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An experiment to study the beta-decay of tritium using a
source of free (unbound) atomic tritium i{s carrently underway

aseous
n the

Physics Division at Los Alamos. The use of free atomic tritium along
with careful design of the measurement scheme should allow a defin-
itive determination for an electron antineutrino mass ~10 eV.

Measurements of the beta-decay spec-
trum of tritium in a solid source (tri-
tiated valine) by Lyubimov et al.l indicate
& non-zero electron-antineutrino mass.
However, complications inherent in a com-
plex tritiated source raise concerns about
the validity of ITEP results. An experiment
to s:udy the beta-decay of tritium using a
gaseocus source of free (unbound) atomic
tritium is currently underwvay at Los
Alanos. The use of free atomic tritium
should yield the most unambiguous results
possible. We will now describe the exper-
iment and point out a few of its character-
istics important to makinrg an accurate
measurenent.

The apparatus, shown in Pig. 1,
consists of three principal sections: a
source region, a pumping restriction and
extraction region, and a toroidal magnetio
spectromsier. The basic concept of the
experiment is to measure the beta-decay
spectrun of an intense gaseous atomic
tritium source. An extende.! gource is
required to reach a sufficient source
intensity. Plaocing this source in a strong
axial magnetioc field with a pinoch at ons
end allows one to extract most of the betasn
from the tritium decays into the extraotion
region. The pumping restriotion and extrac-
tion region merves two purposes: to stop
tritium molecules frca reaching the spec-

trometer and to focus the betas emerging
fron the source region into the spectro-
meter. The toroidal spectrometer analyzes
the momentum of the betas, allowing a
precise measurement of the tritium energy
spectrua near the endpoint.

The source region consists of a 4 m
long 3.8 cm diameter highly polished alu-
ninum tube which is pumped by Hg diffusion
puups located at both ends. An RF disso-
ciator produces the atomic tritium gas
vhich enters the tube at the midpoint
between the two pumps. The tuhe is cooled
to a temperature of about 120 Kelvin to
nininize reoombination of the atomic gas.
The expected integrated source intensity
will be 1035 - 1016 eritium ntou/cl2 of
85-90% pure atomic tritium.

Sapphire standoffs allow the aluminum
tube to be thermally regulated but elec-
trically isolated, so that the potential of
the tube can be varied up to 20 kV. This is
one of the oritical features of the oxper-
iment. By biasing the source tube, the
betas that aecay in the source region are
accelerated vhen they emerge into the
extraction region. Mence, the batas from
the source region can be differentiated
from background tritium decays that ooocur
eleevhere in the system. Another advantage
of varying the source potential is that it
is possible to ste) the source voltage



Fig. 1. Cross section of experimental apparatus. The overall
length of the apparatus is 16 =m.

instead of the spectrometer magnetic field.

The source tube is enclosed in a mag-
netic solencid which produces a field on
the order of 1.3 kG with a small axial
gradient. The electrons are constrained to
spiral about the field lines, allowing 93%
of the betas from tritium decays in the
source region to enter the extractioen
vegion.

The pumping restriction and extrac-
tion raegion is a differential pumping sys-
tem which allows a windowless aocurce while
limiting tritium contamination of the spec-
tromater to 2.3 »Ci/day. The accelerated
beta particles from the source are fooused
to a coliimator looated at the objesct of
the spesotrometer. Ths collimator limits the
acceptance of the spectrometer so that no
betas that emarge from or strike the source
valls enter the spectrometer. The extrac-
tion efficiency has been neasured o be 235%
with a 169yp gource and is in good
agresment. with ray-tracing caloulations.

The design parameters of the toroidal
spectromuter, an improved version of an
esarlier design by Ttot'yukov’, have been
desoribed previously’. The resclution of
the spectrometer is determined mainly by
source diameter and is caloculated to be
about 30 eV FWHN for 28 keV eleotrons and a
1 cm diameter source. A two axis cosine
coil active magnetic shielding system sur-
rounds the rpectrometer and cancels the

ambient magnetic field to the necessary 20
milligauss level. The detector is position
and energy sensitive.

Understanding the systen's character-
istica and behavior is critical to obtain-
ing unambiguous results. There is a variety
of both offline and online diagnostics to
ensure that we understand our system. Off-~
line diagnost.cs include an electron gun to
study orbits, wall effects, and resolution
parameters. Several solid sources and a
gaseous $3%xr 1ine source will also ba used
to study system resclution and extraction.
Online diagnostios include a detactor to
monitor total source activity, a UV laser
to deternmine the molecular fraction of the
source gas, and a res.dual gas analyszer to
ponitor gas composition.

The construction of the experimental
apparatus is nearly complute. Data taking
should ocommence within the next year. We
expect a count rate of 1 Hs in the last 100
eV below endpoint and an ultimate sensi-
tivity to neutrino mass better than 10 eV.
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