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The Fermi superallowed B* activities “Ga, ®As, and °Br were produced in the reactions **Ni(°Li,2n)
’Ga at Eq, = 25 MeV *Ni('B,2n)*As at E,o, = 30 MeV, and *Ni(**N,2n) "Br at Ey,, = 44 MeV. Half-
lives were determined by multi-scaling pulses from a plastic 8 ray detector. The measured half-lives are as
follows: “’Ga—115.954-0.30 ms, *As—95.78 4-0.39 ms, and °Br—80.24-0.8 ms. An attempt to
observe the decay of "‘Rb, produced in the **Ni(’F,3n)*Rb reaction at E, = 60-68 MeV, was

unsuccessful.

[RADIOACTIVITY %Ga, %As, UBr; measured T ,2]

L. INTRODUCTION

The vector coupling constant effective for nu-
clear B decay is best determined from the system-
atics of the f¢ values for pure Fermi superallowed
B* transitions of J"=0*- 0*. During the past few
years measurements have been made at several
laboratories on eight cases from #Q to 5¢Co and
their ft values have been determined to an accu-
racy of ~+0.1%. In the most recent review® of
this series a plot of f * versus Z (where f* in-
cludes outer radiative corrections) shows an ap-
parently smooth systematic behavior, with f%¢ .
increasing by about 0.6% between O and **Co.
However, the analysis hinges to a large extent on
the ft value for 0 in the derivation of which there
are still unresolved discrepancies! in the mea-
sured decay energy. Thus, on the basis of the
experimental evidence, Towner and Hardy? find
no clear preference for a particular theoretical
treatment of the results.

Whatever the eventual outcome of the studies of
the systematics of these eight cases, it would be
very useful to extend the series to higher Z with
Jft values of comparable accuracy. The sequence
of possible Fermi superallowed g* emitters above
%4Co consists of *®Cu, %Ga, %°As, "Br, and “Rb.
In the case of 5%Cu, King et al.’ showed from their
data and previous work that the 0*, T=1 state is
above the ground state and no superallowed g
transition is expected. ®2Ga has been reported by
several groups. Using the *¢Ti('°F,3xn) ®*Ga and
50Cr(1%0,p3n) 2Ga reactions, Jackson et al.? ob-
tained a rough value of 115 +10 ms for the half-
life. More recently, Chiba et al.’ made this
activity in the ®Zn(p,3#) ®*Ga reaction at E,= 44
MeV and reported values of 116.4 +1.5 ms for
T,,, and 8.3 +0.3 MeV for Ez+ ,,,. During the
course of the present work a preliminary value
for the half-life of Ga was reported by Davids

et al.® using the *®*Ni(°Li,2r) ®*Ga reaction at E
=24 MeV. Their result has now been super-
seded” by a final value of 116.34+0.35 ms obtained
from new measurements made with a plastic scin-
tillator for detecting the positrons.

%As has been reported* as having a half-life of
93 +5 ms. The reactions °Ca(3%28, apn) *As and
50Cr('°F,3n) *®As were used to make the activity.

Br appears to be as yet unreported but is ex-
pected to have a half-life of ~80 ms. However,
the next one in the series, ™Rb, has been found®
to have a half-life of 64.9+0.5 ms. It was pro-
duced in spallation reactions induced by 600- MeV
protons, followed by collection in the Isolde-2
mass separator. :

In the present work the activities %2Ga, ®%As,
and Br were produced in heavy-ion reactions
and their half-lives were measured. An attempt
was also made to produce ™Rb.

II. EXPERIMENTAL METHODS AND RESULTS

In all of the half-life measurements the target
material consisted of Ni foil 0.01 mm in thickness
enriched to 99.93% in °®Ni. A 2.5-cm diameter
glass tube was used as a target chamber and into
this was inserted a target ladder for holding four
samples clamped in Ta-backed holders. Any one
of the samples could be adjusted so as to be in
line with the beam collimator. A plastic scintil-
lator was placed next to the glass tube to detect
the emerging g rays. Thin lead was wrapped
around the tube in such a way as to reduce the
yield of B rays from all but the sample in line
with the beam. By occasionally changing to a
different target, the effect of the build up of long-
lived activities was reduced.

