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STUDY OF THE BACK-ANGLE ANOMALY IN ELAST IC a-40ca  SCATTERING . 

D . Frekers and K . Langa�ke , Univers ity of Milnste r ,  Germany 

The e las tic scat ter ing of a-particles from 40ca up to 
about SD MeV revea ls. a s trong backward r is e  of the angular 
distribut ions exceeding the back-angle cros s-s ect i ons of  ne igh­
bouring nuclei 1 ) . Various attemp ts have been made to . get a con­
clusive explanation of this effect . Recently , rat her good fits  
have been obtained within the fr amework of  an opt ical folding 
model 2 ) , but this descr ipti on provides l ittl e  ins ight int o  the 
microscopic stru cture of the a-nuc leus interaction .  

Since the back-angle region of  the a-40ca angular distrib­
utions is fairly we ll fitted by the square of  a s ing le Legendre 
Polynomial i� is obvious that one partia l wave is predominat ing 
within the scattering amp litude . This supports an interpretation 
in terms of resonances of the a-40ca -�ystem , which., by the ir 
specific !-dependence , can be regarded to be of quas imolecular 
type . 

By us ing the Resonat ing Group ! 
Method (RGM) in connection with l 
the Generator Coordinate Method I 
(GCM) it has been pos s ible  to 
describe the a- 40ca-sys tem on a 
comp letely microscop ic b as i s , but ! 
rest ricted to  the elast ic channe l !  
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only3) . As a main resu lt , the ! 
phase shifts ca lcul ated in this 
way reveal resonances forming a 
rotationa l band in c lose  accord­
ance to  the experimental observ­
ations ( fig . 1 ) . 
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I t  might be expected that 
the angu lar dist ributions at re- Fig . 1 : Rotational bands 
sonance energ ies disp lay a back- a) theory ;  b )  experiment 
angle structure of �!-type which 
is only scaled up in account of 
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the omiss ion of absorpti on .  Due to the s trong interference o f  
lower partial waves , whi ch are not damped b y  any absorption , 
the back-angle distr ibutions do not show this s imp le  structure . 

In  order to arrive at a more realistic  de scription of the 
experimental  data , an inclus ion of inelas tic reaction e ffec ts 
s eems to be neces sary . Assuming that ine lastic scat tering pro­
ceeds via the formation of a compound nuc leus only , a s emi ­
microscopic abs orptive potential has b een derived and intro­
duced into the RGM-equat ion . Hence , energy- and angular momen­
tum dependencies are determined by the l evel dens ity formu la4 ) ,
whereas the radial dependence 
has been as sumed t o  be propor­
t ional  to the non- local over­
lap -kernel of the RGM . This  
leaves only one free parameter 
which has b een adjusted to 
the experimental data at a 
fixed energy . By this conc ept , 
the �icroscopic character of 
the RGM seems to be most  con­
s is tently prese�ved . 

Solving the RGM-equation 
inc luding the absorptive part , 
angular dis tribut ions · have 
been obtained in the energy­
range �p t o  EcM=30 MeV . Inte­
gration of  the theoret ical 
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Fig . 2 :  Back-angle integrated 
exci tation function .  The maxima 
coincide with bes t P i- structure 
for b ack-angles . The arrows 

cross -s ect ions within the back mark the resonance pos it i ons 
angl e  region leads  to an ex- of  the pure e lastic calculat ion .
citation function with d i s - taken from ref . 3 ) .
t inct maxima ( fig . 2 ) indica-

, t ing the existence of wel l pronounced resonances . The energy­
�ange , that has been chosen , inc ludes res onances from t=9 to 
1= 1 3 . As a main resu lt  the angular dis tr ibutions at these 
maxima reve al a prominent P �-s truc ture at  backward angles . 
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This feature is a marked charac� �  
teris tic o f  the experimental data 
and clearly supports the inter-
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pre ta tion of the back-angle ano - I 1l
maly as due to �-40ca resonant 1
s tates (fig . 3 ) . However , at for- I
wa rd and intermediate angles .  a 
suffic ie�t agreement with the j 
experimental data i s  not achievedJ 
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Thi s  fai lure is  connected with 
I the poor description of  the nu-

clear surface by the harmonic 
joscillator she ll mode l wave func-
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tions used . � F ig . 3 :  Angular distribution 
I t  tu rns out that the occur- at EcM= l S . 7  MeV ( t=9-reso-

ence of P !- s tructur e  does not nance) . The expe rimental 
coincide with the resonance po- data are taken from ref . 1 ) .
s it ions that have been deduced 
by calculations without absorption. A detai led investigation 
of the b ehavi our of resonances in the presence o f  absorption 
has therefore been accomplished . 

Various methods that have been app lied to define resonances 
as well as their energy position lead to different resul ts . 
A determination of resonances by use of the maxima of the 
transmission coefficients is  mos t incomplete and even fails 
in the strong abs orption limi t .  A more suitable me thod ·for 
getting more informat ion about resonance·· features is  supp lied 
by the study of Arg·and diagrams . 

In  case  of  a counterclockwise  Argand curve , resonances are _ 
de fined as maxima of f ti� w�ich describes the maximum "speed".
of the Argand l ine . I n  fig . 4  vari ous curves of transmiss ion 
coeffic ients and l�l are shown for compar ison • . In the ca�e of
-�= 1 1  and 2.= 1 3  the I :� I -curves supply a s ec ond resonance that
has not been observed in calculations without abso!ption .  



In addition to the 
above methods poles of  
the  scattering matrix 
S

t 
have b een investi­

gated by solving the 
RGM-equation for com­
p lex energie s .  The re­
sonance pos itions ob­
tained by this method 
are compared in table 
1 to those determined 
by the previous me­
thods . 

As a remarkab le 
result one finds that 
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P �-s tructure of  the 
angular dis tributions Fig . 4 :  The :� -curves and transmission 
are intimately re lated coeffici ents for 1=9 - 1 3 . The respect­
io resonances of the ive resonance posit ions are marked by 
respective part ial . dashed lines . 
waves . Hence , the ex-
perimentally observed back-angle  anomaly can be interpreted 
as quasimolecu lar states of the a- 40ca-sys tem .  
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1 0

1 1

1 2

1 3  

a)  

1 5.  1 

1 6 . 9

20 . 2

25 . 4  
2 7 . 3 

b)  
1 5 . 6 2
1 7 . 1 2

2 1 . 46 

2 6 . 3 7 

30 . 9 3 

c) 

1 s .  58
1 7 . 0 1  

2 1 . 1

25 . 6
2 7  . 1

d)  
1 S .  1 

1 1  . a  

1 9 . 9

2 3 . 8
2 8 . S

e)  

1 5 . 7

1 8 . 0

2 1 . S 

2 7 . 0  

Table 1 :  a) resonance pos itions from ref3) (without absorption) 
b) poles of s1 (wi thout absorption) J c) poles of s 1
(with abs orption) ; d) maxima of l�tl; e} maxima of T 1
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