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which, in pr inc ip le ,  this density dis t r ibut ion was 
al lowed to feed back by deforming  the well  (5). It 
is  c l ea r  that then the l inear  dimension in the z 
d i rec t ion  will  i nc rea se ,  so that c i n c r e a s e s  and 
c i s  just the t e r m  in (11) with the highest  weight. 

We now mention the n u m e r i c a l  va lues  of the 
m a t r i x  e lement  M for  di f ferent  cu r r en t  d e f o r m a -  
t ions.  We use  a value d = 1.78 fm which c o r r e s -  
ponds to/~w = 13.1 MeV. 

With pure  SU 3 wave function one gets  a = b = 
c = d, M = 1.1 fro2. With Brown ' s  axial ly s y m -  
m e t r i c  deformat ions  for  the 2p2h state (~ = 0.3) 
and the 4p4h s ta te  (fl = 0.5) one gets  M = 2.6 fm 2. 
With Hayward ' s  best  H a r t r e e - F o c k  wave functions 
one finds a = 0.89 d, b =d, c= 1 . 1 2 d f o r  the 
2p2h s ta te  and a = 0 . 8 0 d ,  b = d, c = 1.26 d for 
the 4p4h s ta te  which leads to M = 2.8 fm 2. If one, 
in the las t  case ,  a ss igns  to the 2p2h state the 
same  deformat ion as the 4p4h state one even finds 
M = 3.4 fm 2. 

Although the expe r imen ta l  value  of 3.8 fm2 is  
s t i l l  h igher ,  Brown ' s  wave functions seem to be a 
l i t t le  be t te r  than those of Wong [4] who cons ide r s  
a l inear  combination of 0p0h, l p l h  and 2p2h wave 
functions and finds values  M ~ 5 fm 2, but much 
too smal l  E2 t rans i t ion  probabi l i t i es .  
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The strong hindrance of 2~ decay in the monopole decay of 160 is explained with the wave functions of Brown 
and Green. 

The t rans i t ion  ampli tude in the decay of the 
f i r s t  exci ted 0 + state of 160 to the 0 + ground state 
is  of the o rder  of the s i ng l e -pa r t i c l e  t rans i t ion  
ampli tude for  decay by e+e - pa i r  production,  but 
is  ve ry  smal l  for  deacy by ~ production.  The 
s i ng l e -pa r t i c l e  e s t ima te  r e q u i r e s  in a m i c r o s -  
copic theory  that a one -pa r t i c l e  one-hole  exc i -  
tation dominate  the 0~ wave function. However ,  
i t  i s  difficult  to see how the re  could be much 
even-pa r i ty  one -pa r t i c l e  one-hole  s t rength  as 
low as the 6.06 MeV 0~ state.  She l l -mode l  ca l -  
culat ions show that 1-P 1-H s ta tes  do not mix  
s t rongly with m a n y - p a r t i c l e  co l lec t ive  exci ta t ions  
[1]. F u r t h e r m o r e ,  as  emphas ized  by E ich le r  
and others  [2], the s i ng l e -pa r t i c l e  model  p r ed i c t s  
that the 2~ production ~amplitude is  comparab le  
to the e+e - ampli tude.  

Reasonably l a rge  e+e - pa i r  production m a t r i x  
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e l emen t s  can a lso  be obtained f rom theo r i e s  of 
wavefunctions based on m a n y - p a r t i c l e  exci ta t ions  
and ground-s ta te  co r re l a t ions .  In an ea r ly  a t tempt  
to unders tand E0 t rans i t ions ,  Schiff [3] used 
wavefunctions which mixed  the she l l -mode l  ground 
state with a tw o-pa r t i c l e  two-hole  excitat ion.  
More  r ecen t  wavefunctions of oxygen a s s u m e  a 
de fo rmed  wavefunct~on for  the exci ted state,  
which can mix  s t rongly with the she l l -mode l  
ground s ta te  by v i r tue  of the low excitat ion e n e r -  
gy [4]. It i s  c h a r a c t e r i s t i c  of these  wavefunctions, 
that the nuc lea r  par t  of the e+e - production 
m a t r i x  e lement ,  

Me+e_= ~ ~2 protons  
i s  l a rge  and is  enhanced by higher  o rde r  c o r r e c -  
t ions to the wave function, while the m a t r i x  
e lement  r e spons ib le  for  27 decay, is  s t rongly in-  
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hibited. The following calculat ion uses  the wave 
functions of Brown and Green,  augmented by 
core exci tat ions de te rmined  in per tu rba t ion  
theory [5]. 

