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THE WOW-TELLER STRENGTH DISTRIBUTION I N  208~ i  - A PROBE OF THE CHARGE DISTRIBUTION I N  2 0 8 ~ b ?  
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We inves t iga ted  the  connection between the  ground-state (gs)  co r re l a t ions .  A reduct ion of the  

Gamow-Teller (GT s t r e n g t h )  d i s t r i b u t i o n  i n  208~ i  and occupation t o  85% seems t o  be necessary. 

t h e  nuclear  charge d i s t r i b u t i o n  i n  2 0 8 ~ b .  Previous Our s t u d i e s  show t h a t  gs  c o r r e l a t i o n s  and thus  

c a l c u l a t i o n s  of the  s t r e n g t h  i n  208~ i  have not included i n d i r e c t l y  d e t a i l s  of the  charge d i s t r i b u t i o n  i n  2 0 8 ~ b  

p a i r i n g  c ~ r r e l a t i o n s . l - ~  The ground s t a t e  of the  s t rong ly  inf luence the  shape of the  GT-strength 

doubly-magic 2 0 8 ~ b  nucleus is usua l ly  assumed t o  be a func t ion  i n  208~i  i n  such a way t h a t  the  e f f e c t s  a r e  

pure s h e l l l n o d e l  s t a t e .  This  assumption neg lec t s  not observable i n  a (p,n) charge-exchange experiment. We 

only the  experimental evidence from the 2 0 8 ~ b ( d , t ) 2 0 7 ~ b  observed these  e f f e c t s  i n  a high-resolut ion neutron 

r e a c t i o n  f o r  a 5% occupation of the  v2gg/2 o r b i t  , 4  but  t i m e a f  - f l i g h t  measurement of the  2 0 8 ~ b ( p , n ) 2 0 8 ~ i  

a l s o  the  f a c t  t h a t  the  measured charge d i s t r i b u t i o n 5  i s  reac t ion  a t  134.4 MeV. The r e s o l u t i o n  (320 keV) i n  

much f l a t t e r  than t h a t  predic ted by Hartree-Fock t h i s  experiment was s u f f i c i e n t  t o  d e l i n e a t e  low-lying 

 calculation^.^ As shown recen t ly  by Decharge and s t r u c t u r e  a t  e x c i t a t i o n  ene rg ies  below the  Gamow-Teller 

Gogny, 7,8 agreement wi th  the  measured charge g i a n t  resonance (GTGR). The energy spectrum obtained 

d i s t r i b u t i o n  can be improved by taking i n t o  account a t  O0 is shown i n  Fig. 1 f o r  e x c i t a t i o n  ene rg ies  up t o  



x (2% = GI of Klapdor e t  a l l 3 )  was f ixed  a t  0.111 MeV 
10 

by the  requirement t o  reproduce the  known pos i t ion  of 
A 

P 
8 t h e  g ian t  resonance. The f i n a l  s t a t e s  i n  208~ i  fol low 
a 
" 
0 - I .-. from d iagona l i za t ion  of the  Hamiltonian 

I 

2 0 8  2 0 8  
f b ( p , n )  01 

0 . 0  H = Eqp + AEqp + VGT (2) 
1 3 4 . 4  M e V  

~ n -  i n  the  space of the  unperturbed 2QP s t a t e s .  Here Eqp 

m 2 
denotes the  2QP energy given by the  BCS equat ions ,  and 

30 25 20 15 10 5 0 

E X C I T A T I O N  E N E R G Y ,  E ( M e V )  
X 

Figure 1. D i f f e r e n t i a l  cross  sec t ion  a t  O0 f o r  the  

2 0 8 ~ b ( p , n ) 2 0 8 ~ i  r eac t ion  a t  134.4 MeV versus  e x c i t a t i o n  
energy i n  208~i  up t o  30 MeV. 

30 MeV. The observed spectrum, including the  bump i n  

t h e  region from 8-10 MeV, has mainly a GT cha rac te r  

(i.e., AR=O angular d i s t r i b u t i o n s  of t h e  peaks). The 

AR=1 d i s t r i b u t i o n  found f o r  the  2.8 MeV l e v e l  confirms 

t h e  r e s u l t  of Horen e t  a l e 9  

The e f f e c t  of gs pa i r ing  c o r r e l a t i o n s  was s tudied 

i n  a simple model which takes  i n t o  account 

s i n g l e - p a r t i c l e  neutron l e v e l s  from 2d5/2 t o  3d5/2 and 

proton o r b i t s  from lg7/2 t o  l j13/2. The gs 

wavefunction was ca lcu la ted  wi thin  the  BCS formalismlo 

with  values of pa i r ing  constants  GN = 0.115 MeV and 

Gp = 0.125 MeV, which a r e  c lose  t o  those given by 

Soloviev. l1 With these  constants ,  n o n t r i v i a l  s o l u t i o n s  

of the  gap-equation were achieved. 

