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Neutrino mass(es)
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• independent of cosmology

• independent of neutrino nature
E0 = 18.56 keV
T1/2 =12.3 years

✓ measurement of the electron 
𝛽 −spectrum

✓based on kinematics and 
energy conservation

✓𝑚𝜈
2 spectral distortion, maximal at 

endpoint energy E0

✓ incoherent neutrino mass :
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Fermi, 
Nuovo Cim. 11 (1934) 1-19

Kinematic neutrino mass measurement



✓ strong tritium source: 1011 decays/s

✓ < 0.1 cps background

✓ ∼1 eV resolution

✓ 0.1% understanding 

of the spectrum shape

✓ 0.1% hardware stability  

controlled over the years

spectral index is

𝑚𝛽
2 dependent!  
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10-8 of all 
decays in 
last 40 eV

KATRIN experimental challenges
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Working Principle



Integral spectral measurement !

-scans illustration:

✓scan points:  ~30 HV set points

✓scan interval: E0 – 40 eV , E0 + 135 eV

✓scan time:  ~2 hours
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Measurement strategy



✓ fit of theoretical prediction: Γ(𝑞𝑈) ∝ 𝑨 ∙ 𝑞𝑈׬

𝑬𝟎 𝐷 𝐸; 𝒎𝝂
𝟐, 𝑬𝟎 ∙ 𝑅 𝑞𝑈, 𝐸  𝑑𝐸 + 𝑩

✓neutrino mass fit parameters: 𝒎𝝂
𝟐, 𝑬𝟎, 𝑩, 𝑨

✓ fit model informed by theoretical and experimental inputs (e-gun, krypton, monitoring, …)

Fermi theory
Theo. corrections
Molecular excitations

Spectrometer transmission
Energy losses in the source

𝒎𝝂
𝟐, 𝑬𝟎

𝑩

𝑨
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Analysis strategy
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Data Taking & Released Dataset  

6 106 e- 36 106 e- (2024 release) 175 106 e-
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Tritium Beta Decay: Spectral Fits
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Experimental improvements: Background 
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Experimental improvements: Source 
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Systematic Effects 
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Systematic Uncertainties
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New Neutrino Mass Results: Best Fit
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New Neutrino Mass Results: Upper Limit
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Conclusion and Outlook

2025: neutrino mass
2026- 2027: keV-sterile neutrinos

(TRISTAN)
KATRIN ++

+
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C. Goupy

Thank 
you!
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𝒎𝝂
𝟐

true data mock data 

Freeze analysis on MC-twin data
• mock data mimicking each scan

Blinded model
• modified molecular final state dist.

Three independent analysis teams
• different strategies and codes
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3-tiered blind analysis
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