In lowest order ,  the 0 + wave functions a re  
taken to be a mix ture  of the she l l -mode l  state,  
and the 2P-2H, 4P-4H s ta tes  of maximum defor-  
mat ion,  conveniently wri t ten as 

I 2P-2I-I) = l f d ~ R ~ ]  zg.(1) zg.(9,) x--(~ ) ~(9,) > 

I 4P-4H)= 

= ~Tfd~2R~21z2(1)z2(2)z2(3)z2(4)~(1)~(2)~(3)~(4)). 

Here Iz(i)) + .  i -~a z (~), > is the harmonic-oscillator 
creation operator adding a quantum of excitation 
to the wave function of particle i. The Hill- 
Wheeler integral projects out of the intrinsic 
state the spherically symmetric component, 
which is normalized to unity by the factor 1/a 
(ref. 6). Fortunately, it is not necessary to use 
the projected wave functions because of the 
scalar nature of the operators considered. There 
is a further simplification, that there are no 
cross terms in the matrix element connecting 
different intrinsic states. This is trivial to show 
for the Zi r2 operator, since a one-body operator 
cannot Change the number of particle-hole pairs 
by two. The MT7 operator contains two-body 
components, but since in the harmonic oscillator 
model 

1 + 
r x : ~ (% + %) 

the operator  cannot c rea te  or annihi la te  exci ta-  
t ions of the form Iz 2 ~ ). 

Thus in both cases  the total  ma t r ix  e lement  
may be expressed  in t e r m s  of the diagonal i n -  
t r i n s i c  ma t r ix  e lements ,  numer ica l ly ,  

+ + <iM!) (I) tMI02) = -0.229 + <01 
+0.107 <~P-~HIMI ~P-~m + 0.12~<4P-4H!Mf 4P-4m. 

To f i r s t  order ,  Me+ e - i s  d i rec t ly  propor t ional  
to the number  of harmonic  osc i l la tor  quanta 
in the wave function: 

/xM> = Nproton/v 

where E o = N ~ i w a n d  v = m w / t i  2 fro-2. 

Table  1 shows the value of Me+ e- de te rmined  
in this  way, with ~co = 14.5 MeV. 

An augmented set of i n t r in s i c  wave functions 
includes  polar iza t ion of the core orbi ta ls ,  
mixing two major  shel ls .  Thus the 0p orbi ta l  
i s  replaced by a l i nea r  combinat ion of 0p, lp,  

Table 1 

+ ~ r '2 +~ ra-  The matrix element <01 ] protons ~ I 02,' with the  

lence wave function of Brown and Green. 

Without Perturbed J.Hayward's Experimental 
c o r e  single-par- single-par- (ref. 11) 

polarization ticle ticle orbitals 
orbitals (ref. 10) 

1.0 fm 2 1.6 fm 2 2.8 3.8 

and Of, and the 0 d - l s  orbi ta ls  a r e  augmented by 
0g, ld  and 2s. The ampl i tudes  were de te rmined  
with the force used by Kall io and Kolltveit  [7]. 
Express ing  the orb i ta ls  in a Car tes i an  bas is ,  the 
main  effect of the polar iza t ion  is  to ca r ry  ! z) to 
[ z ~ .  The re  a re  two types of t e r m s  enhancing 
the Me+e- ma t r ix  e lement ,  the off-diagonal 
t e r m s  propor t ional  to the ampli tude of excitat ion 
in the s ing le -pa r t i c l e  wave function such as 

and the l a rge r  expectation value of r 2 in the 
higher ~hell wave function. In the 2P-2H wave 
function, 26% of the enhancement  comes from 
the inc reased  probabi l i ty  of the excited core,  and 
in the 4P-4H wave function, 85% is due to this 
effect. With this high percentage from the excited 
state, it may no longer be good approximation 
to restrict the single-particle orbitals to a 
basis of two shells. The changes in theMe+e- 
caused by a 50% decrease in the matrix element 
( I s !Iv 112s> and neglect of the matrix element 
<2s I Iv ll3s> or an addition of a p-state repulsion 
of the form<0pllv]llp> = 1.17MeV (ref. 9), are 
+ 7% and -17°/o respectively. Core polarizations 
have also been calCulated with non-singular 
forces and a variational technique. Using these 
large polarizations, the E0 matrix element is 
found to be in much better agreement with ex- 
periment [10]. 

