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Including cavity-specific statistical and systematic effects

Project 8 pursues a direct neutrino mass measurement with a target
sensitivity of 40 meV/c? (90% C.L.) by recording a tritium spectrum using
Cyclotron Radiation Emission Spectroscopy (CRES).
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Goals of sensitivity analysis:
e Study requirements to achieve 40 meV/c? goal in Phase IV
e Optimize design parameters to minimize uncertainty on m

B
e Predict sensitivity of Project 8’s future experiments

Analytic estimation of neutrino mass sensitivity

for differential -decay measurements

e Statistical uncertainty: Estimate myg by counting the number of
events in an energy window AE below the spectrum endpoint E

e Systematic uncertainty: Introduced from energy broadening o, and
broadening uncertainty 60

e Total uncertainty on mBZ:
— 4 . CrV AE+b]+Z 2(n) - 6502
mp = JBCrVegrn LT eff " AE] " L0

n: gas density V . : effective volume b : background
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CRES in a cavity poses several advantages that improve sensitivity.

Solenoid: CRES field
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Large effective volume V _:

e \/ scales with 1/ — 1/B3 Halbach / loffe:

x atom trap
e Low-frequency cavity increases | Cavity walls
statistics
e Electron power couples to the Y Cavity
TE mode termination
011 -'\ Pinch coils:

e Resonant mode enhances
sighal power — improves
detection efficiency

U electron trap

Field from pinch coils

Power, cyclotron orbit averaged, 500 MHz, loaded Q: 500
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Magnetic field (mT

e Magnetic field broadening:

o Axial/pitch (0):
Analytic model of trap shape correction (vs. n)

o r, ¢, time: Calculated externally

e All o, must be calibrated to 1% precision (60

Phase |l: A reality check for sensitivity estimation

e In Phase ll, we recorded the first tritium spectrum using CRES.
e From this data, we placed a limit on m; at 90% C.L.:
Frequentist: <152 eV/c?, Bayesian: <155 eV/c?

e Sensitivity predictions are in great agreement with these results.

Phase Il tritium spectrum fit Predicted sensitivity for Phase Il

2
] —— Frequentist intervals —_
175 ) o
] + Literature >
] I II 200%9 & Bestfit result 2 P h ase I I ;
150 . s 2 _| Y . ()
1 T 150 £ frequentist =
1 O @ c o
. s 0 = £
1257 3 < result =
@ ] ~1502 - 5107 7
c 100+ © 10 g
o —2002- > o E
© 75- §  Tritium data ' ' g i A 02 &
] B <
--- Bayesian best fit 18500 _ 18600 & et - e
Endpoint (eV) _ o
504 10 Bayesian quantiles -CCJ 9 o))
—— Frequentist best fit H S 6 é
25+ - Literature £ ¥ v - i
] H Elo BayeSian credible interval 5 T T T T ——T T I T T T LI B B B B = 8
0-: F Eo 1o frequentist confidence interval : 1 0'1 0 1 0'9 1 0-8

llllllllllllllllllllllllllllllllllll

16500 17000 17500 18000 18500 19000 19500
Reconstructed kinetic energy (eV)

Volume x Efficiency (m3)

Phys. Rev. Lett. 131, 102502 / Phys. Rev. C 109, 035503

Sensitivity in future Project 8 experiments

A Phase |V scenario that reaches 40 meV sensitivity:
e Statistics target:
o 10 cavities with 2.5 m diameter running for 6 years
o ~95% trapping efficiency, ~60% detection efficiency
e Systematic broadening o; target: 0.13 eV (total)
o Frequency resolution: 0.05 eV
o Resolution from spatial and temporal field variation: 0.09 eV each

Optimum density minimizes uncertainty Phase IV with 10 cavities
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Next: Intermediate size experiment (e.g. 2 m?) with sub-eV sensitivity
e Demonstrate technology requirements for Phase |V
e 0.2 eV total energy broadening at ~20 mT field

e Achieve excellent SNR with 20 mK amplifier temperature
and 4 K cavity temperature

e Compatibility of magnet design with atomic tritium:
Magnetic atom and electron traps, and homogenous
background field
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