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Neutrino mass measurement with tritium {8lecay kinematics
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scale with the KATRIN experiment

Only 103 of all decays

b —" inthelast1eV

A Strong tritium source

A Very low background levek

A Very high energy resolution:

A Precise understanding of the spectrum shape
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KATRIN experimental principle
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Measurement strategy
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Integral spectrum measurement

Ax 30 scan steps with varying duration
Ax 2 h scan duration
A scan intervalg,¢40 eV , E+ 135 eV

Energy resolution Is determined by
the retarding potential in the MS
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Beyond neutrino mass in KATRIN
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relic neutrinos

[Phys. Rev. Lett. 129, 011806]
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Sterileneutrino search

[PRD 105, 072004 (2022)]
[arXiv:2207.06337vfickex] (2022)]
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Beyond neutrino mass in KATRIN
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Sterile neutrino motivation

eV-scale sterile neutrino search

Severakxperimentalanomalies
A deficit of reactor (RAA, 3" ) and Gallium flux (4*)
measurement to prediction

A straightforward way to introducé mass

A excellent candidate for warm dark matter

A (debated) potential hint from astrological
observations for & 7 keV sterilé

Reactor antineutrino anomaly (RAA)

H
=
:i

keV-scale sterile neutrino search

Righthanded neutrinos: natural extension of SM
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Imprint of eV steriled on) -decayspectrum

A 4t mass state will appear as a kink in the spectral shape
A Kink close to the endpoint: excellent energy resolution required
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Analysis strategy

Beta spectrum

theoretical inputs (Fermi theory, molecular excitations)

[Eur Phys. J. C 79, 204 (2019)]
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Sterile neutrino fit¢ 15t + 24 campaign
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IS observed in KATRIN
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[Phys Rev D 105 072004 (2022)]
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Overview of sterile experiment results
RAA Gallex/Sage/BEST
JT o T 1 - A KATRIN uncertainty dominated by the statistic
10 S PRI , ]
' A Exclude larg&a  solutions from the reactor
antineutrino and gallium anomaly
10° 5
>
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NE; 101
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05% C.L. exclusion contours

RAA, Phys. Rev. D 83, 073006 (2011), STEREO, Phys. Rev. D 102, 052002 (2029), MeTiribett. 109 (2019) 4, 23, Gallex Phys. Lett. B 342,
440 (1995); 420, 114 (1998), Sage, Phys. Rev. Lett. 77, 4708 (1996); Phys. Rev. C 59, 2246 (1999), BEST, Phys.2BR250L 20023
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Overview of sterile experiment results
RAA Gallex/Sage/BEST
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C? probe of eV sterile neutrino
107 10" 10° ,
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RAA, Phys. Rev. D 83, 073006 (2011), STEREO, Phys. Rev. D 102, 052002 (2029), MeTiribett. 109 (2019) 4, 23, Gallex Phys. Lett. B 342,
440 (1995); 420, 114 (1998), Sage, Phys. Rev. Lett. 77, 4708 (1996); Phys. Rev. C 59, 2246 (1999), BEST, Phys.2BR250L 20023
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https://www.nature.com/
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keV sterile neutrino search with KATRIN

r Experimental challenge:
S 0.5F % 05?697 (mp) - detector system not design to handle very high data rat
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1St KATRIN results for keV sterile

[arXiv:2207.06337]
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A No keVsterile neutrino signal was observed

A Exclusion limits competitive with previous
laboratory-based searches

A Improved laboratorybased bounds for
0.1 keV << 1.0 keV

Successfulemonstration of feasibility using current KATRIN detentor
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TRISTAN project

Tritium Beta Decay to Search for Sterile Neutrinos
Afuture upgrade of KATRIN detector using silicon drift detector (SDD)
Agoal: ppm level o© EJl

O Beamline integration planned for 2025: largest SDD array ever operated

e o
< © 990000042

e]' C
A =
A 9 modules % This project has received funding from
A 1500 pixe|5 the European Research Council (ERC)
\ under the EuropeanUnion Horizon2020
Phase 2 research and innovation programme
A 21 modules (grantagreementNo. 852845
A 3500 pixels

S. Mertens et al JCAP02(2015)020
Mertens et al, J. Phys. G46 (2019)

t Measurement of tritium differential energy spectrum
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Detector performance

) . Rigid flex PCB(below { 5 TRISTAN detector
A SDDproductionstarted €N/ ° modulewith 166
A Performance characterization withrdys, electrons and laser o PIXEIS
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KATRIN target sensitivity on keV sterile neutrino

10! : —
KATRIN : Preliminary
3 low activity Lat I
"t T T M 0 Several order of magnitude improvement of
10-51 current laboratory limits expected
o0 107 U Competitive and complementary to other keV
é 9 sterile experiment
10~
L0-11 U Work In progress to evaluate impact of systematic
Xy uncertainties
10-13 - constraints "“\,..
KATRIN+TRISTA@hsitivity statonly, 1year N
of datataking, reducedtritium activity M Y\ 4
101 - , . , B VLY T
10° 10 102
ms (keV)
Datafrom:

F Bezrukowt al., JCARG, 051(2017)

J N. Abdurashitowet al., JETR.etters105, 12(2017)

F Bensocet al.,, PhysRevD 100, 115035(2019

C. J Martoff et al., QuantumSci Technol 6 024008(2021)

S Friedrichet al., Phys RM Akeret al. , arXiv2207.06337(2022

ev. Lett. 126,021803(2021)
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Conclusion and outlook

KATRIN design to measure neutrino mass

U Suitable to search for e$terile neutrinos with current setup
e competitive andcomplementary results to short baseliegperiments

U Search for keMterile neutrinos with novel TRISTAN detectors after 2025
e successfutlemonstration of feasibility achieved using current KATRIN detector. Improved labebaissy
bounds for 0.1 keV < % 1.0 keV

e Several order of magnitude improvement of current laboratory limits expected with TRISTAN
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