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Anomalies in heutrino exPerimen+<5
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Neutrino oscilations!
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Neutrinos have mass!

neutrino oscillations imply that
o oscillations can only provide a lower bound
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Neutrinos have mass!

neutrino oscillations imply that
o oscillations can only provide a lower bound
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B spectrum ond neutrino mass
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Neutrino mass induces a distortion
close to the B spectrum
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B spectrum ond neutrino mass
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The KATRIN exPerimenJr
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How to ae+ the ac+ivi+y
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How to get the activity
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Tritium removal
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Tritium removal
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How to aeJr the resolution
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How to ge’r the resolution

— align electron angles magnetically and Filter them electrostatically

E - sin0
B

— const decrease B — decrease 6§ — collimation (<1°)
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How to aeJr the resolution

MAC-E filter — align electron angles magnetically and filter them electrostatically
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How to ge+ the resolution

— align electron angles magnetically and filter them electrostatically

C. C‘;OM/?%, NW?MSS 2026
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The Price to pay For the resolution

energy resolution limited by residual angular distribution — in KATRIN ~1eV @18.6 keV

but... B . A = const decrease B — increase A — spectrometer must be large
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The Pr'ice to pay For the resolution

energy resolution limited by residual angular distribution — in KATRIN ~1eV @18.6 keV

but... B . A = const decrease B — increase A — spectrometer must be large
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Data collection
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Combined analysis of ~1/6 of the total statistics
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Other anomalies in neutrino exPerimenJrc;

Observed in /o — U oscillations

Reactor Antineutrino Anomaly (RAA)
o deficit in neutrino rate from reactors measured by short-baseline experiments
o also spectral shape mismatch (“5 MeV bump”)

Gallium Anomaly (GA)
o deficit in neutrino captures in Gallium experiments (GALLEX, SAGE)
o observed for neutrino sources “inside” the detector

Common point is the short source-detector distance
— 3 can explain both the discrepancies
— Am? > 1eV? required
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Sterile

heutrinos

2.4 MeV 1.27 GeV 171.2 GeV
2/3 u 2/3 C 2/3 t
up charm top
4.8 MeV 104 MeV 4.2 GeV
-1/3 d 173 S -1/3 b
down strange bottom
<1eV [ ~keV <1eV [~GeV
'V./N,[V,/N
= 1 u 2
sterile sterile sterile
neutrino neutrino neutrino
0.511 MeV 105.7 MeV 1.777 GeV
1 -1 -1 "E
electron muon tau

hypothetical particles predicted by many

right-handed counterparts of SM active
neutrinos — , only gravity

often invoked to explain the smallness of the
neutrino mass — seesaw mechanism

e
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The quest For sterile neutrinos

has been tested with dedicated experiments (STEREO, PROSPECT, DANSS),
but no evidence of sterile neutrino oscillation
o refined nuclear calculations point towards a systematic effect in the reactor
flux prediction — anomaly
o Hower, claimed a measurements of an oscillation compatible with
the sterile neutrino existence!

The GA has instead been tested by BEST
o anomaly is still there
o it might be due to an overestimation of the neutrino cross-section calculation

A model-independent search for sterile neutrinos has to be carried out
to probe the GA and the Neutrino-4 claim
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B spectrum ond sterile neutrinos
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Exic3+in3 limits

(ev?)

Am

RAA Gallex/Sage/BEST
' ' |

KATRIN already probed a part of the GA
parameter space
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Exic;’rina limits

RAA Gallex/Sage/BEST

e KATRIN already probed a part of the GA
parameter space

e strong complementarity with reactor-based
experiments

~~ Neutrino-4
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Exics’rina limits

e KATRIN already probed a part of the GA
parameter space

e strong complementarity with reactor-based
experiments

° has still to be
probed, as well as the Neutrino-4 region
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New daotaset-: compaighs |-

e 259 measurement days — 1757 3scans &«
e ~36 million electronsin ROI
e 180 unconstrained parameters in the fit
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Analysis methods

. . 2 _ 2
fix sterile mass Xom® = 2 X2,
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Simulated results
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Final result

Am?2, (eV?)

Nature 648, 20-75 (2025)
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A couPIe ok crosschecks

i (ev?)

108 3 10% =
102 102 E
- <
10! 3 o 10! E
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e excellent agreement between two independent analysis

e reasonable exclusion constours campaignwise
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Exclusion vs GensiJrivier

mz (eV?)
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10+
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spectra

our result is statistically
compatible with the
expected sensitivity
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A look. at the 9y6+ema+ic<5

m32 (eV?)
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= Statistical uncertainty

== Combined systematic uncertainties
Column density X inelastic cross section and potential
Energy-loss function

=== Scan-step-duration-dependent background

— Source-potential variations ’
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results are statistically
dominated

source-related systematics
are the dominant ones
o gas density
o energy lossina
scattering
o plasma effects
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The inJrer'Play

with the

heutrino mass

m3 (eV?)
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leaving the neutrino mass free in the analysis modifies the contours
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@
@

for physical motivated priors on the neutrino mass the GA and Neutrino-4

regions are still excluded
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Summary

the search of and are among the most
interesting challenges in modern particle physics

is @ unique experiment with high sensitivity to both these searches

from a combined analysis of its first 5 campaigns, KATRIN placed the current
best limit on the neutrino mass of 0.45 eV and excluded the region of the
sterile neutrino parameter space related to GA and Neutrino-4

stay tuned for KATRIN's final analysis!
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Outlook.

extended analysis range (> 90eV) ~  Plannedforfinal analysis
— huge gain for eV sterile neutrinos search

differential measurement of the whole spectrum with a fast

detector (TRISTAN)
— search For keV sterile neutrinos (Dark Matter candidates)J\
next KATRIN phase!
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KATRIN's 9y9+ema+ic9
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KATRIN's 9y9+ema+ic9

Response function
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KATRIN's 9y9+ema+ic9

Integral data (arb. units)
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KATRIN's 9y9+ema+ic9
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KATRIN's 9y9+ema+ics

Rate (cps)
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KATRIN's 9y9+ema+ic9

(eV?)
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KATRIN's 9y9+ema+ic9
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