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Semimicroscopic cluster-model analysis of 7Li charge form factor
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The charge form factor of Li is calculated with a semimicroscopic method in which

the Pauli principle is taken fully into account but the intercluster relative motion is

parametrized in a way guided by cluster-model considerations. The results show that

there is a large degree of t +a clustering in the ground state of Li and that specific dis-

tortion effects are fairly important in this system.

NUCLEAK STRUCTURE Li; charge form factor with semimicro-

scopic approach.

In a previous publication, ' hereafter referred to
as KLT, the Li charge form factor in the q re-

gion from 0 to 7 fm was calculated with a
single-channel t+a resonating-group wave func-
tion. As has been emphasized there, the important
characteristics of this calculation are: (i) a totally
antisymmetric seven-nucleon wave function is used,
(ii) the center-of-mass motion is correctly con-
sidered, and (iii) no adjustable parameters are in-

volved. The results obtained were generally satis-
factory; in particular, the deduced values for the
rms charge radius and spectroscopic quadrupole
moment agreed quite well with empirically deter-
mined values.

The resonating-group wave function used has the
form

fz&(R)9'Ja Z(R . . ) ' (1)
R

where Pa and P, describe the internal spatial struc-
tures of the a and t clusters; they are assumed to
be represented by single-Gaussian functions charac-
terized by width parameters az and uz, respective-
ly. Using this wave function, one can readily for-
mulate the form-factor problem by employing the
complex-generator-coordinate technique and then

compute numerical results at various q values.
Even though this microscopic way to calculate

the charge form factor is a desirable procedure, we

should point out that there is one difficulty in-

volved. This difficulty is connected with the fact
that one must first obtain the relative-motion func-

tion fst [see Eq. (1)] for which it is necessary to
derive the rather complicated kinetic-energy and

potential-energy kernels present in the resonating-

group formulation. For the light t +a system, the
derivation of such kernel functions is comparative-

ly simple, ' however, it can become quite lengthy,
even with the complex-generator-coordinate tech-

nique, if one considers heavier systems, with the
constituent clusters described by flexible internal

functions. In this brief report, our purpose is to
demonstrate a semimicroscopic approach, in which

one employs the microscopic seven-nucleon wave

function of Eq. (1), but parametrizes the relative-

motion function in a way guided by cluster-model
considerations. Using this approach which in-

volves the determination of some parameter values

. from fitting empirical form-factor data, one obvi-

ously simplifies the calculation to a large extent by
circumventing the difficulty mentioned above.
However, as will be shown below, one can still ob-

tain much useful information concerning the struc-
ture of the seven-nucleon system.

2735 1981 The American Physical Society



2736 BRIEF REPGRTS

The function fbi(R) is parametrized as

fq((R)=(R +CR )exp( ——,yR ) . (2)

IOo

a& ——0.514 fm, o,~ ——0.378 fm (3)

To choose this particular parametrization which
contains adjustable quantities C arid y, we have
used the consideration that, in the oscillator cluster
model, ' the relative motion between the t and a
clusters must consist of at least three quanta of os-
cillation to comply with the Pauli principle. With
this function, the calculational procedure is identi-
cal to that given in KI.T, and one can readily corn-

pute the C0 and C2 contributions of the proton
and neutron distributions to the charge form factor

Two quantities will receive special emphasis in
this study. These are the rms charge radius R,b

and the spectroscopic quadrupole moment Q. For
R,~, the empirical value is 2.35+0.10 fm deter-
mined by a model-independent analysis of experi-
mental data at low momentum transfers of less
than about 1 fm ', or 2.39+0.03 fm determined

by an oscillator shell-model analysis of the higher

q data. An appropriate average to be used in our
investigation is, therefore, 2.37 fm. For Q, the
present experimental values ' are —3.4+0.6 and
—4. 1+0.6 fm; these can be combined to yield an
average value of —3.7+0.4 fm .

In our present investigation, the following cases
have been studied:

(i) Oscillator shell model. By setting a~ ——a~ ——y
and C =0, it is well known that, with a proper
choice of Z(R, ), the wave function 1(t~ reduces
to an oscillator shell-model function of the highest
spatial symmetry and the configuration (ls) (lp) .
The single parameter y can then be adjusted to
yield the desired value of 2.37 fm for R,~, . The
result is y=0. 32 fm, which in turn fixes" the
spectroscopic quadrupole moment as —1.87 fm .
This latter value is a factor of 2 smaller than the
experimental result. '

Calculated values of E,~ for q up to 7 fm are
shown by curve (a) in Fig. 1. As is seen, the agree-
ment between calculation and experiment is rather
poor. This shows that the oscillator shell model in
the lowest (ls) (lp) configuration cannot properly
explain the observed features and a more flexible
model must be sought.

