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Abstract: The 6 and 7~ isomeric states in *®Ga and ®®Ga at 1440.9 and 1229.6 keV, respectively, have

been populated with the (*3C, 2np) and (' *N, n2p) reactions on natural Fe. The half-lives of these
states have been measured to be T, ,(67, **Ga) = 57.3+1.2 ns and T, ,(7", *®*Ga) = 64+2 ns.
Using previous data on the hyperfine field of Ga in Fe, the g-factors of these states have been deter-
mined by means of the TDPAD method. The results are ¢(6~, **Ga) = 0.129+0.003 and
g(77. *#Ga) = 0.105+0.003. These values are in very good agreement with the independent particle
model if one assumes the [nf, ;. vg, ;i 7 and {mp;.,. vgq ,js configurations and uses the
empirical proton and neutron g-factors from odd-A neighboring nuclei instead of the Schmidt
values. The large disagreements with experiment when Schmidt values are used show that core
polarization effects are important in these nuclei.

NUCLEAR REACTIONS 3¢Fe(!3C, 2np), E = 35-60 MeV: **Fe(**N, n2p), £ = 50-75
MeV: measured (0. H. ). *°-*8Ga levels deduced T, ,,. 9. TDPAD. Natural target. Ge(Li)
detector. Pulsed beam.

1. Introduction

The excited states of the odd-odd nuclei §$Ga,, and §3Ga,, were studied by

Pomar ef al. ') using the reactions ®*Zn(a, np) and ®*Zn(a, np). Isomeric states of
spin 67 in °°Ga (14409 keV, T, ~ 100 ns) and 7~ in %8Ga (1229.6 keV, T, ~ 85 ns)
were found ! 2). Level schemes for both nuclei were established ! 2) (see fig. 1) on the
basis of the usual experimental evidence and the decay modes of the 6~ and 7~
isomeric states have been proposed. In both nuclei a sequence of positive-parity
states up to J® = 4% have been observed.

The positive-parity states in these isotopes may be described as arising from the

t

coupling of protons and neutrons in the f, and p, orbits while the first odd-parity
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Fig. 1. Level scheme of ®*Ga and °*Ga as reported in ref. !).
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Fig. 2. Energies of the first 6 states in doubly odd nuclei ®?-**Cu and **°*Ga as a function of N. The
excitation energies of the first $* states in the odd-4 Zn isotopes are shown for comparison.
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excited states are expected to share configurations in which the odd neutron is in the
g, orbital.

As shown in fig. 2 a plot of the energy of the first 6~ state in the doubly odd
.nuclei ®*Cu, **Cu, *®Ga and °®*Ga as a function of N reveals a tendency similar
to that of the $* first excited states of the neighboring odd Zn isotopes. Since these
$7 states are known to be rather pure g, neutron shell-model states, the indicated
sxmllarlty seems to confirm that the lowest negative-parity states in °Ga and ¢3Ga
involve the vg, configuration.

In the present work the g-factors of the °*Ga 6~ and °®Ga 7 states have
been measured in order to investigate the above-mentioned assumption. As the wave
functions of these high-spin levels are probably very pure, a measurement of their
magnetic moments could add evidence for these assignments and serve as a good
test of the validity of the shell model for odd-odd nuclei in this region of the periodic
table.

2. Experimental procedures and results

As observed in the experiments described in ref. ') the reaction (a, np) can be
employed with targets of ®*Zn and °°Zn to populate the above-mentioned negative-
parity states in °°Ga and ®Ga. However, in order to have the product nucleus in a
ferromagnetic environment the *°Fe('3C, 2pn)®®Ga and °Fe(*°N, n2p)®%Ga re-
actions were used instead. A target of natural Fe (91 % abundant in °Fe) was
bombarded with '*C and ' *N beams from the Brookhaven National Laboratory MP
Tandem Accelerator.

The target was a 0.025 mm thick natural iron strip, placed across the pole pieces of
a small (= 1000 G) permanent magnet used to saturate the internal hyperfine field.
The interaction between this field and the magnetic moment of the product nuclei
causes their precession, which was observed externally through the rotation of the
angular distribution of the emitted y-rays by the time differential perturbed angular
distribution (TDPAD) method. Several independent runs were performed with
3C and '’N beams using a single, 10 % efficiency, Ge(Li) detector, repeatedly
placed in sequence at +45° and —45° with respect to the beam direction.

Fig. 3 shows typical single y-ray spectra for both reactions. The excitation
functions of the relevant y-rays were determined and are shown in fig. 4. From these
curves the optimum energies of bombardment were determined to be 55 MeV for '3C
and 60 MeV for !°N.

