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Tritium B Decay

* Non-zero neutrino mass _
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* Spectral shape is fitted with
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Cyclotron Radiation Emission Spectroscopy
(CRES)

\\
* In a uniform magnetic field, a ] -\\
charged particle will have a B Field ©

neial traectory > 09999999298

* The accelerating electron will

radiate EM waves at EeTB 1:8-161[<eV
frequency: 1l gB 1 ¢gB L P~ fW
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* Advantages:
- Excellent energy resolution from frequency measurement
- Source gas is transparent to cyclotron radiation
- Differential spectrum measurement
- Low background
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Project 8 Experiment

A phased tritium beta endpoint experiment to measure the electron neutrino mass

* Phase | (Complete) |
— First demonstration of CRES technique with *"Kr |

* Phase Il (2015-2018) —
— First tritium measurement with CRES
— Endpoint determination to ~30 eV

2015 2016 2017 2018 2019 2020 2021 2022

* Phase Ill (2016-2022)

— CRES demonstration in 100-200 cm® free space volume
— Neutrino mass sensitivity of ~2 eV

* Phase IV (2017+)
— Atomic tritium endpoint measurement with m, ~40 meV sensitivity
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Event O
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Track Reconstruction &
Data Quality

* Spectrograms are very

information rich Track Length Distribution

104_
— Tracks
* |nelastic scattering from residual 5. — bvents
gas limits temporal extent of "
tracks 5 10°
O
Pre 10%-
* Short tracks are more difficult to
distinguish from thermal noise 100 | Unn | lJ]HﬂqHH :
0 2 4 6 8 10

Duration (ms)

- Sets limit on maximum gas

pressure in cell Excellent reconstruction demonstrated
down to 250 s track lengths
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Energy Resolution
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* Using
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Kr calibration (IC), energy resolution in shallow traps found to be ~4 eV
* Deeper magnetic traps yield more statistics, though lower energy resolution

Better predicted sensitivity to neutrino mass for ~100 day run

Project 8: A Radio Frequency
Measurement of the Neutrino Mass Scale



Preliminary Tritium
Spectrum

Predicted Energy Spectrum Observed Energy Spectrum

Tritium Runs 8704-9181 (From October 2018)
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» 417 events
>~ Agrees with expected spectrum
> No background above endpoint
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Next Steps: Phase lll R&D

* Higher statistics are needed for a
competitive measurement

- Waveguide does not scale to

larger volumes. Go to free-space!

* Simulations of realistic electron £ 005
radiation patterns are underway

- Detailed E&M simulations of 0.01
patch antennas + feed networks

- Digital beamforming between -0.03

channels
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Next Steps: Phase IV R&D

1T Solenoid

Superconducting multipole at 2 K

T
Cracker Accommodator Nozzle Straight 0. 03 K Tritium Atoms é
2500 K 160 K ~10 K Superconducting SupercondEa &
Quadrupole VSS ‘ &
Quadrupole : . =
YYYYY v Fiducial Volume &
47%

Patch antenna
array for digital
beamforming
and position
reconstruction

I Atoms slow
by 60 m/s
across
17T step

Q//
Supply and reClrcu\a‘I

Superconducting multipole at 2 K

1 T Solenoid

* Phase IV requires ~10 m® at a tritium number density of 10> cm™ for sufficient
statistics for 40 meV mass resolution

* Early research has focused on:
- Cracking sufficient molecular tritium
- Conceptual design for velocity selection/ magnetic trap
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