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Absolute neutrino mass scale

Particle Physics

Q,<0.14 (3v)

KATRIN
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KATRIN experiment - overview S(IT

Karlsruhe Institute of Technology

Goal: Direct neutrino mass measurement
Sensitivity = 200 meV [90% C.L.]
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KATRIN experiment - overview 252 it

WGTS: Windowless gasseous tritium source

B Source mass:
W 0.3mgofT,

® Yearly throughput
® 10 kg (Z ITER)

B [3- intensity:
m 1.7 x 10! electrons
per second
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KATRIN experiment - overview

WGTS: Windowless gaseous tritium source

Temperature Tgt [K]

WGTS Demonstrator
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http://arxiv.org/abs/1205.5421v1
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KATRIN experiment - overview

Transport section

Adiabatic
guidance of beta

electrons

o Transport section: I—
' 12 solenoids at 5.7 T

§ Total KATRIN system:

37 solenoids
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KATRIN experiment - overview

Transport section

R>10" R>10’ p(T,) < 1020 mbar
@ @ p = 101 mbar

Reduction of
tritium flow
- by
14 orders of
‘ magnitude

e s

Nara Susanne Mertens
June 2012



AT

KATRIN experiment - overview

Transport section
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KATRIN experiment - overview

Transport section

http://dx.doi.org/10.1016/j.vacuum.2011.10.017
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KATRIN experiment - overview
Pre- and main spectrometer
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KATRIN experiment - overview ﬂ(".
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KATRIN experiment - overview ﬂ(".
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KATRIN experiment - overview
main spectrometer
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Why is background an issue for KATRIN ?

Probability = 107

1011 electrons/s

Desired
background rate:

=10 mHz
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June 2012

10 |

08

06 |-

04 |

02

0

entire
spectrum

| | | |

AT

Karlsruhe Institute of Technology

102 electrons/s
=] electron/min

2 6 10 14 18
electron energy E [keV]

d point

only 2 x 103 of all
decays in last 1 eV

E - E,[eV]
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events/second

Background measurement at the prespectrometer%&!l
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Background production mechanism
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QAIIT

Background production mechanism

-

QHGZ* Shake off electrons
C

onversion electrons

\ v
*
¥ Auger electrons u
b
Shell reorganization electrons
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QAIIT

Background production mechanism

Northern lights
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AT

o .
ackground production mechanism

'

Single radon decay
can produce an
enhanced
background level
forup to several

hours '!!
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Verification of background model

® Comparison to independent measurement
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Impact of background on KATRIN sensitivity
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Solution: Electron Cyclotron Resonance (ECR) ﬂ(".
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Solution: Electron Cyclotron Resonance (ECR) =5
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Solution: Electron Cyclotron Resonance (ECR) -\\J(IT
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Solution: Electron Cyclotron Resonance (ECR)
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Solution: Electron Cyclotron Resonance (ECR) ﬁ(".
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KATRIN and eV sterile neutrinos -\-\J(IT

® Reactor anomaly

® Gallium anomaly

® Short base line accelerator results
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KATRIN and eV sterile neutrinos

® Reactor anomaly
® Gallium anomaly

® Short base line accelerator results
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KATRIN and keV sterile neutrinos -\\-‘(IT

® CDM predict too many satellite dwarf galaxies
o ...
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KATRIN and keV sterile neutrinos ﬂ(".

® CDM predict too many satellite dwarf galaxies
n

v, Vi o
hot dark matter warm dark matter candidate cold dark matter candidate

| | | >
~1leV ~ 1 keV ~1TeV

Mass
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KATRIN and keV sterile neutrinos
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Conclusion ﬁ(".

Karlsruhe Institute of Technology

® KATRIN
B Sensitivity of 200 meV
® Many major steps have been achieved
® Data taking will start in 2015

® Background
W Stored electrons are a serious background source
® Electron Cyclotron Resonance to mitigate the problem

® Physics reach from sub-eV to keV neutrinos

Nara Susanne Mertens
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KATRIN and keV sterile neutrinos ﬁ(".

M, =10 keV
sin? (;D =10°°

@1

My(eV)
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WGTS — windowless gaseous source QAT

Karlsruhe Institute of Technology

WGTS design value
precision
luminosity 1.7 x 101 Bq
injection rate 5x10¥mol/s +0.1%
% column density

5x 10 mollcm? +0.1%
pd

tritium purity > 95% +0.1%

magnetic field 36T + 2%
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Karlsruhe Institute of Technology

main spectrometer — transport QAT

8.800 km voyage around
Europe
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HV for KATRIN QAT

Karlsruhe Institute of Technology

® HV issues are of central importance for KATRIN:
actual HV value defines the retarding potential for [3-decay electrons
- HV fluctuations |: separate monitor beamline with nuclear standard 83mKr
- HV fluctuations IlI: ultra-precise HV divider with digital voltmeter

Voltage -1 kV -35 kV -35 kV +25 kV

Stability + 20 mV uncritical + 20 mV uncritical

Nara Susanne Mertens
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KATRIN HV divider QAT

B ultra-precise HV divider for up to 65 kV
U Munster and PTB Braunschweig
(stored in steel cylinder in dry nitrogen gas)

-
— — \WESTEALISCHE

WILHELMS UNIVERSITAT PIB
m—P ec\S‘Oﬂ
properties:

- four scale factors:
100:1, 500:1, 1818:1, 3636:1

- 165 selected 880kW resistors (VISHAY)

- resistors are pre-aged to reduce the
long-term drift

- temperature stabilisation AT < 0.1 K
Improved temperature regulation

- HF-probe implemented

KATRIN HV divider — mark I
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KATRIN sensitivity QAT

M neutrino mass sensitivity: detailed investigations of of reference design,

requirements: highest luminosity, high energy resolution, low background,
control/monitoring of fluctuations

near on-line MC of experim. data ?1'12
W statistical & systematic errors 5 08
are expected to contribute equally g‘;j NG
- statistical error o, =0.018 V2 S| T
- systematic error o, < 0.017eV2 g of}—y—pr
B reference sensitivity (3 fb years) - | | If“" bealm time meths]
sensitivity (90% CL) g e
m(v) < 200 meV g+ my=03eV
: T T o
discovery potential 8 s
m(v) = 350 meV (50) T | 1s_5 s2 i |

full beam time [y]
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KATRIN sensitivity for sterile neutrinos QAT

Karlsruhe Institute of Technology

B Hannestad et al: initial estimates of KATRIN sensitivity for sterile v's
assume very light active neutrinos m_(v) ~ 0 eV, mixed with sterile m.(v)

B 3 o detection of "kink” by m,.; if active-sterile mixing |U..|? 2 0.055
3+2 scenarios can also be disentangled

preferred by reactor v anomaly
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_ %3 418
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0.4} . 10 116
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003, eavy sterile m, %
9 [
3] Q@
ko) =
L 0.2} 21
light active m, NE
0.1 \ |
| 0.1 3+1 model:

0.4 203 02 201 0 i 2
EE [oV] mixing |U.|
A.S. Riis, S. Hannestad, 3 ) 1 o
arXiv: 1008.1495v2, JCAP02(2011)011 10 10- 10
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Verification of background model

L Comparison to pre-spectrometer measurement
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Good agreement

between
measurement and

‘ simulation
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