
INSTITUTE OF EXPERIMENTAL PARTICLE PHYSICS

K
a

r
lsruhe  Tritium Neutrino E

xpe
ri

m
en

t

K

ATRIN

Towards a neutrino mass measurement
with the KATRIN experiment
Lake Louise Winter Institute 2019

Stephanie Hickford for the KATRIN collaboration | 13th February 2019

KIT – The Research University in the Helmholtz Association www.kit.edu

http://www.kit.edu


Outline

1 Neutrino mass from β-decay

2 The KATRIN experiment

3 First tritium
Ion safety demonstration
Spectra

4 Commissioning phase III
Stability
Systematics

5 Outlook

Neutrino mass from β-decay The KATRIN experiment First tritium Commissioning phase III Outlook

Stephanie Hickford – Towards a neutrino mass measurement with the KATRIN experiment 13th February 2019 2/13



Tritium decay

T2 =⇒ He+ + e− + ν̄e

Neutrino mass influences the energy spectrum
of the β-decay electrons

dN
dE

= C · F (E ,Z = 2) · p (E + me) · (E0 − E) ·
√

(E0 − E)2 −m2
ν̄

T1/2 = 12.32 yr

E0 = 18.575 keV

mν can be determined
by precise measurement
of the spectral shape
near the endpoint
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Spectrum measurement
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[Hendrik Seitz-Moskaliuk, Characterisation of the KATRIN tritium source and evaluation
of systematic effects, PhD thesis (KIT 2019)]

KATRIN measures
the integrated
β-spectrum of tritium
decay near the
endpoint

The influence of mν

can be seen a few
eV below the
endpoint

The measurement
time distribution is
optimised to reach
the best sensitivity
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KATRIN beamline

Source and transport section
Windowless gaseous tritium source
Differential pumping section
Cryogenic pumping section

Spectrometer and detector section
Pre-spectrometer
Main spectrometer
Monitor spectrometer
Focal plane detector

1011 decays 
per second

Tritium retention
factor > 1014

Energy analysis 
of β-electrons

Counting of 
β-electrons
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MAC-E filter principle
Magnetic Adiabatic Collimation combined with an Electrostatic filter

superconducting
solenoid

magnetic
field lines

electrodes

electric
field lines

superconducting
solenoid

electron
flux

electron momentum without electric field

Bana

-Umax

Bmax

U = 0V
BPS2

U = 0V

analysing
plane

Magnetic moment:

µ = Ee
B = constant

Energy resolution:

∆E = Bana
Bmax

Ee = 0.93 eV (at Ee = 18.6 keV)
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First tritium: goals

Primary goals:
Commissioning of the system with tritium
=⇒ 5th to 18th June 2018 without interruption
=⇒ Official KATRIN inauguration on 11th June

Investigate ion blocking and removal

Other measurements:
Demonstrate 0.1 % system stability
Test analysis strategies and procedure
=⇒ Test of β-spectrum scanning strategies

Investigate systematic effects
=⇒ Operation at different column densities
=⇒ Monitoring systems tests

Sterile neutrino scans
=⇒ High rate investigations
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First tritium: ion safety demonstration

Ions must be
blocked and/or
removed
=⇒ Tritium safety
=⇒ Background

effects

Measurement of
current in the
pre-spectrometer
=⇒ Measured:

< 4× 105 ions/s [Manuel Klein, Tritium ions in KATRIN: Blocking, removal, and detection,
PhD thesis (KIT 2018)]

Ion safety demonstrated with trace amounts of tritium
=⇒ To be investigated at full tritium column density
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First tritium: spectra

First ever KATRIN tritium spectra measured
=⇒ 27×3 hr scans = 81 hr = 3.4 days of tritium data

Three parameter fit to one
3 hr β-spectrum scan
=⇒ one detector pixel
=⇒ ROI extended to 400 eV
=⇒ Statistics only

Very good agreement
between β-spectrum model
and data

[KATRIN collab., First tritium, forthcoming publication (2019)]
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Commissioning phase III: goals
Phase I: Commissioning of individual subsystems

Phase II: Commissioning of KATRIN STS and SDS sections

Phase III: Commissioning of entire KATRIN beamline
[KATRIN collab., Fusion science and technology 71 3 pg 231-235 (2017)]

Primary goals:
Systematic and system stability studies
=⇒ September/October 2018

E-gun commissioning and measurements
=⇒ Determine the energy loss function
=⇒ Transmission function studies

Krypton campaign
=⇒ October 2018

Other measurements:
Further system characterisation
=⇒ Krypton runs with D2 as buffer gas

K-32 line (17.8 keV, Γ ∼ 2.8 eV)

[KATRIN collab., JINST 13 P04020 (2018)]
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Commissioning phase III: stability

0 20 40 60 80 100 120 140
Time in h

15.81

15.82

15.83

15.84

15.85

15.86

15.87

Pr
es

su
re

 in
 m

ba
r

KATRIN requirement

Required stability: 0.1%/h
Achieved stability: 0.010%/144h

[Alexander Marsteller, WGTS, (KIT 2019)]

Measurements agree within
uncertainties with several
simulation methods

Simulations accurately describe
column density even at low gas
flow rates

Stabilisation of column density
achieved by stabilisation of
injection pressure

Requirement of 0.1 % per hour
achieved on both short and long
time scales
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[KATRIN collab., Vacuum Vol. 158 pg 195-205 (2018)]
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Commissioning phase III: systematics

Energy loss function was measured using KATRIN E-gun
=⇒ Improves accuracy of response function for mν measurements
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PRELIMINARY

2-fold
scattering

Measurement
conditions:
=⇒ Gas: D2

=⇒ Column density:
7.5× 1016 cm−2

=⇒ Electron energy:
∼18.6 keV

=⇒ Egun resolution:
∼0.02 eV not yet
accounted for

Measurements are planned for T2 at 5× 1017 cm−2 column density
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Towards mν measurement with KATRIN

Recent major milestones:
First tritium campaign, spring 2018
=⇒ Ion safety demonstration
=⇒ Acquisition of high quality tritium spectra

Commissioning phase, autumn 2018
=⇒ Detailed source systematic studies, including column density and

energy loss function
Upcoming measurements in spring 2019:

Ramp up to full T2 operation
=⇒ Improve current mν sensitivity by more than a

factor of 2

Long term measurements (next 5 years):
Higher statistics and improved understanding
of systematics
=⇒ Improve mν sensitivity by a factor of 10

2 eV
2 eV
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