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The KArlsruhe TRItium Neutrino Experiment 

Goal: measure the effective neutrino mass 

International KATRIN collaboration: 

 about 130 members  

 5 countries (GER, US, CZ, RUS, ES)  

 15 institutions 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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3H: super-allowed  

E0 18.6 keV 

t1/2 12.3 y 

Source & Transport Section (STS) Spectrometer & Detector Section (SDS) 

ideal  

b-emitter 

most sensitive method 

G. Drexlin, V. Hannen, S. Mertens, C. Weinheimer, Current Direct Neutrino Mass Experiments (Review) 

Advances In High Energy Physics (2013) 293986 

Grenoble, 02.12.2014  

The KArlsruhe TRItium Neutrino Experiment 

J. Wolf  - The Vacuum System of the KATRIN Experiment 

70 m 
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Magnetic Adiabatic Collimation 

with Electrostatic Filter The MAC-E Filter 
A. Picard et al., NIM B 63 (1992)  

isotropically emitted  

tritium b-electrons  

adiabatically collimated 

by magnetic field 

electrons filtered  

by electric potential 

remaining electrons 

counted after filtering 

eU0 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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F. Glück, Prog. in Electromagnetics Research B, 32 (2011) 351-388 & 319-350  
m 

Magnetic field & electrostatic potential 

tritium source 

spectrometer 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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KATRIN ï benchmark parameters 

tritium source: 1011 b-decays/s  total background: 10-2 cps  

è 10-3 stability of tritium source column density  

è 10-3 isotope content in source 

è 10-5 non-adiabaticity in electron transport  

è 10-6 monitoring of HV-fluctuations  

è 10-8 remaining ions after source  

è 10-11
   mbar in Main Spectrometer 

è 10-14
   remaining flux of molecular tritium  

experimental challenges 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 

Source & Transport Section (STS) Spectrometer & Detector Section (SDS) 

Calibration &         Differential Pre-Spec. Detector 

Monitoring System            Pumping Section  

Windowless Gaseous Cryogenic  Main Spectrometer 

Tritium Spource Pumping Section 
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Source: Tritium Loop and Retention 

DPS1-R             WGTS              DPS1-F DPS2-F 

controlled 

T2 injection 

inner  loop 

outer    loop outer   loop 

95%                 5% 99% 

CPS 

T2 retention 

every  

60 days 

(<1 Ci) 

1% 1% 

existing TLK infrastructure 

T2 processing 

isotope seperation 

T2 recycled: 10 kg/a 
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Beam tube temperature 

Technological development  

Challenge  

temperature stability on 10-3 level    

novel 2-phase neon cooling system 

required:   ȹT = ±  30 mK  (1 h) 

achieved:  ȹT = ±  1.5 mK (1 h) 

Ÿ  stability surpassing specifications 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 

Windowless Gaseous Tritium Source 
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Windowless Gaseous Tritium Source 

calibrated Laser-Raman system  

   for all 6 hydrogen isotopologues 

achieved: < 10-3 accuracy in 60 s 

Raman spectroscopy 

measure isotopic source content  

 with 10-3 accuracy in 100 s     

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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tritium bearing components tritium free  
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Tritium Retention Techniques 
Suppress tritium flow from source to spectrometer by factor > 1014 
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 20
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 

Transport and Pumping Sections 

Cryogenic Pumping Section (CPS) 

based on by cryo-sorption 

Tritium retention: >107 

magnetic field: 5.6 T 

delivery, commissioning: 2015 

b 

Argon Frost Pump 

T = 3 ï 4.5 K 

T2 

stainless steel 
DPS2-F CPS 

b 

Differential Pumping Section (DPS) 

active pumping: 6+8+4 TMPs  

Tritium retention: 107 

magnetic field: 5.6 T 

built at KIT, commissioning 2015 
O. Kazachenko et al., NIM A 587 (2008) 136 

F. Eichelhardt et al, Fusion Science and Technology 54 (2008) 615 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 

DPS1-R DPS1-F 
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Hazaradous operating conditions for TMPs? 

