l e i  having small  t o  moderate deformations 

(e . g. , t he  so-called " t r a n s i t i o n a l  nuclei")  . 
Considerable success i n  t he  i n t e r p r e t a t i o n  of t h e  

band s t r u c t u r e  i n  these  nuc l e i  has been achieved 

using the  ro ta t ion-a l igned coupling scheme of 

Stephens and the  extension by Meyer-ter-Vehn t o  

t he  case of t r i a x i a l l y  deformed nuc le i ,  espec ia l -  

l y  i n  t he  A=190-200 region.  The A=140-150 t ran-  

s i t i o n a l  region should a l s o  be a f r u i t f u l  f i e l d  of 

i nves t iga t ion  s ince  t he re  a r e  a number of n u c l e i  

with 1112- isomeric s t a t e s  which have moderate 

deformation. I n  addi t ion ,  t he re  a r e  now ava i l ab l e  

a number of t h e o r e t i c a l  ca l cu l a t i ons  on the  shapes 

of these  nucle i .  

We have been car ry ing  out  a sys temat ic  in-  

beam y-ray spec t roscopic  study (using 6, 7 ~ i  beams) 

of odd mass Eu (Z=63) and Tb (2-65) n u c l e i  wi th  

78 5 N _< 90. For t he  n u c l e i  wi th  N 2 82, t he  

experiments have been conducted using t h e  FN 

Tandem a t  Notre Dame where one can evaporate a t  

most four  neutrons from the  compound nucleus,  and 

they have been extended a t  IUCF t o  t he  nuc l e i  

with N 5 82. The Eu n u c l e i  cannot be reached 

using (a,xn) r eac t ions  because no s t a b l e  Pm t a r g e t  

e x i s t s .  Light  Tb nuc l e i  a r e  no t  e a s i l y  reached 

using (a,xn) r eac t ions  s ince  even 14'T'b (N=84) 

would r equ i r e  t he  (a,6n) r eac t ion  using t h e  

l i g h t e s t  s t a b l e  Eu (A=151) t a rge t .  Many s t a b l e  

i so topes  of  Nd and Sm a r e  ava i l ab l e ,  and i t  i s  

6 c l e a r  t h a t  the  ( Li,xny) r eac t ion  when x 5 5 w i l l  

lead  t o  i n t e r e s t i n g  nuc l e i .  For example, t h e  

1 4 2 ~ d  ( 6 ~ i ,  5n) r eac t ion  leads  t o  143~u  and t h e  

7n e x i t  channel t o  14'8u. S imi lar ly ,  one could 

ob ta in  143~b (N=78) using the  ( 6 ~ i ,  7n) r eac t ion  

on a 1 4 4 ~ m  t a r g e t .  

Enriched, m e t a l l i c  self-support ing t a r g e t s  

a r e  prepared by reduction and subsequent mechan- 

i c a l  r o l l i n g .  Ge(Li) de tec tors  a r e  used t o  ob- 

t a i n  s i n g l e s ,  angular  d i s t r i b u t i o n ,  and coinc i -  

dence da ta .  Event-by-event recording on magnetic 

tape  is  employed a t  IUCF and the  da t a  a r e  analyzed 

o f f - l i ne  a t  Notre Dame. I n  addi t ion ,  time- 

co r r e l a t ed  da t a  based on the  r f  of t he  cyclotron 

i s  obtained.  I n  order t o  a s c e r t a i n  t he  y i e l d s  of 

t he  var ious  e x i t  channels, we have acquired exci- 

t a t i o n  funct ion  da ta  f o r  6 ~ i  induced r eac t ions ,  on 

a number of even-mass Sm and Nd r a r e  e a r t h  t a r g e t s  

wi th  beam energies  ranging from 55 t o  99 MeV. The 

Nd t a r g e t s  were employed because the  (xn) e x i t  

channels populate Eu nuc le i  which a r e  we l l  known 

from experiments a t  Notre Dame. The 150sm t a r g e t  

was used because t h e  ( a m )  e x i t  channels a l s o  

populate Eu nuc le i .  



e x i t  channel and t h e  sum of t h e  ( a m )  e x i t  channel 

c ros s  s ec t ions .  

Fig. 3 presents  some of t he  r e s u l t s  of  a 

ca l cu l a t i on  using M. ~ l a n n ' s  code OVERLAID ALICE 

6 f o r  55-MeV L i  on 150Nd and 77-MeV 6 ~ i  on 150sm. 

Fig. 3a shows the  experimental c ros s  s e c t i o n s  a s  

lo' t 1 a funct ion  of  t he  atomic mass of t h e  product nucleus 
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f o r  t h e  (xn) e x i t  channels compared wi th  t he  pre- 

d i c t i o n s  of t h e  ALICE ca l cu l a t i on .  Although the  

ca l cu l a t i on  overest imates t he  magnitude of t h e  
Figure 1. 

