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Abstract "Exact" rnicroscopic methods 1 i k e  the RGM ( ~ e s o n a t  i ng Group 
~ e t h o d )  and the  GCM ( ~ e n e r a t o r  Coord i na te  ~ e t h o d )  and approxirnate methods 
1 i k e  the OCM ( ~ r t h o ~ o n a l  i t y  Condi t ion ~ o d e l )  a re  used t o  study the e f -  
f e c t s  o f  P a u l i ' s  P r i n c i p l e  i n  the  a-160 e l a s t i c  sca t te r i ng .  A method t o  
de r i ve  "exact" e f f e c t i v e  p o t e n t i a l s  f o r  the  OCM i s  i n t r o d u c e d ,  These 
po ten t i a l s ,  der ived from RGM wave funct ions,  make the OCM i d e n t i c a l  t o  
the  RGM and they have the  advantage o f  being f r e e  from poles associated 
t o  the  forbidden s ta tes .  Numerical ca l cu la t i ons  are  made w i t h  V2 and B1 
nucleon-nucleon forces a t  energies i n  the range 0-30 MeV.The p o t e n t i a l s  
and the r e s u l t i n g  phase-shi f ts  a re  cornpared t o  those obtained from the 
approxirnate rnethod suggested by F r i e d r i c h  and Canto. The p r o b l e m  o f  
searching f o r  l oca l ,  s t a t e  independent, p o t e n t i a l s  f o r  the OCM i s  d i s -  
cussed . 
1. INTRODUCTION 

I n  recent times, the microscopic treatment o f  e l a s t  i c  scat-  

t e r i n g  between l i g h t  nuc le i  has gone through considerable p r o g r e s s  i n  

two ways mainly: f i r s t ,  exact microscopic theor ies  1 i ke  the RGM' and 

the  GCM' became more t r e a t a b l e  by the  development o f  new methods3" o f  

a t t ack ing  the c r u c i a l  problem o f  these theor ies,  v i s ,  the c a l c u l a t i o n  

o f  t h e i r  kernels;  second, approximate methods which avoid kernel calcu- 
6-8 

l a t  ion, l i ke the OCM', became more soph is t ica ted andare being appl ied 

t o  a  great  number o f  systems. 

The present work s tud ies  some aspects o f  the OCM inconnect ion  

w i t h  the a+160 system. I n  an e a r l i e r  work
g 

we app l ied  the microscopic 

rnethod o f  r e f .  7 t o  a-160 sca t te r i ng ,  using a  ~ o l k o v ' ~  V 2  nucleon-nu- 

c leon i n te rac t íon .  Here, we develop a  method t o  der ive  loca l  e f f e c t i v e  

p o t e n t i a l s  d i r e c t l y  frorn RGM wave func t ions ,  and apply i t  t o  the  a-160 

system, cornparing the r e s u l t s  t o  those o f  re f .  9. This method has the  

advantage o f  a l l ow ing  the e l i m i n a t i o n  o f  poles i n  the  p o t e n t i a l  a r i s i n g  

from the o r thogona l i t y  o f  the RGM wave func t i on  t o  the resundand states. 

Such comparison may guide the e f f o r t  t o  f i n d  a  simple p o t e n t  i a 1  t h a t ,  
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being l oca l ,  represent the i n t e r a c t i o n  between nuc le i  i n  the best poss- 

i b l e  way. 

I n  sec t ion  2 we show how t o  de r i ve  our "exact" e f f e c t i v e  po- 

t e n t i a l s ,  and discuss the problems re la ted  t o  them. I n  sec t i on  3 we use 

the method o f  sec t ion  2 t o  ca l cu la te  e f f e c t i v e  p o t e n t i a l s  f o r  tb~e a-160 

system. I n sec t ion  4 we compare phase- shi f ts  obtained w i t h  "exact" and 

approximate e f f e c t i v e  p o t e n t i a l s  i n  S a i t o ' s  OCM equat ion and discuss 

poss ib le  ways t o  improve the approximate method. F i n a  I I y , t h e  c o n -  

c l us ions  o f  the present work a re  presented i n  sec t ion  5. 

