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The g factor of the ‘79—

state in *Sc is discussed within the framework of the conventional

shell model. An inert 0Ca core is assumed. The effective interaction derived for this mass
region by Kuo and Brown is used. It is shown that the g factor can be well explained with a
small configuration mixing. The g factor of the 6* state in Ca is also discussed.

The explanation of the measured magnetic di-
pole moments provides a useful probe in the
study of nuclear structure. With the j-j coupling
shell model, the various features of the devia-
tions of magnetic dipole moments from the
Schmidt values were interpreted by configuration
mixing for almost the whole region of nuclei.}
Freed and Kisslinger? carried out the calculations
using the same method, but within the framework
of the pairing model. For the magnetic dipole
moments of p,,,-shell nuclei, the importance of
the tensor force which causes the configuration
mixing is emphasized in the explanation of the
small deviations from the Schmidt values.®* How-
ever, these calculations were restricted to the
magnetic dipole moments of the ground state of
odd-mass nuclei, where the mixed seniority-
three configurations were assumed to be the ini-
tial nucleon of the seniority-one configuration
coupled to the other two nucleons of the same kind
having equal orbital angular momenta and J=1.
The deviations from the Schmidt values of the
magnetic dipole moments of high-spin excited
states have been studied in the 2°®Pb region* and
A =88 region.®* The anomalous g factor of about
1.10 has been deduced under the assumption of the

renormalized single-particle operator i =g{
+gfrs,

In addition, the g factor of the ¥~ isomeric
state in *3Sc has recently been measured to be
0.331+ 0.002 by both the time-differential, per-
turbed-angular-distribution, and the stroboscopic-
resonance methods.® The configuration of this ¥~
state was proposed to be an f,,, proton coupled to
the 6* state in **Ca. A g factor for the f, /2 proton
was deduced from the measured value combined
with the experimental value for the g factor of the
6" state in **Ca under the assumption of the addi-
tivity of g factors. However, there are two ex-
perimental values for the 6* state®'” which do not
agree with each other. Nevertheless, the g fac-
tors of the f,,, proton deduced from both values
were close to, or even larger than, the Schmidt
value. By adopting the more recent datum in Ref.
5, Nakai et al.® have shown that the single-parti-
cle value, using the orbital g factor of the proton
g(proton)=1.1, agrees with the experimental val-
ue of the g factor of the ¥~ state in **Sc. They al-
so concluded that the anomaly of this magnitude
(~10%) of g(proton) may indicate the same effect
as those reported by Yamazaki et al. in the 2°8Pb*
and *Zr ® region.
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In the present work it is shown that the mea-
sured value of the g factor of the ¥~ state in **Sc
can be explained without the adoption of an anoma-
lous g (proton) factor by a small mixing of another
configuration. The calculations under discussion
are carried out within the framework of the con-
ventional shell model. An inert *°Ca core is as-
sumed. For the ¥~ state in 3Sc, the 1p,,, and
1p,,, orbits are irrelevant to the basis vectors,
while the effect of the 0g,,, orbit is quite small,
so that its contribution to the g factor is negligi-
ble. The basis vectors are thus |(vf;,)%(7f7/2) 1072
and | (vf,,5f5/2)6(M 220 10/2- FOr the single-particle
energy and the effective interaction, the results
given for this mass region by Kuo and Brown® are
used. Then the wave function of the ¥~ state ob-
tained by diagonalizing the two-by-two interaction
matrix is

0.9910|(vf /2 Pe(Tf7/2) 10/2

+0.1337|(Vf 7/2fs/2)6(M 7/2V10/2 -
(1)

In Table I, the calculated g factors are shown
and compared with the experimental data.® The
individual contributions from both neutron and pro-
ton are also listed. Case I exhibits the value cal-
culated with the configuration mixing, while case
II is the value estimated from the pure state
[(Vfs,2)6(Tf2/201,2- Though the mixing of the con-
figuration | (vf,,2fs,2)6(Mf2/2010/2 1S less than 2%, its
contribution to the g factor is quite significant.

