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Contrary to previous assertions, Brueckner correlations do affect magnetic moments. The parameteriza- 
tion that emerges seems to work also for lower energy correlations. 

The calculat ion of magnetic  moments  of nuc-  
lei  nea r  closed shel ls  was apprent ly  s impl i f ied  
by Amado ' s  observa t ion  that the sho r t - r ange  c o r -  
re la t ions  of the Brueckner  theory do not inf luence 
the moments  [1]. We will  f i r s t  show that this  a s -  
se r t ion  is i nco r rec t ,  and then d i scuss  the effect 
of in te rmedia te  energy cor re la t ions ,  which can 
be calcula ted in s econd-o rde r  pe r tu rba t ion  theory.  
These  co r re l a t ions  take the theore t ica l  magnet ic  
moment  of 209Bi fur ther  f rom exper iment .  

Amado ' s  proof for the orbi ta l  contr ibut ion to 
the magnet ic  moment  r e s t s  on the analogy of 
Brueckner  co r re l a t ions  with Jas t row co r r e l a t i ons  
[2,3]. The Jas t row cor re la t ion  opera tor f ( r l - r  2) 
i s  a rea l  function which mul t ip l ies  the t w o - p a r t -  
ic le  shell  model wavefunction. Even af ter  in te -  
gra t ing out the second par t ic le  the function m u l t i -  
plying the wavefunction of the f i r s t  pa r t i c l e  is  
real .  Since the expectation value of the veloci ty 
is  not changed by mult iplying a wavefunction by 
a rea l  function, the orb i ta l  magnet ic  moment  will  
not be changed. 

The Brueckner  theory cor re la t ion  ac ts  a lmos t  
exclus ively  in S-waves.  The t enso r  force is  
negl igible  and heal ing is  much fa s t e r  in other  
pa r t i a l  waves. This  means  that for  p rac t i ca l  p u r -  
poses  the cor re la t ion  operator  is  r ea l  in the cen-  
t e r - o f - m a s s  sys tem of the in te rac t ing  pair .  In 
the lab sys tem we can r ep resen t  the co r r e l a t ed  
wavefunction as 

exp{~i(k 1 + k2)(rl  +r2)} 

~ =  1 + f ( r  l - r 2 )  exp~(klr l+k2k2)}  × 

(1) 

x qbkl(rl)qb k2(r2) . 

We note pa ren the t i ca l ly  that this  form for the c o r -  
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Fig. 1. Perturbation theory diagrams included in the 
calculation of the magnetic moment of 2O9Bi. 

re la t ion  opera to r  proved more  useful  in the 
p r o b l e m  of 3-body c lu s t e r s  than the Jas t row 
form [4]. Now the average velocity of a nucleon 
in the cor re la t ion  is  jus t  the c e n t e r - o f - m a s s  ve-  
locity.  F o r  a pa r t i c le  on the F e r m i  surface this  
would be just  half the s ing le -pa r t i c l e  velocity. 
Define the probabi l i ty  of a Brueckner  cor re la t ion  
between proton and neut ron  gpn" We would then 
expect that the orb i ta l  g- fac tSr  for valence p ro -  
tons would be influenced by core neut rons  and 
vice v e r s a  according to 

g p r o t o n  = 1 - ½ Kpn, g n e u t r o n  = ½ Kpn • (3) 

F r o m  nuc lea r  mat te r  ca lcula t ions ,  the probabi l i ty  
Kpn has been es t imated  to be of the o rde r  0.15 
[5,6]. 

In a previous  paper  we calculated the p robab i -  
l i ty of in te rmedia te  energy co r re l a t ions  [7]. 
These  are  not well  t r ea ted  in the usua l  Brueckner  
theory,  and so can be regarded  as independent 
cor re la t ions .  Because of the exclusion pr inc ip le  
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Table 1 
Effective orbital g-factors of intermediate energy cor- 
relations from ref. 8. The effective g-factor is defined. 

Table 2 
Magnetic moment corrections from correlations in 

209Bi. 

gorbital -- 

/~corr/~corr -/~spin (Schrnidt) 

~torbita I (Schmidt) 

Nucleus 17 0 41 Ca 

go rbital 0.59 0.59 

Probability 

Magnetic moment of 
correlation 

effective gorbital 

proton-proton proton-neutron 
correlation correlation 

0.054 0.262 

0.238 n.m. - 0.022 n.m. 

1.36 0.48 

and sp in -orb i t  spl i t t ings ,  it  is  not obvious that 
the magnet ic  moment  will have the s imple  be -  
havior  of equation (2). Mavromat i s  et al.  [8] have 
made a complete calculat ion of in te rmedia te  
e n e r g y  second-o rde r  effects in 170 and 41Ca, 
f inding a quenching. To see how useful  eq. (2) is  
to descr ibe  the quenching, we take the i r  i n t e r -  
mediate  state magnet ic  moment ,  divide by the 
probabi l i ty  of the cor re la t ion ,  and subt rac t  the 
spin contr ibut ion of the single par t ic le .  This  
gives an effective orb i ta l  moment ,  which we di-  
vide by the s ing le -pa r t i c l e  orbi ta l  moment  to get 
the effective g - f a c t o r s  of table 1. This  may be 
compared with the Brueckner  theory value ~ if 
we a s sume  that all  the probabi l i ty  is  in pn c o r r e -  
lat ions.  Of course ,  the BrueCkner co r re l a t ions  
a re  at high energ ies ,  so that the effective g - f a c -  
t o r s  need not be the same. 

The second o rde r  calculat ion of the 209Bi 
magnet ic  moment  by Mavromat i s  et al. [9] used 
a very  l imi ted configurat ion space. Because 
the re  is  a large d i sc repancy  between theory and 
exper iment  for this  nucleus  we repeated the ca l -  
culation. We used essen t ia l ly  the same p a r a m -  
e t e r s ,  summing  al l  graphs  shown in fig. 1 that in -  
volve an in te rmedia te  energy of 30 MeV or  less ,  
as  in ref. 7. The resu l t ing  second-o rde r  magnet ic  
moment  is  given in table 2, separa ted  into neu-  
t ron  and proton contr ibut ions.  Dividing by the 
in te rmedia te  state probabi l i ty  and subt rac t ing  the 
h} spin contr ibut ion,  we find the effective g - f a c -  
t o r s  shown. The r e su l t s  for the p ro ton -neu t ron  
co r re l a t ion  a re  in reasonable  accord with eq. (2). 
The g - f a c t o r  Should r ema in  1 for a p r o t o n - p r o -  
ton cor re la t ion ;  the fact that  it is  higher  shows 

that spin flip is  important .  This  is  caused by the 
s ing l e -pa r t i c l e  sp in-orb i t  potential.  

The second-o rde r  effects give a total  con t r i -  
bution to the magnetic  moment  in 209Bi of 
-0 ,61 nuc lea r  magnetons.  This  is to be compared  
with the exper imenta l  value of 4.08 n.m. and the 
bes t  calculated value of ref. 9, 3.21 n.m.  Thus  
d i sag reement  between theory and exper iment  is  
much worse  than had been suspected. Mesonic 
effects co r r ec t  this  somewhat,  but a re  fa r  too 
sma l l  to explain the total  d iscrepancy [10,11]. 

The author thanks Robert  Baumel  for  p e r f o r m -  
ing the nume r i c a l  calculat ions ,  and G. E. Brown 
for  conversa t ions .  
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