2. DERIVATION OF EFFECTIVE POTENTIALS FOR SAITO'S EQUATION 

Sa i to ' s  OCM equation, 

furnishes a wave func t i on  xR(r) which gives an approximate desc r i p t i on  

o f  the r e l a t i v e  motion o f  the nuclear fragments. E i s  the energy o f  the  

r e l a t i v e  motion o f  the  fragments and TE i s  the  k i n e t i c  energy operator  

AL i s  the operator  

which e l im ina tes  from the wave func t ions  any components i n  the siibspace 

spanned by the forbidden s ta tes  eigenstates o f  AE w i t h  nu  1 1 

eigenvalues. 

As i t  was discussed i n  r e f s .  6,9, S a i t o ' s  e q u a t i o n  becomes 

equ iva lent  t o  the  RGM when one replaces the  d i r e c t  RGM p o t e n t i a l  V 
D by 

a p rope r l y  chosen e f f e c t i v e  p o t e n t i a l  V Along these l i n e s  F r i e d r i c h  
7 e f  ' 

and Canto proposed a simple method t o  de r i ve  a loca l ,  s t a t e  independent, 

approximation f o r  V I n  t h e i r  method the e f f e c t i v e  p o t e n t i a l  i s  par -  
e f '  

ametrized i n  a simple form and the parameters a re  determined by f i t t i n g  

a fundamental r e l a t i o n  i nvo l v ing  V and CGM Kernels. The i r  method was 
e f 

applied7-'O t o  the sca t te r i ng  o f  l i g h t  nuc le i  up t o  4 8 ~ a  w i t h  v a r i a b l e  
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degrees o f  success. I n  some o f  these cases angular momentum8 o r  par-  
i t y 9 9  1 0  dependence was introduced i n  Vef f o r  the sake o f  ob ta in ing  more 

r e a l i s t i c  r e s u l t s .  

The s t a r t i n g  po in t  of our method t o  de r i ve  an "exact" e f f ec -  

t i v e  p o t e n t i a l  i s  t he  bas ic  r e l a t i ~ n ~ ' ~  

where H i s  the  RGM Hamiltonian Kernel f o r  the r e l a t i v e  m o t i o n  o f  t h e  

fragments and AI" i s  the Hermit ian "square root "  o f  the R G M  o v e r  l a p  

Kernel, determined by the  operators equation 

Equation (4) determines a fam i l y  o f  p o t e n t i a l s  which makes 

the OCM exac t l y  equ iva lent  t o  the  RGM. The p o t e n t i a l s  have,in p r i nc ip le ,  

complicated non- local forms. I f  we wish t o  keep, however, the s p i r i t  

o f  the OCM, we must look f o r  the best loca l  approximation f o r  V 
e f  ' 

Wi th in  t h i s  perspect ive we use RGM wave func t ions  i n  the  " i n -  

verse d i rec t i on" ,  t h a t  i s ,  we ca l cu la te  e f f e c t i v e  potenc ia l5  from RGM 

"exact" wave funct ions g obtained from an RGM/GCM code". We b u i l d  
R,€ 

the renormalized RGM wave func t i on  

and assume tha t  i t  i s  an exact s o l u t i o n  o f  Sai to's equation. Using (6) 

and the e x p l i c i t  form o f  the p ro jec to r  AR i n  S a i t o ' s  equation we get  

where + O  ( r )  a re  the forbidden s ta tes  wave func t ions .  The c o e f f i c i e n t s  
n , R  

dnYR are fo rma l l y  g iven by 

but  they are  i n  f a c t  a r b i t r a r y  s ince the p ro jec to r  Ai i n  equat ion (1) 

ann ih i  l a t e s  the corresponding term i n  the product V (x)  .X (2) .  As 
R, E R , &  

the number o f  nodes a r i s i n g  from the o r thogona l i t y  o f  x t o  the f o r -  
%,& 
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bidden s ta tes  i s  equal t o  the  number o f  coe f f  i c i e n t s  d these coef-  n,!LP 
f i c i e n t s  can be chosen so t h a t  the  numerator i n  the  r i g h t  hand s ide  o f  

(7) vanishes a t  these nodes. 