The Y7 matrix element is proportional to the 
total E1 strength of the intrinsic states, 

M T y ~  l< intrinsic 0+ I ~ r i l n  1-> I 2 
n p r o t o n s  

s ince there  a re  only diagonal t e r m s  in equation 
(1). The essen t ia l  point is  that these s ta tes  have 
the same E1 strength,  although of course  they 
have different  expectation values  of r 2. This  
may be seen by noting that the E1 operator  is  
ident ial  to the c e n t e r - o f - m a s s  posit ion operator ,  
except for isospin° All T = 0 s ta tes  with the 
center  of m a s s  in the harmonic  osc i l la tor  ground 
state,  have the same R s t rength  and therefore  
the same E1 strength.  
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T h e  m a t r i x  e l e m e n t  i s  no t  i d e n t i c a l l y  z e r o  
when  h i g h e r  o r d e r  c o r r e c t i o n s  a r e  t a k e n  i n to  
a c c o u n t .  T h e  c o r e  p o l a r i z a t i o n s  a r e  no t  a s  e f f e c -  
t i ve  in t h i s  c a s e  a s  t hey  w e r e  in t h e r  2 m a t r i x  
e l e m e n t ,  b e c a u s e  t he  m o s t  i m p o r t a n t  o f f - d i a g o n a l  
t e r m  in the  s i n g l e - p a r t i c l e  m a t r i x  e l e m e n t ,  

(z I r z ! z2}<z2 I rz } z3} 

is partially excluded in the intermediate state. 
Including the core polarization gives a ratio of 
the two types of matrix element, 

Myy/ Me+ e- ~ 0.064 

a s  c o m p a r e d  to  the  e x p e r i m e n t a l  [11] l i m i t ,  

Myy/ Me+ e- < 0.071.  

H e r e  the  f o r m u l a e  of O p p e n h e i m e r  and  S c h w i n g e r  
[12] h a s  b e e n  u s e d  to e x t r a c t  t he  m a t r i x  e l e m e n t  
r a t i o  f r o m  the  b r a n c h i n g  r a t i o ,  t a k i n g  t he  i n t e r -  
m e d i a t e  s t a t e  e n e r g y  d e n o m i n a t o r  a s  Edipole  = 
22 MeV.  One  a s s u m p t i o n  n e c e s s a r y  f o r  t he  n e a r  
v a n i s h i n g  of MTy i s  t h a t  t he  i n t e r m e d i a t e  e n e r g y  
fo r  the  d i p o l e  s t a t e s  be  the  s a m e  fo r  a l l  t h e  i n -  
t r i n s i c  s t a t e s .  A v i o l a t i o n  of t h i s  by 10% cou ld  
c h a n g e  t he  r a t i o  of m a t r i x  e l e m e n t s  by 150%. 

S i m i l a r  t h e o r y  s h o u l d  a p p l y  to  t he  h i n d r a n c e  
of 27 d e c a y  in 9 0 Z r  ( re f .  8), a t  l e a s t  w i th  the  
v a l e n c e  m o d e l  of B a y m a n ,  R e i n e r  a n d  S h e l i n e  
[13], b e c a u s e  h e r e  a l s o  t h e r e  i s  n o  c r o s s o v e r  ~7 
m a t r i x  e l e m e n t  c o n n e c t i n g  the  s h e l l - m o d e l  
s t a t e s ,  (p,~p~), o and  (g~g~)O. 

T h e  a u t h o r  i s  g r a t e f u l  to  B. M o t t e l s o n  f o r  p o i n -  
t ing  out  r e l e v a n t  a s p e c t s  of t h i s  p r o b l e m .  He 
a l s o  t h a n k s  T.  M a r u m o r i  f o r  i n f o r m i n g  h i m  of 
t he  work  of E i c h l e r  and  M a r u m o r i  on 27 h i n d r a n c e  

u s i n g  o p e r a t o r  m e t h o d s ,  and  E. B o e k e r  f o r  d i s -  
c u s s i o n s .  
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