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Shell-model predictions for nuclei which can be characterized as 1, 2 and 3 protons outside the 
doubly-magic N = 82, Z = 50 core give a good accounting for recently discovered features of 133Sb, 
134Te and 135I. 

Recent advances in experimental techniques 
have made possible the quantitative study of the 
lighter-mass nuclei having 82 neutrons [I-4]. 
Spectra have been obtained for 133Sb, 134Te and 
1351; these nuclei correspond respectively to one, 
two and three protons outside the Z = 50, N = 82 
doubly-magic 132Sn core. The properties of 
these systems are interesting because their pre- 
sumed simplicity should permit a relatively un- 
ambiguous delineation of the various facets in- 
volved in nuclear structure phenomena. The nu- 
clei around 208pb have been extensively studied 
in this same spirit in order to extract such quan- 
tities as effective charges and effective g-factors. 
Next to the 208pb neighborhood, the N = 82 re- 
gion may well exhibit the best "closed shell" be- 
havior available to us. In addition, the N = 82 
region provides what the lead region does not, 
namely a long string of nuclei (14 have been 
studied at present) built by adding protons to the 
doubly-magic core. Thus for N = 82 we will have 
the opportunity to pursue the consequences of our 
deductions based on the simple, "few" nucleon 
systems through a series of "many" nucleon sys- 
tems. 

Actually, of course, because of the accidents 
of nuclear stability, the situation has been re- 
versed in the N = 82 region. The naturally stable, 
many-proton, systems have been extensively in- 
vestigated, both experimentally and theoretically, 
for some time, while the few-proton nuclei have 
just begun to be studied. In this note we present 
theoretical predictions for the structure of the 
Z = (50 + 1,2,3 and 4), N = 82 nuclei and compare 
these results to the presently available experi- 
mental data. 
* Research supported in part by the National Science 

Foundation. 

Our p r e d i c t i o n s  fo r  133Sb, 134Te and 135I 
a r e  based  on p r e v i o u s  s h e l l - m o d e l  c a l c u l a t i o n s  
fo r  h e a v i e r  N = 82 nuc le i  [5]. T h e s e  c a l c u l a t i o n s  
e m p l o y e d  an MSDI r e s i d u a l  i n t e r a c t i o n  [6,7] and 
a m o d e l  space  c o m p r i s e d  of a l l  0gT/2 - l d 5 / 2  con-  
f i g u r a t i o n s  p lus  a l l  c o n f i g u r a t i o n s  f o r m e d  by e x -  
c i t ing  one p a r t i c l e  f r o m  the 0gT/2 - l d 5 / 2  sub-  
space  to e i t h e r  a 2 S l / 2  o r  l d 3 / 2  o rb i t .  In our  
in i t i a l  w o r k  [5] we chose  v a l u e s  fo r  the SDI 
strength and for the single-particle-energy (SPE) 
splittings which optimized agreement between 
model and experimental excitation energies for 
all known positive-parity N = 82 states in A = 
136 - 146 inclusive. Subsequently, because the 
model space is most appropriate for the lighter 
N = 82 nuclei, we readjusted the SDI strength 
and the SPE splittings to optimize agreement 
only for A = 136 - 140. The significant change 
which results from the new approach is an in- 
crease, from 0.48 MeV to 0.88 MeV, of the 
0gT/2 - ld5/2 SPE splitting. (In all of this work 
we have employed the shell model computer 
codes described by French, Halbert, McGrory 
and Wong [8]). 
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Fig. 1. Calculated and experimentally inferred spectra 
of the nuclei 133Sb, 134Te and 135I. 
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Table 1 
Characteristics of low-lying levels of 133Sb, 134Te, 135I and 136Xe 

Nucleus Jv  ~ Ecalc" Eexpt" Model wave function (largest components) a) 

