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Vertex considerat ions,  such as spect roscopic  c o e f f i c i e n t s  and 

r e l a t i v e  motion wavefunct ions, a re  employed i n  the  c a l c u l a t i o n  o f  the 

v e r t e x  f u n c t i o n  necessary f o r  the  d e s c r i p t i o n  o f  the  e l a s t i c  s c a t t e r i n g  

o f  a - p a r t i c l e s  by l i g h t  n u c l e i .  l t  i s  found t h a t  the r e s u l t s  a r e  more 

s e n s i t i v e  t o  the spectroscopic c o e f f i c i e n t s  r a t h e r  than t o  any c l a s s  o f  

r e a l i s t í c  wiive func t ions  t h a t  may be chosen. 

Considerações de v é r t i c e ,  t a i s  como c o e f i c i e n t e s  espectroscõ- 

p icos e  fun@es de onda r e l a t i v a ,  são usadas no c á l c u l o  das funções v é r -  

t i c e  necessãrias para a  descr ição de espalhamento e l á s t i c o  de p a r t í c u l a s  

a  por núcleos leves. Foi achado que os resul tados são mais sensíve is  aos 

fa to res  espectroscópicos que a  qualquer c lasse  de funções de onda r e a l í s -  

t i c a s  que se possa escolher .  

Ibt too long ago Santana, Coelho and   as' showed t h a t  p o l e  

diagrams w i t h  heavy p a r t i c l e  t r a n s f e r  mechanism a r e  essen t ia l  t o  e x p l a i n  

the anomalous backsca t te r ing  o f  a p a r t i c l e s  by l i g h t  n u c l e i ,  w h i l e  t r i -  

angle d i a g r m s  ( w i t h  the  heavy p a r t i c l e  t r a n s f e r  mechanism) a r e  the do- 

minant ones t o  e x p l a i n  the  forward e l a s t i c  s c a t t e r i n g  f o r  the  same reac- 

t i o n s .  The same formal ism2 was r e c e n t l y  used t o  e x p l a i n  a  s i m i l a r  anoma- 
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lous backsca t te r ing  be!i,ivior i n  the  e l a s t i c  reac t ions  a + L i 6  and a +  L i 7  

a r  !ow energies. Other re ferences3 a l  so t r e a t e d  s i m i l a r  problems. The 

choice o f  the  main Feynman diagrams i n  a p a r t i c u l a r  r e a c t i o n  comes bas i-  

c a l l y  from the a n a l y s i s  o f  the diagram s i n g u l a r i t i e s  which should l i e  

somewhat nearer the  phys i c a l  r e g i o n 6.  

I n  t h i s  work we a r e  mos t l y  i n t e r e s t e d  i n  ana lys ing  the sensi-  

t i v i t y  o f  the v e r t e x  func t ions ,  t o  the appropr ia te  spect roscopic  c o e f f i -  

c i e n t s  and the  r e l a t i v e  importance o f  reasonable d i f f e r e n t  c lasses o f  

wavefunct ions f o r  the r e l a t i v e  motion i n  each ver tex .  These considera-  

t i o n s  somehow e f f e c t  the t h e o r e t i c a l  d i f f e r e n t i a l  cross sec t ions ,  which 

cou ld  be compared w i t h  the experimental ones. For d e f i n i t e n e s s  we cons i-  

der here t h e  forward e l a s t i c  s c a t t e r i n g  o f  a p a r t i c l e s  on C" ( t r e a t e d  

as 3a) and 016 (as 4a) a t  energies between 30 and 41 MeV ( d i r e c t  mecha- 

nism can he considered i n  t h i s  energy i n t e r v a l l ) .  

I n  s e c t i o n  2 we summarize the  forrnalism, and i n  sec t ion  3 we 

g i v e  the  r e s u l t s  and concibs ions.  

