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Neutrino Mass Experiments with Tritium Detection of hot H/D/T
• Neutrino oscillations prove that neutrinos have  mass

• Karlsruhe Tritium Neutrino (KATRIN) Experiment measures the mass of the 

electron antineutrino

• Current upper limit: 0.45 eV (90% C.L.)

Sensitivity study: S. Heyns

Katrin collaboration

Science 388, 6743, 180-185 (2025)

ROI: shape of the endpoint

• Next generation experiments aim 

for ~ 𝟏𝟎 × improvement on the 

neutrino mass sensitivity

• Transitioning to atomic tritium T

►No energy broadening of 0.4eV 

from ro-vibrational final states

►Higher statistics

►Magnetic trapping possible

Future neutrino mass experiments

need a sub-kelvin

atomic tritium

source

Hydrogenation of graphene

as a novel

atomic beam

sensor

Proposal

for a cryogenic

source of atomic tritium

Goal: Reach tritium atom fluxes of > 𝟏𝟎𝟏𝟓/s

Developing an atomic tritium source for KATRIN++
David Frese, Beate Bornschein, Tobias Geier, Robin Größle, Linus Hartmann, Leonard Hasselmann, David 

Hillesheimer, Marcus Lai, Alexander Marsteller, Florian Priester, Marco Röllig, Caroline Rodenbeck, Magnus 

Schlösser, Michael Sturm, Daniel de Vincenz, Görkem Yavuz, Genrich Zeller

β-spectrum of T-decay

Goal: development of CR models for 𝐓 and 𝐓𝟐
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Vacuum: ~10−9mbar

Plasma

Survey spectrometer: ±2nm resolution

Atomic beam

Pyrolytic Boron Nitride Cavity

Inductively Coupled Plasma source

Optical Emission Spectroscopy Collisional Radiative (CR) modeling

• Weakly ionized

• Capacitive coupling

(E-mode)

• Inductive coupling

(H-mode)

H-modeE-mode

0.5sccm

𝛼-line (656 nm)

𝛾-line (434 nm) Fulcher-𝛼-

spectrum

β-line (486 nm)

H-mode

E-mode

Predict photon-emission

D. Wünderlich, M. Giacomin,R. Ritz and U. Fantz, J. Quant. Spectrosc. Radiat. Transfer 240, 

2020, 106695

Determination of plasma parameters

Production

of H atoms

via plasma

Preliminary

e− temperature

e− density

• Selective to H

→ sp³-hybridsation

• In-situ: Sheet resistance 

measurement

• Ex-situ: Raman 

spectroscopy

Comparison data & fit
Photo of graphene

sample after loading

M. Astaschov et al. Eur.Phys.J.D 79 (2025) 
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Hiden DLS10 Publication in preparation

• ID/IG intensity ratio indicates defect 

density LD

• Exposure for 67 h

• Fit generalized normal beam profile:

• Start temperature <1K

• Freeze T2 on the walls

Dissociation:

• Self-radiolysis

• Helium plasma

Magnetic guiding:

• Low field seekers (lfs)

• Ioffe-Pritchard type magnets

Cooling:

• He-buffer gas

Semakin et al. Physical Review Research, 8, 033096 (2026)

Hyperfine level diagram

Schematic cryogenic source
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Accurate detection of T 

at every stage

Inline 

reprocessing

cooling trapping
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Thermal-based
A. A. Esfahani et al. 

Phys. Rev. A 112, 

033311, (2025)

Raman spectra
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Beam profile determination with

Raman spectroscopy
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• E-mode: α- and β-line

• H-mode: α-, β- and γ-line

• Considering direct exictation only

• Step in 𝐧𝐞 in the mode transition

• Preliminary atomic fraction of

>90% in H mode