The B-ray detector consisted of an NE102 scin-

1875 © 1978 The American Physical Society



1876 ' DAVID E. ALBURGER 18

tillator 4.7 cm long by 5.0 cm in diameter attached
to an RCA 6342 photomultiplier tube. As described
previously,! a fast amplifier and discriminator
system (50 ns time constants) was used and the
output was multi-scaled in a Northern Scientific
Co. pulse-height analyzer. The general procedure
was to irradiate the target for 0.2 s with a beam
from an MP Tandem Van de Graaff, cut the beam
off using a mechanical chopper, and then start

the multi-scaler after a delay of 0.05 s. All
operations were controlled automatically by a
timer-programmer which continuously repeated
the sequence.

Analysis of the resulting decay curves was made
by a nonlinear least-squares minimization com-
puter program to fit the data to an exponential
plus constant background. Fits were made start-
ing in the first usable channel and after one or two
half-lives. Details of experiments on the individ-
ual activities are as follows.

62, Ga

The reaction *®Ni(°Li,2n) ©Ga at E, =25 MeV
was used to produce %2Ga. A ®Li** beam of ~100 nA
(charge) irradiated the target for 0.2 sec and the
detector output was multi-scaled at 8 ms per
channel for 256 channels (17.7 half-lives). Runs
were from 1 to 3 hours in duration with accumu-
lations of 6600 to 11000 counts in the first chan-
nel. Because of the relatively intense low-energy
B-ray background, the detector bias had to be
set at 23 MeV. For the 3-MeV setting the long-
lived background was 2% of the initial ®2Ga count-
ing rate but at higher biases of up to 4 MeV the
background was as low as 0.14% of the initial
rate.

Seven runs were made altogether at biases be-
tween 3 and 4 MeV. Typical errors for fits to
individual runs starting in the first channel were
#0.33 ms. Fits starting after one half-life had
larger errors but the values were expected to be
less subject to rate dependency and other non-
statistical effects. The procedure adopted for de-
riving the final value in the analyses of all experi-
ments, including those described below for 6¢As
and ™Br, was to find the weighted average value
from all runs for fits starting in the first channel
and to average that value and its error equally
with the corresponding value for fits starting
after one half-life. The average error was then
inflated by a factor of 2 and adopted to allow for
possible systematic effects. This follows the
analysis procedures used in previous half-life
experiments.® In this way the half-life of ®2Ga was
found to be 115.95+0.30 ms.

S5As

In making %®As using the *®Ni(1°B,2x) ®As reac-
tion, it was necessary to avoid the simultaneous
production of #2Ga from the 58Ni(1°B,a2#) %2Ga
reaction. Calculations of the expected cross sec-
tions for these competing reactions, using the
code ALICE, were carried out by C. N. Davids who
very kindly provided this information. Thus, at
E o, =30 MeV one can expect to produce *As with
a negligible amount of ®2Ga present. Above 30
MeV the (a,2%) cross section rises rapidly so
that erroneous results might be anticipated from
the mixing of %2Ga with the %As.

10B%* beams of up to 300 nA (charge) were ac-
celerated to 30 MeV. The general procedures
were the same as for %2Ga except that the multi-
scaling rate was 7 ms per channel for 256 chan-
nels corresponding to 18.7 half-lives. Yields of
%As were considerably lower than in the case of
$2Ga, and the long-lived background problem was
more severe. Thus it required runs of 23 to 9
hours to accumulate 1500-6500 counts in the
first channel and the relative long-lived back-
ground for the various runs was from 0.5 to 5%
of the initial %As rate, depending on the bias
setting.

Seven runs were made on the ®As half-life at
B biases from 3.5-4.5 MeV. By following the
same analysis procedures as described above for
%2Ga, the half-life obtained for ®As was 95.78
+0.39 ms.

7°Bl'

"Br was made in the %®Ni(N,2#x) "°Br reaction
using a 44-MeV “N°* beam of 350-400 nA (charge).
Cross section calculations, again kindly provided
by C. N. Davids, indicated that at this energy a
negligible amount of ®®As would be produced in
the competing *®Ni(**N,a2#n) %®As reaction. The ex-
periment on ™Br was characterized by very low
yield and a high long-lived background. Thus in
one of the runs of 12 hours duration, multiscaling
at 5 ms per channel for 256 channels (16 half-
lives), and at a B-ray bias of 4.5 MeV, only ~2000
counts were accumulated in the first channel and
the relative long-lived background at that bias
was 10% of the "Br rate in the first channel. In
the most favorable case the background was still
5% of the initial rate.