The half-lives of the ¢°Ga 6~ and %®*Ga 7~ levels were remeasured to improve
the accuracy of the previously reported values !-2). The time distribution measure-
ments were performed using the pulsed beam facility of the tandem accelerator.
The width of the beam pulses was about 7 ns and the repetition rate was 4 MHz.
The time-to-amplitude converter was calibrated by means of a model TC850
Tennelec time calibrator *). The results, shown in fig. 5, yield the values
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Fig. 4. The y-ray excitation functions for °®Ga and °®Ga.

T =67, 56Ga) = 57.3+ 1.4 ns,
T,J"=177,°°Ga) = 64 +2 ns.
Because of the precession of the nuclear magnetic moment in a magnetic
field, the y-ray counting rate at an angle 6 with respect to the beam is
N(0, 1) = (No/7) exp(—t/)W (0, 1),

where 7 is the mean life of the state and 1ts angular distribution is given by

we,n = Y g()APlcos(@+w )]

k cven
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Fig. 5. Results of in-beam time distribution measurements for y-rays assigned to *6Ga and %%Ga.

Here the coefficients g,(7) describe the attenuation of the angular distribution with
time and w, /27 is the Larmor precession frequency. In our case § = +45° and the
distributions can be combined in the expression

W(+45°, 1)— W(—45°,1) A, sin Q1)
W(+45°, 1)+ W(—45°,1) 44 Py+A,

where we have assumed 4, = 0.

Normalization of the TDPAD spectra was achieved by forcing the function R(r)
to oscillate around its zero value. This procedure was consistent with the normaliza-
tion using the integrated beam current.

Figs. 6 and 7 show the experimental results for both nuclei. The solid lines are
the best fits to the experimental points and correspond to the function

R(t) =

R(t) = K[sin2w t+exp(—AT) sin 2w, (t+ T)],

where T is the time elapsed between two successive beam bursts and the contribution
from the previous beam burst (approximately 7 %) is accounted for by the second
term. Table 1 shows the resulting values of w,, T, and A4, coefficients.
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Fig. 6. Larmor precession of the 6~ isomeric state in **Ga observed through the rotation of the angular
distribution of the 448 keV ;-ray.
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Fig. 7. Larmor precession of the 7~ isomeric state in **Ga observed through the rotation of the angular »
distribution of the 607.3 keV y-ray.

The g-factors are obtained from the relation
w h
g=—",
“nB
where B is the magnetic field at the site of the nucleus. Using the spin-echo
technique, Kontani and Itoh *) have measured the absolute value of the hyperfine
magnetic field of Ga in Fe at 4.2°K to be |B(Ga/Fe, T = 4.2°K)| = 11043 kG. By
taking into account the Fe magnetization curve *) a correction of —2.6 %, must be
applied to obtain the magnetic field at room temperature. This yields |B(Ga/Fe,
room T)| = 107+3 kG. Krdlas ©) used the g-factor of the known 43.7 keV isomeric
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TABLE 1

Larmor frequency and related data for the isomeric 6~ and 7~ states in °°Ga and **Ga

Nucleus Line (keV) Period (ns) T,,; (ns) A4, o, (MHz)
933 48.9(0.7) 57.6(1.6) —0.035(0.006) 64.2(0.9)
%6Ga 834 49.8(0.8) 56.5(2.7) -0.031(0.006) 63.1(1.0)
600 45.7(1.6) 54.6(2.7) 0.017(0.007) 68.7(2.4)
448 48.5(0.5) 60.2(2.8) —0.056(0.008) 64.8(0.6)
average 48.7(0.4) 57.3(1.2) 64.5(0.1)
%8Ga 607 59 () 64 (2) —0.10 (0.01) 53.2(0.1)
TABLE 2

The g-factors for the 6~ and 7~ isomeric states of ®®Ga and °®*Ga obtained in the present work

g-factor determined by using magnetic field B from

Nucleus J* V'Venglfled
ref. %) ref. ©) average
%6Ga 6~ 0.125(0.004) 0.143(0.008) 0.129(0.003)
58Ga 7" 0.103(0.003) 0.118(0.007) 0.105(0.003)

state in ®°Ga to determine the sign and magnitude of the same quantity, obtaining
a somewhat different value B(Ga/Fe, room T) = —94+45 kG. With these values of
the magnetic field and our results for the Larmor precession frequency we obtain
the g-factors shown in table 2.

3. Discussion and results

The g-factors reported above enable us to examine whether the 6~ and 7~ isomeric
states in ®®Ga and ¢®Ga are well described by the shell model. As mentioned in the
introduction, there is some evidence from energy systematics (fig. 2) that this may
indeed be the case.

Within the framework of the shell model there is only one possible configuration to
explain a low-lying 77 state such as that found in ®8Ga, namely {nf;, vg,},- and
two configurations for a 6~ state in °*Ga, which are {nf,, vg,},- and {np,. vg,},-.