2. FORMALISM 

The Feynman diagram shown i n  f i g .  (1) representsl  the main 

c o n t r i b u t i o n  t o  the  forward e l a s t i c  s c a t t e r i ~ g  o f  the reac t ions  a + C" 

and a + 016. Apply ing Feynman r ~ l e s l ' ~  t o  the  diagram o f  f ig.1 we o b t a i n  

T-matr ix  ampl i tude (one should n o t i c e  t h a t  PWBA i s  imp l ied ) :  

where 0 and V .  a r e  the  v e r t e x  func t io r i s ,  d e s c r i b i n g  the v i r tua ldecays  f Z 
A+B+a (and the rever-se ones), de f ines  byl 



The f a c t o r s  CIJ a r e  the usual spect roscopic  c o e f f i c i e n t s l ,  $v,($) a r e  

the r e l a t i v e  m t i o n  wavefunct ions f o r  the a-B s ta tes ,  and p i s  the  re -  

duced mass f o r  a-8. I n  formula ( I ) ,  n takes che vdlues 3 o r  4 f o r  

and 016 n u c l e i ,  respec t i ve ly ,  and EX(v,J) represents the  separat ion 

snergy o f  .4->asB(v,JM). One should n o t i c e  t h a t  $ = @/A)$ and C'=(B!A)$'. 

As shown i11 r e f . 1  the Four ie r  t ransform o f  e q . ( l )  w i l l  g i v e  i n  thecon-  

f i g u r a t i o n  space, the e f f e c t i v e  i n t e r a c t i o n  p o t e n t i a l  operator ,  V(r), 

between t h e  a - p a r t i c l e  and A. Coulomb e f f e c t s  between a and A a r e t a k e n  

i n t o  consi t jerat ions by adding the  Coulomb i n t e r a c t i o n  t o  ~ ( r ) " ) .  Ef -  

f e c t s  o f  i n e l a s t i c  channels may be incorporated i n t o  the model by ad- 

d ing  an imaginary term t o  the above e f f e c t i v e  p o t e n t i a l  ( o p t  i c a l  po- 

t e n t i a l ) .  We take here the  same one as reference 1. The de te rmina t ion  

o f  the  d i f f e r e n t  ia1 cross- sect  Tons i s done by a standard technique, who- 

se d e t a i l s  can be found i n  re ference 1 .  The upper va lue  o f  the  r e l a t i -  

ve angular momentum, R, f o r  the a-A system, i s  a l s o  taken from r e f . 1 .  

F i g . 1  - The main Feynman diagram f o r  the  forward e l a s t i c  s c a t t e r i n g  o f  
1 2  

a p a r t i c l e s  by { E i 6 }  n u c l e i .  The heavy p a r t i c l e  B ,  {:?:I, i s  t r a n s f e r -  

red  i n  s t a t e s  descr ibed by p a r i t y  a ,  sp in  J,M and e x t r a  quantum number 

v which l a b e l  poss ib le  e x c i t e d  in termedia fe  l e v e l s  o f  B w i t h  the  same 

n and sp in .  



3. RESULTS AND CONCLUSIONS 

I t  i s  simple t o  see t h a t  the de te rmina t ion  o f  the d i f f e r e n -  

t i a 1  cross-sect ions depends b a s i c a l l y  on the prev ious knowledge o f  the 

CvJ (see eq.2) arid $ ( r ) .  A r i go rous  way t o  determine $ ( r  ) and CvJ 

could be t o  use the k-harmonics method
7
. Beside assuming an a- c l u s t e r  

s t r u c t u r e  f o r  C" and 016, i t  would r e q u i r e  the knowledge o f  t h e i r  
+ 

wavefunct ions as we l l  i n  the O ground s t a t e s .  Th is  would i n v o l v e  a 

very compl icate c a t c u l a t i o n  and we would miss a c l e a r e r  phys ica l  p i c tu -  

