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Angular distributions of polarized deuterons scattered from 4He have been measured for 17.7, 19.7 and 
21.4 MeV incident energy. Vector-  and tensor-polarization parameters  are presented. 

E l a s t i c  s c a t t e r i n g  of deu te rons  f r o m  4He in 
the v ic in i ty  of the 3He + 3H t h r e s h o l d  has  r e c e n t l y  
been  the sub jec t  of s e v e r a l  e x p e r i m e n t a l  i n v e s t i -  
ga t ions;  the da ta  d i s a g r e e  s l igh t ly  but  show an i m -  
p o r t a n t  ene rgy  dependence  of the d i f f e ren t i a l  
c r o s s  s ec t ion  [1-4] .  P h a s e  shi f t  a n a l y s i s  of low 
ene rgy  da ta  [5, 6] a p p e a r s  to be  a power fu l  tool  in 
under s t and ing  the leve l  s c h e m e  of 6Li ,  to which 
t h e o r e t i c a l  i n t e r e s t  i s  a t t ached ,  due to the s i m -  
p l i c i t y  of i t s  she l l  mode l  [7] and c l u s t e r  mode l  [8] 
d e s c r i p t i o n s .  F u r t h e r m o r e ,  p o l a r i z a t i o n  p a r a m -  
e t e r s  can be computed  f rom the phase  shi f ts  a l -  
lowing d e u t e r o n - a l p h a  s c a t t e r i n g  to be used  e i t he r  
a s  an a n a l y z e r  o r  a s  a g e n e r a t o r  of p o l a r i z e d  
de u t e r ons .  Towards  h igher  e n e r g i e s ,  ex t r ac t i on  
of phase  sh i f t s  f r o m  the c r o s s  s ec t ion  da ta  b e -  
c o m e s  quickly ambiguous :  abso rp t ion  i s  so  i m -  
p o r t a n t  that  the s e n s i t i v i t y  of the s c a t t e r i n g  a m -  
p l i t udes  to the r e a l  p a r t s  of the phase  sh i f t s  is  
weakened;  on the o the r  hand, v a r i o u s  s e t s  of 
phase  sh i f t s  can g e n e r a t e  the s a m e  c r o s s  sec t ion  
and a knowledge of the p o l a r i z a t i o n  p a r a m e t e r s  
i s  needed  to d i s c r i m i n a t e  be tween  them [9, 10]. 
The p u r p o s e  of th is  note is  to r e p o r t  on a m e a s -  
u r e m e n t  of these  p a r a m e t e r s  a t  17.7, 19.7 and 
21.4 MeV inc ident  deu te ron  ene rgy .  

The 22 MeV p o l a r i z e d  deu te ron  b e a m  (2 × 108 
p a r t i c l e s  p e r  second;  ene rgy  s p r e a d  300 keY) of 
the Saclay  f ixed  f r equency  cyc lo t ron  i s  brought  to 
a focus  in a he l ium t a r g e t ,  the p r e s s u r e  of which 
(2 k g / c m  2) i s  kept  cons tant  by m e a n s  of a m e r -  
cu ry  manos ta t .  A ca rbon  p o l a r i m e t e r  loca ted  
d o w n s t r e a m  a l lows continuous moni to r ing  of the 
b e a m  p o l a r i z a t i o n .  Two a lumin ium a b s o r b e r s ,  
0.2 m m  thick,  a r e  used  in such a way that  the 
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ene rgy  r e m a i n s  the s a m e  in the p o l a r i m e t e r  but  
can take,  in the c e n t e r  of the gas  t a rge t ,  the va l -  
ues  17.7, 19.7 and 21.4 MeV. Two counte r  t e l e -  
s copes  (2.2 ° angu la r  reso lu t ion)  can be ro ta t ed  
a round  the gas  t a r g e t  on each  s ide  of the beam.  
Each  counter  i s  made  of a p a i r  of so l id  s t a t e  s i l i -  
con d e t e c t o r s  (one su r f a c e  b a r r i e r ,  one l i th ium 
dr i f t ed)  in o r d e r  to d i s c r i m i n a t e  be tween the s c a t -  
t e r e d  deu te rons  and the b reakup  p r o t o n s .  In a few 
i n s t a n c e s  ( fo rward  angles) ,  the ~ r e c o i l s  can be 
de tec t ed .  Af t e r  ampl i f i ca t ion  through s t a n d a r d  
e l e c t r o n i c  c i r c u i t r y ,  the p u l s e s  a r e  ana lysed  in 
a 4000-channel  k i c k s o r t e r .  A b s o r b e r s  loca ted  in 
f ron t  of the p o l a r i m e t e r  coun te r s  ( l i thium dr i f t ed  
s i l i c on  d e t e c t o r s  at  50o lab angle)  a l low se l ec t ion  
of the p ro ton  group in the 12C(d,p)13C reac t ion ,  
the p u l s e s  being r e c o r d e d  on s c a l e r s  a f t e r  a m p l i -  
f i ca t ion .  

