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β-decay spectrum

Direct model-independent way to determine the absolute scale of neutrino mass
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Sterile neutrino in β-decay

• Fourth mass eigenstate 𝑚4 can contribute to the spectrum via an extended PMNS matrix

• Sterile neutrino proposed as solution to anomalies in short baseline neutrino experiments 

which can be probed with β-decay

Kinematic neutrino mass measurement with KATRIN

The KArlsruhe TRItium Neutrino experiment performs a high precision and direct 

kinematic measurement of the electron anti-neutrino mass with the target sensitivity better 

than 𝟎. 𝟑𝐞𝐕/𝒄𝟐 at 90% CL
1
3H → 2

3He+ + 𝑒− + ҧ𝜈𝑒

Result from first two science runs 𝑚𝜈 < 0.8 ΤeV 𝑐2 (90 % C. L. )

Simulated sterile neutrino signal in KATRIN (Phys. Rev. Lett. 126, 091803, 2021)

We acknowledge the support of Helmholtz Association (HGF); Ministry for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, 05A17PDA, 05A17WO3, 05A20VK3, 05A20PMA and 05A20PX3); Helmholtz Alliance for Astroparticle Physics (HAP); the doctoral school KSETA at KIT; Helmholtz Young Investigator Group (VH-NG-1055); Max Planck Research

Group (MaxPlanck@TUM); Deutsche Forschungsgemeinschaft DFG (Research Training Group grant nos. GRK 1694 and GRK 2149); Graduate School grant no. GSC 1085-KSETA, SFB-1258, Graduate School Scholarship Program DAAD, and Excellence Cluster ORIGINS in Germany; Ministry of Education, Youth and Sport (CANAM-LM2015056, LTT19005) in the Czech

Republic; the Department of Energy through grants DE-FG02-97ER41020, DE-FG02-94ER40818, DE-SC0004036, DE-FG02-97ER41033, DE-FG02-97ER41041, DE-SC0011091 and DE-SC0019304; and the Federal Prime Agreement DE-AC02-05CH11231 in the USA. This project has received funding from the European Research Council (ERC) under the European Union

Horizon 2020 research and innovation programme (grant agreement no. 852845). We thank the computing cluster support at the Institute for Astroparticle Physics at Karlsruhe Institute of Technology, Max Planck Computing and Data Facility (MPCDF), and National Energy Research Scientific Computing Center (NERSC) at Lawrence Berkeley National Laboratory.

Conclusion

• Probing a large parameter space of interest for light sterile neutrino anomalies

• Consideration of various options for treating the active neutrino mass

• Evaluation of the optimized sensitivity condition: 

Outlook

• Analysis of data from first five science runs ongoing

• New release expected this fall

Model

• The expected electron rate can be calculated as

• Rate converted to counts through multiplication with associated measurement time 𝑡

𝑁model 𝑞𝑈 = ሶ𝑁model 𝑞𝑈 ∙ 𝑡(𝑞𝑈)
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Analysis Method

• Study performed on simulated data sets of first five science runs ( 35.8 × 106 electrons )

• Full analysis chain developed and tested on Monte Carlo twins

• Grid scan over m4
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2) 2-D logarithmic plane [50 × 50]

• Sensitivity contour drawn at 95% CL (Δ𝜒𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙
2 = 5.99) for 2 dof

• Analysis case (I) 𝐦𝝊
𝟐 = 𝟎 𝐞𝐕𝟐 (II) m𝜐

2 fitting parameter

Comparison of KATRIN Bounds with Oscillation-based 

Sterile Neutrino Searches

Impact of  active neutrino mass

• Active neutrino mass also a fitting parameter

• Three different types of constraints on the 

active neutrino mass

• Limiting the active neutrino mass to be positive 

and less than the sterile neutrino mass yields 

best sensitivity

Impact of  systematics

• Sensitivity is statistically 

dominated for all 

• Impact of systematics 

differs as function of the 

sterile neutrino mass
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Sterile branch at 𝐸 < 𝐸0 −𝑚4, kink-like spectral distortion