r e  o f  the wavetunct ion. Instead we consider  two phenomenological wave- 

func t ions  f o r  $ ( r ) :  i )  the Eckar t  f u n c t i o n l m 5  

where 17 i s  the ~ o r r n a l i z a t i o n  constant ;  i i )  the mod i f ied  Eckar t  func-  

t ione 

where N i s  the norma l i za t ion  constant .  I n  bo th  equations, R and R '  a re  

parameters, and KtJ = $ I ( V , J ) .  The Eckar t  f u n c t i o n  was chosen mos- 

t l y  because i t  i s  easy t o  handle a n a l y t i c a l l y  and has been used i n  ma- 

ny prev ious c a l c u l a t i o n s  g i v i n g  reasonable r e s u ~ t s l - ~ .  At  the o r i g i n  
-KvJr/p 

i t  has r 5 behavior and a t  i n f i n i t y  (r>>R) the form e . However 

i t was shown8 t h a t  the  J- th  p a r t i a 1  wave component should have a form 

more compat ib le  w i t h  the mod i f ied  Eckar t  f u n c t i o n .  For t h i s  reason 

the mod i f ied  Eckar t  f u n c t i o n  was a l s o  chosen t o  be considered here. For 

the a- a i n t e r a c t i o n  we take the d-form o f  the A1 i-Bodmer p o t e n t i a 1 3.  

Table I summarizes the spect roscopic  c o e f f i c i e n t s  used i n  

our  c a l c u l a t i o n s .  For lack o f  data t h e i r  values a r e  p o s s i b l y  n o t  the 

best ones t h a t  can be considered bu t  h o p e f u l l y  they should be a reaso- 

nable a p p r o x i m a t  i o n  f o r  o u r  p u r p o s e  ( o n e  s h o u l d  n o t  i c e  t h a t  

C 1 ~ ~ ~ 1 '  6 I ) .  F ig .2 shows the d i f f e r e n t i a l  c ross- sec t ion  f o r  tk reac- 
v J 
t i o n  a+cl' a t  Elab = 40.5 MeV.,  us ing  the  Eckar t  f u n c t i o n  w i t h  R =  1.56 

fm ' l )  and spectroscopic  f a c t o r s  g iven i n  the f i f t h  row o f  t a b l e  1 .  S i -  



TABLE 1 - Square f o r  the Spectroscopic c o e f f i c i e n t s  \ C  1 2 .  The quanturn 
V J  - 

number v stands f o r  t h e  f í r s :  s t a t e  t h a t  corresponds t o  J ~ .  

* ' no t  known 

** too  srnall 

ELAB-40.5 MeV 
EXP ----- 
R E E I  
T HEOR. - 

Fig.2  - Angular d i s t r i b u t i o n  o f  the d i f f r r e n t i a l  c r o s s - ~ r c c i o n  i o r  f o r -  

ward e l a s t i c  sca t t e r i r i g  o f  a - p a r t i c l e s  on ( 9 . 5 . ) .  



Fig.3 - Angular distributions of the differential cross-section for 

forward elastic scatterino o? a-partic!es by C" (B.s.j using thi Ge- 

n e r a l i z e d  Ecksrt function. Curves .z to g correspond to different va- 

lues of I ? ' ,  around R' = 6 fm. 

nii l a r  graphs ( f  i g . 3 )  were obta ined us ing  a modi f i e d  Eckar t  fcnct ion.  No 

apprec iab le change appears i n  the  p l o t .  Fig.4 shows a s i m i l a r  graph f o r  

the r ~ a c t i o n  a+0I6 a t  Elab = 40.5 YeV, u s i n ç  a Eckar t  f u n c t i o n  wi t h  E= 