An e x t r a  r e s i d u a l  i n t e r a c t i o n  i s  introduced i n  the  

f o m  of the  GT-potential 

The i n t e r a c t i o n  between the  2 quas i -pa r t i c l e  (2QP) 1' 

s t a t e s  i n  t h e  daughter nucleus 208~i  is t h a t  of 

Martinsen and Randrup. l2 The coupling constant  

AEqp is  the  energy s h i f t  r e s u l t i n g  from the  

GT-interaction. 

The s ing le -pa r t i c l e  l e v e l s  (SPL) were ad jus ted  t o  

reproduce with the  ca lcu la ted  energies  Eqp + AEqp 

t h e  experimentally-known l e v e l s  i n  the  nuc le i  near  

0 8 ~ b 1 4 *  l5 except the  ni l312 o r b i t .  The corresponding 

s t a t e  i n  209~ i  was suggested16 t o  have non-negl igible  

admixtures of core-exci ted s t a t e s .  The energy adopted 

here  f o r  t h i s  l e v e l  is  intermediate  between t h e  value 

deduced from 209~i  and the  value given by an o s c i l l a t o r  

p o t e n t i a l  with = 6.92 MeV. The 

experimentally-unknown s ing le -pa r t i c l e  l e v e l s  were 

taken a l s o  from o s c i l l a t o r  p o t e n t i a l s  f ixed  t o  

reproduce the  v3p1/2 and n3s1/2 l eve l s .  For t h e  

quasi -s ta t ionary o r b i t s  above ~ 3 ~ 1 1 2 ,  a sys temat i ca l ly  

lower energy (0.7 t o  2 MeV) was adopted t o  c o r r e c t  f o r  

t h e  f i n i t e  height  of the  Coulomb ba r r i e r .  

The pos i t ion  of the  deep vlhll/2 s t a t e  e n t e r s  

c r i t i c a l l y  i n  t h e  ca lcu la t ion .  Resul ts  a r e  shown i n  

Figs. 2 and 3 f o r  two values of t h i s  level .  The 

ca lcu la ted  GT s t r e n g t h  d i s t r i b u t i o n  with t h i s  

l e v e l  posi t ioned 0.8 (1.2) MeV below (above) t h e  

o s c i l l a t o r  energy i s  shown i n  Fig. 2 (Fig. 3) ;  i n  t h e  

following discuss ion,  SPL I (SPL 11) denotes the  lower 

(higher)  pos i t ions  f o r  the  v l h l l / 2  l eve l .  Note t h a t  

t h e  s t r e n g t h  of the  t r a n s i t i o n  l a b e l l e d  !@An i n  the  

upper p a r t s  of Figs. 2 and 3, where pa i r ing  

c o r r e l a t i o n s  a r e  neglected,  is reduced markedly when 
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Figure 2. Calculated Gamow-Teller strength (reduced Figure 3. Same as Fig. 2 but with single-particle 

transition probability in units of g2/4r) for p--decay levels I1 (see text). 

of *O*B~. Pairing correlations are ignored in the upper of the observed structure by at least a factor of three. 
part and included in the lower part, where <nN> and 
<np> denote the expectation values for the neutron and Recent calculations show that the situation is not 
proton numbers outside the doubly-magic core. The 
strength within the dashed lines needs to be multiplied changed much in this respect either by the coupling of 
by a factor of 50. 

2p-2h states or by the A-h interaction. 1'3 Neither of 

going from SPL I to SPL 11. Although transition "A" these cases removes the discrepancy in the region below t 

from SPL I might be identified with the structure the GTGR. I 

observed in the (p,n) reaction between 7.5 and 10 MeV Ground-state pairing correlations are included in 

in Fig. 1, this identification is not satisfactory the lower parts of Figs. 2 and 3. The magnitude of the 

because the calculated transition is too strong and correlations may be characterized by the expectation 

also because its position is - 1 MeV lower in energy values, hN> and <np>, for the neutron and proton 

than the center of the experimental peaks. A numbers outside the doubly-magic core. For SPL I (Fig. 

systematic change of the position of the vlhlll2 level 2), one can see that the structure labelled "A" is not 

showed that an increase in the energy of "A" is affected much by including gs correlations. For SPL I1 

accompanied by a rapid increase in its strength; for (Fig. 3), the part below 6.5 MeV remains relatively 

example, an increase in energy by 1 MeV into the center unaltered; however, new transitions appear above 7 MeV 

of the observed structure would increase the strength which are comparable in strength with the transitions 



a t  lower energies .  The r e s u l t i n g  spectrum ( i n  the  

lower p a r t  of Fig. 3) can be compared wi th  the  

exper imenta l  one ( i n  Fig. 1). The agreement between 

t h e  observed and p red ic t ed  s t r e n g t h  i n  the  region 8-10 

MeV i n d i c a t e s  the  need f o r  gs  co r re l a t ions .  