In analyzing the experimental data, Nakai ef al.®

have utilized the measured value for the g factor

of the 6* state in **Ca. In the present calculation,
the wave function of the 6* state is given as

0-9918'(Vf7/2)2>e+0'1274I(Vf7/2f5/2)>e: (2)

0.40
0.38

0.36

g factor

0.34 -

0.32

0.30 v v .
3.5 4.5 5.5 6.5

(MeV)

€ - €
fs/2 “f2

FIG. 1. Dependence of the g factor of the 2~ state in
43¢ on the value of €f5/,— €1, value. The solid line is
the calculated value. The dashed line is the experimental
value of Ref. 6.

5
TABLE I. The g factor of the 129' state in “3Sc.
g(neutron) g(proton) g(total)
Case I -0 .48 1.66 0.31
Case II -0.55 1.66 0.26
Expt. 0.331+0.002

which produces the same g-factor value of —0.48
as that from the contribution of two neutrons in
the ¥~ state in **Sc. If the active Og,,, orbit is in-
cluded in the basis-vector spaces, the wave func-
tion is then

0.9890|(vf ;)% +0.1320|(vf 15 f5/206
~0.0662(vgy/2)%6»
(3)

and the g-factor value still remains unchanged.
Our calculated g factor is close to the measured
value, —0.50%3:% (Ref. 5), but in disagreement
with the other experimental value, —0.42+ 0.03
(Ref. 7). Nevertheless, the correction from the
single-particle value —0.55 is in the right direc-
tion.

In the present calculation, the adoption of 6.5
MeV as the splitting of the single-particle energy
between 0f;,, and 0f,,, is questionable. For the
low-lying levels in *!Sc, a 3~ state at 3.19-MeV
excitation energy has been identified and three
other states below 6-MeV excitation energy may
be the 3~ states.® Also, the spectroscopic factor
of 1=3 is widely distributed among these levels.
In Fig. 1, the dependence of the g factor of the ¥~
state in **Sc on the value of ¢, ~-¢,  is shown,
while that of the 6* state in ©Ca is shown in Fig.

-0.40 -
-0.42
-0.44

-0.46 1

g factor

-0.48 1

~0.50 f————— e a

3.5 4.5 5.5 6.5

€ - € (MeV)
fs;2 “t2/2

FIG. 2. Dependence of the g factor of the 6* state in
“Ca on the value of e, — €y, , value. The solid line is
the calculated value. The dashed lines a and b are the
experimental values in Refs. 5 and 7.
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2. Both the g factors of the £~ state in **Sc and
that of the 6* state in **Ca decrease with an in-
crease in the value of ¢, —¢, . As shown in
Fig. 1, the g factor from the va{ue €1s/a ™ €tq)
=5.0 MeV agrees with the experlmental data for
that of the ¥~ state in *3Sc. Also, this value of
€, glves the g factor of the 6* state in
42Ca. to be —-0.46, which corresponds to the aver-
age of the two measured values.>*’

Nakai et al.® indicated that the single-particle
value using the orbital g factor of the proton

g(proton)=1.1 agrees with the experimental value.

In view of the large deviation from the Schmidt
value of the magnetic dipole moment of the *3Sc
ground state,!® which is expected to be composed
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mainly of the configuration [(vf,;, o(nf7/202/2 @
small change of the g,(proton) is not enough to ex-
plain the measured value. In addition, the correc-
tion for the deviation from the single-particle val-
ue is of the opposite sign if one chooses g, (proton)
>1.

In conclusion, the configuration-mixing calcula-
tion is an attempt to calculate microscopically the
deviation of the g factor of the ¥~ state in **Sc
from the single-particle value. In view of our cal-
culated g factor of the 6* state in **Ca, it is worth-
while to extend the calculation to the g factor of
the 8* states in A =88 and 208 regions, where
both neutron and proton do not belong to the closed
shells in the sense of L-S coupling.

tWork supported by the National Science Council of the
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