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Neutrino mass and single β-decay 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

observable: 

Fermi theory of β-decay: 

β-spectrum for tritium (E0 = 18.6 keV, T1/2 = 12.3 y): 

β-decay: n → p + e- + νe  

Neutrino mass influences 
energy spectrum of 
β-decay electrons 

Neutrino mass 
determination via precise 
measurement of the 
spectral shape close to the 
endpoint 

Model independent method 

→ “Absolute neutrino mass”, C. Weinheimer, plenary session 07/25 
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KATRIN measurement 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

KATRIN will measure 
the integrated 
β-spectrum close to 
the T2 endpoint E0 

The influence of mν is 
most pronounced a few 
eV below E0 

Optimized 
measurement time 
distribution to increase 
sensitivity 
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The KATRIN experiment 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

KArlsruhe TRItium Neutrino experiment 
Goal: Measure neutrino mass with a sensitivity 
of 0.2 eV/c² (90% C.L.)  

Windowless Gaseous 
Tritium Source 

Differential and 
Cryogenic Pumping 

sections 

Pre-Spectro-
meter Main Spectrometer Detector 

tritium β-decay 
decay rate: 1011 1/s 
T2 pressure: 
10-3 to 10-6 mbar 

β-electron 
transport 
tritium retention 
(factor < 10-12) 

energy analysis of β-electrons 
resolution 0.93 eV @ 18.6 keV 
pressure < 10-10 mbar 

counting 
of transmitted 
β-electrons 

~ 70 m 
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Windowless gaseous tritium source 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

WGTS 

Stability of T2 density profile of 10-3 (function of T2 injection rate, purity, 
beamtube temperature stability and homogeneity, pump rate) 

Complex cryostat, 16 m length, 27 t weight, > 800 sensors and valves 

High isotopic purity (> 95%) 

Tritium loop processes 40 g T2 / day (same scale as ITER) 

September 10th, 2015 

Purpose: delivery of 1011 β-decay electrons per second 
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Windowless gaseous tritium source 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Successful commissioning of magnet system at maximum field (3.6 T) 

Test of two phase beam tube cooling system: temperature stability exceeds 
requirements by one order of magnitude! 

WGTS 

specification: ± 30 mK/h 



Institute for Nuclear Physics (IKP) 8 25.07.2017 

Main spectrometer – MAC-E filter 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Magnetic Adiabatic Collimation combined with an Electrostatic Filter 
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Main spectrometer – MAC-E filter 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Several commissioning measurement phases since autumn 2013 

Main spectrometer successfully operated from 0 to -33 kV 

Transmission characteristics of main spectrometer as expected 
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October 14th, 2016 – KATRIN first light 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Neutrinos kommen 
auf die Waage 

KATRIN celebrates 
first beam 

Neutrino Mass: Germany’s KATRIN Experiment 
Aims To Weigh The Universe’s Lightest Particle Neutrinos auf 

der Waage 
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KATRIN first light – alignment  

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

KATRIN beamline is aligned and in good agreement with simulations 
Unobstructed transport of 191 Tcm² flux tube from source to detector 

rear wall 
electron beam 

ELIOTT 
electron beam 

pencil electron 
beam from 
ion source 

rear wall 
electron beam 

90
 m

m
 

5 mm 

detector 

electron 
sources 

61 087 mm 
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KATRIN krypton commissioning measurements 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Injection of 83mKr into the KATRIN source beamtube, 
no carrier gas, single 83mKr atoms 
83mKr has well known lines from conversion electrons, 
for example K-32 (17.824 keV), L3-32 (30.472 keV)  
Measurement phase: July 3rd, 2017 – July 19th, 2017  

detector 

gaseous Kr source 

Kr decays inside 
WGTS beamtube 

83Rb emanator ~ 1 GBq 

condensed Kr source 

“spot-like” source, can be 
scanned across flux tube 

83Rb  emanator ~ 1 MBq 

83Rb 83mKr 

41.6 keV 

9.4 keV 

stable 

IC, γ 

IC, γ 

EC 
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KATRIN krypton commissioning measurements 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

example run (one of many line scans) 
only events on detector ring 0 
(30x more statistics available) 

L3-32 line gaseous source stability gaseous source 

repeated scans of L3-32 line 
line position stability well within 
KATRIN goal of ± 60 meV 

→ “Calibration of the high voltage and the energy scale of the KATRIN experiment”, O. Rest, poster session 
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Summary & outlook 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

KATRIN aims to measure the neutrino mass with 0.2 eV/c² sensitivity (90% C.L.) 

For the first time electrons were transmitted along the complete KATRIN 
beamline 

Successful commissioning measurements with  83mKr , data analysis ongoing 

Summary: 

Outlook: 

Prepare KATRIN for tritium operation 

Start of neutrino mass measurements in 2018 

Official KATRIN inauguration on June 11th, 2018 
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KATRIN collaboration 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

March 2017 
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xxx 

Florian Fränkle, “Status of the neutrino mass experiment KATRIN” 
DPG Frühjahrstagung 2017, T48.1, Münster, Germany 

yyy 

Backup 
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Auger and conversion electrons in 83mKr decay 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 
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Krypton 9.4 keV “hedgehog” 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 

Decman & Stoeffl, PRL 23 (1990) 2767 
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KATRIN sensitivity 

Florian Fränkle, “The neutrino mass experiment KATRIN” 
TAUP 2017, Sudbury, ON, Canada 
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