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» Neutrino oscillations prove that neutrinos have mass Quadrupole - KAMATE
» Karlsruhe Tritium Neutrino (KATRIN) Experiment measures the mass of the Time of flight Calorimetry Graphene sensor

| | mass spectrometry
electron antineutrino

* Current upper limit: 0.45 eV (90% C.L.) ROI: shape of the endpoint

1.00{ == B-spectrum of T-decay
:50.75- ' N\ :
0 \\ .
S \ &
£ 0.50 N c DY 4 : .
= . — _ Calorimeter
CI_J \ o Chopper Wheel Hlden DLSlO — Publication in preparation
"(—U' 0.25 ~‘~ E M. Astaschov et al. Eur.Phys.J.D 79 (2025)
) ‘~ 5, 60. 2020, 106695 .
= O Partially funded
000, . . . : by KCETA
0 5000 10000 15000 18573 18574 18575 « Selective to H _ _ _ L _
Electron energy in eV Electron energy in eV , _ _ Beam profile determination with
> sp-hybridsation Raman spectroscopy
ﬁ ﬁ @ * In-situ: Sheet resistance . Ip/I; intensity ratio indicates defect
_> )
* Next generation experiments aim measurement density Lp
for ~ 10 X improvement on the * Ex-situ: Raman - Exposure for 67 h
- L x 5 v vt . . .
neUtnnO maSS SenSItIVIty Lot 'k.\\\\\ E +  Atomic tritium SpeCtrOSCOpy ° Flt generallzed nOrmaI beam proflle:
o ., 0= - - .- 0= E -\.\. \\\ 1B;gl;g;c:;:\7level Ph t f h
Transitioning to atomic trittum T : o Raman spectra Comparison data & f Samop% o f?er?fc))a%?r?g
» No energy broadening of 0.4eV & = 5 — 25 ‘
Z verted Ordering ——— _ —— pristine graphene
from ro-vibrational final states % ... T Atomictntum 3 T defectivegraphene | - £ 29 :
. . . g Background level -?3 D‘ = 3
» Higher statistics R 3o E . c 15 o
_ _ _ B SR (Aot e 2 ——— = 23
» Magnetic trapping possible pero:| SEMSIUVILY SWAy: S. Heyns "4 |« s G 2D 210
g p p g p *0 Dli? ctor Res 10:1 n FWHM (eV) > oo E B - ; 5 1

1500 2000 2500 05 10 20
Raman shift (cm™) rel. position in mm

Future neutrino_mass experiments Atomic Tritium Hydrogenation of graphene
need a sub-kelvin

as a novel
atomic tritium Source |
source Inline atomic beam

reprocessing Return T, impurities Sensor
Impurity

Loss

processing
PrOdUCtiOn ‘Dissocation 0 cooling PrOpOsaI

Thermal-based § Accomodator Magnetic  SSSEEEEH -
of H atoms - evaporative [ for a cryogenic
Plasma-based cooling

via plasma Accurate detection of T source of atomic tritium

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

Inductively Coupled Plasma source

Vacuum: ~10~mbar Hyperfine level diagram

e Start temperature <1k -

Plasma pomicheam | o \\eakly ionized F oosH )
Survey spectrometer: +2nm resolution y : * Freeze Tz on the Wa”S e (1112210647%61%22) 1: %/ H?t
« (Capacitive coupling D Lo . AR
L | | « Self-radiolysis L |
Pyrolytic Boron Nitride Cavity ° |ndUCtIV6 Coup“ng . He“um plasma 3/2Ll\_| o 1 omp
(H-mode) Magnetic guiding: S L _{\
Optical Emission Spectroscopy  Collisional Radiative (CR) modeling « Low field seekers (Ifs) O 7 334 M . y
g . D. Winderlich, M. Giacomin,R. Ritz and U. Fantz, J. Quant. Spectrosc. Radiat. Transfer 240, ) IO'ﬂ:e_PrltChard type magnets | 1a 1/2>Hi
T 1910 ] v-line (434 nm) 2020, 106695 ) 0 -0.05- - Dl:
S Y g —— k Cooling: - |
& 10 L — | | | | a 0}
5 o , wlne (656 nm) ARAAS o 0. « He-buffer gas R TR BT R TR
5 | H-mode Magnetic field (T)
g wr ! ! P Schematic cr |
S ond  B-line (486 nm) . . yogenic source
L Lor el — — —
400 450 500 |55;th669 650 700 T — m ', ,, ‘ .
Wavelength / nm . . .
Predict photon-emission
: : /////////// / Race-track bars Pinch coils 7=
» Determination of plasma parameters «— ///////////// A T e

Pl errrgeccce AL 7222222 N  eeeeesevennr.

1.6; e~ temperature

= .
°, .+ | |+ E-mode: a- and B-line @
g

| { k ®_.
it | LD f [ L e Hemode: a, B- and y-line . AL L “—5
wiewmy {11 11 - Stepinmin the mode transitior 7//////////////// J

E- d < > . - . . :
E o, THEEE  Preliminary atomic fraction of > o
< I s oIt moas i pa——
200 250 300 350 400 450 5 ) ) - i - -
forward power /W 10 '20 "30 '50 "60 '70cm

Tritium Laboratory Karlsruhe (TLK), Institute for Astroparticle Physics (IAP), Karlsruhe
Institute of Technology (KIT), 76344 Eggenstein-Leopoldshafen, Germany

m linkedin.com/company/tritiumlab " 2




