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It is shown that core-polarization causes a considerable reduction of the nuclear magnetization current at high momentum 
transfer irrespective of multipolarity. The reduction is consistent with the observed reduction of both magnetic and trans- 
verse electric form factors in the 2°Tpb and 2°8pb nuclei. No corresponding systematic reduction is expected in the nuclear 
convection current. 

In recent high resolution electron scattering experi- 
ments on 207pb [1,2] the low lying neutron hole exci- 
tations have been studied. It has been observed that 
there is a systematic reduction of  the transverse scat- 
tering amplitude to about 55% of  the single particle 
value, independent of  the transition multipolarity and 
the momentum transfer investigated. Various mecha- 
nisms were suggested to explain this reduction. In this 
letter we present a calculation of  the core polarization 
effect on the nuclear magnetization currents which 
accounts for a substantial part of  this reduction in both 
magnetic and electric transitions. We use the same 
model [3] by which a similar reduction was obtained 
in the high spin transitions (j~r = 12 - ,  1 4 - ) i n  2°8pb 
[4]. While in the latter only the first maxima of  the 
magnetic form factors have been measured those of  
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the low multipolarity transitions discussed here exhi- 
bit several peaks in the probed momentum transfer 
range and provide an opportunity to study the core 
polarization effect via electric and magnetic transitions 
with different multipolarities and different forms of  
wave functions involved. 

The states discussed here are at 0.571 MeV (3Pl/2 
2f5/2), 0.899 MeV (3Pl/2 ~ 3P3/2), 1.634 MeV 

(3pl/2 ~ li13/2), and at 2.340 MeV (3Pl/2 ~ 2f7/2). 
In each of  these the neutron-hole configuration 
(mentioned) is supposed to be the overwhelmingly 
predominant component in both the initial and final 
states (denoted by P0 and Pl respectively). Thus we 
estimate the core-polarization by perturbation. We 
obtain the following inhomogeneous equation [3,5,6] 
for the perturbed particle wave-function Xph(r): 

1/2x+1 
X rXph(r ) = -rRh(r)Rpo(r)Rpl  (r) V2jp ° +-~i 
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Fig. 1. Core-polarization diagrams included in the present 
calculation. 

• 1 ] 1 " ((Ylp 1)]p(yl h 1)/h[o~(~l _ ~22) [ (Ylpl ~) pl ( r / ^  ~)/po)j 
P" (1) 

of a lp-2h configuration (denoted by p, Pl, and h), 
which has the total angular momentum Jpo (fig" la). 
The effective residual interaction was taken to be a 
f-function, and the eigenvalues of the single-particle 
Hamiltonian of the orbits P0, Pl and h are denoted by 
epo, epl and e h respectively. R(r) is the normalized 
radial wave-function and the single-particle potential 
V(r) has the Woods-Saxon form. Numerically we pro- 
jected out from X the components below the Fermi 
sea, though the observables are unaffected by the pro- 
jection [6]. Then the perturbed particle wave-function 
Xph(r ) has a normalization given by the probability of 
the amplitudes in the complete wave-function. Ex- 
changing the role of P0 with that of Pl, we obtain the 
equation for the particle amplitude, Yph(r) of a lp-2h 
configuration (denoted by p, P0, and h) which has the 
total angular momentum ]ps (fig. lb). 

We perform the complete summation over the 
particle-hole configurations (ph) in fig. 1, by integrating 
the inhomogeneous differential equation (1) (and the 
corresponding equation for Yph(r)) for all possible 
particle-angular momentum ]p associated with all the 
occupied orbits h, and by summing up all the contribu- 
tions. This way of calculating the core-polarization is 
free from the inaccuracy due to space truncation in- 
herent in the usual shell-model calculations. Further- 
more, the calculated particle wave-functions have the 
correct asumptotic behaviour at large r. 

As an effective interaction we use a ~i-interaction 
with the coefficients v = vao" cr + voro. or .'c in which 
the strength was taken to be oct+ vcr r = 170 MeV fm 3 . 
This is the same effective interaction used in ref. [3] 
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to calculate the core-polarization effect on the high 
spin transitions in 208pb. The interaction strength was 
discussed in the same article [3]. 

