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Karlsruhe Tritium Neutrino (KATRIN) experiment

Goal: Determination of neutrino mass with sensitivity < 0.3 eV/c* (90 % C.L.) See KATRIN
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Karlsruhe Tritium Neutrino (KATRIN) experiment
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Systematic uncertainties in KATRIN analysis
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Karlsruhe Tritium Neutrino (KATRIN) experiment

Goal: Determination of neutrino mass with sensitivity < 0.3 eV/c* (90 % C.L.) See KATRIN
Current limit based on 5 of 19 campaigns (2024): c {,T,C;l:]rfe?;er
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KATRIN photoelectron source (e-Gun) i
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KATRIN photoelectron source (e-Gun)
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KATRIN photoelectron source (e-Gun)
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KATRIN photoelectron source (e-Gun)

Stepper motor Tilt mechanism

Photoelectron source upgrade in 2022:

e Extended energy range of 32keV instead of 20keV , -4:::‘«:‘a::‘.:‘.:‘.:‘.‘.‘: =
-> Enables comparison of measurements with photoelectron source = W /= »""““'"‘““""“"‘ﬂ |\
LT (TR §‘
and krypton source (energy of N, 5 lines: 32keV) e - Sk

. . . Potentiometer
e Precise and reproducible adjustment of electron angle

- essential for determination of gas density in tritium source

e 10 times higher electron rate at same UV wavelength
-> improved statistics in all measurements

S. Schneidewind et al., EPJC 86 773 (2026)




Source-related systematics

Scattering: B-decay electrons scatter off tritium molecules
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Source-related systematics
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Column-density determination

e Column density: number of tritium molecules
along beam tube axis per area
e Higher column density:

— higher luminosity / statistics

— higher scattering probability

Gas-density profile (approx.) _ lecul
selurdensey * Typical value: pd = 3.8 - 1017 &S
cm
Source scattering depending on:
>
T _ 10m ~ WGTS position e column density

e electron path
e inelastic cross section

T, molecules

e b L L b 0° electron scatters on average roughly 1.4 times




Column-density determination

 Measurement with e-Gun at several
different surplus energies
e Two-parameter fit:
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Column-density determination

* Measurement with e-Gun at several
different surplus energies
e Two-parameter fit:
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Column-density determination

 Measurement with e-Gun at several
different surplus energies
e Two-parameter fit:
e electronrate
e pdo
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e-Gun electron angle determination

* Make use of dependence of transmission function on magnetic field in spectrometer:
Increase of magnetic field B,,,, = higher sensitivity to electron pitch angle 6
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S. Schneidewind et al., EPJC 86 773 (2026)



Determination of energy-loss function

Energy-loss function f(AE): Description of inelastic scattering of electrons off tritium molecules
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Determination of energy-loss function
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e-Gun time-of-flight mode

Measurement
at detector

time required to travel through beamline
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e KATRIN spectrometer acts ass high-pass filter

e Electron flight time t decreases with increasing surplus energy
— time-of-flight-cut as additional low-pass filter

Time of flight (us)
=
<
total counts

_101
e Band-pass filter by combination of spectrometer and flight-time 10

— Differential measurement possible :

L1 100




Determination of energy-loss function

e Analysis: Fit of integral and/or TOF data with energy-loss model,
taking into account multiple scatterings and experimental response
of electron source
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Summary & Outlook

KATRIN'‘s photoelectron source...
e Quasi-monoenergetic, angle-adjustable electron beam

e Key tool for precise determination of systematic effects:
e Column density =Scattering probability
e Energy-loss function = Energy distribution of scattered electrons

e Upgrade in 2022:
 Higher energies up to 32keV

 Very good control of electron angle Electron source will be a
e Factor 10 higher statistics well-characterised calibration tool also
for the TRISTAN phase of KATRIN!

keV sterile neutrino search with KATRIN