Six runs were made on °Br totaling about 50
hours of data taking. By analysis of the results in
the same way as for 2Ga and %¢As, the value
adopted for the half-life of Br is 80.2+0.8 ms.
Although firm proof is lacking that the observed
activity is infact "Br, the assignment is highly
probable because of the agreement of both the
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measured yield and the half-life with calculated
estimates.

74Rb

An experiment was carried out in order to find
out if a usable amount of Rb could be produced
in the %®Ni(!°F,3x) “Rb reaction. The setup was
exactly the same as for the ™Br experiments ex-
cept that the beam was changed to °F® with ~300
namp (charge) on target. Beam energies of 60
and 68 MeV (the highest available at the time)
were tried. In runs of 10-15 minutes at each
energy, and at a B-ray bias of 4.0 MeV, back-
ground counts were observed but there was no
indication whatsoever of any short-lived activity.

III. DISCUSSION

The present result for the half-life of #Ga,
115.95+0.30 ms, is in good agreement with pre-
vious work including the accurate value of 116.34
+0.35 ms due to Davids et al.” The weighted mean
value of all results to date, including the present
work, is 116.12+0.26 ms. In order to derive an
ft value for comparison with the other Fermi
superallowed B* emitters, an accurate decay
energy is also needed. Work is in progress by
Davids et al.®7 to determine the 8* end-point
energy of Ga decay, but because of the 8-MeV
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positron end-point energy the best accuracy antic-
ipated in this type of measurement is ~30 keV.
Because of the fifth power dependence of f on the

'B* end-point energy, an order-of-magnitude more

accurate decay energy will be needed if the error
on f is to be comparable with the 0.22% error on
T,,, as given above, and if the overall error on
the ft value is to be of significance in extending
the study of the systematics. Thus, the usefulness
of Ga and its possible impact on the systematics
will have to await a future determination of the
mass of this isotope to an accuracy of a few keV
or better.

There are no other values of comparable ac-
curacy for the half-life of *®As with which to com-
pare the present result of 95.78 £0.39 ms. It will
obviously be necessary to obtain an accurate
mass value for %As as well as to improve on the
accuracy of the half-life before a significant f¢
value can be derived.

Similar comments apply to the decay of "Br,
and here it is even more evident that much im-
proved methods will be needed to produce this
activity in sufficient intensity and with less back-
ground for more accurate half-life determinations.

The author is indebted to Dr. Cary N. Davids for
information on cross section calculations and to
Mr. Irving Feigenbaum for fabrication of the
target material.

tResearch supported by the Division of Basic Energy
Science, Department of Energy, under Contract No.
EY-76-C-02-0016.

'D. H. Wilkinson, A. Gallmann, and D. E. Alburger,
Phys. Rev. C 18, 401 (1978).

%1. S. Towner and J. C. Hardy, Phys. Lett. 73B, 20
(1978).

3N. S. P. King, C. E. Moss, H. W. Baer, and R. A.
Ristinen, Nucl. Phys. A177, 625 (1971) (and references
cited therein).

K. P. Jackson, R. E. Azuma, I. Berka, 1. Faestermann,
J. C. Hardy, and H. Schmeing, Chalk River Report No.
PR-P-108, 1976 (unpublished).

_5R. Chiba, S. Shibasaki, T. Numao, H. Yokota, S. Yama-

da, K. Kotajima, S. Itagaki, S. Iwasaki, Y. Takeda,
and T. Shinozuka, Phys. Rev. C 17, 2219 (1978).

fC. N. Davids, M. J. Murphy, and E. B. Norman, Bull.
Am. Phys Soc. 23, 573 (1978).

'C. N. Davids, private communication.

83. M. D’Auria, L. C. Carraz, P. G. Hansen, B. Jonson,
S. Mattsson, H. L. Ravn, M. Skarestad, L. Westgaard,
and The Isolde Collaboration, Phys. Lett. 66B, 233
(1977).

’D. H. Wilkinson and D. E. Alburger, Phys. Rev. C 13,
2517 (1976).