The electron scattering cross section is given in the 
Born approximation by: 

oo 

do daM [ ~ F 2 j  (~ 0 t ~  ( 2 F 2 
dg2- d~ r/ + + tan 2 F j+  j )  ; 

J=0 / J=l 

d°M Z 2~2 

d~  q2 tan20/2 ' (2) 

and the recoil factor: r/= [1 +(2Ee/Mt)sin20/2]-i 
The J = ~- ground state of 207pb limits the sum over 

the multipolarities in (2) to one electric and one magne- 
tic transitions in each excitation. The three form factors 
FCj, FEj and FMj are related to the nuclear charge, 
convection-current and magnetization-current densities 
[7]. The expressions for FMj and pjj  were given in ref. 
[3]. The transverse electric form-factor, FEj , is related 
to the transition current densities p j j _  1' and P J J+l, 
in the Born approximation by: 

FEJ(q)= Z ? 2 J i + l  

× f r2 dr [ VJ22@+l o j j -  l (r) Jj-1(qr) 

+ ~ 2 J ~ l  ~JJ+l(r)Jj+l(qr)l. (3) 

The transverse electric transition current density (before 
including the corrections due to the nucleon finite size) 
can be written as: 

P J J+ 1 (r) = p(/j) + 1 (r) + p(s)+jj_ 1" (r) , (4) 

with the convection current: 

O(J~+-I (r)--~ rr~c h 1 (_1)1/2+,1/2 

X Ljj, j+_I,1 "'P1 t,s Rpo(r) 

+ ~ f(+)(ph)( X Or,+ Yph(r) ) ( d  ~_) ph JJ'J+-l'l~ pht J ~ -  Rh(r) 

+ r"(-)(PzPo)p t',~ ~ d +lpo +1~ 
JJ, J+-l,1 " 'pay ,  \ ~ -  ~ r - - - 1  Rp°(r) (5) 

[ d  lh +1'~ -] 
+ ~ f(j.j)(P,~'(Xph(r) + Yph( r ) ) t~7+-S- - )Rh( r ) J  

ph ' - 
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Fig. 2. Transition current densities in 2°7pb calculated by using the pure single-particle and the perturbed wave functions (dashed 
and solid lines respectively). The pure single-particle wave functions were calculated using a Woods Saxon potential with the same 
parameters as in ref. [3].  
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and the magnetization current: 

p(S) trY=t2 i 1~ 1 |/J+(1T-1)/2 

X [(/pil l  Y s ) / J+(1T-  ( J )(Jt)jllip° t r 1 ) t 2  D )  

X Rpl (r)Rpo(r) + ~ <ipll(YjS)(dt)jllJh> 
ph 

where 

D +) (ph) - (_  1)~ l+lp_Jh+L 
L1 

~ 2 1 p  + 1) (2L + 1) (2 J+ 1) 
X 4n W(lpJp lhjh; ½J) 

X ~/(ih + (l  -+ 1)/2) (2/h + 2(1 +1) - 1 )  

X (/h + 1 ,L , /p ;  0 00)W(lhl lpL; /h-+l ,  J ) ,  

#7r=2.79,  / Jv=-1 .91 ,  g ~ = l ,  g ~ = 0 .  (7) 

The convection and magnetization current densities 
were then folded with the respective nucleon charge 
and magnetization densities. 

Even though the major contribution to the electric 
single neutron transitions are due to its magnetic 
moment, it has been shown that these transitions have 
a Coulomb form factor due to induced charge [9]. 
This Coulomb form-factor has a non-negligible contri- 
bution even at 160 ° (at which experimental data exists). 
It can be accounted for [1,2] by taking the transition 
charge density of  the corresponding collective excitations 
in 208pb, scaled down to fit the forward scattering data 
[9]. The electron scattering cross sections shown below 
were calculated in the distorted wave Born approxima- 
tion (DWBA), using the densities discussed above. 
For the electric transition form-factors which in DWBA 
cannot be separated into the longitudinal and the trans- 
verse parts, the "experimental" charge density was 
taken [1] in addition to the catcuiated (and folded) 
current densities, using the DWBA code HEITRA 
[10]*. The magnetic calculations were done using the 
code HEIMAG [10]. 

* The DWBA code HEITRA accepts the transition charge den- 
sity and only the part of the current density, PJJ+I, calculat- 
ing the other part PJJ-I by the continuity equation. The cur- 
rent PJJ-1 calculated by the program was compared to the 
one calculated theoretically, and they did not differ by more 
than 6% and only in the peaks at small radii. 