The incident  deu te ron  b e a m  is  p o l a r i z e d  be fo re  
a c c e l e r a t i o n  [11], the s ign of i t s  t e n s o r -  and v e c -  
t o r - c o m p o n e n t s  be ing  r e v e r s e d  e v e r y  0.2 second.  
This  a l lows ,  by de tec t ing  the s c a t t e r e d  p a r t i c l e s  
in both ho r i zon ta l  and v e r t i c a l  p l a ne s ,  to m e a s u r e  
the fol lowing quant i t i es  

l t l  , 
P = : ~  " - -  1 

= ¢0 + Q ~ 

= -q~ 2 ) ,  

the t~ be ing  the he l i c i t y  components  on the i r r e -  
ducib le  t e n s o r  o p e r a t o r s  [12] 

x 1 D , ,~-1~1-m' Ti t  =-~ , (llm-m'lxu) llm>(lm'[ 
m m  
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Fig.  1. Asymmet ry  paramete rs  P, Q and R as defined in the text for  17.7, 19.7 and 21.4 MeV incident energy. The 
solid curves  are  the resul ts  of a pre l iminary  phase shift analysis.  

of the d e n s i t y  m a t r i x  

-i~ (_i)~ x 
P - 3 Xg t ~  T _ ~  

which  would  d e s c r i b e  the s c a t t e r e d  p a r t i c l e s  if 
the  inc iden t  b e a m  w e r e  u n p o l a r i z e d .  They  a r e  
r e l a t e d  to S e n h o u s e ' s  <T~>' [9] t h rough  the  r o t a -  
t ion  m a t r i c e s  

k 
= (0, 0, 0 ) t . ,  

where O is the center-of-mass scattering angle. 
The results are presented in fig. I. Error bars 

include statistical and systematic uncertainties. 
Absolute normalization is achieved by comparing 
the polarimeter data with previous results of 
Beurtey [II]; an uncertainty of 6% is attached to 
this normalization. 

No important energy dependence, as could be 
expected from ref. 4, is found. The asymmetries 
are smaller than at lower energies: helium does 

not  a p p e a r  a s  v e r y  e f f i c i en t  a n a l y z e r  of d e u t e r o n s  
in the  20 MeV r e g i o n .  

A p r e l i m i n a r y  p h a s e  sh i f t  a n a l y s i s  of the  da t a  
( inc lud ing  c r o s s  s e c t i o n  m e a s u r e m e n t s  [2, 3 ,4 ]  ) 
s h o w s  that  F and G w a v e s  c o n t r i b u t e  to the s c a t -  
t e r i n g .  The  P w a v e s  r e m a i n  unsp l i t t ed  and the 
coupl ing  p a r a m e t e r s  a r e  s m a l l .  High a b s o r p t i o n  
c o e f f i c i e n t s  a r e  n e e d e d  to f i t  the  l a r g e  f o r w a r d  
d i f f e r e n t i a l  c r o s s  s e c t i o n s ,  g e n e r a t i n g  r e a c t i o n  
c r o s s  s e c t i o n s  of the  o r d e r  of 3 to 4 b a r n .  

A m o r e  d e t a i l e d  accoun t  of th is  w o r k  wi l l  be  
p u b l i s h e d  l a t e r .  
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More accurate calculations of the energies of octupole states of even nuclei in the region 228 ~< A --< 254 
are given. 

