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Overview

 What is the imprint of a keV Neutrino on the beta
spectrum?

 What is the theoretical sensitivity of a future KATRIN-
like experiment?

 Why are the advantages and limitations of KATRIN?

 What experimental systematic effects can be
expected?
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The Tritium beta spectrum s
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The Tritium beta spectrum
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The Tritium beta spectrum




Imprint of a keV Neutrino on the beta
spectrum
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Imprint of a keV Neutrino on the beta
spectrum
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Imprint of a keV Neutrino on the beta
spectrum
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Imprint of a keV Neutrino on the beta
spectrum &
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Imprint of a keV Neutrino on the beta
spectrum
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Imprint of a keV Neutrino
spectrum

on the beta
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Overview

 What is the imprint of a keV Neutrino on the beta
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Beta spectrum for a single mass

d 2 2 —
dé‘e(m‘/)CT peEe.\/(Ee_EO) _mvi .(Ee_EO)' _(Ee’z)'S(Ee’Z)

Normalization constant

Phase space factor

Relativistic Fermi function

Electron screening function



Theoretical corrections

dE & (m,)=CpE(E,~Ef-m}(E,~E,)F(E.2) S(E,2)

« Beta electron to orbital electron exchange (E)

* He recoll corrections: 3 body decay, weak magnetism, V-A correction (R)

* Recoiling Coulomb field (Q)

* Finite extension of the nucleus: Coulomb field and weak interaction (LO, C)

« Radiative corrections (G)
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Theoretical corrections

Finite extension of nuleus
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Theoretical corrections
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Theoretical corrections
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Effect of theoretical uncertainty

Effect of an unknown polynomial

Signal of keV neutrino correction
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Setup for this study

e Assume KATRIN source strength of 10! e/s

e 3 years measurement time
— 1018 decays

 Perfect detector

Susanne Mertens, Chalonge 2013 21




Is It worth considering this
experiment?

90% CL level
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Final state distribution
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Can the FSD distribution fake a signal?

Effect of a wrong

Signal of keV neutrino ground state probability
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Is It worth considering this
experiment?
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Overview

 What is the imprint of a keV Neutrino on the beta
spectrum?

 What is the theoretical sensitivity of a future KATRIN-
like experiment?

e Can we use KATRIN to measure it?

 What experimental systematic effects can be
expected?
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The KATRIN experiment

Goal: Direct neutrino mass measurement
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The KATRIN experiment

Windowless gaseous tritium source

Yearly throughput of
10 kg (Z ITER)

R- intensity of
1011 electrons/s
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The KATRIN experiment

Transport section
N\

Adiabatic
guidance of
beta electrons

Transport section:
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The KATRIN experiment

Transport section
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The KATRIN experiment

Pre- and main spectrometer
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The KATRIN experiment

Detector
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Pros and Cons of KATRIN

Precise energy analysis

Tritium reduction without
energy loss for electrons

Source of high stability
and luminosity

High countrates require a
new detector system

Energy loss due to
scattering in the source
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Overview

 What is the imprint of a keV Neutrino on the beta
spectrum?

 What is the theoretical sensitivity of a future KATRIN-
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* What experimental systematic effects can be
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Experimental systematic effects

&

Scattering in
the source

Detector
resolution

Detection

efficiency
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Statistical sensitivity for integral and
differential measurement

Integral Differential
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Statistical sensitivity for integral and
differential measurement

90% CL level
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Detector Resolution

90% CL level R
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Detection Efficiency
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Energy loss In the tritium source
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Summary and Outlook

« Statistical sensitivity of down to sin?(6)=10-"

e State-of-the-Arts” theoretical corrections do not mimic a ,kink”
with sin?(8)>10-"

 KATRIN provides a source of high luminosity and stability but
suitable detector system needs to be developed

* An extensive study of experimental systematic effects needs to
be performed to access the real sensitivity

A model-independent ,kink“-search approach might mitigate
systematic effects.




Thanks for your attention
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The KATRIN experiment

Windowless gaseous tritium source
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