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Determining the Neutrino Mass ¥&

Electron Energy
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Determining the Neutrino Mass ¥

Electron Energy
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® Zoom in on the endpoint ...
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Magnetic Adiabatic
Collimation -

Electrostatic (Filter)

Two solenoids create guiding B field

Broad, parallel e beam at the
analyzing plane

Add electric field parallel to
magnetic field

Retarding electrostatic potential is
an integrating high-pass energy filter

= Parallel energy analysis
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KATRIN

Provide stable Count electrons
tritium column Reject low-energy measure their
density electrons energy, position
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Located at the Karlsruhe Institute of Technology, Karlsruhe, Germany




Sensitivity

® Run time: 3 years

¢ Uncertainties
oo Ostat O O I 8 eV2
X2 Gsyst — 0.0 I 7 eV2

discovery potential [o]

® Sensitivities
% Discovery: my = 350 meV (50)

<« Upper limit: my < 200 meV

(90% CL) 3

0 05 1 15 2 25 3

2 4 6 8 150 12
full beam time [months]




Tritium Source
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e Will deliver 10'° B-decay electrons

E longitudinal source profile per second
-
E /\ ¢ Tritium loop will circulate 40g of T>
= > per day
= L 0.0 Tesla | T = e Length: 10 m
— | —= o Diameter: 90 mm
=1 l | | l =1 . .
e Stable density profile by controlling
T2 T2 T2 the injection rate, pumping rate,
pumping injection pumping

beam-tube temperature, and gas
temperature




Tritium Source
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See S. Fischer’s poster
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. . . Status of KATRIN’s WGTS
= l I | l =]
- y,
T2 T2 T2

pumping Injection pumping
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WGTS Demonstrator

AT <30mKat T=30 K
by 2-phase boiling Neon

stainless steel

beam tube
& =90 mm




Demonstrator Module

WGTS Demonstrator T

4h measurement
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S. Grohmann, T. Bode, M. Hotzel, H. Schon, M. StiBer, T.Wahl, 10.1016/j.cryogenics.2013.01.001.




* Performed at CEA Saclay

e Jo demonstrate:

\/

< Energy dump during quench

7/

< Magnetic forces during
quench

7/

< Driven mode operation

® Performed in 8-m long
buried cryostat




Differential Pumping
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VIS

e Adiabatic electron
guidance

® Reduction of T, flow by
factor of ~10°

® Redesign needed to fix
protection diodes




® 5 standalone magnets; warm beam tube

o Used successfully in the detector section

* Replace monolithic cryostat

5 pump
ports for
turbo pumps

New
magnets
arrive by

early 2014




Cryogenic Pumping
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e Adiabatic electron
guidance

 Reduction of T> flow by
factor of ~107 with
cryosorption onto Ar frost

e Under construction;
completion in early 2014




Cryogenic Pumping
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e Adiabatic electron
guidance

 Reduction of T> flow by
factor of ~107 with

cryosorption onto Ar frost

e Under construction;
completion in early 2014
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|. Electron
Gun

2. Magnets
(45T)

3. Vessel

4. Detector




L essons Learned
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Background (10-'"mbar, routinely
Suppression




Main Spectrometer

® Precision high-pass energy filter
o Uses the MAC-E filter technique

 Energy resolution: 0.93 eV @
18.6 keV

e Volume: 1240 m?

e Pressure:< 10! mbar

® |nner electrode system to
reduce backgrounds
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QWire electrode modules

[Installation finished January 2012
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- Final view inside the spectrometer
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Detail of the anti-penning and




® Achieve UHV
(< 10-"" mbar)

e Remove water
absorbed on surfaces

e Activate non-
evaporable getter
material




Bakeout: Procedure

* Slow Heating/
Cooling (~I °C/hr)

° . 3507 Baking cycle (4. -- 30.1.2013) r 1.E-04
< Thermal expansion 200 - o
of vessel and 2 o | [ o
electrode P J b
= 200 - - 1.E07 €
g <
o 150 1 " LE08 3
o Key temperatures - 2
& 100 A fL- 1.E-09 =
= " 1.E-10
< 200 °C - Water N
0 ) ' ' T ' ' 1.E-11

removed from
surfaces

350 450 550 650 750 850 950

Time in hours N.Wandkowsky

% 350 °C - Best
getter activation




Bakeout: Expansion

Fixed
Support

Movable
Support




Bakeout: Results




Bakeout: Results




Bakeout: Results
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Eliminating trapped

Transmission of

electrons

B electrons




Cosmic rays knock electrons
from the vessel hull

Radon emanation from the getter material

Electrons generated by shakeoff,
conversion, relaxation ...

o




Background may
be 6-times worse
than otherwise
expected

Statistical
sensitivity would
decrease by a
factor of |.7

Results depend
on run lengths,
voltage scan
characteristics,
etc.
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e Passive: trap Rn atoms

< Cryo-Baffle

N/

< Pumping speed decreases by
55%

e Active: force e into hull

\/

< Dipole Electric Field




e Passive: trap Rn atoms

‘0

* LN-cooled copper baffle

N/

< Pumping speed decreases by
55%

e Active: force e into hull

\/

< Dipole Electric Field




e Passive: trap Rn atoms

< Cryo-Baffle

N/

< Pumping speed decreases by
55%

e Active: force e into hull

\/

< Dipole Electric Field




¢ Simulations of electric
and magnetic fields

* | ow-energy particle
tracking in EM fields

* Available to the public
(open source) in a few
months
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Simulations: Kassiopeia

Simulation and figure by
T.J). Corona

og(1+ ICD*1.e161)
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Simulations: Kassiopeia
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Detector

Sy

* Pinch Magnet
< Provides the maximum magnetic field (6T)

< Defines the energy resolution of the spectrometer

® Detector Magnet

< Strong magnetic field (3-6 T)

<+ Focuses electrons onto the detector
® Focal Plane Detector

<+ Segmented Si PIN diode array

% 148 pixels; area = 50 mm?
®* Muon Veto

< Passive: copper & lead

< Active: plastic scintillator




Detector
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* Pinch Magnet
< Provides the maximum magnetic field (6T)

< Defines the energy resolution of the spectrometer

® Detector Magnet

< Strong magnetic field (3-6 T)

<+ Focuses electrons onto the detector
® Focal Plane Detector

<+ Segmented Si PIN diode array

% 148 pixels;area = 50 mm?

e Muon Veto

< Passive: copper & lead

< Active: plastic scintillator




Commissioning

® Ensure detector pixels are functioning
®* Check ability to reach XHV

o Calibrate electronics response

Measure the energy resolution

Energy Calibration

241 Am Source

Rate




KATRIN’s Sensitivity

® 3 years of runtime
® Ostat = Osys

e Discovery:
my = 350 meV (50)

e Upper limit:
my < 200 meV
(90% CL)

T2 Experiment Sensitivity History
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J. EWilkerson, Neutrino 2012
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®* Progress on all components

<+ WGTS ... Differential pumping ... Cryogenic Pumping ...
Main Spectrometer ... Detector

e Sensitivity still to be proven, but so far we’re on track

e Data taking planned for 2015







Backup Slides
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90% CL
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E. Lisi, Tuesday; G.L.Fogli, et al., arXiv:1205.5254 [hep-ph]



http://arxiv.org/abs/1205.5254
http://arxiv.org/abs/1205.5254

sin?(%)

C.Weinheimer, NuMass 2013
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E/ eV

e.g.
m(vy) =2¢eV

sin?(0) = 0.3

e.g.
m(vyy;) = 0eV
cos%(0) =0.7
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