With t h i s  p r o c e d u r e a l l  p o l e s o f  V r e s u l t i n g  from the o r -  
e  f 

thogona l i t y  of x t o  the forbidden s ta tes  can be el iminated.  On the  

o ther  hand, o ther  poles associated t o  o s c i l l a t i o n s  o f  the asymptotic 

wave func t i on  w i l l  remain. 

We should have i n  mind t h a t  the l oca l  form o f  Vef may be 

ra ther  a r t i f i c i a l ,  s ince i t  was imposed "a p r i o r i " .  I f  tha t  i s  the case, 

the  non- local nature o f  the  po ten t i a l  emerges as a  strong dependence on 

the RGM wave func t íon  used i n  i t s  de terminat ion .  Thus, we can learn  

about res idua l  e f f e c t s  o f  the ant isymmetr izat ion by i nves t i ga t i ng  the 

s t a t e  dependence o f  V  
e f '  

3. CALCULATION OF EFFECTIVE POTENTIALS. APPLICATION TO -160  SCATTERI NG 

We have ca lcu la ted the e f f e c t i v e  p o t e n t i a l s  e s t a b l  i c h e d  i n  

sec t ion  2 f o r  a-160 scat te r ing ,  using two nucleon-nucleon in terac t ions :  

the Volkov force v212 and the Brink-Boeker f o rce  B113. S ing le  p a r t i c l e  

o r b i t a l s  were described by harmonic o s c i l l a t o r  wave func t ions  w i t h  os- 

c i l l a t o r  lengths b = 1.62 f m  and b = 1.77 f m ,  i n  the  V2 and 61 cases, 

respect ive ly .  I n  what f o l l ows  we w i l l  g i ve  on l y  the  nuclear pa r t  o f  the  

e f f e c t i v e  po ten t i a l s .  Th is  i s  done approximately
g 

by s u b t  r a c t  i ng the  

d i r e c t  RGM Coulomb Kernel from the t o t a l  e f f e c t i v e  p o t e n t i a l .  

E f fec t i ve  p o t e n t i a l s  were ca lcu la ted using eq. 7  a t  the  ener- 

g ies  E = 3 MeV, 9 MeV, 15 MeV, 21 MeV f o r  values o f  angular monentum 

R = O , ] ,  ..., 9. Table 1 i l l u s t r a t e s  the behaviour o f  the  p o t e n t i a l s  f o r  

some p a r t i a 1  waves. For both i n te rac t íons  one not ices  a  pronounced de- 

pendente on p a r i t y  and a  weaker dependence on energy and angular mo- 

mentum among s ta tes  o f  the same p a r i t y .  These f a c t s  suggest the s e t t i n g  

up o f  p o t e n t i a l s  G ( * ) ( P )  representing, on the average. t h e  p o t e 7 f  i a 1  s  

o f  t a b l e  1 f o r  the p a r i t i e s  (+) and ( - ) .  These p o t e n t i a l s  a re  r e p r e -  

sented i n  f i g .  1 by dashed l i n e s .  