The occupation p r o b a b i l i t i e s  of t he  d i f f e r e n t  

o r b i t s  a r e  given i n  Table I. The l a r g e s t  dev ia t ion  

from an i n e r t  core is seen t o  be the  21% vacancy of the  

~ 3 ~ 1 1 2  o r b i t .  This  value ,  t oge the r  wi th  the  ~2d312 

vacancy and the  v2gg12 occupation e n t e r i n g  c r i t i c a l l y  

i n  our r e s u l t s ,  is  about what is  claimed t o  be 

necessary  t o  exp la in  the  de iva t ion  between the  measured 

charge d i s t r i b u t i o n  i n  2 0 8 ~ b  and the  Hartree-Fock 

c a l c u l a t i o n s  without gs  c o r r e l a t i o n s ,  which p r e d i c t  a 

bump i n  the  c e n t r a l  region,  i n  con t rad ic t ion  t o  the  

experiment. This bump occurs because of an excess ive  

3s-wave amplitude (see  Fig. 13 of Decharge and (hgny7). 

I n  a recent  s tudy of the  neutron and charge d e n s i t i e s ,  

Ray and Hodgson17 a l s o  in t roduced a 23% vacancy of the  

same o r b i t  i n  2 0 8 ~ b  t o  ge t  a b e t t e r  f i t  t o  the  

experimental  data .  I n  an analogous way, t h e r e  should 

be an e f f e c t  from the  breakup of the  neutron core  on 

the  neutron densi ty .  Unfor tunate ly ,  experimental  

d i f f i c u l t i e s  make the  measured neutron d e n s i t i e s  much 

more unce r t a in  than the  charge d i s t r i b u t i o n s .  Also t h e  

change t o  be expected i n  the  c a l c u l a t e d  neutron d e n s i t y  

from a 6% neutron occupation of t h e  2g912 s h e l l  is 

poss ib ly  l e s s  pronounced than the  e f f e c t  on the  charge 

d i s t r i b u t i o n  produced by a 20% vacancy of the  n3s1/2 

proton o r b i t ;  however, i n  c a l c u l a t i o n s  of t he  neutron 

d i s t r i b u t i o n ,  t he  f i l l i n g  of the  x3s1/2 l e v e l  p lays  an 

important r o l e  i n  the  region of the  t i n  i so topes ,  a s  

can be seen from Fig. 7 of Ray and Hodgson.17 A 

re f ined  a n a l y s i s  of t he  neutron d i s t r i b u t i o n s  is given 

by the  d i f f e r e n t  moments, which should be more 

s e n s i t i v e  t o  d e t a i l s  of t he  wavefunction. The mismatch 

wi th  experiment of these  q u a n t i t i e s  ca l cu la t ed  by Ray 

and Hodgson17 e s p e c i a l l y  f o r  4 0 ~ a  i n d i c a t e s  t h a t  more 

informat ion about the  occupation numbers is needed. 

Such informat ion on the  c losu re  of t he  magic cores  wi th  

Table I. Occupation p r o b a b i l i t i e s  of t he  d i f f e r e n t  s i n g l e  p a r t i c l e  
o r b i t s  i n  *08pb necessary  t o  reproduce the  measured Gamow- 
T e l l e r  s t r e n g t h  d i s t r i b u t i o n s .  

Levels 

2d 51 2 

lg712 

3 ~ 1 1 2  

lh1112 

2d3/2 

lh9/2 

2f 712 

1i13/2  

3 ~ 3 1 2  

Neutron 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

Proton 

0.95 

0.98 

0.79 

0.94 

0.86 

0.07 

0.04 

0.04 

0.01 

Leve 1s 

2f 512 

3 ~ 1 1 2  

2g9/2 

111112 

I j  I512 

3d512 

2g7/2 

I j  1312 

Neutron Proton 

0.95 0.01 

0.89 0.01 

0.06 0.00 

0.02 0.01 

0.01 0.01 

0.01 0.00 



proton numbers 50 and 20 and neutron numbers 20 and 82 

could be obtained in a way analogous to the case of 

lead by the investigation of GT strength distributions 

by the (p ,n) charge-exchange reaction. 

In conclusion, this work demonstrates that the GT 

strength function can be sensitive to small occupations 

of high-lying neutron orbits and small vacancies on the 

proton side, and thus to details of the charge 

distributions and neutron density distribution of the 

parent nucleus. This opens a new field of application 

for (p,n) charge exchange reactions. 
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