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g factor of the 3.830 Mev ( 2 ') level in 4' Ca*
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The g factor of the 3.830 MeV level of 4~Ca has been measured by the time-differential
perturbed-angular-distribution method to be g =+0.29+ 0.02. The reaction VAl( O, p, n) Ca
was used to populate the state in a magnetic field of 58 kG. The measured g factor can be
understood within the configuration (d&&2 f7&2 ) . The calculated g factor depends sensi-
tively on the isospin character of the particle-hole interaction.

NUCLEAR REACTIONS VAl( O, pny), E =48 MeV; measured
y(O, B, t)B=58 kG deduced g(3.830 MeV).

Recently, many high-spin levels in 'Ca have
been populated by utilizing the large angular mo-
mentum transfer inherent in heavy-ion fusion
evaporation reactions. ' ' Many of these levels
have also been observed in ('He, d) and (d, n) reac-
tions' on 'K. The 3.830-MeV level in 'Ca has
been assigned ('-,")both from the y decay' ' and
from the I =3 transfer' in ('He, d). A '-," level
can be made in d», 'f», ' by coupling the isospin
of the two f,» particles to either T~ = 0 or T~ =1.
The composition of the ('-,")level is probably
some mixture of these two levels, and a g-factor
measurement can determine the relative amounts
of the two isospin components.

The short lifetime (4.7 nsec) of the isomeric
3.830-MeV level requires a large field in order to
utilize the time-diff erential perturbed-angular-
distribution technique. The superconducting mag-
net at the Stony Brook FN tandem Van de Graaff
was used for the measurement. A pulsed beam of
48-MeV "0 ions was incident on a thick "Al tar-
get which was placed in a transverse field of 58
kG. The decay of the ('-,")level includes a y ray
of either 3369 keV or 3201 keV, and fortunately
these y rays have very large anisotropies' of
opposite sign [A,(3369)=+ 0. 67, A, (3201) = -0.34].
Delayed-time spectra of both y rays were taken
in Ge(ji) counters at +45 to the beam direction at
the target. The time resolution for both y rays
was 3.5 nsec full width at half maximum (FWHM).
The following double ratio was formed:

R(t) = [N, (3369)—N (3201)]—[N (3369)—N (3201)]
N, (3369)+N, (3201)+N (3369)+N (3201)

By expressing the data in this way, many possible
systematic distortions of the time spectra are
eliminated in first'order. The R(t) obtained is
shown in Fig. 1, along with a least-squares fit
with up~ = 0.082(5) nsec ' corresponding to g
=+0.29 +0.02. Knight-shift and diamagnetism

with n'+P'=0. 99, n, P&0. The magnitudes of n
and P depend sensitively on the interaction used.
To a good approximation one may disregard all
orbits except for the 1d„, and 1f„,orbits. In

04-

0.2-

0.0
CL

~ ~

-02-

-04-

40 20
TIME (nsec)

FIG. 1. Double ratio (defined in text) vs time. The
smooth curve is a least-squares fit to the data.

corrections were not applied as they were very
small compared to other uncertainties. The
amplitude of the R(t) is consistent with the mea-
suredA, coefficients, indicating that there is no
additional loss of the nuclear alignment for cal-
cium in aluminum compared to calcium in tung-
sten. ' After this work was completed, another
less-precise measurement of the g factor with
the time- integral perturbed-angular-distribution
method was reported' and is in agreement with
our result.

To interpret the g factor, shell-model calcula-
tions were performed in a complete model space
of all ls Od and 1P Of orbits. These calculations
demonstrate that the wave function of the lowest
'-," level is

I'2'"&=o'ld. g. '(f, (');,':,& Old„. '(f,-(.') &+".
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FIG. 2. g(~~ ) as a function of the amplitude of the
component of the wave function with T&=1.

Fig. 2 is plotted the g factor of the &' state as
a function of a, including only these two states.
Free nucleon g factors were used, since the con-
figuration-mixing contributions were calculated
to be very small and the mesonic effects are ex-
pected to be small in this mass region. Also
shown in the figure are the values of n obtained
from calculations employing bare Kuo-Brown
(KB),' Gillet-Sanderson (GS),' and modified sur-
face fI (MSD)' matrix elements for the particle-
hole interaction.

A feature which emerges is the sensitivity of
the calculated g factor to the relative admixtures
of the states in which the f», pair is coupled to

T~ =1 or T~ =0 as the two basis states have sig-
nificantly diff erent g factors. Although

d», '(f„,') i' ' has an unperturbed energy 3 iVleV

lower than d„, '(f„2~)r& ', the particle-hole in-
teraction is more attractive for those states in

which the intermediate isospin is largest, and the
T~=1 state is lowered more. The isospin de-
pendence of the particle-hole interaction is usually
parametrized' "

by the constant b, which is the
average separation of the T~ =1 and Tp=0 particle-
hole centroids. The modified surface 6 interac-
tion (the parameters of which were chosen to fit
levels in ~'Ca) has b =2.84 MeV. Thus one expects
the MSD interaction to give a large admixture of
the d», '(f„,')ri' ' state into the lowest '-," state.
Indeed, one obtains n = 0.982, resulting in a g
factor in disagreement with experiment. Qn the
other hand, values of b of 1.42 and 1.54 MeV are
obtained from the KB and QS interactions, re-
spectively, and these give values of g much closer
to the experiment. The nature of the wave func-
tion, and therefore the calculated magnetic mo-
ment, depends on the energies of the two f»,'
states; the calculations above used the renormal-
ized Kuo-Brown matrix elements' which under-
estimate the energy separation between the 7'
T~=O and the O' T~=1 states by 0.3 MeV. If the
experimental energies are used, the value of b
necessary to reproduce the experimental g factor
increases to about 1.85 MeV, still short of the
usually quoted value.

The large value of b obtained from the ~ Ca
spectra" and from stripping and pickup reactions
may not be realistic because of the influence of
configuration mixing and many-particle-many-hole
states. The results presented here indicate that
the g factor of the lowest '-," level in "Ca provides
a more sensitive test for the isospin character of
the particle-hole interaction, and that interactions
with b = 1.5 to 1.8 can reproduce the measured g
factor.
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