The nuc l ea r  model  with pa i r ing  and octupole-  
octupole in te rac t ion  was used in ref .  1 to ca lcu-  
late the ene rg ie s  of the octupole s ta tes  of even-  
even deformed nucle i  and the i r  s t r u c t u r e .  The 
r e su l t s  of the ca lcula t ions  a re  in sa t i s fac tory  
ag reemen t  with the cor responding  exper imen ta l  
data including those obtained af ter  pe r fo rming  
ca lcula t ions ,  e . g .  ref .  2. The only f ree  p a r a m -  
e t e r  - the octupole-octupole  in t e rac t ion  constant  
K(3) - was chosen so as to obtain the bes t  ag ree -  
men t  between the ca lcula ted  and expe r imen ta l  en-  
e rg i e s  of the KIr =0-  s ta tes  in the reg ion  228 --< 
~< A ~< 254. 

As is  known, the K ~ = 0- s ta tes  in the Th, U 
and Pu isotopes a r e  col lect ive and the i r  ene rg i e s  
a re  s t rongly  lowered with r e spec t  to the c o r r e s -  
ponding poles .  The K~ = 1- and 2- s ta tes  a re  
weakly col lect ive  and the i r  ene rg ies  lowered by 
about 100 - 300 k e y  with r e spec t  to the poles .  

According to the method of approximate  s ec -  
ond quant izat ion,  the accuracy  of ca lcula t ions  
becomes  es sen t i a l ly  worse  for  s ta tes  whose en-  
e rg i e s  a re  ve ry  s t rongly  lowered with r e spec t  
to the poles  (see e . g .  ref.3).  There fore  it  is 
n e c e s s a r y  to de t e rmine  the value of K(3) f rom 
the K ~ = 1- and 2- s ta tes  and thereby somewhat  
improve  the r e su l t s  of ca lcula t ions  given in  ref .  1. 
In the p r e s e n t  note one gives more  accura te  ca l -  
culat ions of the ene rg ie s  of the octupole s ta tes  of 
even -even  nucle i  in the region 228 --< A ~< 254 
which may tu rn  out to be useful  in p e r f o r m i n g  

fu r the r  exper imen ta l  inves t iga t ions .  
The energ ies  and the s t r uc t u r e  of .the K ~ = 1- 

and 2- s ta tes  a re  calcula ted for  ~(3) = 0.00045 
~ o  while for the K~r = 0- s ta tes  the value of K (3) 
is taken by 10% s m a l l e r  in o r de r  to improve  ef-  
fect ively the accuracy  of the method. The two- 
th ree  f i r s t  poles  a re  equal to the ene rg ie s  of the 
two-quas i -pa r t i c l e  s ta tes  given in  ref .  4. The 
value of K(3) is  dec reased  as compared  to the 
ca lcula t ions  in ref ,  1; because  of the i n c r e a s e  
of the number  of the average  field levels  the ca l -  
culat ions a re  made according  the scheme II given 
in ref.  5. The r e su l t s  of ca lcula t ions  a re  tabu-  
lated.  F r o m  table 1 it is  seen  that the calcula ted 
ene rg ie s  agree  suff icient ly well  with expe r imen-  
tal  data.  By making K(3) more  accur~te  one has 
obtained some improvemen t  of a g r e e me n t  with 
exper iment  as compared  with the r e su l t s  of pa-  
pe r  1. 

We d i scuss  the pecu l i a r i t i e s  of the octupole 
s ta tes  in some nucle i .  The PrK =1-1 s ta te  in 234U 
p o s s e s s e s  an energy of 1438 keV [6], the ca lcu-  
lated energy of the f i r s t  PrK =1-1 s ta te  is  940 keV 
and of the second one is  1450 keV, It may be 
therefore  a s sumed  that the exper imen ta l ly  ob- 
s e r v e d / T r K = l - 1  s ta te  of energy 1438 keV is the 
second f~K = 1-1 s ta te .  

An in te res t ing  s i tua t ion  takes place in 246Cm. 
In ref .  2 three  octupole s ta tes  a re  observed ,  two 
with PrK--1-1 and ene rg i e s  1080 and 1351 keV and 
one w i t h / ~ K = 2 - 2  and energy 842 keV. According 
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