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the (rf) p roces s .  The m i n i m u m  observed  f i s s ion  
widths in a l a rge  sequence a r e  expected to c o r r e -  
spond to the value of r ~ f )  of the 4- level  of the 
compound nucleus  2341~. Irhe m i n i m u m  observed 
va lues  f rom the c r o s s  sec t ion  of 235U up to 35 eV 
a r e  about 2 to 3 MeV, in reasonab le  ag reemen t  
with the es t ima tes  made above. S imi l a r  a rgu -  
ments  may be made for  the 1 + s ta tes  in the com-  
pound nucleus  240pu; the m i n i m u m  observed 
values  a re  about 4 MeV [22, 23]. The mean  f i s s ion  
widths of all  the compound nucleus  s ta tes  of 234U 
and 242pu a r e  expected to be so l a rge  that the 
(Tf) p roces s  has no apprec iab le  effect on the f i s -  
s ion width s t a t i s t i c s  and we can der ive  no evi-  
dence for  the reac t ion  f rom the resonance  studies  
of these  nuclei .  
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When alpha pa r t i c l e s  a r e  ine las t i ca l ly  sca t -  
t e red  f rom an even-even  nucleus  to excite a J~  = 
2 + state,  a l l  p a r t i c l e s  in  the react ion except the 
f inal  nucleus  a re  sp in less .  When the excited 
state,  which has been pola r ized  by the react ion,  
gamma-decays  back to the ground state,  the 
angula r  co r r e l a t i on  function of the reac t ion  plane 
g a m m a - r a y s  has a p a r t i c u l a r l y  s imple  and t r a n s -  
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pa ren t  form [ 1]. Therefore ,  it  i s  poss ib le  through 
m e a s u r e m e n t  of angular  co r re l a t ions  to obtain 
in format ion  on the way in which the excited nu-  
c leus  was po la r ized  by the nuc l ea r  react ion,  and 
thus on the re la t ive  phases  and ampl i tudes  of the 
sca t te r ing  ampl i tudes  of the react ion p rocess .  
Such informat ion  cannot be obtained f rom dif fer-  
ential  c r o s s  sect ion m e a s u r e m e n t s ,  s ince the 
l a t t e r  a r e  de te rmined  only by the ove r -a l l  mag-  
ni tude of the sca t te r ing  ampli tudes .  

Although complete  informat ion  can be obtained 
on the re la t ive  phases  and magni tudes  of these 
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Fig. 1. Plot of the correlation symmetry axis q~o as a 
function of centre of mass scattering angle of the in- 
elastically scatte.red alpha part icles for the reaction 
56Fe(a, ~'Y0 84 )5~Fe" Notation used is the same as in 
ref. 1. In the'upper half of the figure, the data are  com- 
pared to the adiabatic prediction of ref. 7; in the lower 
half of the figure, the data are  compared with three 
DWBA predictions using the parameters  of ref. 10: 
Curve 1: V = -20 MeV, W = -8 MeV; Curve 2: V = -40 
MeV, W = - 9 M e V ; C u r v e 3 :  V=-70MeV,  W=-12  MeV. 

s c a t t e r i n g  amp l i t udes  [1] by  m e a s u r i n g  c o r r e l a -  
t ion funct ions  both in and out of the  r eac t i on  
p lane ,  th is  d i s c u s s i o n  c o n c e r n s  the  behav io r  of 
~o, the  s y m m e t r y  angle  of the  r e a c t i o n - p l a n e  
c o r r e l a t i o n  function 

1 W(~r,~0) = A + B sin 2 2(~0 - ~o)" 

He re  ~ i s  the  angle  of g a m m a  e m i s s i o n  and A,  B 
and q~o a r e  e m p i r i c a l  p a r a m e t e r s ;  a l l  a r e  func-  
t ions  of the  a l p h a - p a r t i c l e  s c a t t e r i n g  angle ,  ~ a  • 
Note that  the  f o r m  of the  c o r r e l a t i o n  funct ion  i s  
independent  of r eac t i on  m e c h a n i s m  and a r i s e s  
p u r e l y  f rom c o r r e l a t i o n  t heo ry  [1]. 