133Sb 

134Te 

1351 

136Xe 

7/2 + 0.0O 0.00 
5/2 + 0.88 0.963 

O~ 0.00 0.00 
2~ 1°39 1.279 

4~ 1.76 1.576 
6~ 1.93 1.691 

7/2~ 0.00 0.00 

5/2~ 0.65 0.604 

5/2~ 0.82 0.871 

0~ 0.oo o.oo 

2~ 1.38 1.313 

4~ 1.'76 1.694 

6{ 1.92 1.892 

4~ 2.20 

6~ 2.33 

1.00g 7 
1.00d 5 

t~.90(g7)2 + 0.43(d5)2 

0.90(g7)2 + 0.26(g7d3) + 0.22(d5) 2 

0.93(g7)2 - 0.27(g7d5) 

0.93(g7)2 - 0.37(gTd5) 

0.90(g7)j3=7 - 0.42(g7)1 (d5)~= 0 

0 84(gT)Lo(d5)L5 0 40(g7)Ls+ 027(d5)L  
0 42(gT)Lo (ds)L5 + 0 80(g7)L5 + 0 19(d5)L  

0.80(g7) 4,0 + 0.58(g7)~=0(d5)~: 0 + 0.16(d5) 4 

0.80(g7)4,2 + 0.37(g7)2=2 (d5)2=0 + 0.24(g7)~= 0 (d5)2=2 

0.82(g7)4, 2 + 0.38(g7)2=4 (d5)~: 0 
0.79(g7)4,2 - 0.44(g7)3=7 (d5)1= 5 
0.81(g7) 4,4 + 0.24(g7)3=7 (d5)1=5 

0.80(g7)3= 7 (d5)~= 5 + 0.44(g7)4,2 

+ 0.26(g7)3=7 (d5)~: 5 
- 0.37(g7)2=6 (d5)2= 0 

- 0.21(g7)~:9 (%)3=3 
- 0.30(g7)1=7 (d5)3:5 

a) Half-integral spins are given as two times their value, i.e. 7/2 = 7. The additional quantum numbers labeling a 
few components are the seniorities, e.g. (g7) [4,2] refers to the seniority 2, coupling of four 7/2 particles coupled to 
total angular momentum J. 

We have used these A = 136 - 140 p a r a m e t e r s ,  
and the same model  space assumpt ions ,  to p r e -  
dict  the s t ruc tu re  of the one, two and three  p ro -  
ton sys tems .  The calculated and exper imen ta l ly  
obse rved  ene rg i e s  a re  shown in fig. 1. The 
a g r e e m e n t  is  quite sa t i s fac tory .  The dominant 
components  of the wave functions of the low- 
lying s ta tes  of these nuclei  a re  l i s ted in table 1. 
S imi la r  informat ion  is  a lso included in table 1 
about s ta tes  of 136Xe. Severa l  data a re  avai lable  
on these nuclei  which bear  on the wave functions 
of these s ta tes .  In table 2 we p re sen t  some p r e -  
dic t ions  f rom our wave functions for purposes  of 
compar i son  to exper iment .  

The 133Sb nucleus does not offer much ma te -  
r i a l  for d i scuss ion  f rom our point of view, of 
course .  The s ingle g a m m a  ray  (EV = 0.963 MeV) 
at t r ibuted to this sys tem [1] p resumab ly  c o r r e -  
sponds to the " s ing le -p ro ton"  ld5/2  to 0g7/2 
t rans i t ion .  Any additional energy  leve l  below the 
0h11/2, ld3 /2  and 2S l /2  s ing le -p ro ton  s ta tes  at 
~ 3 MeV exci ta t ion would s ignal  the breaking of 
the assumed model  core  and p r o b l e m s  for our 
approach.  

