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The fractional decay branch in the EC decay of "Be leading to the first excited state of "Li
has been measured. "Be ions from a beam produced by a tandem Van de Graaff accelerator
were implanted into a surface-barrier detector; the decay y rays were then counted using a
well-shielded Ge(Li) detector of known absolute efficiency. The resulting decay branch,
(10.10+0.45)%, is in good agreement with previously published values and in strong

disagreement with a recent measurement.

RADIOACTIVITY ’Be; measured I,; deduced branching ratio to ﬁrst]
excited state in "Li.

I. INTRODUCTION

The fraction of "Be decays resulting in a 478 keV
v ray from the first excited to the ground state of
'Li is of interest because of its relevance to the
determination of the cross section for the reaction

SHe + *“He — "Be + v (1

at energies low enough to permit reliable extrapola-
tion to solar temperatures. This reaction is directly
involved in the production of ®B, which is respon-
sible for practically all of the solar neutrinos detect-
ed in the Davis experiment.! The accurate deter-
mination of this cross section is thus important as a
potential means of resolving the well-known solar
neutrino puzzle. Despite its importance, two mea-
surements of the capture cross section reported
within the past year”® differ by more than 70%,
well outside the quoted errors.

The direct measurement of the capture y rays
poses severe technical difficulties because of the very
small cross sections, as can be surmised from the
severe disagreement between the results obtained in
Refs. 2 and 3. An alternative method of measuring
the capture cross section (1) is to count the residual
"Be activity using the 478 keV y ray from the
branch to the first excited state of 'Li. Two recent
measurements of the capture cross section using this
method®* give essentially the same result; if the
branching ratio in' the EC decay is taken as the
currently accepte:d5 value of (10.37+0.12)%, these
measurements agree with the Caltech results (Ref. 2)
and disagree with those of the Miinster group (Ref.
3).

Knowledge of the branching ratio is clearly criti-
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cal for interpreting measurements of the capture
cross section using the 'Be decay. Consequently re-
cent reports of a measurement® by Rolfs et al. im-
plying a significantly higher decay branch
[(15.440.8)%)] to the first excited state of "Li have
generated a good deal of interest. Revision of the
branching ratio upward would of course reduce the
deduced value of the capture cross section and tend
to favor the results of Ref. 3.

Previous measurements of the branching ratio
have involved more or less indirect determinations
of the source strength, either by detecting the neu-
trons in a 47 detector following the "Li(p,n) reac-
tion’ or by detecting low-energy Auger electrons®
following the electron capture itself. In contrast, in
Ref. 6 the "Be ions were produced in a nuclear reac-
tion and implanted into a silicon surface-barrier
detector, which was then removed to a shielded en-
vironment where the 478 keV y rays were counted.
In the present study we have adopted an approach
similar to that used in Ref. 6; however, instead of
using a nuclear reaction (which produces copious
amounts of particles other than "Be, thereby requir-
ing the subtraction of a non-negligible background)
we have produced a monoenergetic beam of "Be ions
in a tandem Van de Graaff accelerator. This
method has the advantage that the high energies and
low backgrounds involved make identification of the
"Be ions quite straightforward and the counting very
accurate.

The experimental techniques used in the present
study are described in Sec. II, including the method
of calibrating the efficiency of the Ge(Li) detector
used for counting the y rays. The results of the
measurements are given in Sec. III, including a com-
parison with previous work.
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II. EXPERIMENTAL PROCEDURE

The apparatus used to produce and accelerate a
beam of 'Be ions is identical to that used for the
neighboring long-lived isotope '°Be and has been
previously described.’ In the present measurements
charge state +4 was selected for momentum
analysis by the 90° magnet to reduce background as-
sociated with trace impurities of "Li in the source
material. Examination of an E-AE plot using an
ionization-chamber—solid-state counter telescope
showed that all particles passing through the mag-
netic analysis were "Be ions; background levels were
less than 0.1%. Once the purity of the beam was es-
tablished, the counter telescope was replaced by a
200 mm? silicon surface barrier detector which was
collimated by a stainless-steel aperture of diameter
6.35 mm. At this point 1.009 X 10® ions were im-
planted into the detector. The energy spectrum of
the implanted ions was continuously monitored, and
was observed to be essentially constant at all times
during the implantation. The number of ions was
counted by differentiating the output of a charge-
sensitive preamplifier (time constant 20 ns) using a
fast timing filter amplifier and sending the resulting
pulses into a fast integral discriminator. The elec-
tronic circuitry was independently determined to
have a dead time of approximately 350 ns per event
using pulses from a ?*) Am a source at a rate of ap-
proximately 20000 Hz. The actual count rate dur-
ing the implantation of the "Be ions was approxi-
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FIG. 1. Spectrum of 478 keV ¥ rays from the decay of
"Be ions implanted into a silicon detector.
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mately 6000 Hz, resulting in a (negligible) dead time
of 0.2%.

Immediately following the implantation the sil-
icon wafer was removed from its case and accurately
located in front of a 65 cm® Ge(Li) detector. The
detector was surrounded by approximately 5 cm of
Pb shielding. A y spectrum showing the 478 keV
line is shown in Fig. 1; this spectrum is the result of
counting for 44 hours. The background was deter-
mined to be essentially flat by counting for a 24
hour period with an unirradiated silicon detector
substituted for the irradiated one. In the actual data
reduction a linear background subtraction was em-
ployed.

