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The KATRIN experiment

®* High luminosity (~ 100 GBq) tritium source ,
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Data analysis

Ditferential spectrum Experimental response Measured rate
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® Integral rate A ( fqoljdd—g (E; E,, m?) fexp(E = qU) dE) + Ry, = R(qU)
® Maximum likelihood fit with four free parameters (m%, Ey, A, Rg,)

®* Experimental parameters = nuisance parameters
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Collected statistics
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Fit result and neutrino mass limit
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Beyond the neutrino mass

co drI'

dl' o |[M|? d®(E;, p;) = other physics channels modify observed spectrum o fq U dE,
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Beyond the neutrino mass

Phys. Rev. D 105 (2022) 072004  Phys. Rev. Lett. 129 (2022) 011806 PoS EPS-HEP2023 (2024) 0188 Phys. Rev. D 107 (2022) 082005
EPJ C 83 (2023) 763
PoS EPS-HEP2023 (2024) 164
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Beyond the neutrino mass

Sterile
neutrinos
Kink search
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Sterile neutrinos

S u O

le—19
— = €05 (B14) X gz(E; m, = 0)
8- Sin2 (614) XS_E(E; Mgy = 10 eV)
° Galhur.n. and reactor anoma.ly \ total B-spectrum L(E)
- additional heavier neutrino state \

(@)

* Kinetic mixing with active neutrinos
- kink below the enpoint

N

® Parameters: mass splitting Amj; and
mixing |U,4|* = sin®(0,4)
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Sterile neutrinos

Phys. Rev. D 105 (2022) 072004

® Data of first two KATRIN campaigns: no
significant eV-scale signature observed

® Regions of large Am2, from reactor

(RAA) and gallium anomaly (GA)
excluded

® Projection for campaigns 1-5: probe
Neutrino-4 claim and further RAA+GA
space

® - 2026: focus on keV-scale in new
operation mode, using TRISTAN
detector in setup
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New light bosons HeT" HeT*
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® Additional BSM bosons coupling to leptons 10- S (E:m,=0,my=10eV)
- real emission in [-decay q —— total B-spectrum IL(E)
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® Emission branch — : modified spectral
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New light bosons

® Sensitivity of second KATRIN
campaign (my < 40 eV): statistics
dominated

®* Improvement from extension to
larger dataset expected

® Probing physics at low energy
scale E, < 20 keV
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Lorentz invariance violation (LIV)

Dy &

& ‘o

® SM extensions: LIV and CPT violation

* Contribution & > — a*y, ¢ for each
fermion: Lorentz-violating field a¥

® [-decay: shift of spectral endpoint E, independent

® Parameters: coefficients (ag)) and
jm

(for j = m = 1) phase ¢

.
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.....
--------

Joscha Lauer (KIT-IAP) 15 October 9™, 2024 — BLV2024



Lorentz invariance violation (LIV)

Phys. Rev. D 107 (2022) 082005

® Data of first KATRIN campaign: no significant 4 x (ac(?)n
LIV observed in the endpoint E,,
0.08 A P total
7 - tat+NP
® First constraint for (a(?) : . /../ ’.\ - ztzt-tmly
“ . 1ol Oscﬂlatwﬂ 0.06 /
side > 4 \ X  best fit
(3) -6 =
(aof )11| < 3.7%x 107 GeV (90% CL) ; 004 4 // \
4 X N

® Other LIV parameters (improved bounds): 0.02 = \\--."':.-_":":--

(af)?) | <3.0x 107 GeV (90% CL) 0.00

00 0 0.5 7 |y 1.5 2 T

(ag?)m| < 6.4x 107" GeV (90% CL)

time—indepe”dent
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Summary & outlook

®* New world-leading direct limit on neutrino mass: m, < 0.45 eV (90% CL)

® Rich program beyond the neutrino mass

- KATRIN probes parameter space of many physics cases:

Gterile neutrinos

Kink search

Relic neutrinos

Peak search

New light bosons

Shape distortion

General neutrino
INnteractions

Shape distortion

Lorentz invariance
violation

Temporal variation

® Data-taking continues through 2024 and 2025: ~ 220 X 106 electrons in 40 eV range expected

® Afterwards: modified experimental setup = probe p-spectrum deep (keV) below the endpoint E, for access to
much broader range of new physics
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