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How can we
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KATRIN?
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do we expect?




What are Sterile Neutrinos?
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keV Sterile Neutrino Signal in Beta Decay Spectra

How can we measure sterile neutrinos
in KATRIN?

e production of a fourth, heavy mass
state via mixing with the active
neutrinos

e spectral distortion : “kink-like” signal
extending deep into the spectrum

e previous searches for eV and low
keV scale steriles with existing

KATRIN data
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keV Sterile Neutrinos in KATRIN

Neutrino Mass Measurement
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signal near endpoint (~40 eV ROI)
low count rates (~ 1 cps)
integral measurement
total statistics ~2x108 e. in 1000 days

Sterile Neutrino Search

Differential decay rate (a.u.)
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signal anywhere in the spectrum (~15 keV
ROI)
very high count rates (~1e8 cps)
differential measurement
total expected statistics ~4x10" e. in ~4
months
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keV Sterile Neutrinos in KATRIN

Neutrino Mass Measurement Sterile Neutrino Search
10
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e signal near endpoint (~40 eV ROI) e signal anywhere in the spectrum (~15 keV
e low countrates (~ 1 cps) ROI)
e integral measurement e very high count rates (~1e8 cps)
e total statistics ~2x108 e. in 1000 days e differential measurement

e total expected statistics ~4x10'e. in ~4
months
— development of new detector system
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keV Sterile Neutrinos in KATRIN

S. Mertens et al., JCAP02(2015)020
S. Mertens et al., J. Phys. G46 065203 (2019)
D. Siegmann et al., J. Phys. G51 085202 (2024)

The TRISTAN Detector

e pixelated silicon drift detector (SDD)
e high rate capabilities: ~10° cps/pixel
e good energy resolution: ~300 eV at 20keV

Milestones

e 2017:first 7 and 47 pixel prototypes

e 2022:first 166-pixel module operated in
KATRIN-like environment

e 2024: successful operation of
multi-module tower in replica of KATRIN
detector section

e production of 9 modules of 166 pixels
each for integration in the KATRIN
beamline currently ongoing (8 already
produced and characterized)
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keV Sterile Neutrinos in KATRIN

Systematic Effects Challenge: Control and correctly model
systematics over a wide energy range

. and at very high statistics
Scattering on gas

molecules in the source
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KATRIN Sensitivity to Sterile Neutrinos

e statistical power to reach a 107 KATRIN |

sensitivity of sin?(6) < 10° with 4 w Laboratory limits

months of measurement -3 — .

1030 e

e sensitivity degraded by factor ~ EETTT >A¢\/

10-50 by systematic uncertainties . - Y
e potential to improve previous 107>18

I O]
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gnitude . A 10-700

e measurement independent of c
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https://arxiv.org/abs/2603.23256

Outlook
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e Preparations underway for installation of TRISTAN detector after the final neutrino-mass

systematic measurements.

e TRISTAN will enable a high-statistics, model-independent laboratory search for keV sterile
neutrinos with sensitivity beyond current laboratory limits

e beyond TRISTAN: R&D for next generation neutrino mass experiments (KATRIN++) —next talk
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Outlook
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e Preparations underway for installation of TRISTAN detector after the final neutrino-mass

systematic measurements.
e TRISTAN will enable a high-statistics, model-independent laboratory search for keV sterile

neutrinos with sensitivity beyond current laboratory limits
e beyond TRISTAN: R&D for next generation neutrino mass experiments (KATRIN++) —next talk

Thank you for your attention!
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= Bench test, performance
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Detector Milestones

2022
6‘ module in monit(h
spectrometer

= Refurbished MAC-E filter from
Mainz exp. reassembled in KIT.
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= Successful operation in

KATRIN-like environment v/

\_ 4

1
2024-2025
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in detector replica

= KATRIN detector section replica
= Multi-modules calibration

\ SR

= Successful deployment
of 3 modules in 2024 v
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/ Detector tower in
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SSD in production
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= First KATRIN keV
sterile neutrino search
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Changes from Neutrino Mass to keV Sterile Search

New TRISTAN detector and DAQ

Low retarding voltage - High rates & high resolution -
. - Differential full-spectrum measurement - <le.sl—- ~108e.st
Low source aCtIVIty —40 eV —» < —15 keV

- Rate constraint -

100% — ~1%

b [
h* () - _(_)_::’_..s

New rear wall

- Reduced backscattering -
Au — Be

.......

New post acceleration system

Optimised electromagnetic field settings - Improved detector systematics -
+10 kV = +20 kV

- Ensure adiabaticity / optimize systematic effects -
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SDD Working Principle

° path of
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keV Sterile Neutrinos in KATRIN

Other Changes to the Beamline
lower retarding potential

lower source activity integral — differential measurement
to constrain rate ~18.6 keV — ~3.5 keV
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optimized E/B fields

L . new post acceleration system
optimize to reduce systematic effects

improved detector systematics
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Expected Full Measured Spectrum
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KATRIN Sensitivity to Sterile Neutrinos

e statistical power to reach a 1073 ot o 1
e s P | — stat. only I
sensitivity of sin?(8) < 107° with 4 ] — stat. + source syst. ;
months of measurement \ —— stat. + rear wall syst. !
e sensitivity degraded by factor 1041\ — BiEL. + JGanSPOLSYEL /

B . . \\ stat. + detector syst. e A

10-50 b){ Systematlf; uncertainties \ U s N
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systematics RN\ Ll ==

e potential to improve previous S B
laboratory limits by two orders of
magnitude
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