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ABSTRACT

+ +

Experimental B(E2; 01 -> 21 ) values for 54 even-even nuclei in the

range A - 90 - 200 were used to deduce effective charges of proton,

neutron bosons. The results indicate that for deformed nuclei, the ratio

e n / ep is in general agreement with the schematic Bohr and Mottelson
prediction. For vibrational nuclei in the A - I00 and A = 140 regions a

very significant enhancement of this ratio is found.

INTRODUCTION

It is well known that the addition of valence nucleons to the closed

shells of a nucleus is accompanied by the appearance of a non-spherical

field and thus the presence of an additional quadrupole moment of the

protons inside the closed shell. This quadrupole core polarization

effect can be renormalized as an effective charge of the nucleons added

to the core, An estimate of this effect can be obtained following Bohr

and Mottelson I and noting that the induced quadrupole moment due to the
Z

distorted field is of the order AQsD ' where Qsp is the single particle

quadrupole moment. Thus, the effective charges of the proton, neutron

are expected to be :

eff ( 1 + Z
ep = X ) e (i)

eff Z (2)
en = _ e ,

1
respectively. According to this schematic model :

eeff / eff Z / ( A + Z ) (3)
n ep =

Experimental information on the effective charges of protons, neutrons

outside closed shells is of importance for our understanding of the core

polarization effect. Such information can be extracted from data on E2

transition probabilities. In this work we present a systematic analysis
+ +

of B(E2 ; 01 -> 21 ) experim__ntal data in even-even nuclei in the

framework of the IBA-2 model.
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fRESULTS AND DISCUSSION

We use exact and approximate analytic formul_s 2'3 to extract the

effective charges ep , en of the proton, neutron bosons respectively. We
used 54 B(E2) experimental values for nuclei in the range A = 90 - 200

from the compilation of Raman et al.4 These values were fitted to the

analytical formulas using a least squares fit procedure. In order not to

obscure local variations of ep, en as a function of A, we divided the

data in II groups of neighboring nuclei and the fits were performed

separately for each group, using the appropriate analytical formula 2'3

for each group This procedure is different from that of Raman et al 5

who tried to find a single en / ep value for a large number of nuclei•

In Figure 1 we present as an example the fits for two groups of

isotopes. The resulting ep, en as a function of the average mass A in

each group are presented in Figure 2. We see that around A = i00, the

behavior of the effective charges is rather irregular, while for A > 140

systematic trends can be observed : ep increases and en decreases with

mass number. The behavior of en / ep vs. A is presented in Figure 3. For

most deformed nuclei, en / ep = 0.3 - 0.5,in agreement with the expected

ratio I en / ep = Z /(A + Z) _ 0.3 ( eq. (3) above ). Vibrational nuclei

in the regions A = i00 and A = 140 have en / ep = 1.5 - 2 . The reason

for the enhanced en / ep ratio in these nuclei is not completely
understood at present, although it is a clear feature of the data• It

may be related 6 to the fact that en, ep contain a (length) 2 factor and
that in these nuclei the neutrons occupy orbitals significantly farther

away from the center of the nucleus than the protons. Thus their

effective charge is enhanced by the dimensions of their orbits.

The systematic trends presented in this work warrant detailed theore

tical investigation in order to obtain information on the nuclear core

polarization effect, which is closely related to the effective charges.
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Fig. I Fits of experimental B(E2) data to analytical formulas to deduce

ep, en for 104-112Ru and 182-192Os isotopes.
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Fig. 2 Systematics of ep, en vs. A. Each s._ol represents the ep or en
extracted for one of the groups of nuclei and is plotted at the

average mass of that group.
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Fig. 3 Syst_natics of en / ep vs. A. See caption to Fig. 2
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