A specia l  s i  t u a t i o n  occurs a t  resonance e n e r g  i es o r  bound 

s ta tes  o f  the  system. I n  such cases, the  wave func t i on  has a  very l a rge  

amplitude i n  the inner region, and the matching t o  i t s  a p p r o p r i a t e  
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Table l a  - Nuclear p a r t  o f  the e f f e c t i v e  p o t e n t i a l s  
( i n  M ~ V )  f o r  the a-160 system w i t h  a V2 i n t e r a c t i o n  
a t  center-of-mass energies: a) 9 MeV, b)  15 MeV and 
c)  21 MeV. Inaccurate values o f  the po ten t i a l  near 
poles are  replaced by an a s t e r i s k .  
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Table l b  - The same as l a  fo r  B1 in teract ion.  
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F i g . l a  - E f f e c t i v e  p o t e n t i a l s  f o r  t h e  a-160 
system u s i n g , a  V2 i n t e r a c t i o n .  The f u l l  dashed 
and d o t t e d  1 i nes  a re ,  respec t  i v e l  y, V ( + ? ,  v(+) r e s  
and V p o t e n t i a l s .  D 

F i g . l b  - The same as I a  f o r  Vres, V ( - )  and VD 
p o t e n t i a l s .  
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asymptotic form pushes, the Coulomb nodes away t o  la rge values o f t h e  sep- 

a r a t i o n  coordinate.  The e f f e c t i v e  p o t e n t i a l  i s  then f r e e  from any k i n d  

o f  poles i n  the range o f  the nuclear forces. The second important: charac- 

t e r i s t i c  o f  such e f f e c t i v e  po ten t i a l s  can be seen i n  t ab le  2, whichshows 

r e s u l t s  f o r  the V2 i n t e r a c t i o n  ( t he  B1 i n t e r a c t i o n  does n o t  p r o d u c e  

sharp resonances o r  bound s ta tes  i n  the a-160 system) . As i n  t a b l e  1  an 

appreciable p a r i t y  dependence i s  s t i l l  present .  But, w i t h i n  the same 

pa r i  t y  , the dependence on angular momentum and energy i s  much weake r  , 
being less than 1.5% i n  the most unfavourable cases. The s o l i d  l i nes  i n  

+ 
f i g .  1 represent t y p i c a l  po ten t i a l s ,  Vies, from tab le  2, f o r  eactiparity. 

Not ice  t h a t  these p o t e n t i a l s  a re  s l i g h t l y  (a few MeV) shal lower than the 

corresponding F(') a t  the  t a i l  region.  

Table 2 - E f f e c t i v e  p o t e n t i a l s  ( i n  M ~ v )  f o r  type V2 nuclear i n t e r a c t i o n  
i n  the resonant and bound s ta tes  energies o f  a-160 system. 

The existence o f  p o t e n t i a l s  V") wi t h  t h e i r  oun pecul i i i r i t i e s  
res 

suggests t h a t  p a r i t y  i s  not  the  on l y  re levant  property o f  the  RGH quan- 

tum s ta tes  f o r  the  d e r i v a t i o n  o f  the  e f f e c t i v e  p o t e n t i a l .  The necessi ty 

o f  w r k i n g  w i t h  four  d i f f e r e n t  po ten t i a l s ,  Y") and V ( C )  w i l l  be 
res 
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stressed i n  the next sect ion,  when we compare phase-shi f ts  der ived from 

d i f f e r e n t  e f f e c t i v e  po ten t i a l s .  

A DETERMINATION OF PHASESHIFTS. RESULTS AND DISCUSSION 

i n  t h i s  sec t ion  we use the p o t e n t i a l s  V'') and V!:! i n  eq . ( l )  

and examine phase- shi f ts  r e s u l t i n g  from t h e  o b t a  i ned wave f u n c t  i o n  

XR (r)  . 
When a given e f f e c t i v e  p o t e n t i a l  V i s  obtained from a re-  

R,€ 
normalízed RGM wave func t i on  xR,€, so l v i ng  the OCM problem w i t h  t h a t  

p o t e n t i a l  i s  equ iva lent  t o  so l v i ng  the  RGM equation. Nevertheless, t h i s  

equivalence i s  l o s t  i f  one uses the same p o t e n t i a l  a t  R'PR o r  E '#€ .  The 

use o f  a s ing le ,  l oca l ,  s ta te  independent p o t e n t i a l ,  Vef, i n  t h e  O C M  

equat ion w i l l  be, however, a good approximation i n  the desc r i p t i on  o f  a 

se t  o f  RGM s ta tes  x when R' ,E1 

fo r  any R' and E '  i n  t h i s  se t .  

