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TRISTAN: A novel detector for searching keV-sterile neutrinos at 

the KATRIN experiment

Motivation

Calibration Setup: Hot Cathode Electron Source

TRISTAN SDD Detector

Readout Chain

gaseous tritium source with

up to 1011 decays per second

New detector required for high-rate 

β-spectroscopy: TRISTAN detector

detector

• High rate capability (100 kcps/px)

• Good intrinsic energy resolution

(300 eV FWHM for 20 keV electrons)

Challenges:

• Scaling to focal plane array (>1000 pixels)

• Electron spectroscopy (thin dead layer)

• Difficult environment (UHV, magnetic fields etc.)

3mm

Preamplifier: 

ETTORE, 12-channel 

low-noise ASIC

Detector Response Measurement

Multipixel Silicon Drift Detector (SDD)

P. Trigilio et al, IEEE NSS/MIC, 2018

10% to 90%

risetime: ~50ns
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166-pixel Detector Module
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• Right-handed neutrinos are a minimal and 

natural extension of the Standard Model

• keV-scale sterile neutrinos (~1-50 keV):

Dark matter candidate

25 μm tantalum filament

166-pixel SDD chip

200-trace Kapton flex cable

wire bonds

Cesic interposer

83-ch ASIC board

2x100 pin connectors

Outlook

→ Future keV sterile neutrino search at the 

KATRIN experiment is on the way ...

Next milestones:

• Assembly of nine detector 

modules as focal plane array

• Integration into KATRIN 

beamline (starting 2025)

• Modeling and sensitivity 

studies ongoing
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kink

Search for new particles in β-decay

KATRIN experiment

Features:

• Heat emission from hot tantalum wire

• High voltage up to ‒25 keV 

• Magnetic beam steering coils

• Rates from 1 cps to 100 kcps

• Low light emission

Si escape peak55Fe lines

backscattering and charge sharing tail
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measured energy resolution:

• 20 keV electrons:

FWHM = 247 eV

• 5.9 keV X-rays:

FWHM = 144 eV

at temperature -35°C

at trap. peaking time 2 μs 

1st stage waveform
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2022: Successful assembly and test of first module
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166-pixel chip (readout side)

3 mm

detector

electron source

5 cm

sin²ϑ=0.2    m4=10 keV

Hot cathode electron source provides important input for spectrum modeling
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