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Tritium spectrum modeling for keV-sterile neutrino search with KATRIN
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❖ KATRIN transitions from absolute neutrino mass measurements to
keV sterile neutrino search using tritium β-decay spectrum

❖ New TRISTAN detector and readout system commissioning planned
for early 2026

❖ Sensitivity goal: sin2 θ ≈ 10−6

❖ Sensitivity limited by systematic uncertainties → simulation and
R&D efforts to mitigate their impact
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▪ Overwhelming cosmological evidence for dark mater, but particular nature unknown
▪ Sterile keV neutrino: 

- hypothetical viable candidate through minimal extension of the SM [1]
- no weak interaction, but mixing with active neutrinos

New detector system for high rate β-spectroscopy [3, 4, 5]

Experimental effects

Gold rear wall
➢ Backscattering
➢ Surface activity

Source
➢ Scattering
➢ Stability
➢ Magnetic traps

Transport
➢ Magnetic mirror
➢ Magnetic collimation
➢ Synchrotron radiation

Spectrometer
➢ Retarding potential
➢ HV stability
➢ Adiabatic transport

DAQ 
➢ Threshold
➢ Electronics noise 
➢ Pileup, non-linearities

Tritium model at the detector:
Using a theoretical tritium beta spectrum, all experimental effects are accounted for through
precalculated response matrix libraries.

⇒ 𝑮𝒆𝒂𝒏𝒕𝟒 𝒔𝒊𝒎𝒖𝒍𝒂𝒕𝒊𝒐𝒏𝒔

⇒ 𝑨𝒏𝒂𝒍𝒚𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏 + MC

⇒ 𝑨𝒏𝒂𝒍𝒚𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏

⇒ 𝑨𝒏𝒂𝒍𝒚𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏 ⇒ 𝑨𝒏𝒂𝒍𝒚𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏

Predicted spectrum – full range

Theoritical beta spectrum (Fermi theory)

Most significant experimental effects accounted for in the model - model refinement in progress
⇒ Model suitable for sensitivity study
⇒ Dominant systematic effect: rear wall events. Mitigable with new material (Au → Be) and 

optimized magnetic fields → contribution of < 1% in ROI

• 𝐹 𝑍, 𝐸 : Fermi function
• 𝑈𝑒𝑖: mixing between the electron 

neutrino and the i-th neutrino mass 
eigenstate

• 𝑚β𝑖: mass of the i-th mass eigenstate

 Ongoing simulation and R&D efforts to mitigate impact of rear wall events and other systematic effects

▪ Grid scan method: χ2 test between the model with and without the sterile admixture
▪ Sensitivity @95% CL
▪ Statistical and systematic uncertainties accounted for via covariance matrices 

▪ Kink position:
Ekink = E0 −ms

▪ Amplitude:
Ue4

2 = sin2 θ

▪ Neutrino mass measurement (2019 → 2025)
➢ Signature: distortion near the endpoint of the tritium beta spectrum
➢ Integral measurement with high-resolution spectrometer

▪ keV-sterile neutrino search (from ~2026)
➢ Differential measurement; search in the entire tritium beta spectrum
➢ Signature: spectral distortion

with kink-like feature

KATRIN target sensitivity: 
𝐬𝐢𝐧𝟐 𝛉 ≈ 𝟏𝟎−𝟔

Kink

𝐄𝟎 =
𝟏𝟖. 𝟓𝟕𝟓 𝐤𝐞𝐕

⇒
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(*) Stat only, assuming 1 
year of data taking

TRISTAN
➢ Future detector and DAQ system

upgrade of the KArlsruhe TRItium
Neutrino (KATRIN) experiment [2]

➢ Search for signature of heavy
mass eigenstate mixing in tritium
beta-decay spectrum

➢ Complementary to other projects

Experimental setup and tritium spectrum modeling

➢ Systematics dominated by rear wall events
➢ Systematic effects reduce the statistical

sensitivity by at least one order of magnitude

➢ ~2×10-7 reachable in 1 year at the 
center of the mass range

Nominal beamline settings =
beamline settings of ν-mass
measurement but qU = 3.5 kV

9 modules detector 
▪ 166 pixel per module
▪ ~1000 golden pixels
▪ new detector chamber
▪ dedicated DAQ system

Main peak

Silicon escape peak Dead 
layer

Backscattering tail Pile-up

Silicon drift detector (SDD)
▪ good energy resolution:  300 eV @20 keV
▪ handling of high rate: >105 cps/pixel
▪ large area coverage: ~20x20 cm2

Geant4 simulation of 10 keV e-

RW 
events ↘

Predicted spectrum – ROI

Main spectrometer

Detector 
section

Tritium 
source

Transport and 
pumpingRear wall and 

electron gun

Stat only

Need for model-independent
experiments across a wide mass
range

Reference poster
formula

Stat + syst

keV-sterile neutrino sensitivity

Detector section
➢ Post-acceleration
➢ SDD response
➢ Backscattering, backreflection

⇒ 𝑮𝒆𝒂𝒏𝒕𝟒 + 𝑲𝑨𝑺𝑺𝑰𝑶𝑷𝑬𝑰𝑨 𝒔𝒊𝒎𝒖𝒍𝒂𝒕𝒊𝒐𝒏𝒔
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