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Modelling 𝛃-spectrum with response matrices

Each component of KATRIN influences the spectrum shape

 pre-calculate response to monoenergetic & monoangular electrons

 combine to get the complete spectrum

Complete response and practical usage

Sterile neutrino parameters independent of experimental setup

matrix multiplication to add a component response

complete response calculated once  use it for analysis/fitting

eV-scale: electron neutrino 

mass measurement

endpoint region of tritium β-spectrum

keV-scale: search for 

sterile neutrino

entire tritium β-spectrum
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Measured spectrum

Response of a 

component

Initial spectrum

𝑺𝐓 = 𝑺𝟏 𝑺𝟐 … 𝑺𝑵 𝐑 =
𝑹𝟏𝟏 . . . 𝑹𝟏𝑲
𝑹𝟐𝟏 . . . . . .
𝑹𝑵𝟏 . . . 𝑹𝑵𝑲

𝑴𝑻 = 𝑺𝑻 × 𝐑 =
𝑴𝟏 𝑴𝟐 . . . 𝑴𝑲
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Initial spectrum
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Overall response to one energy bin
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Final spectrum

A model for a keV-scale sterile neutrino search with KATRIN

Tritium β-spectrum far from endpoint:

multiple scattering

on T2 molecules

back-scattering on 

rear wall

detector energy 

response

electric and 

magnetic reflection

Need a model to describe the full tritium β-spectrum

Simulated β-spectrum (last 2 keV)

Rear wall

• Geant4 particle tracking simulation

• Includes secondary Auger electrons

EM fields

• Analytical assuming adiabatic transport

• Kassiopeia particle tracking simulation

Current applications:

 First tritium data of KATRIN

 Forward beam monitor (poster by S. Hickford)

 Troitsk sterile neutrino measurement with TRISTAN detector

Future activities:

 GPU-version of response matrix approach

 Phase-0 sterile n search with KATRIN (poster by S. Mertens)

 Studies of systematic effects (see also poster by A. Huber)

Source scattering

• Iterative binned convolution of 

electron distribution with scattering 

differential cross section

• Energy-dependent total cross-section
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Detector responses from KESS

Detector response

• KESS particle tracking simulation in Si

• Backscattering, charge sharing, pile-

up, dead layer energy losses
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Binned theoretical b-spectrum Response matrix of a component

10 kV post-acceleration 