= 2.8 fm") and spectroscopic c o e f f i c i e n t s  g iven i n  the second row o f  

tab:e 1 . The resu l  t s  f o r  the r e a c t i o n  a+016 are no t  so good i n  c o n t r a s t  

w i t h  a+C12. I n  the f i r s t  r e a c t i o n  the v e r t e x  016+c" + a leads t o  va- 

r i o u s  s t a t e  o f  c 1 2  where the knowledge o f  spect roscopic  factors a r e  ne- 

cessary c o n t r a i r e  t o  C" -+ ~ e '  + a where b a s i c a l l y  o n l y  the spect ros-  

copic  f a c t o r  f o r  the ground s t a t e  o f  6eB i s  r e q u i r r d .  I n  the present  



ana lys is  we a re  no t  r e a l l y  t r y i n g  t o  f i t  the data ve ry  c l o s e l y .  By va- 

r y i n g  che parameters more c a r e f u l l y  ke  could p o s s i b l y  get  b e t t e r  re-  

sul t s .  However our mairi goals  here a re  t o  show the in f luence  o f  spec- 

t roscop ic  c o e f f i c i e n t s  and t o  i n v e s t i g a t e  the e f f e c t  t h a t  two d i f f e -  

r e n t  c lasses o f  r e l a t i v e  mot ion w a v e f u ~ c t i o n s  have on the r e s u l t s .  

I n  f i g s .  (2) and ( 4 )  we a l s o  compare our  c a i c u i a t i o n s  w i t h  

prev ious ones w i thou t  spect roscopic  coe f f  ic ientsl . 

I t  i s  our  conc lus ion  t h a t  the  i n t r o d u c t i o n  o f  the spect ros-  

cop ic  c o e f f i c i e n t s  i n  the c a l c u l a t i o n  i s  a b s u l u t e l y  impor tant .A l thougi i  

they a r e  n o t  y e t  p r e c i s e i y  c a l c u l a t e d  f o r  the  considered r e a c t i o n s  he- 

r e  the approximate ones used i n  t h i s  work a r e  enough t o  guarantee the 

above statement. On the o t h e r  hand our  r e s u l t s  a r e  n o t  very s e n s i t i v e  

I ooc 

10' 

.-.. 
L- 

F n 
E - 
< 
v \ 
b 
v 

I 

C. 

I ! I 

!/ , 

ELAB=40 .5  MeV 
E X p  ------- 
REF, I 

TH EOR -- 

F i g . 4  - Angular d ; s t r i b u i i o n s  o f  the  d i f f e r e n t i a l  c ross-sect ion  f o r  

forward e l a s t i c  s c a t t e r i n g  o f  a - p a r t i c l e s  by 0" ( g . 5 . ) .  



t o  d i f f e r e n t  c lasses o f  r e l a t i v e  mot ion wavefunct ions, $ ( r ) .  Both ws- 

ve func t ions  used have b a s i c a l l y  s i m i l a r  behavior a t  the o r i g i n  and a t  

i n f i n i t y ,  bu t  i t  seems t h a t  the Eckar t  f u n c t i o n  has b e t t e r  behavior i n  

the  in te rmed ia te  reg ion.  

We a r e  aware o f  having omi t t e d  a V potent  ial, dependent i n  
aa 

the  r e l a t l v e  angular momentum, h ,  between the a ' s .  Instead o f  us ing  

<Vaa' (see ec; . ( ! ) )  we could s u b s t i t u t e  i t  by the  Ta;matrix, w h i c h  

would incorporate a n a t u r a l  A-dependence on the v e r t e x  func t ion .  But 

t h i s  should no t  a f f e c t  the r e s u l t s  s u b s t a n t i a ~ l ~ ~ ' ~ ~ .  

We be l ieve  t h a t  our  r e s u l t s  would iniprove i f  u n i t s r i t y  would 

be in t roduced more c a r e f u f f y  i n  the c a l c u l a t i o n .  Work i s  c o n t i n u i n g  i n  

t h i s  d i r e c t i o n .  Th is  could be done, f o r  exarnple, i n  a way suggested by 

Giambiagi and ~ i b b l e ' ~ .  

We would l i k e  t o  thank D r .  F.A.B. Coutinho and D r .  R .  F. 

Pessoa f o r  use fu l  cornments. 
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