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Decay of the first isobaric analog state in ®Ge
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The alpha-decay branching ratio for the lowest isobaric analog state in ®Ge has been measured to
be less than 1.0 1072, Transitions to this level contribute significantly to the cross section for the
capture of high-energy neutrinos by %°Ga. Since the analog state decays almost exclusively by
gamma-ray emission, induced ®Ge radioactivity may be used for the detection of high-energy neu-

trinos in large-scale gallium neutrino detectors.

As a result of the persistent discrepancy’? between the
observed and expected flux of solar neutrinos, a number
of new neutrino detectors are being developed. The galli-
um radiochemical detectors that are under construc-
tion>* are sensitive to the pp solar neutrinos through cap-
ture by "'Ga. However, the bulk of such a detector is
composed of °Ga (60% natural abundance) with a
neutrino-capture threshold (E, =2.226 MeV) that is too
high for it to be useful as a detector of solar neutrinos. In
contrast, high-energy neutrinos will populate the isobaric
analog state (IAS) of the ground state of ®Ga [located at
an excitation energy E, =7.00(5) MeV (Ref. 5) in ®Ge]
through a strong inverse Fermi transition. Because these
detectors are designed to count germanium atoms, the
decay of the IAS must ultimately populate the ground
state of ®Ge if ®°Ga is to be a viable neutrino detector.
Possible uses for the °Ga fraction of a gallium detector
include the detection of neutrinos eminating from super-
nova events as well as the monitoring of cosmic-ray-
induced bankground during solar-neutrino measure-
ments. In addition to gamma decay, the only other decay
channel available to ®Ge is an isospin-forbidden alpha
decay (E,=3.39 MeV) and thus it may be expected that
®Ge will predominantly gamma-ray decay. Neverthe-
less, the branching ratio for alpha decay is difficult to cal-
culate accurately. Therefore, as part of our ongoing stud-
ies of the decays of the IAS relevant to neutrino detec-
tion,® we have measured the alpha-decay branching ratio
for the IAS in ®Ge using the ®°Ga (*He,ta)%Zn reaction.

The ®Ga(*He,?)**Ge reaction was measured using a
29.8-MeV *He beam provided by the Princeton AVF cy-
clotron and a natural Ga target of about 250 ug/cm?
thickness. Outgoing tritons were detected in singles at
01,,=0° in the focal plane of a QDDD magnetic spec-
trometer. A triton spectrum is shown in Fig. 1(a). Decay
products were measured in coincidence with these tritons
using a 300-mm? Si surface-barrier detector located close
to the target. Because the IAS possesses spin J =3, the
angular distribution of the ensuing alpha decay is of the
form ay+a,P,(cos@), where P,(cos0) is the second-order
Legendre polynomial. Hence, this detector was located
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at 0,,,=125° [near a zero of P,(cosf)] so that the ob-
served counting rate would provide a direct measure of
the branching ratio for the IAS. An energy calibration
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FIG. 1. Focal-plane spectra from (a) the "*Ga(*He,?)*>"'Ge
reactions showing the first IAS in %7'Ge, and (b) the
8Si(*He,d)?P reaction. The excited states of >N appearing in
the latter spectrum arise from carbon contamination of the tar-
get.
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FIG. 2. Particle spectra from the decay of (a) the IAS in ®Ge
showing the expected locations of transitions to the ground
state of ®Zn (o) and to the first three excited states (a, a,, and
aj, respectively), and (b) the 4.343-MeV state in *P.

was established using a source of 2! Am and a precision
pulser. The absolute coincidence efficiency was deter-
mined to be 1.27(4)% from the proton decay of the
4.343-MeV state in P (proton branching ratio

I,/T'=100%, J =%), populated via the **Si("He,d)*’P
reaction [Fig. 1(b)]. This is in good agreement with the
efficiency expected on the basis of geometrical considera-
tions [1.20(15)%]. A proton spectrum from the decay of
this state is shown in Fig. 2(b).

A particle spectrum from the decay of the IAS in ®Ge
is shown in Fig. 2(a). Alpha decay of the IAS would
predominantly populate the ground state and first three
excited states of %Zn. The relative penetrabilities to
these states are 1.0:0.7:0.9:0.4, respectively. No evidence
for any of these decays was observed. The number of ex-
cess counts in the region from channels 223 to 274 in Fig.
2(a) is less than 6 counts (95% confidence level). Taking
into account the total number of detected tritons corre-
sponding to population of the IAS and the measured
coincidence efficiency, we obtain an upper limit on the
alpha-particle branching ratio for the IAS of
I',/T <1.0x1072 (95% confidence level). These results
are consistent with the expectation that this state pri-
marily decays by gamma-ray emission and therefore ©Ga
can be used as a detector of high-energy neutrinos. For
example, we estimate that a type-II supernova event in
the center of our galaxy would produce a detectable
amount (10 to 20 atoms) of Ge in the Baksan® and
GALLEX (Ref. 4) gallium detectors. The two-day half-
life of ®Ge is short enough to provide a strong correla-
tion with such an event if rapid extraction and detection
is accomplished.
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