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Neutrino mass

Neutrino mass Í 0: proof from observation of neutrino oscillations 

Neutrino oscillation experiments:

Á sensitive on mixing angles and 

squared mass differences only

Á provide lower bound for masses
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Complementary ways of determining the neutrino mass
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Neutrino mass determination from beta decay

Á Neutrino mass influences beta-decay spectrum, 

especially at the endpoint (Ὁ Ὁ)

Á Possible beta-decay source: tritium

- Simple structure of atomic/nuclear shell

- Low endpoint (18.6 keV)

- Super-allowed transition

- High-decay rate (T1/2 = 12.3 years)
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c2 (90% CL).
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Adapted from KATRIN Collaboration, Nat. Phys. 18, 160ï166 (2022), 

artwork by L. Köllenberger
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The KATRIN 
collaboration

An international collaboration 

Á with about 150 people 

Á from about 20 institutions worldwide
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Group picture from the 48th KATRIN collaboration in Münster
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Tritium Laboratory Karlsruhe

Á Commissioned in 1993

Á Licensed for 40 g tritium å 1.5 x 1016 Bq)

Á Two missions:

- Fuel cycle for fusion reactors

- KATRIN experiment
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Tritium operation for KATRIN in 

numbers 2019 ïSept, 18 2025

1303 days of 

circulation (T2, 
83mKr)

390 gas 

transfers

204 gas 

transfers

T2 purity > 98 %

42.7 kg 

integral T2

throughput

Necessary T2 

inventory: 15 g
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Measurement of the neutrino mass
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KATRIN Collaboration, Nat. Phys. 18, 160ï166 (2022)
Beta-decay spectrum
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KATRIN Collaboration, Nat. Phys. 18, 160ï166 (2022)

Experimental response

Beta-decay spectrum
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Results from 259 days of KATRIN data

Á 1757 beta scans 

(2-3 hours each)

Á 36 Mio. counts
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KATRIN Collaboration, Science 388,180-185(2025) 

Background reduced and

source activity increased

Reduce residual 

activity on rear wall
Selected highlights

Introducing the shifted 

analyzing plane (SAP) setting 

for background reduction

Pixels on detector are 

grouped ñpatchò ïwise
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Systematic uncertainties

Á Statistical uncertainties dominate 

Á Background-related systematics significantly 

reduced from the first campaign (KNM1) to fifth 

(KNM5)  

Á Better control over source-related systematics

- Increased conservative uncertainties in this data 

release

Á Reduction of molecular final-state uncertainties:

- Reassessment of theoretical uncertainty estimation 
S. Schneidewind et al., Eur. Phys. J. C 84, 494 (2024)
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KATRIN Collaboration, Science 388,180-185(2025) 

*

*

*Reduced uncertainties upcoming
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Neutrino mass results

KATRINôs new upper limit:

ά πȢτυÅ6 ωπϷ#,
using the Lokhov-Tkachov construction
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KATRIN Collaboration, Science 388,180-185(2025) 

Lokhov, A.V., Tkachov, Phys. Part. Nuclei 46, 347ï365 (2015)
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Comparing Q-value with external measurements

Á Q-value: energy released in tritium beta decay:

- ὗ Ὁ ὠ Ὁ ȟ Ὁ = Ὁ Ὁ

Á For comparison of Q-value to external measurement, 

energy reference (ɝɮ ) needed:

- ὗ Ὁ Ὁ Ὁ ɝɮ Ὁ

Á

Sept, 25 2025
Caroline Rodenbeck ïNeutrino mass measurements with KATRIN and atomic source 

developments for future experiments
13

Q-value
E0



Tritium Laboratory Karlsruhe

TLK

Comparing Q-value with external measurements

Á Q-value: energy released in tritium beta decay:

- ὗ Ὁ ὠ Ὁ ȟ Ὁ = Ὁ Ὁ

Á For comparison of Q-value to external measurement, 

energy reference (ɝɮ ) needed:

- ὗ Ὁ Ὁ Ὁ ɝɮ Ὁ

Á KATRIN uses conversion electrons from the nuclear isomer 
83mKr to determine ɝɮ

Sept, 25 2025
Caroline Rodenbeck ïNeutrino mass measurements with KATRIN and atomic source 

developments for future experiments
13

Q-value
E0



Tritium Laboratory Karlsruhe

TLK

Comparing Q-value with external measurements

Á KATRIN uses conversion electrons from the nuclear isomer 
83mKr to determine ɝɮ

Sept, 25 2025
Caroline Rodenbeck ïNeutrino mass measurements with KATRIN and atomic source 

developments for future experiments
14

Q-value
E0

KATRIN

Endpoint from beta spectrum

1Ὕ ρψυχυȢπ πȢσÅ6

KATRIN Coll. Science 388 (2025) 180ï185 

Penning trap

3He-3H mass difference

1Ὕ ρψυχυȢχψπȢπςÅ6

Restrepo, Myers, PRL 131 (2023) 243002

2.5ů?
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Limited by literature values for transition energies!
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Determine 83mKr transition energies with KATRIN

Á New approach for absolute determination of 83mKr 

transition energies

- Using the direct transition connecting the two single

transitions (9 keV,  32 keV)

- Equivalence allows the determination of effective shift 

ɝɮ

Á L3-42 line measured for the first time

Á New Q-value with ŭE< 100 mV unblinded
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C. Rodenbeck, Eur. Phys. J. C 82 (2022)

M. Böttcher, PhD Thesis, U. Münster 2025

B. Bieringer, PhD Thesis, U. Münster 2026 (est) 

& Publications in preparation
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KATRIN on itõs way to 1000 days of data taking
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Ă259 daysñ 
KATRIN Collaboration, 

Science 388,180-185(2025) 

More than 200 Mio. electrons recorded

Further data taking until 1000 days of data taking completed (equiv. of about 220 Mio. electrons)

Goal
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Neutrino mass measurements beyond KATRIN

Á KATRIN final sensitivity < 0.3 eV (90% CL):

Distinguish between degenerate

and hierarchical scenario

Á

1)

2)

Sept, 25 2025

KATRIN

Inverted ordering

Normal
ordering

n1~ n2~ n3

mlightest (eV)

m
‍

(e
V

)
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Neutrino mass measurements beyond KATRIN

Á KATRIN final sensitivity < 0.3 eV (90% CL):

Distinguish between degenerate

and hierarchical scenario

Á New technologies are necessary to

cover inverted ordering < 0.05 eV:

1) Differential detector

2) Atomic tritium source

Common goal:

Sept, 25 2025

KATRIN

New 

technologies

n3

n1

n2

n1

n2

n3

Inverted ordering
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ordering
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Improving the neutrino mass sensitivity

KATRIN++

Á Next-generation neutrino mass experiment

Á Identify and develop scalable technology

Á Use KATRIN&TLK infrastructure for R&D

Differential measurement

Á Better use of statistics

Á Lower background

Atomic tritium

Á Avoid broadening ρÅ6)

Á Avoid limiting systematics of T2
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Now

Sensitivity study by S. Mertens

PRELIMINARY