For a doubly odd nucleus the g-factor is given by

J (I + 1) =T (J,+1)
2J(J+1)
where g and g, are the g-factors of the odd proton and neutron, and J, and J, are

the angular momenta of the proton and neutron, respectively.

For the proton and neutron g-factors we can use the Schmidt values computed
for the corresponding assumed single-particle configurations. However, the sys-

g =1309,+9.)+(9,—9,)

L}
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TABLE 3
Data for g-factor of odd-4 neighbors of **Ga and *%Ga

Nucleus J Exp Schmidt Bodenstedt ®)
13As 3 0.65 %) 0.345(nf5,,) 0.806
¢%Ga 3 1.34%)
$1Ga 1.23 %)

average 1.28 2.529(np;,,) 0.773
¢7Zn,, —0.243(0.004) ©)

*"Ge,, $* -0.210(0.007) ©)
$9Ge,, —-0.222(0.001) ©)
average —0.225(0.001) —0.425(vgy 4} -0.234

) Nucl. Data Sheets 1, no. 6 (1966) B1-6-57.
®) See ref. °).
©) See ref. 19).
9) See ref. '),

TABLE 4

The g-factors of the 6 and 7~ isomeric states in the odd-odd *°Ga and **Ga

Nucleus Configuration Schmidt ?) Emp ®) Exp
8Ga {nfs)50 V8o2)e- ~0.150 +0.087 0.105(0.003)
5Ga {nfs )30 Y802} ~0.187 +0.046 207,

66Ga {7Ps.20 VEopa)e- +0.314 +0.150 80 % } 0.129(0.003) %)

2) Value obtained using the result of the pure single-particle model (see table 3) for g, and ¢,,.
®) Value obtained using the empirical data for g, and g, from neighboring odd-A4 nuclei (see table 3).
) See text.

tematics show that, in general, the experimental values depart considerably from
those predicted by the Schmidt formula.

It has long been recognized that such deviations are mainly due to core polar-
ization effects 7). By taking these into account, the agreement with the measured g-
factors of odd-A4 nuclei is considerably improved.

In our case of odd-odd nuclei these effects are best taken into account by using
the g, and g, values experimentally determined for the corresponding states in the
odd-A neighbors. Table 3 shows the available data for such nuclei. The Schmidt
predictions and the value obtained by using an effective spin g-factor g, ¢ proposed
by Bodenstedt °) to include the core polarization effect are also shown. It is seen that
for these nuclei the deviations from the Schmidt values are large while the use
of g, . yields a reasonable agreement.

In table 4, the g-factors measured in the present work are compared to those
obtained by assuming g, and g, as given by either the pure single-particle model
(under column- labelled ““Schmidt’), or the experimental values obtained from
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neighboring nuclei (column labelled “Emp”). It is seen that a reasonable agreement
is obtained with the empirical g, and g, for the 7~ state in ®®Ga assuming the
{nf;, vgs},- configuration while the Schmidt prediction yields the opposite sign.
The measured g-factor for the 6~ state in ®®Ga is close to the calculated value
assuming the {np,, vg,}¢- configuration and the empirical figures for g, and g,.
However a small mixing of the {nf,, v,},- term canpot be ruled out. In fact if one
assumes that the wave function is

¥-(°°Ga) = Vi-8 {”p%, vg%}(,_ +ﬂ{“f§’ "gg}s-a

the present measurement yields 52 = 0.20.

In summary, the g-factors determined in this work support the assumption that
the 6~ and 7 isomeric states in ®*Ga and ®8Ga can be described in terms of simple
shell-model configurations involving the g4 neutron orbit and p, and f; proton
orbits, but the polarization effects, not taken into account in the extreme single-
particle description, appear to be important.

After the present measurements were completed, a thesis work by Leitz '°) came
to our attention. Using a 40 kG magnet and the **Cu(x, ny)**Ga and **Cu(a, ny)*®Ga
reactions, Leitz determined the g-factors of the 6~ and 7~ states in °°Ga and ®8Ga,
embedded in a copper matrix, to be g(6~, °°Ga) = 0.123+0.03 and g(7", *Ga) =
0.102+0.02. The g-factors reported by Leitz and those obtained in the present work
using the Kontani and Itoh value of the hyperfine magnetic field in iron (see table 2)
are in very good agreement. Using the g-factors reported by Leitz and our values
for the Larmor precession frequencies we can make an independent estimate of the
hyperfine magnetic field in iron which is B(Ga/Fe, room T) = —109+2 kG, in
excellent agreement with Kontani’s value reported in ref. 4).

The authors wish to acknowledge the support received from the National Science
Foundation (USA) and the Consejo Nacional de Investigaciones Cientificas y
Tecnicas (Argentina). Two of us (A.C. and A.F.) are grateful for the hospitality
of the Physics Department during our stay at BNL.
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