(ii) Cluster model without specific distortion.
When specific distortion effects are not taken into
account, one chooses the width parameters az and

az to reproduce empirical values of the rms matter
radii of free a and t nuclei, i.e.,
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FIG. 1. Comparison of calculated and empirical re-

sults for F,q . Curve (a): oscillator shell-model calcula-
tion. Curve (b): cluster-model calculation without
specific distortion, with (C,y)=(0, 0.227 fm ). Curve

(c): cluster-model calculation without specific distortion,
with (C,y) =(—0.0715 fm, 0.25 fm ). Empirical
data shown are those of Ref. 8.

In our initial study with the cluster model, we set
C =0 and adjust y to yield R,q of 2.37 fm. This
results in y=0.227 fm which is substantially
smaller than either az or a~. As has been dis-
cussed previously, ' this is a strong indication that
there is a large degree of t +a clustering in the
ground state of Li.

The value of Q in the C =0 case is —3.21 fm,
which difFers by about 15% from the experimental
result. For F,s [curve (b) in Fig. 1] the calculated
values agree reasonably well with experiment in the
low- and high-q regions, but are too small for q
between 2 and 5 fm

Next, we briefly examined the situation where C
is not set as zero. For a (C,y) combination of
( —0.0715 fm, 0.25 fm ) designed to given

R,s of 2.37 fm, the value of Q turns out, somewhat
surprisingly, to be almost unchanged at
—3.20 fm . ' The form-factor behavior, as depict-
ed by curve (c) in Fig. 1, is, however, improved for

q (4 fm, although there is now a poorer agree-
ment with experiment in the higher q region.

(iii) Cluster model with specific distortion. To
further improve the result, one must take into ac-
count specific distortion eAects which have been
found to be important in the neighboring d +a sys-
tem' ' As has been shown there, a proper con-
sideration of such effects would require the perfor-
mance of a rather complicated calculation by em-
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FIG. 2. Comparison of calculated and empirical re-
sults for I',q . The calculated curves are obtained using
the cluster model with specific distortion. The parame-
ters are C=O and y=0.21 fm
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ploying a seven-nucleon trial wave function which
is more flexible than the one used here. In this
study, we have not done this; instead, we have sim-

ply adopted a comparatively crude procedure pre-
viously suggested. ' In this procedure, one uses

gM of Eq. (1) but variationally determines the op-
timum value of the width parameter az. Thus,
based on the considerations given in Ref. 17, one
now takes a~ to be 0.47 'fm, which is somewhat
larger than the width parameter appropriate for a
free triton.

Again, we first consider the case with C =0. To
obtain R,z ——2.37 fm, one finds that y should be set
as 0.21 fm . This leads to a value for Q equal to
—3.43 fm2, which agrees reasonably with the
measured result. Calculated values for F,~, to-
gether with contributions from CO and C2 interac-
tions, are shown in Fig. 2. Here one notes that the
agreement with experiment is fairly satisfactory.
The only discrepancy occurs in the intermediate q
region between about 2 and 4 fm, where the cal-
culated curve lies somewhat below the experimen-
tal points.

Learning from the experience described above in
(ii), one might hope to improve the form-factor
behavior in the intermediate q region by allowing
C to be nonzero. This was found to be indeed so.
Using a (C,y) combination of ( —0.067 fm
0.225 fm ) which yields the same values for R,z
and Q as in the C =0 case, we obtain results for

FIG. 3. Comparison of calculated and empirical re-

sults for I',q . The calculated curves are obtained using

the cluster model with specific distortion. The parame-
ters are C = —0.067 frn and y=0.225 fm

F,~, F&0, and F~2 which are shown in Fig. 3.
As is seen, the agreement with experiment is now

quite good. In the low-q region, F&o dominates
over Fg2, while the reverse is true in the high-q
region. For q between 5 and 7 fm, it is noted
that the form factor is accounted for almost com-
pletely by F&2 .

In conclusion, we have shown that even a sim-
ple, semimicroscopic examination can yield valu-
able information concerning the property of the
system under investigation. For the Li case, it is
found that there is convincing evidence for strong
clustering in the ground state and that specific dis-
tortion effects are fairly i.mportant.

Comparing with the calculation reported in
KLT, it should be noted that the present calcula-
tion is much easier to perform. Essentially, only
kernels not much harder to derive than the norm
kernel need to be evaluated, while for the calcula-
tion of KLT one must first obtain the relative-
motion wave function by carrying out a full
resonating-group study involving the evaluation of
complicated kinetic-energy and potential-energy
kernels. Therefore, it seems evident that the
present semimicroscopic approach may be quite
useful and can be employed to compute form fac-
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tors and other electromagnetic properties even in
heavier systems where complete resonating-group
calculations would be rather difficult.
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