In addition to the level  ene rg i e s  of 134Te, the 
l i fe t ime of the 1691 keV to 1576 KeV t rans i t ion  
has  been measu red  [2,3] and the t rans i t ion  i n t e r -  
p re t ed  as a ,in = 6 + to 4 + e l e c t r i c  quadrupole 

decay. The B(E2) ex t rac ted  f rom the 162 nsec 
l i fe t ime of this decay is  85 e 2 F  4. The ca lcu-  
lated B(E2) for the t rans i t ion  between the lowest 
6 + and 4 + s ta tes  in our 134Te model  spec t rum 
(under the assumpt ions  of harmonic  osc i l l a to r  
s i ng l e -pa r t i c l e  wave functions,  ~/w = 4 1 A - l / 3  
and a proton charge  of le)  is 39 e2F 4. This  i m -  
p l ies  an ef fec t ive  charge  for pro tons  in this r e -  
gion of ep(eff) = 1.47e. Our model  wave functions 
for each of the lowest  0 +, 2 +, 4 + and 6 + s ta tes  
are  dominated (~80%) by the (g7/2)2 conf igura-  
tion. However ,  the d i f fe rence  between the ef fec-  
t ive proton charge  der ived  f rom a pure  gTf2 as -  
sumption for these s ta tes  and our p resen t  value 
is  1.74e v e r s u s  1.47e. 

The s t ruc tu re  of the low-lying l eve l s  of 135I 
have been studied both by gamma  ray  decay [1] 
and by proton pickup [9] f rom 136Xe. The 
136Xe(d, ;tHe) 135I reac t ion  populates  the 0.604 
and 0.871 MeV sta tes  with l = 2 t r ans fe r .  Sys- 
t ema t i c s  argue against  in te rp re t ing  the higher  
energy  state as being fed by ld3 /2  pickup, yet  
study of the heav ie r  N = 82 nuclei  a lso  g ives  no 
evidence for any but the lowest  5,/2 + s ta tes  being 
populated in such pickup reac t ions .  The e x p e r i -  
mental  and calcula ted S- fac to r s  a re  p resen ted  
in table 2 and it can be seen that our theory p r e -  
d ic ts  this phenomenon with quant i ta t ive accuracy .  
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Table 2 
Electromagnetic and single-nucleon transition strengths 

in 134Te, 135I and 136Xe 

Nucleus Jff  ---~ J '  fit Calc. Expt. 

B(E2}'s in units of e2F 4 

134Tc 81b) 

81 

41 39 85 

136Xe 2~ 0~ 122 

9 
65 

6~ 4~ 1.6 0.6 
+ 

62 4~ I i  

Single nucleon S-factors 

136Xe--13 i 7/23 318 274 

03 5/2-[ 58 34 
+ 5/2~ 17 12 01 

b) ep assumed to be 1.0e. 

I t s  o c c u r e n c e  depends  upon the d r a w i n g  c lo se  of 
the [(g7/2)2=f} (d5/2)] /2 s t a te  and the ~r__ _ J=5 
[(gT/2)3]j=5/2 s ta te  so that  t h e i r  a m p l i t u d e s  mix .  
In the BCS language  we would speak  of the l d 5 / 2  
o n e - q u a s i p a r t i c l e  s t a te  mix ing  with  the 0gT/2 
t h r e e - q u a s i p a r t i c l e  J=5/2 s t a t e .  That  i s ,  { t i the  
t h r e e  p ro ton  s y s t e m  we w i t n e s s  the t r a n s i t i o n  
f r o m  the " s u p e r c o n d u c t i n g "  type of n u c l e a r  s t r u c -  
t u r e  c h a r a c t e r i s t i c  of the h e a v i e r  N=82 s y s t e m s  
to a m o r e  typ ica l  " s h e l l - m o d e l "  s t r u c t u r e .  Of 
c o u r s e ,  our  p r e s e n t  s h e l l - m o d e l  t r e a t m e n t  e n -  
c o m p a s s e s  both types  of s t r u c t u r e  s i m u l t a n e o u s l y ,  
the changes  in o v e r t  b e h a v i o r  jus t  a r i s i n g  f r o m  
the d i f f e r e n t  n u m b e r s  of a c t i v e  p a r t i c l e s .  

