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Project 8: measuring neutrino mass by observing tritium B~ decay with Cyclotron Radiation Emission Spectroscopy (CRES)
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Why is a cold atomic tritium Concept for a beam source of cold atomic tritium for Project 8
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enabling 40-meV sensitivity.

Atomic tritium is difficult to produce and store, as it recombines
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Atomic tritium must therefore be confined magnetically in a loffe Ris5 % K o | ’ Atoms
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temperatures. A flux of ~10'° atoms/s is required. Molecular tritium recirculation and supply ="

We are developing techniques for producing and
characterizing a beam of cold atomic tritium, beginning by
testing them with other hydrogen isotopes.
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The test stand at UW for production and characterization of a hydrogen isotope beam

Dissociation (atom production) Accommodation (first cooling stage) Atom detection tools

Molecules are dissociated into atoms by contact Atoms are cooled to 40 R —— - Mass spectrometer

K by a limited number of
bounces on a cold
aluminum surface

—.~="| ® A quadrupole mass analyzer specialized for low
atomic mass (Hiden) can be inserted to intercept
the beam or retracted to allow it to pass. It
assesses gas density and composition.

with a hot tungsten surface using a commercial
cracker: the HABS hydrogen atomic beam source
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e A separate QMA monitors the background gas

From gas density and composition.
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mass i i ® The wire detector measures atom flux.
analyzer I .
I : ® A low-mass wire is strung across the beam
0 path, blocking a tiny fraction of the beam.
M e Atoms hit the wire and recombine into
0 I : Bperture molecules, releasing heat.
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_________________________ | 0 _“ChOPF’er porure por ure- : A f e Heating changes wire resistance, which is
' d b = 1 : monitored with a lock-in amplifier set to the
------------------------ L-=a= Vertical Beam Cho er fre uency.
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e The wire detector, unlike the mass
l l spectrometer, can work in magnetic fields that
I are necessary for magnetic confinement of the
. , Pump #3 Pump #4 atomic tritium in later stages of cooling.
Pump #1 ump # ~1 x 10" 8mbar ~5x 10 °mbar
~10-3 — 10~5mbar ~C ¥ 10-7mbar ® See Astachov et. al. Eur. Phys. J. D 79, 2025.

Characterizing the velocity distribution of the atomic beam with time-of-flight measurement

Chopper transmission over 100Hz Velocity Distribution Convalution Data and fit for 300 K He at 100 Hz
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e Atom beam is interrupted at a
controllable frequency by a
rotating chopper wheel

® Later in the beamline, atoms are
detected using the wire detector
or quadrupole mass spectrometer
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