Our study o f  severa1 V p o t e n t i a l s  i n  the  previous sec t ion  
R,€ 

suggested t h a t  the space o f  KGM s ta tes  should be s p l i t t e d  i n  four  parts. 

For these pa r t s  the  l oca l ,  s t a t e  independent, e f f e c t i v e  p o t e n t i a l s  V") 
('1 and Vres were determined. 

The use o f  these p o t e n t i a l s  i n  the OCM equat ion stresses the 

d i f f e rences  among them, showing tha t  each one can p r e d i c t  the proper-  

t i e s  o f  those RGM s ta tes  i n  the subspace t o  which i t  í s  associated, bu t  

g ives bad descr ip t ions  o f  o ther  RGM s ta tes .  
(+I (-1 So, Vres and Vres .are ab le  t o  locate  accuratel  y  the sharp res-  

onances o f  the system i n  the  respect ive  p a r i t y  but  they g i ve  poor ap- 

proxirnations f o r  the phase-shi f ts .  To i l l u s t r a t e  t h i s  f a c t  we show re-  

s u l t s  obtained from the so lu t i ons  o f  the  OCM equation w i t h  severa1 e f -  

f e c t i v e  po ten t i a l s .  i n  t a b l e  3, we g i v e  resonance energies f o r  the par-  

t i a 1  waves R=3, ..., 8, and i n  f i g .  2 we p l o t  R = 6  phase- shi f ts ,  a t y p i c a l  

value o f  the angular momentum. While a l l  sharp resonances a r e  pred ic ted 

t o  an accuracy b e t t e r  than 0.5 MeV, the  R = 6  phase-shi f ts  a t  E 2 10 MeV 

are  appreciably d i f f e r e n t  from those o f  the  RGM. On the  o ther  hand, the 
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Table 3 - Energy values ( i n  MeV) o f  the  sharp resonances o f  the  a-160 
system, V2 i n te rac t i on ;  E a re  exact energie values coming from GCM; E,, 
E , E, and Ed are, respect ive ly ,  energies ob a'ned w i t h  the po ten t i a l s :  
a? V!:!, w i t h  the corresponding p a r i t y ;  b) ~ t ' j  w i t h  the  corresponding 
p a r i t y ;  c )  Vap; d) VD. 

Fig.2 - Phase-shi f ts  f o r  the R=6 p a r t i a 1  wave, V2 i n -  
t e rac t i on ,  ca l c  l a ted  through t h e  u s e  i n  S a i  t o ' s  
equat ion o f  V!$ (dashed-dotted l i n e ) ,  Vap (dashed  
l i n e )  and VD (dot ted l i n e ) .  The f u l l  l i n e i n d i c a t e s  
exact values. 



Revista Brasileira de Flsica, Vol. 16, n? 1, 1986 

potent  i a1 s i>(*) reproduce phase-shi f t s  o f  p a r t  ia1 waves o f  the corres-  

ponding p a r i t y  t o  a good approximation, wh i l e  they are  inaccurate f o r  

the c a l c u l a t i o n  o f  resonance energies. Th is  i s  i l l u s t r a t e d  i n  t a b l e  3 

and f i gu res  3 and 4 .  

. OCM with V 0  
-. -. - . - . OCM with V"' 

....... 
.... ..... .... 

F ig.3 - Phase-shifts f o r  even waves i n  cx+160 
system, V2 i n te rac t i on .  Representation i s  
made so t h a t  6!?.-+0 i n t h e  high energy 1 i m i t 1 4 .  

