
KIT ïThe Research University in the Helmholtz Association

Guido Drexlin, Institute for Experimental Nuclear Physics, Department of Physics 

www.kit.edu

KATRIN ïthe most precise scale for neutrinos

- Introduction: neutrinos in particle physics

- ß-spectroscopy and neutrino mass

- KATRIN: measurement principle & challenges

- KATRIN: main components

- KATRIN: status & future

- Conclusions

Topical Workshop on Electronics for  Particle 
Physics (TWEPP-2016)
KIT, September 26-30, 2016 

n1

n2 n3



KIT-KCETA2 Sept. 26, 2016

- directn-mass experiment: located at Tritium Laboratory (TLK) of KIT

- international collaboration ~130 members

from 6 countries: D, US, CZ, RUS, F, ES

KATRIN experiment

ÂKarlsruhe Tritium Neutrino Experiment

Â18 institutions:

G. Drexlin ïKATRIN 
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KATRIN experiment ïscience case

- model-independent effective electron (anti-)neutrino mass: m(ne) = 200 meV (90% CL)  

- search for lighté heavy sterile neutrinos: sub-eV é keV mass scale

- constrain local relic-ndensity, search for Lorentz violation, exotic currents, BSM physics é 

Âphysics programme
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Introduction: neutrinos in particle physics
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6.10.2015 ïand the winners are:
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8.11.2015 ïand the winners are:

Ăannus mirabilisñ of 

neutrino physics
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massless neutrinos in the Standard Model
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m(n) = 0
- only LH n, RH anti-n

(maximum parity violation)

- massless fermions

- carry Lepton number

fermions

bosons
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massive neutrinos: beyond the Standard Model

Âneutrino oscillations imply massive neutrinos

strong

mixing
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massive neutrinos: beyond the Standard Model

BEYOND

n

Âneutrino oscillations imply massive neutrinos

Âmassive neutrinos imply novel particles / processes:

- Lepton number violation?

- new fundamental mass scale?

- extended Higgs sector?

- right handed (sterile) neutrinos?

Âopen questions in neutrino physics
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neutrino mass ïwhat is the correct pattern? 

ãDm2 ~ mi

see-saw 

type I

mass hierarchy

hierarchical scenario

quasi-degenerated scenario

ãDm2 << mi

see-saw 

type II

Âhierachyïnormal case: m1 < m2 << m3 , inverted case: m3 << m1,2

quasi-degeneracyïm1 ~ m2 ~ m3
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ß-spectroscopy and neutrino mass

G. Drexlin ïKATRIN 
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neutrino mass: status and perspecives

kinematics of weak decays

- ß-decay: 3H, EC: 163Ho

- model-independent
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ß-decay: kinematics

Â model independent measurement of m(ne), based solely on 

kinematic parameters & energy conservation
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Âneutrino mass manifests itself only close to endpoint at E0, as neutrinos there

are only Ămildly relativisticñ [ E2 = p2c2 + (mc2)2 ]

ß-decay: kinematics
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KATRIN: measurement principle & challenges

G. Drexlin ïKATRIN 
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MAC-E principle: high-intensity tritium ß-spectroscopy

ÂMagnetic Adiabatic Collimation & Electrostatic Filter:  scan high-intensity T2 source
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MAC-E principle: high-resolution tritium ß-spectroscopy
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MAC-E principle: high-resolution tritium ß-spectroscopy
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ÂMagnetic Adiabatic Collimation & Electrostatic Filter: analytic transmission function T 
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surplus energy: EstartïqU0 (eV)

ÂT(Bmin, Bmax, U0): no Gaussian tails

but: U0 on ppm-scale for sub-eV m(ne)!

T2
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DE = 0.93 eV

@18.6 keV
DE/E = Bmin /Bmax

3×10-4 T / 6 T



KIT-KCETA21 Sept. 26, 2016 G. Drexlin ïKATRIN 

MAC-E principle: integrated ß-spectrum close to E0 

integrated count rate after MAC-E filterdifferential tritium ß-spectrum

ÂMAC-E filter: count all ß-decay electrons with E > U0 in focal plane detector

- requires excellent source stability (and diagnostics), R&D on differential read-out ongoing

MAC-E