P r e v i o u s  a l p h a - g a m m a  angu la r  c o r r e l a t i o n s  
have been  m e a s u r e d  at  many s c a t t e r i n g  angles  
fo r  the  r e a c t i o n s  12C(a,  ~ ' r 4  43) [2, 3], 
160(a, a'~6.13) [5].., 24Mg(a, ~ 'Vl .37) [3,4] ,  and 
" °S i ( a ,  ~ Yl.77 ) [ 5J. T h e s e  e a r l i e r  m e a s u r e -  
men t s  on l ight  nucle i  have p rov ided  c o n s i d e r a b l e  
in fo rmat ion :  (1) P l a n e - w a v e  [6] and ad iaba t i c  [7] 
t h e o r i e s  a r e  not capab le  [2-4] of d e s c r i b i n g  the 

behav io r  of the  c o r r e l a t i o n  s y m m e t r y  ax is :  i .e .  
fo r  a l l  nucle i  fo r  which de ta i l ed  c o r r e l a t i o n  m e a -  
s u r e m e n t s  have been  made ,  a r ap id ly  v a r y i n g  
dependence  on s c a t t e r i n g  angle  i s  found, r a t h e r  
than the smooth  dependence  p r e d i c t e d  by the 
ad iaba t i c  [7] and p l ane -wave  [6] t h e o r i e s .  (2) 
Rapid  shif t ing of the c o r r e l a t i o n  s y m m e t r y  angle  
with s c a t t e r i n g  angle  should be expected  on the 
b a s i s  of a s i m p l e  su r f a c e  in t e rac t ion  m e c h a n i s m  
[8, 9] in which the S - m a t r i x  peaks  a t  the  nuc l e a r  
su r f ace ,  and the t e r m  with l ~ k R  is  the d o m i -  
nant ampl i tude .  (3) Ambigu i t i e s  in the  opt ica l  
po ten t i a l s  u sed  in conjunct ion with DWBA and 
Coupled-Channel  f i t s  to the e l a s t i c  and  i n e l a s t i c  
angu la r  d i s t r ibu t ion  da ta  can be r e s o l v e d  by  s i -  
mul taneous ly  f i t t ing angu la r  d i s t r i bu t ion  and 
angu la r  c o r r e l a t i o n  da ta  [2-4] .  E x p e r i e n c e  with  
22 MeV a l p h a - p a r t i c l e  da ta  has  ind ica ted  that  
such a p r o c e d u r e  s e l e c t s  a low value  of the r ea l  
p a r t  of the opt ica l  po ten t ia l  - g e n e r a l l y  about 
-20 MeV [3, 5]. 

To extend the p r e v i o u s  work  to h e a v i e r  nuclei ,  
we made  ( a ,  a ' y )  angu la r  c o r r e l a t i o n  s tud ies  of 
the r eac t ion  56Fe (a ,  ~ 'Y0.84)56Fe at  30 s c a t t e r -  
ing ang les  f rom 30 ° to 110 o at  a beam energy  of 
22.2 MeV. A na tu ra l  i ron  t a r g e t  was used;  a m b i -  
gu i t i e s  due to the p r e s e n c e  of o the r  i so topes  were  
r emoved  by the g a m m a - r a y  co inc idence .  Appa -  
r a tu s  and p r o c e d u r e s  were  the  s a m e  as  d e s c r i b e d  
e l s e w h e r e  [3]. C o m p l e m e n t a r y  angu la r  d i s t r i b u -  
t ion m e a s u r e m e n t s  were  made  at  th i s  l a b o r a t o r y  
with the s a m e  i ron  t a r g e t  by Wi l son  and Sampson 
[101. 

The  behav io r  of the r e a c t i o n - p l a n e  s y m m e t r y  
ax i s  a s  a function of s c a t t e r i n g  angle  i s  shown in 
fig.  1. The f inal  r e s u l t s  a r e  somewhat  d i f fe ren t  
f r o m  the e a r l i e r  p r e l i m i n a r y  r e s u l t s  [11], and 
qui te  unl ike  the  r e s u l t s  f r om l ight  nuclei .  Ins tead  
of shif t ing r ap id ly  with s c a t t e r i ng  angle ,  ~0 o is  
o b s e r v e d  to v a r y  smooth ly  a round  the l ine  p r e -  
d ic ted  [7] by ad iaba t i c  theory .  A l so  shown on the 
f igure  a r e  t h r e e  DWBA p r e d i c t i o n s  fo r  the s y m -  
m e t r y  axis  behav io r ;  the p a r a m e t e r s  used  were  
those  which p rov ided  the be s t  f i t s  to the da ta  of 
Wi l son  and Sampson [10]. Unfor tunate ly ,  the 
sha rp  p a r a m e t e r  se lec t ion  found fo r  the l ight  nu- 
c le i  i s  not o b s e r v e d  he re ,  and the c r o s s  sec t ion  
b e c a m e  too s m a l l  to extend the da ta  to l a r g e r  
angles .  

