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Measurement of the half-life of the first excited state of 2 Pb

Z. Krecak, M. Krcmar, and A. Ljubicic
Ruder Boshovic Institute, P 0 .B. 1.016, $1001 Zagreb, Croatia

B. A. Logan
Ottawa Car-leton Institute for Physics, University of Ottawa, Ottawa, Ontario K1N6N5, Canada

D. B. Isabelle and J. Vernois
CNRS Centr—e D'Etudes et de Recherches par Irradiation SA, Rue de la Ferollerie, F )507.1 Orleans Cede@2, France

(Received 14 March 1994)

The inverse P decay Tl(v, e) Pb can be used to investigate the solar neutrino lux averaged
over the last several million years. The inverse P decay proceeds dominantly via the 2.3 keV level of
the Pb and an accurate estimate of the cross section depends on our knowledge of the structure
of the 2.3 keV level. We have made the 6rst measurement of the half-life for the decay of the 2.3
keV level to the Pb ground state. Our result is Tz/2 ——24.2 6 0.4 ps and can be used to improve
our knowledge of the structure of the two Pb states.

PACS number(s): 21.10.Tg, 23.20.Lv, 27.80.+w, 95.30.Cq

The 2osTl (v, e) ~osPb inverse P decay can be used
to investigate the solar neutrino flux [1]. Its threshold
energy of 53.4 keV [2,3] allows it to be sensitive to the
0 & E„&0.42 MeV neutrinos from the basic pp fusion
reaction. The only known large deposits of thallium ex-
ist in lorandite crystals (TlAsS2) in the Allchar mine in
Macedonia. The lorandite crystals have been in the mine
for about 5 x 10 years and the Tzy2 of 15 x 10 years
for the decay of Pb back to Tl allows the accumu-
lation of Pb in lorandite to give information on the
solar neutrino flux averaged over the last several million
years. A sensitive nondestructive method for estimating
the 2osPb production has been proposed recently [4].

The inverse P decay is expected to proceed dominantly
via the 2.3 keV level of Pb and an accurate estimate of
the cross section for the process depends on knowledge
of the structure of the Tl ground state and the 2.3
keV Pb level. We have made the 6rst measurement
of the half-life for the decay of the 2.3 keV level to the

Pb ground state, a decay which proceeds via internal
conversion of the N and 0 atomic lead levels. Our result
can be used to improve our knowledge of the structure of
the two 2osPb states.

The 2.3 keV 2osPb level is populated in the a decay of
~osPo; a decay scheme is shown in Fig. 1 [3,5,6]. The lead
ions have a recoil energy of 95.5 keV and the conversion
electrons have an average energy of 1.8 keV. 2osPo was
made using the 2osBi(p, n)2osPo nuclear reaction with a
9 MeV proton beam and was extracted &om the natu-
ral bismuth target by coprecipitation in a metallic phase
with tellurium and then dissolved in 7N HCl. Tellurium
was removed by extraction of 2osPo in a 7N HCl solution
into methylisobutylketone followed by back extraction in
N HC1. The source was obtained by spontaneous depo-
sition of Po in 0.2N HC1 onto a 6 pm thick, 10 mm
diameter, silver foil, as a spot with a diameter of about
2 mm. The activity of the source was measured to be
about 7 Bq.

The source thickness was very critical. Our measure-

ment is based on measuring coincidences between alpha
particles and conversion electrons. If the source was too
thin and all the recoiling lead ions escaped, they would
give prompt coincidences with the alpha particles and
mask the delayed alpha-particle —conversion-electron co-
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FIG. 1. Detailed decay scheme of Po. Data are taken
from Refs. [3, 5, 6].
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incidences. The source had to be s»anciently thick to
retain some of the recoiling lead ions while still allowing
conversion electrons to escape.

The proton induced x-ray emission (PIXE) analysis in-
dicates that the main contribution in the source thickness
is silver. We estimated the source thickness by comparing
the numbers of alpha particle single counting rate with
the alpha-particle —lead ions prompt coincidences rate.
About half the recoiling lead ions stopped in the source
and this corresponds to a target thickness of about 30
IMg/cm of silver, a thickness which allows a reasonable
&action of the conversion electrons to escape &om the
source.

Electrons and lead ions were detected in a channeltron
(MULLARD B419BL/01) which had a 2.2 mm inner di-
ameter spiral tube and an input cone diameter of 10.7
rnm. The channeltron was sensitive to electrons with en-
ergy ) 50 eV and the singles counting rate in the chan-
neltron was about 12 counts per second. Alpha particles
which passed through the silver foil were detected with a
1 cm2 silicon surface barrier detector; the singles count-
ing rate was about 0.5 count per second. The source was
placed between the two detectors, 0.5 cm &om the chan-
neltron entrance, and 1.3 cm &om the silicon detector.
The system was operated in a vacuum of 10 s torr.

A time-to-amplitude spectrum is shown in Fig. 2. The
time-to-amplitude converter (TAC) was started by pulses
&om the silicon detector and stopped by the pulses &om
the channeltron. The relatively intense prompt peak is
produced by coincidences between alpha particles and
lead ions which escaped &om the source. The rest of
the spectrum is due to coincidences between alpha par-
ticles and conversion electrons &om lead ions which stop
mainly in the source. The intensity of the prompt peak is
about thirty times that of the total intensity associated
with the conversion electrons. The ratio of the two inten-
sities depends on the target thickness and the different
detection efficiencies for the two processes. Background
in the TAC spectrum was estimated by placing a 0.827
mg/cm2 mylar foil between the source and the channel-
tron; this stopped electrons with energies below 18 keV.
The background intensity had a fiat distribution and was
about 1% of the total intensity in the TAC spectrum as-
sociated with the alpha-particle —conversion-electron co-
incidences. Data and background were both accumulated
for time periods of 1.38 x 10s s.

The half-life of the 2.3 keV level was found to be

Tq~2 ——24.2+ 0.4 ps for a best reduced y value of 1.147.
Theoretical estimates range &om 1.5 ps for a single par-
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FIG. 2. TAC spectra of coincidences between pulses from
the silicon surface barrier detector and pulses from the chan-
neltron.
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ticle Weisskopf model to 261 ps for a relatively sophisti-
cated cluster-vibration model [7j. Our result can be used
to test the accuracy of any theoretical analyses of the
structure of the 2.3 keV level, and the ground state of
2o5Pb.
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