I n  R=4 and R=6 waves, there i s  no d i s t i  c  
t i o n  (except i n  %=6 resonance) between a+! 
and the exac t c:u rves . 
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I 

The above resu l  t s  may be anal ysed i n  cornparison t o  those ob- 

ta ined w i t h  a  s i n g l e  e f f ec t i ve  p o t e n t i a l  V der ived bytheapproximate 
ap' 

method o f  r e f .  7. Dashed l ines i n  f igs .  3 and 4 represent, respect ive ly ,  

phase-shi f ts  f o r  such p o t e n t i a l s  w i t h  a  V2 i n t e r a c t i o n  and w i t h  a  B1 

i n t e r a c t i o n .  The l a t t e r  i s ,  by i t s e l f ,  an irnportant r e s u l t ,  s i r i c e  i t  

shows t h a t  the approximate method works we l l  i n  a-160 systern w i t h  a  B l  

i n te rac t i on ,  where the conventional OCM, w i t h  VD (do t ted  l i n e s  i n  f i g s  

3 and 4 ) ,  f a i l s  completely. A s i m i l a r  s i t u a t i o n  occurs i n  the cr+a sys- 

tem7, showing t h a t  i n  bqth cases those ant isymmetr izat ion e f f e c t s  i g -  

nored i n  the OCM approximation are  much stronger f o r  the  B1 in terac t ion .  

This r e s u l t  can a l so  be seen comparing the RGM d i r e c t  p o t e n t i a l s  t o  the 

e f f e c t i v e  po ten t i a l s .  While they are  ra ther  s i m i  l a r  i n  c a l c u l a t i o n s  

w i t h  a  V2 i n te rac t i on ,  they d i f f e r  d r a s t i c a l l y 7  f o r  the  i n t e r a c t i o n  BI. 

Fig.4 - Phase-shifts f o r  
even eaves o f  a - I 6 0  sys- 
tem, B 1  i n te rac t i on .  The 
representat ion i c ,  the sare 
as f i g .  3.  
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An overall examination of figs. 3 and 4 revea 
the approximate potential V cannot do specific tasks 

aP 
efficiency as the appropriated "specialized" potential 

1s that although 

wi th the same 
-+ -- + 
(V , v , vres or 

V;,,), it is globally better than each one of them alone. 

In spite of the overall success of V we should notdisregard 
aP 

the possibility of improving the calculation of this potential. A natu- 

ral step in this direction is the introduction of parity projection in 

eq. (4). This would lead to different potentials for each parity, as it 
is suggested in our study o f  VR,,, This was, however, done in ref. 9, 
without any significant improvement of the results. 

A possible way to improve the derivation of V without in- 
aw 

troducing further compl ications is to i nclude off-diagonál GCM Kernel s* 
- + +  li(a,al) in the mesh to which eq. (4) is f itted. This can be done rather 

-+ -+ 
easily if we keep a parallel to a ' .  We followed this procedure and the 

resulting effective potentials showed an appreciable dependence on the 

choice of the mesh. The mesh of table 4, for example, led to the poten- 
tia1 shown in fig. 5 and to the phase-shifts of fig. 6. This particular 

mesh is very favourable for the description of R=O but i t gets pro- 

gressively worse for higher partia1 waves. Choosing other off-diagonal 

meshes would improve the description of the other waves and give poorer 

s-wave phase-shifts. In conclusion we should say that the overall agree- 

ment with the RGM phase-shift: is not significantly improved. 

It should also be pointed out that although thetwo potentials 

of fig. 5 are rather differerit at small separations they are rather 
-+ 

similar at the tail, where they are also close to Ir. 

Table 4 - Mesh used in non-diagonal GCM kernel elements. Values are in 
fm. 

* Notice that eq. (4) is transformed7 into the GCM space before the ef- 
fective potential i s determi ned as to f i t i t in a mesh of diagonal 
va l ues . 
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5. CONCLUSION 

Fig.5 - E f f e c t i v e  potent  i a l s  
obtained by the approximate 
method f o r  V2 i n te rac t i on ,  
using GCM kernel  elements: 
a) on l y  diagonals; b )  i n -  
c l ud ing  non-diagonais g iven 
by the mesh o f  t ab l t i  4. 

