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Outline
● Neutrino and mass measurements

● KATRIN experiment

– Tritium source and Transport

– Spectrometer and Detector

● Spectrometer Background

● Milestones

● System stability and next steps





https://www.physik.uzh.ch/en/researcharea/lhcb/outreach/StandardModel.html




Neutrinos and mass measurements
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Determine mass property of neutrino

From oscillation experiments:

● Three mixing angles: θ23, θ12, θ13

● Two mass differences: |Δm2
13|, Δm2

12

 ↯ cannot measurement absolute value

Need dedicated experiments:
● Measure mass scale
● Neutrino mass degenerated?

   → structure formation / e.g. seesaw type II
● Hierarchical ordered masses? 

   → smallness of masses / e.g. seesaw type I

m2
23

m2
12
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Neutrino mass with KATRINKathrin Valerius

Tritium retention

technological development 

challenge 

fail-safe tritium retention on 10-14 level   

active differential pumping (TMPs)       cryotrapping (3 K argon frost)   

tritium 
free 









 

http://repositorium.uni-muenster.de/document/miami/93137705-73f4-404a-a438-09d487cbff63/diss_valerius.pdf
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Spectrometer background
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Neutral decays in Spectrometer - 219Rn (getter) and 220Rn (artificial source)
219Rn atoms: 
● 219Rn emanates from NEG
● stored electrons eV…keV
● bg-rate: ~500 mcps   

countermeasure (passive): 
● cryotraps in front of NEG
● 3 LN2-cooled Cu-baffles eliminate

~97% of emanated 219Rn atoms   



Spectrometer background
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Ionization of Rydberg atoms sputtered off by alpha decays

t = t(212Pb)

Rydberg (or autoionsing) atoms: 
● ejected from walls due to 206Pb recoil

ions from 210Po decays
● ionized by black body radiation (291 K)
● non-trapped electrons on meV-scale

→ bg-rate: ~0.5 cps

counter measures:
● apply stronger voltage (field ionisation)

at wire electrode system
● reduce flux tube
● cover main spectrometer walls 

(maybe in future)
● …

Testing this hypothesis:
artifically contaminating 
the spectrometer with 
implanted short-living 
daughters of 220Rn (and 219Rn)
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Conclusion and outlook
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Conclusion and outlook
Neutrino oscillations showed that neutrinos obtain mass but absolute mass scale is unknown

→ Different approaches to measure the absolute mass

KATRIN aims to measure electron anti-neutrino mass with 0.2 eV sensitivity (90% C.L.)

→ Precise measurement of the endpoint region of tritium β decay

KATRIN beamline consisting of a high luminosity windowless gaseous tritium source, transport, 
spectrometer and detector section

→ System is fully comissioned and in 2018 the official inauguration took place

Currently the KATRIN system gets ramped up

→ Perform the first science run in March/April

Future KATRIN measurement possibilities

→ New detector design for sterile neutrino search
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