Al though 136Xe, the 4 - p r o t o n  s y s t e m ,  i s  a 
s t ab le  i so tope ,  r a t h e r  l i t t l e  i s  e x p e r i m e n t a l l y  
known about the s t r u c t u r e  of i t s  l o w - l y i n g  s t a t e s .  
One f e a t u r e  that  has  been  r e c e n t l y  d i s c o v e r e d  [4] 
i s  an i s o m e r i c  g a m m a  r a y  t r a n s i t i o n  that a p p e a r s  
to be a 6 + to 4 + E(2) t r a n s i t i o n  ana logous  to that  
d i s c u s s e d  fo r  134Te.  The  s t r e n g t h  of th is  t r a n s i -  
t ion in 136Xe i s  0.6 e 2 F  4, a s  opposed  to the 
va lue  of 85 e 2 F  4 in 134Te.  Our p r e d i c t e d  B(E2) 
u s i n g  the e f f e c t i v e  p r o t o n  c h a r g e  of 1.47e,  i s  
3 .5e ' 2F  4. T h i s  m a r k e d  r e d u c t i o n  in s t r e n g t h  in 
going f r o m  the 2 p r o t o n  to the 4 p r o t o n  s y s t e m  
can be unde r s tood  as  the ac t ion  of a s e l e c t i o n  
r u l e  [10] which  fo rb id s  t r a n s i t i o n s  be tween  wave  
func t ion  c o m p o n e n t s  c h a r a c t e r i z e d  by a ha l f - fu l l  
o rb i t  and the s a m e  s e n i o r i t y .  Heyde et  al.  [11] 
have  noted the s a m e  f e a t u r e  in t h e i r  BCS wave  
func t ions  fo r  136Xe.  

We conclude  with the fo l lowing  c o m m e n t s .  
1) The  good a g r e e m e n t  be tween  the newly a v a i l -  
ab le  da ta  on the l ight  N=82 i s o t o n e s  and our  p r e -  
d i c t ions  for  t he se  s y s t e m s  as  e x t r a p o l a t e d  f r o m  
our  c a l c u l a t i o n s  fo r  the h e a v i e r  nuc le i  of the 
cha in  s e e m s  to c o m p l e t e  the va l ida t ion  of th is  
s o r t  of t h e o r e t i c a l  a p p r o a c h  to the N=82 r eg ion .  
2) The  e x i s t e n c e  of m o d e l  wave  func t ions  of good 
p r e d i c t i v e  va lue  j u s t i f i e s  f u r t h e r  i n t e n s i v e  e x p e r -  
i m e n t a l  s tudy of the l ight  N=82 nucle i  a i m e d  at 
m e a s u r i n g  q u a n t i t i e s  which,  when i n t e r p r e t e d  
with  the aid of t h e s e  wave  func t ions ,  can y ie ld  
i n f o r m a t i o n  about e f f e c t i v e  s i n g l e - p a r t i c l e  ope -  
r a t o r s .  3) E x p e r i m e n t a l  i n f o r m a t i o n  p r e s e n t l y  
a v a i l a b l e  about  the e f f e c t i v e  c h a r g e  for  E2 t r a n -  
s i t ions  in th is  r e g i o n  i s  c o n s i s t e n t  wi th  the va lue  
ep(eff)  ~ 1.5e, which  i s  in tu rn  c o n s i s t e n t  with 
r e s u l t s  p r e s e n t l y  ava i l ab l e  f r o m  a n a l y s i s  of da t a  
in the l ead  r e g i o n  [12] and with the r e s u l t s  of d e -  
t a i l ed  she l l  m o d e l  s tud ies  [13] of nuc le i  in the 
m a s s  20-40 r eg ion .  

We e x p r e s s  our  a p p r e c i a t i o n  to J .  B. M c G r o r y  
for  much  p r a c t i c a l  a s s i s t a n c e  and many  i l l u m i -  
na t ing  d i s c u s s i o n s .  
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