I n  the  e x c i t a t i o n  experiments, y i e l d s  were 

determined f o r  a p a r t i c u l a r  nucleus by summing 

the  i n t e n s i t i e s  of t h e  y r ays  feeding t h e  ground 

s t a t e .  Normalization of t h e  d a t a  was achieved 

by measuring t h e  charge co l l ec t ed  i n  a Faraday 

cup. Fig.  1 displays  t h e  s i n g l e s  spectrum ob- 

ta ined  f o r  77-MeV 6 ~ i  ions  on a 150Nd t a r g e t .  

Major e x i t  channels a r e  (7n) and (8n) wi th  a c ross  

s ec t ion  of  ~ 3 0 0  mb and t h e  (p5n) channel with a 

c ross  s ec t ion  of Q180 mb. Fig.  2a shows the  

energy dependence of t h e  cross  s e c t i o n  f o r  t h e  

(xn) e x i t  channels; Fig. 2b shows t h e  (pxn) 
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cross  s ec t ion ,  t h e  shape and p o s i t i o n  of  t he  maximum 

of t h e  curve agree  wi th  t he  experimental  da ta .  I n  

add i t i on  the  r e l a t i v e  cross  s e c t i o n s  f o r  t he  var ious  

(xn) e x i t  channels a r e  reproduced f a i r l y  wel l .  A 

measure of t h e  amount of breakup ( 6 ~ i  + d + a) a t  

each energy can be computed by comparing t h e  

experimental maximum cross  s ec t ions  t o  those  pre- 

d i c t ed  by ALICE where one breakup fragment (i.e.,  t h e  

a lpha  o r  deuteron) is a "spectator" and t h e  o the r  

induces xn r eac t ions .  (See Figs.  3b & c. ) For 

example a t  77 MeV the  r a t i o  of  maximum c ros s  s ec t ions  

f o r  t h e  xn, pxn and a m  e x i t  channels is observed 
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Figure 2a. Figure 2b. 
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Figures 3a, b,  c. Experimental and t h e o r e t i c a l  y i e ld s  of 6~ i - induced  
r eac t ions  a s  a funct ion  of t he  A of t he  product nucleus. Fig. 3a is  
f o r  (xn) e x i t  channels, Fig.  3b i s  f o r  (pxn) e x i t  channel, and Fig. 3c 
dep ic t s  an ( am)  e x i t  channel. F igs .  3b and 3c a l s o  include calcula-  
t i o n s  involving t h e  breakup of t h e  L i  p r o j e c t i l e .  

experimental ly t o  be 3:2:1. ALICE p r e d i c t s  t h i s  t h e  1112- s t a t e  i n  14%u. The decay da ta  of F i re-  
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r a t i o  t o  be  3: 0.6:O. 1 f o r  no breakup, whereas by s tone1) e t  a l . ,  and the  decay r e s u l t s  and meager 

, 

weighting the  appropr ia te  (d,xn) and (a,xn) re-  in-beam da t a  from t h e  (a,p4ny) experiments of  

ac t ions ,  t h e  experimental da t a  can be reproduced. wisshak2) e t  a l . ,  do not  agree  and we f e e l  t h a t  

A manuscript on t h i s  work is now being prepared we w i l l  have more and b e t t e r  d a t a  on t h e  higher 

f o r  publ ica t ion .  l y ing  s t a t e s .  We should a l s o  have da t a  on 1 4 4 ~ u  

Our f i r s t  coincidence experiment a t  IUCF was and 1 4 2 ~ u  from t h i s  experiment and these  w i l l  be 

ca r r i ed  out  i n  January 1977 and employed the  1 4 2 ~ d  analyzed. 

( 6 ~ i ,  5n) 143~u  r eac t ion  a t  66 MeV. Four-parame t e r  We expect t h a t  a number of d i f f i c u l t i e s  w i l l  

da t a  (E yl, Ey2, At1,2s  and Aty-RF) were be correc ted  i n  t h e  next  experiment and we p lan  

recorded i n  event-by-event mode on magnetic tape  t o  pursue coincidence and angular  d i s t r i b u t i o n  

using the  code DERIVE. Cer ta in  de f i c i enc i e s  ap- experiments on 143~u,  145~u,  145~b and 143~b a s  

peared i n  t h i s  f i r s t  run: f o r  about 20% of t he  proposed. 

coincidence events one o r  more of t h e  ADCs recorded 
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a zero and 5% of t h e  da t a  was wasted due t o  t he  
1 )  R.G. F i res tone ,  e t  a l . ,  MSU Progress Report, 

overflows i n  t he  ADCs. Analysis of t h e  da t a  is 1974-1976, p. 6 8 7  - 

continuing a t  Notre Dame. There a r e  a number of d is -  2) K. Wisshak, e t  a l . ,  Z. Phys. A277 , 129 (1976). 

agreements i n  t he  i n t e r p r e t a t i o n  of t h e  s t a t e s  above 


