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Karlsruhe Tritium Neutrino Experiment

Next-generation direct v-mass experiment

International Collaboration: 120 members
- 15 Institutions in 5 countries: D, US, UK, CZ, RUS
- Reference v-mass sensitivity: m(v,) = 200 meV, after 3 years
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Overview

Why are we interested in the neutrino mass?
How does KATRIN work?

Present: Main Spectrometer Commissioning

Future: Search for sterile Neutrinos
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1) How are neutrino masses generated?

Upper bound
from direct measurements

fermion masses

Mass differences
from oscillation experiment
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1) How are neutrino masses generated?
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2) What is the role of neutrinos in the
evolution of the universe
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dark matter
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KATRIN Overview
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KATRIN Overview
¥ 4

Gaseous molecular
tritium source Of
high stability

and luminosity

(101t decays/sec)

Windowless Gaseous
Molecular Tritium Source
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KATRIN Overview

Tritium flow

14 orders of

reduction by
magnitude

\

Differential and

Cryogenic Pumping system
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KATRIN Overview
¥ 4

. MAC-E Filter with
<1 eV energy
resolution
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KATRIN Overview
¥ 4
Integral

measurement
down to 30 eV
below the
endpoint
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2006: Arrival of
Main Spectr,o,m- e




2011: fully
commissi
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Commissioning of main spectrometer
« Successful bake-out of spectrometer vessel at 300° C
« NEG pump activated: pressure at 5x10-1t mbar

* Inner electrode system: no broken wire

« “First light” last summer
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First Transmission Measurement

angular
selective egun
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transmission probability
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First Background Measurement

Rate Trend ROI (10 sec bins)
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Radon-induced Background Getter pump

. L

t,,(**®Rn) =3.96 s
t,,(??°Rn) =55.6 s
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Radon-induced Background
&

Single Radon
decay produces
hundreds of
secondaries

N. Wandkowsky et al., New J. Phys. 15 (2013) 083040
N. Wandkowsky et al., J. Phys. G 40 (2013) 8 ’\||]
S. M. et al., Astropart. Phys. 41 (2013) 52 GERKELEVLAS
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Passive Reduction Technique
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Effect of wire electrode
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Sterile neutrinos

Right-handed neutrinos do not interact
... but can mix with the active neutrinos |

... and form new mass eigenstates

Susanne Mertens




Sterile neutrinos of different masses

Heavy sterile neutrinos (~GeV)

* Lightness of neutrinos via
See-saw mechanism

Light sterile neutrinos (~1 eV)

» Reactor anomaly, Gallium anomaly,
Short baseline accelerator
results

KeV-scale sterile neutrinos (~ 1- 50 keV)

« Warm and Cold darm matter candidate
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Imprint of sterile v's on [3-spectrum
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Imprint of sterile v's on [3-spectrum
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KATRIN‘s sensitivity for eV v's

AmZ (eV?)
T TTT
y/

'

KATRIN probes
the favored

A

10

T rrren

- parameter
1k space
10y I
102 10"

J. A. Formaggio, J. Barret, PLB 706 (2011) 68
A. Esmaili, O.L.G. Peres, Phys. Rev. D 85, 117301
A. Sejersen Riis, S. Hannestad, JCAP02 (2011) 011
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Statistical Sensitivity sograded KATRIN
for keV V‘S provide interesting

statistical sensitivity
to astrophysically
allowed region

; 20 excluded by astrophysical observations
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Summary

« KATRIN is designed to directly measure the neutrino mass with
a sensitivity of 200meV (90%CL) after
3 years of measurement time

« Successful commissioning of main spectrometer
* Vacuum
* Transmission
« Background

* Next measurement phase starts next week
« Start of Tritium measurements: 2016

* Promising potential for sterile neutrino search
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Signature of eV neutrinos
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— upper limit (90 % C.L.)
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