In order to deduce the branching ratio from the
number of counts in the y spectrum of Fig. 1 it is
necessary to know the absolute efficiency of the
Ge(Li) detector for 478 keV photons. This quantity
was measured using a 2’Bi source mounted in the
same geometry as the silicon detector and with the
radioactive material confined to a spot approximate-
ly 6 mm in diameter (designed to simulate the actual
conditions for counting the 'Be ¥ rays). The decay
scheme of 2°’Bi involves a cascade in which a 1.064
MeV 7 ray is always followed by a 0.5697 MeV tran-
sition. '® The apparatus used to determine the effi-
ciency is illustrated schematically in Fig. 2. Briefly,
the total number of counts in the 1.06 MeV full en-
ergy peak in detector 1 (V;) was compared to the
number of coincidences (N,) with a 1.06 MeV pho-
topeak count in detector 1 and a 0.57 MeV photo-
peak count in detector 2. The absolute photopeak
efficiency of detector 2 at E, = 570 keV is then
given by
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FIG. 2. Schematic diagram of apparatus used in the
determination of the efficiency of the counting arrange-
ment used to obtain the spectrum of Fig. 1.
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where f,, fic, and fqm are small corrections which
are described below.

Coincidence losses resulting from pulse pileup in
detector 2 were measured by sending artificial coin-
cidences from a pulser into the test inputs of both
preamplifiers simultaneously; these losses were ap-
proximately 2.5%; the shaping times for the linear
signals digitized by the computer were deliberately
shortened to 0.5 us to reduce the effects of pileup.
The factor f}, is the appropriate correction for pile-
up effects.

The angular correlation of the two y rays is
known to have only the k = 2 term appreciably dif-
ferent from zero.!! The effect of the angular correla-
tion on the efficiency measurement can therefore be
minimized by setting ¥ = 125° (see Fig. 2). This
was done in the present study; in addition, the angu-
lar correlation was checked experimentally by mak-
ing measurements at 9 = 180°. The results were in
good agreement with the known!! angular correla-
tion.

A small correction (2.2%) is also necessary for
internal conversion of the 570 keV E2 transition;
this was taken from Ref 10. f;. is the appropriate
correction to the efficiency. Finally, the factor fo,m
corrects for the counts (about 2.3%) which are lost
from the singles because of coincident detection of
both ¥ rays in detector 1;

1
fsum - I_EtOtW(OO) 4

()

(3)

where €, is the total efficiency of detector 1 for 570
keV photons and W (0°) is the normalized y-y angu-
lar correlation function evaluated at 0°. This correc-
tion was calculated from the known!? total absorp-
tion coefficients of Ge and the nominal detector
geometry. As an additional check, the sum peak at
E,=0.57 4+ 1.064 MeV was examined and gave
consistent results. Once the efficiency at 570 keV is
known, the value at a y ray energy of 478 keV can
be obtained by measuring the detector response as a
function of energy. This quantity was determined
using a '*Eu source in the actual counting
geometry. The required relative intensities were tak-
en from the work of Roney and Seale.!® The data
were fitted to an efficiency function of the form

€(E,) = AE;" . @

Only the five strongest lines above E, = 200 keV
known (from the decay scheme) to be free from sig-
nificant summing contributions were used in the
calibration. Summing effects were also checked by

varying the source-to-detector distance; only small
changes (1—2%) in the exponential parameter were
found, consistent with previous measurements'* us-
ing single y-ray sources and a similar detector
geometry. The correction to the efficiency resulting
from the difference in y ray energies is found to be

€(E, =478 keV)
€(E, = 570 keV)

= 1.20%0.02. (5)

It should be emphasized that the aim of the
present study was not to improve on the precision of
previous measurements,”® but rather to investigate
the (spectacular) disagreement of the results of Ref.
6 with earlier work. The principal advantage of the
present technique is the relatively easy preparation
of a source with a very accurately known number of
atoms. Clearly the errors associated with counting
the decay ¥ rays dominate the resulting experimental
errors, and could be reduced by improving the ex-
perimental arrangement, e.g., by using a large well
detector.

III. RESULTS

The efficiency of the Ge(Li) detector for the full
energy peak at E, = 478 keV obtained using the
above procedure is (4.641+0.19)%. The quoted ex-
perimental errors include counting statistics, uncer-
tainties in extracting the relevant peak areas, and an
estimated +0.5 mm uncertainty in the geometrical
positioning of the radioactive source. (The effect of
positional uncertainty was checked directly by vary-
ing the source-to-detector distance.) The average
counting rate from the "Be source, corrected for de-
cay, was found to be 7.12 +0.15X 10~2 counts per
second. The branching ratio then follows from the
relationship

f= %’—(r:O)/ANOe, (©)

where f is the branching ratio to the excited state,
(dN /dt)(t = 0) is the count rate corrected for decay,
A is the usual decay constant, N, is the number of
atoms present at ¢t = 0, and € is the detector effi-
ciency. This leads to a branching ratio f
=(10.104+0.45)%, where statistical and systematic
errors have been combined in quadrature. This is in
good agreement with the more precise values of
(10.42+0.18)% (Ref. 7) and (10.35+0.08)% (Ref. 8)
obtained in two recent measurements.

The results of the present measurements thus
strongly contradict the suggestion® in the work of
Rolfs et al. that the previously measured branching
ratio is in error, and thus indirectly support the
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larger value of the *He + “He capture cross section

as measured in Ref. 2.
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