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Kinematics of β-decay
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• Phase space modification → direct neutrino 

mass determination:
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The KATRIN experiment
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• High luminosity (~ 100 GBq) tritium source

• High resolution (~ 1 eV) spectrometer

• Low background (~ 100 mcps)
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Data analysis
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⨂ =

• Integral rate ׬
∞

d ( )

• Maximum likelihood fit with four free parameters

• Experimental parameters→ nuisance parameters

Differential spectrum Experimental response Measured rate

40 eV



Collected statistics
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Fit result and neutrino mass limit
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• Best fit central value:

• New upper limit:
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Beyond the neutrino mass
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dΓ ∝ ℳ 2 dΦ(𝐸𝑖 , Ԧ𝑝𝑖)→ other physics channels modify observed spectrum ∝ 𝑞𝑈׬
∞ dΓ

d𝐸𝑒
d𝐸𝑒
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Sterile neutrinos
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• Gallium and reactor anomaly
→ additional heavier neutrino state

• Kinetic mixing with active neutrinos
→ kink below the enpoint

• Parameters: mass splitting and 

mixing
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Sterile neutrinos
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• Data of first two KATRIN campaigns: no
significant eV-scale signature observed

• Regions of large 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
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• Additional BSM bosons coupling to leptons
→ real emission in β-decay

• Emission branch 𝑋 : modified spectral

shape and shifted endpoint 

• Parameters: boson mass and coupling
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theoretical basics & study:
JHEP 01 (2019) 206
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New light bosons
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• Sensitivity of second KATRIN 
campaign ( ): statistics
dominated

• Improvement from extension to
larger dataset expected

• Probing physics at low energy
scale 2
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Lorentz invariance violation (LIV)
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• SM extensions: LIV and CPT violation

• Contribution − ത𝜓 𝜓 for each
fermion: Lorentz-violating field

• β-decay: shift of spectral endpoint

• Parameters: coefficients and 

(for ) phase 𝝓
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Lorentz invariance violation (LIV)
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• Data of first KATRIN campaign: no significant
LIV observed in the endpoint

• First constraint for

• Other LIV parameters (improved bounds):
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Summary & outlook
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• New world-leading direct limit on neutrino mass: 

• Rich program beyond the neutrino mass

→ KATRIN probes parameter space of many physics cases:

• Data-taking continues through 2024 and 2025: electrons in 40 eV range expected

• Afterwards: modified experimental setup → probe β-spectrum deep (keV) below the endpoint for access to
much broader range of new physics
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