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KATRIN in 2025

molecular tritium

atomic tritium

already accessible by
state-of-the-art quantum sensors

inverted neutrino
mass ordering

Neutrino-Mass Measurement
Karlsruhe Tritium Neutrino Experiment

Kr83m spectrum with highest
resolution ever measured!

Energy resolution currently
limited by thermalization of
detector plattform

KATRIN and beyond (KATRIN++)

Metallic Magnetic Calorimeters (MMCs)

Cold Chicane

Tritium decay spectrum
Endpoint region

ELECTRON project

ΔEFWHM = 1.25(18) eV
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KATRIN in 2025

New technologies
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MMCs not yet tested with external electrons
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ΔEFWHM = 25 eV

Top = 45 mK

Limitations:
Energy resolution and
statistics of MAC-E filter
principle
Integral mode inherently
sensitive to background
Spectral broadening due
to molecular tritium

2022: mνe
 ≤ 0.8 eV/c2   (90 % C. L.)

2025: mνe
 < 0.2 eV/c2   (90 % C. L.)

Next generation mν experiment
Identify and develop scalable technology
Use KATRIN infrastructure for R&D phase (~ 7 years)

High-luminosity
molecular tritium source
1011 decays per second

Windowless gaseous
tritium source: Magnetic adiabatic

collimation
Electrostatic filtering
ΔEFWHM = 2 - 3 eV

Main spectrometer:

SDD array
Ø 12.5 cm, 148 pixels
ΔEFWHM = 1 - 2 keV

Focal plane detector:

Energy dispersive detector
O(eV) - O(meV) resolution
Mitigation of spectrometer induced background

after 1000 days of measurement

Thermal bath:
Set of working
temperature

Weak thermal link:
Definition of decay time 

SQUID:
Read-out of current
from pick-up coil

Operation regime of MMCs

Sufficiently sensitive (δM/δT high) for low
magnetic fields (10s of mT) and very low
temperatures (a few mK)

Direct interface between source at room
temperature and detector array in mK
cryostat

→ Modification of KATRIN beamline
     behind main spectrometer required

→ Cold chicane

22 mT magnetic field
at detector position

Chicane of cold bore magnets to remove the detector
platform from direct line of sight and to decrease the
magnetic field at the detector postion

Main
spectrometer

Cryogenic set-up for measurement of Kr83m spectrum with MMCs

KATRIN++ mission:

Next: Tritium spectroscopy

Potential solution for differential detector:
Quantum Sensors (e.g. Magnetic Microcalorimeters)

Absorber:
Energy absorption by
impinging particle
→ Temperature rise

Sensor:
Paramagnetic material
with temperature
dependent magnetization

Pick-up coil:
Transfer of magnetization
change into magnetic flux
change

  Cover inverted ordering with 1) atomic source technology
  and 2) differential detector or time-of-flight (ToF) techniques
→

B