The calculated current densities using the perturbed 
and the pure single-particle wave-functions are shown 
in fig. 2. A considerable reduction of the current is pre- 
dicted for the various multipolarities. A comparison 
between the calculated (e, e ' )cross  sections (using 
these densities), and the experimental data is shown in 
fig. 3a with rather good agreement between the two. 

10-5 

IO-6 

10-7 

10-6 

E 

t~ 
x3 

10-7 

< 

IO 5 

IO-6 

[0- 7 

(CI) { 2 0 7 p b  ( e , e ' )  (160 ° )  

/ / ~ \  Ex = 2 . 5 4  M e V  

\ E4 + M 5  

7 

/ / -  \\\ 
///~\\ E 4 

\ /-\ 

11 , N\ 

- - - -  From s p .  w o v e - f u n c t p o n  1 
Calculot ion 

- -  From per turbed w o v e -  funct ion \ 

i I r I i I i I L' 
I 1.5 2 2 .5  

qe f f  ( f r o - i )  
.5 3 

l%g. 3. (a) Comparison between experimental data and the 
calculated (e, e') form-factor for the transition to the 7/2- 
state at 2.34 MeV. The densities from fig. 2 were used, and 
the calculation was done in DWBA. qeff = q (1 + 4Z,.,/3 EA 1/3). 
The dashed lines are calculations using the densities obtained 
from the unperturbed wave-functions while the solid lines are 
those using the perturbed ones. (b) Individual contributions 
of the magnetic (M3) and the electric (E4) (longitudinal and 
transverse) transitions to the total (e, e') cross section shown 
in part a. 
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Similar comparisons were obtained for the other transi- 
tions for which preliminary data exist [ 1]. The particular 
example shown in fig. 3 indicates that  the peak in the 
E4 transition around q = 2.3 fm -1 is not sufficiently 
reduced due to the present mechanism, compared with 
the experimental data. For reference we also show the 
cross sections caiculated from densities using the unper- 
turbed single-particle wave-functions. In fig. 3b we 
show the individual contributions of  the magnetic and 
the electric (longitudinal and transverse) transitions to 
the cross section. The major reduction in the current 
which is predicted at small radii, corresponds to the re- 
duction in the peak of  the form-factor in the high 
momentum transfer region. It should be noted that the 
reduction at low momentum transfer is not easily 
seen due to the contributions from the longitudinal 
form-factor in this region. 

We stress the comparison of  peak heights at the high 
momentum transfer region since we have used here a 
6-interaction as an effective interaction with a given 
strength, which might not  be valid for the entire mo- 
mentum transfer region. The numerical results show 
that the sum of  the probabilit ies in the admixed con- 
figurations is always less than one percent.  It justifies 
the use of a perturbat ion calculation in the present case. 

Since a lot of  configurations contr ibute to the pola- 
rization at high momentum transfer, one may expect 
that the results in finite nuclei would be pret ty  much 
independent of  the mult ipolari ty,  and would be ap- 
proximately estimated by the Fermi-gas model.  We 
have shown in ref. [3] that in an infinite Fermi-gas a 
static polarization of  - 0 . 2 8  is obtained at maximum 
momentum transfer across the Fermi-surface (q = 2kF) ,  
by using our effective interaction. The cross section is 
correspondingly reduced then by a factor of  ( 1 - 0 . 2 8 )  2 
= 0.52. This factor is in good agreement with the ob- 
servations in the 208pb region and our numerical cal- 
culations. In contrast  a polarization at low momentum 
transfer depends on a rather l imited number of  configu- 
rations and as such would be sensitive to the shell struc- 

ture and consequently to the mult ipolari ty.  
It should be mentioned that the calculated reduction 

of both  MJ and EJ form-factors in the present case 
stems essentially from the renormalization of  the mag- 
netization currents ,~(s) The calculated convection cur- t-'jL. 
rent density shows generally only a small reduction (or 
sometimes even a slight enhancement) due to the core- 
polarization. We expect then that the appreciable reduc- 
tion of  the transverse form-factors from the pure shell 
model values will not be observed between certain 
proton configurations of which a predominant con- 
tribution to the transverse form factor stems from the 
convection current. 
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