A s imp le ,  phys i ca l  explanat ion of th is  behav-  
io r ,  i s  that  the l a r g e r  Coulomb f ie ld  of th is  
h i g h e r - Z  nucleus  p r e v e n t s  the  r e l a t i v e l y  low- 
ene rgy  a lpha  p a r t i c l e s  f rom reach ing  the nuc l ea r  
sur face .  Di f f rac t ion  s ca t t e r i ng ,  which appa ren t ly  
s e l e c t s  a s i n g l e / - v a l u e  in the  r e a c t i o n s  involving 
l ight  nucle i ,  i s  washed out h e r e  by the s t rong  
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Coulomb potential ,  and s e v e r a l / - v a l u e s  a r e  
probably  contr ibut ing to the c r o s s  sect ion.  This  
effect can be seen theore t ica l ly  in a DWBA ca l -  
culat ion by holding fixed the optical  p a r a m e t e r s  
for  a light nucleus  and e i ther  i nc r ea s ing  Z or  the 
n u m b e r  of pa r t i a l  waves:  the s y m m e t r y  angle 
shifts  more  slowly,  in a m a n n e r  s i m i l a r  to the 
adiabat ic  predic t ion,  as  Z or  the n u m b e r  of p a r -  
t ia l  waves is  a r t i f i c ia l ly  inc reased .  

However, the angular  d i s t r ibu t ion  [ 10] exhi-  
b i t s  a sharp diffract ion pa t t e rn  throughout the 
en t i re  angular  range.  F u r t h e r m o r e ,  r ecen t  co r -  
re la t ion  work [ 12] on 26Mg yielded ve ry  s i m i l a r  
r e su l t s  to those repor ted  he re  for  56Fe. This  is  
su rp r i s ing ,  s ince  the 26Mg re su l t s  differed con-  
s iderab ly  f rom those of 24t Mg and 28Si - and all  
m e a s u r e m e n t s  were made with 22 MeV alpha-  
par t i c les .  Both 56Fe and 26Mg a r e  thought to be 
only sl ightly deformed (8 ~ 0.2), whereas  the 
other  light nucle i  s tudied a r e  thought to be  con-  
s iderab ly  more  deformed.  An a l t e rna t ive  expla-  
nat ion then might be  that the observed  behavior  
of the co r re l a t ion  s y m m e t r y  axis  is due to nu-  
c l e a r  s t ruc tu re  effects. 

To tes t  this  hypothesis ,  we a r e  a t tempt ing to 
include m o r e  r ea l i s t i c  nuc l ea r  wave funct ions  in 
the react ion ca lcula t ions ,  and to study more  nu-  

c lei  in this  region. Measu remen t s  need to be 
made over  a broad range of energ ies  to inves t i -  
gate the ut i l i ty  of this  type of m e a s u r e m e n t  in 
providing nuc lea r  s t r uc t u r e  informat ion.  
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The high reso lu t ion  of l i t h ium-dr i f t ed  g e r m a -  
n ium de tec to r s  makes  it  poss ib le  to inves t iga te  
complicated T-spec t ra ,  and to m e a s u r e  with high 
accuracy  the ene rg ies  and in tens i t i e s  of 7 - t r a n s i -  
t ions.  

In o rde r  to m e a s u r e  7 - r a y  ene rg ies ,  one 
needs re fe rence  l ines  with accura te ly  known en-  
e rg ies .  These  r e fe rence  l ines  should come f rom 
rad ioe lements  whose ha l f - l ives  a r e  re la t ive ly  
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long, and whose decay schemes  a r e  s imple.  
The re  exis t  many  ca l ib ra t ion  l i n e s  in  the energy 
region f rom 60 keV to 660 keV whose energ ies  
have been  de te rmined  with the curved c rys ta l  
technique to high accuracy .  The r e  a r e  a lso some 
well known l ines  f rom 1064 keV to 1368 keV 
whose ene rg ie s  a re  known within a few tenths  to 
a few hundredths  of a keV. Between 661 keV and 
1064 keV, the re  exis ts  no such s tandard  which is  
known to be t t e r  than 1.1 keV. There fore ,  ff one 
m e a s u r e s  ene rg ies  over  this  region with a Ge(Li) 
detector ,  one mus t  in terpola te  ove r  a wide range 
of energy,  thus reducing cons iderab ly  the p r e -  
c i s ion  of the measu remen t .  