We have studied the e f f e c t s  o f  the Paul i p r i n c i p l e  i r i  a-160 

sca t te r i ng  w i t h  the  he lp  o f  the OCM and the RGM. A rnethod t o  de r i ve  e f -  

f e c t i v e  p o t e n t i a l s  f o r  the  OCM from RGM wave func t ions  was developed, 

and a  technique t o  e l im ina te  poles associated t o  the o r thogona l i t y  t o  

fo rb idden s ta tes  was introduced. 

Th is  method was app l ied  t o  a-160 sca t te r i ng  w i t h  V2 andB1 nu- 

cleon-nucleon i n te rac t i ons .  The r e s u l t i n g  e f f e c t i v e  p o t e n t i a l s  showed a  

pronounced dependence on p a r i t y  and a  weak dependence on energy and an- 

gu lar  momentum i n  p o t e n t i a l s  f o r  the same p a r i t y .  I t  was a l so  sh~ow t h a t  

e f f e c t i v e  p o t e n t i a l s  der ived from RGM resonant o r  bound s ta tes  a r e  ap- 

p rec iab l y  d i f f e r e n t .  On the bas is  o f  these r e s u l t s  the i n t roduc t i on  o f  

f ou r  d i f f e r e n t  e f f e c t i v e  po ten t i a l s ,  V''' and VI:: was suggested. OCM 

phase- rh i f ts  wi t h  i.(*) and V!:! were ca l cu la ted  and the r e s u  l 1:s were 

compare= t o  exact RGM phase-shi f ts  and t o  OCM p h a s e - s h i f t s  o b t a i n e d  

from t i e  ~ z ~ o x i r n a t e  p o t e n t i a l  V o f  r e f .  7. 
aP -(I) 

A though the  "special ized" potent  i a l s  V and Vres ( 2 )  were more 

e f f  i c i e n t  f o r  spec i f  i c  tasks ( 1  i ke resonance energy o r  phase-shi F t  ca l -  
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F i g .6 - Compar i son between phase-shi f t s  o b t a i  ned 
w i t h  t h e  " diagonal"  p o t e n t i a l  (dashed l i n e s )  and 
t h e  "non-d iagonal"  one (dashed-dotted 1 i nes) f o r  
t h e  waves: (a) R=0; (b) R=6. Fu l  l l ines  represen t  
exac t  va lues .  
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cu la t i ons  f o r  a g iven p a r i t y ) ,  V was shown t o  have the  best o v e r a l l  
aP 

performance. 

Further i nves t i ga t i ons  i nvo l v ing  the approximate method f o r  

d e r i v i n g  e f f e c t i v e  p o t e n t i a l s  and s tud ies  o f  heavier  s y s t e m s  a re  i n  

progress. 
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Resumo 

Métodos microscÕpicos "exatos" como o RGM (Método do Grupo 
Ressonante) e o GCM (Método da Coordenada ~ e r a d o r a )  e métodos aproxima- 
dos como o OCM ( ~ o d e l o  da Condição de Ortogonal idade) são empregados pa- 
r a  se estudar os e f e i t o s  do P r i n c i p i o  de Pau l i  no espalhamento e l á s t i c o  
a-160. Um mêtodo de se obter  po tenc ia is  e f e t i v o s  "exatos" para o OCM é 
c r iado.  Esses potenc ia is ,  ob t idos  da função de onda do RGM tornam o OCM 
i dên t i co  ao RGM e têm a vantagem de serem l i v r e s  de polos a s s o c i a d o s  
aos estados pro ib idos .  Usando forças  nucleon-nucleon V2 e B1 cá  1 c u  1 o s  
numéricos são f e i t o s  na f a i x a  de energias 0-30 MeV. Os potenc ia is  e as 
defasagens resu l tan tes  são comparados aos c b t  idos do método aproximado 
sugerido por F r i e d r i c h  e Canto. O problema de se procurar um potenc ia l  
l o c a l ,  independente de estado, para o OCM é d iscut ido .  


