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Waveguide CRES Apparatus High-Resolution Spectroscopy of
Cyclotron Radiation Emission Spectroscopy (CRES) leverages the relativistic shift 83 mKr Convers ion Ele Ctro ns

in cyclotron frequency to make a frequency-based measurement of electron energy . . 03 .
High-resolution CRES spectra were recorded of °*"Kr conversion electrons

RF window trap coils RF window
fio 1 - produced in the 32-keV isomeric transitions.
ﬁ_ = — =
}/ 2][ m 1 Shallow trap data —— CRES-based measurements
fli= 25346.2147+0.0070 MHz - Literature
I 20001 —— fi» = 25337.1326+0.0011 MHz
n \ fi3 = 25334.6659+0.0010 MHz
— A\ N Gamma energy |
: [\ I 1500 — 32149.0 (eV)
Q (@)
| | N .
AB gas port field-shifting solenoid RF terminator 2 3 g ey |
. 5 1000/
C )9 Cutaway of the cryogenic CRES cell, where 8 N2 binding energy
— 14.66 (eV)
€ electrons from radioactive decays are magneticall 500 ndi
- y g y M5 binding energy | TR—
= JWM — 9422 (eV)
< N
= trapped and measured ol D — - e binding energy
< Freauency - 25.284375 GHz (MHz) — 95.14 (eV)
—
— .
C::: 921__I === === = = I_ s = —I: B o 09590186(66) T M3 blndlng energy- H|—|
i — E - = - — H° 26.21 E, = 32149.2(37) eV = 214.35 (eV)
S _ = == 2 _
i T == ] N x“/ndf = 0.75 M2 binding ener
R 3920: = Ensrgy- oss fr.on.l 8 —~ T 26.0 -+ Double harmonic shallow trap — 2229.07 (e%/%_ Sa
~ F cyclotron radiation 1 2 ©
L 919:_ — _ S ;25 8 M1 binding energy |
G 919F = —— 18 = o ~ 293.04 (eV) e
a F - = == = B = S
' 918— ————— bl 525.6- L3 binding energy | H
§ B Sudden energy loss 14 2 H- — 1679.19 (eV)
_ — 25.4
3 917 Damale from_scatter_offgas ==—— 8 L2 binding energy | b
& L molecules B g 25.2 ~ 1731.866 (eV)
- — = _ .
— = = — — N S L1 binding energy | | . , , ,
916 === == 1, ~ 100 | 22 ~ 1925.68 (eV)] - Publication in
0.2 08 1 12 1.4 16 o, o o :
' K binding ener
Time (ms) é 100l , 2 s (eQ\J))/- HH prepdmtzon
(O] T T y T T y T T v T T T T T T
. .. . . o 18 20 22 24 26 28 30 32 %« -2 -1 0 1 2 3
® Magnetlcally trapped eleCtronS from tritium ﬂ_decay or 83mK1‘ 1SOMeEric Energy (keV) Energy - Best-estimate energy from CRES (eV)

transitions emit cyclotron radiation signals inside a cell made with cylindrical + Frequency positions of the conversion peaks were extracted by combined fit of

microwave guide. multiple frequency peaks.

* Amplification — Mixing — Digitization — Short-time Fourier transform * CRES frequency-energy relation demonstrated over wide energy range.

— Track identification. o .
* Measurements of the 32-keV gamma energy and Kr shell electron binding energies are

* Event start frequency encodes the detected initial energy of the electrons deduced based on the CRES frequency-energy relation

from decay. L o . . .
* Precision is improved in six Kr shell electron binding energies compared to literature.

Systematics and Detector Effects First CRES Tritium Spectrum
Data and fits of the 17.8 keV ®3™Kr conversion electron K-line measured in shallow an d N eut r i no M IS S L i o t

(high-resolution) and deep (high-statistics) electron trapping configurations.
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Frequency-dependent effects studied using the 17.8 keV **™Kr conversion electron * Measured tritium endpoint spectrum with Bayesian and frequentist fits.
line under varying magnetic background fields. .. : : .
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radiation power. 540 860 88F0req3 gg oy _9222 Gng4(()MH£z)§S 0 980 In Project 8 Phase II, the first CRES tritium f-spectrum was recorded with no

.. e background observed beyond the endpoint and an upper limit of 155(152) eV (90%
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CL) for neutrino mass was reported in a Bayesian (frequentist) analysis.

Analysis details in Phys. Rev. C 109 (2024) 035503 (also arXiv:2303.12055) Preliminary measurements of the 32-keV gamma energy and Kr shell electron binding

L . energies were obtained based on high-resolution *™Kr conversion electron spectra.
* Editor’s Suggestion

Six binding energies having improved precision compared with literature values.
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