TMP in a magnetic field 

eddy currents can over-heat rotor  

high mag. field can slow down rotor  

failure of magnetic bearing 

test setup built at KIT for large TMPs 

math. model developed for prediction  

Endurance test for TMP with tritium 

tritium can affect non-metal parts of pump 

TMP type: Leybold MAG-W 2800 

tested at Tritium Laboratory Karlsruhe (TLK) 

one year operation with tritium 

F. Priester, PhD thesis at KIT (2013), http://www.katrin.kit.edu/375.php 

R. Größle et al., Vacuum 86 (2012) 985-989 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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Results of TMP tritium runs 

total runtime of MAG W2800 at TriToP: 398 days 

total throughput: 1106 g tritium  

equivalent to approx. one year of KATRIN operation 

RGA spectrum compatible with H, D, T, N, O and hydrocarbons 

no traces of HF, TF found in Raman spectrum of process gas  

TO, THO, T2O ? 

HT 

T2 

DT H2O 

CH3T 

J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  
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Complete dismantling of a MAG W 2800 
  

J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  

parts were highly contaminated with tritium, but 

parts looked like new, no indication of wear, cables and O-rings ok 
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TMP in a magnetic field 

fore-vacuum 

(Seff º 7 l/s) 

PT100 

sensor 

Pyrometer 

Helmholtz coils 

(Å = 120 cm) 

TMP 

gas inlet 

Helmholtz coils: radius = 60 cm 

B-field: 0 ï 50 mT 

coils can be turned by 90° 

pyrometer used for rotor temperature 

gas flow possible 

 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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Model 1: fit of parameters k1 é k6 

pfv 

Leybold MAG W 2800 

TR (measured)  

TR (fit) 

B 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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Model 1: maximum temperature 

Rotor temperature also depends on cooling temperature ! 

Leybold MAG W 2800 

critical rotor temperature 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 



Institute of Experimental Nuclear Physics 

18 

Model 1 test: 
Rotor temperature in a pulsed mag. field 

Leybold MAG W 2800 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 



Institute of Experimental Nuclear Physics 

19 

Influence of magnetic field on TMP 

||B
C

jB
C

^B
C

B0 · sin(ű) 

ű 
parallel field: 

failure of magn. bearing (PZ12) 

for B ŷ at 12.6 mT 

for B Ź at 21.5 mT 

no heating of the rotor 

 

perpendicular field: 
heating of the rotor  (eddy current) < 5 mT 

reduction of rotation speed at 8 - 10 mT 

bearing stable up to 40 mT 

 

controller in magnetic field: 
fan fails at 6.5 mT 

pump shut down at 11 mT 

 

è TMPs need magnetic shielding at WGTS and DPS 

(magnetic field values valid for MAG W 2200 and 2800) 

Grenoble, 02.12.2014  J. Wolf  - The Vacuum System of the KATRIN Experiment 
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KATRIN Main Spectrometer 

J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  

MAC-E Filter principle Ÿ precise electron energy measurement 

Vacuum vessel & electrodes on  

 variable retarding potential (18.6 kV) 

Magnetic guiding field: 0.3 mT ï 6 T 

High resolution:  ȹE = 0.93 eV @ 18.6 keV 

Stainless steel (~200 to, 316LN) 

Dimensions: 

diameter:  10 m 

Length:  23 m 

volume:  1240 m³  

inner surface: 1240 m²  (including wire electrodes) 

Main Spectrometer 

detector 

air pressure 

Č7000 t 
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KATRIN Main Spectrometer Vacuum 

J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  

Requirements: 

Low pressure (< 10-11 mbar) 

tritium partial pressure <10-21 mbar 

few radon decays per day 

outgassing rate <10-12 mbarĿǎ/s·cm2 

total leak rate < 5·10-9 mbarĿǎ/s 

Bakable at 350ÁC (NEG activation) 

Stable operation at 20ÁC 

Vacuum components operated in 

Magnetic field: 0.3 mT ï 6 T 

Electric potential: 18.6 kV 

Main Spectrometer 

detector 

air pressure 

Č7000 t 
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J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  

KATRIN Main Spectrometer (Deggendorf) 
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J. Wolf  - The Vacuum System of the KATRIN Experiment Grenoble, 02.12.2014  

340 km 

8800 km 

Ż 7 cm 

KATRIN Main Spectrometer Journey to KIT 


