eV and keV sterile neutrino search
with the KATRIN experiment

Anthony Onillon, Technical University of Munich
On behalf of the KATRIN collaboration

A;t/partlqu lﬂjerground Physic

1\2@23 Umve S|ty of Vlenna Austria




1/N dN/dE (eV™1)

Neutrino mass measurement with tritium B-decay kinematics
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KATRIN experimental principle S
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Measurement strategy

Main spectrometer (MS)
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Beyond neutrino mass in KATRIN
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Beyond neutrino mass in KATRIN
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Sterile neutrino motivation

eV-scale sterile neutrino search

Several experimental anomalies

= deficit of reactor (RAA, ~30) and Gallium flux (~40)

measurement to prediction

Reactor antineutrino anomaly (RAA)
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Right-handed neutrinos: natural extension of SM

" straightforward way to introduce v mass
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Imprint of eV sterile v on B-decay spectrum

= 4% mass state will appear as a kink in the spectral shape

Kink close to the endpoint: excellent energy resolution required
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Analysis strategy

Beta spectrum

theoretical inputs (Fermi theory, molecular excitations)
[Eur. Phys. J. C79, 204 (2019)]
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experimental data: calibration with e - gun and 33™Kr
conversion electrons [PRD. D 104, 012005 (2021)]
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E : g % - g [Phys Rev D 105 072004 (2022)]
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Overview of sterile experiment results
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95% C.L. exclusion contours

= KATRIN uncertainty dominated by the statistic

= Exclude large AmZ, solutions from the reactor
antineutrino and gallium anomaly

RAA, Phys. Rev. D 83, 073006 (2011), STEREO, Phys. Rev. D 102, 052002 (2020), Neutrino-4, JETP Lett. 109 (2019) 4, 213-221, Gallex, Phys. Lett. B 342,

440 (1995); 420, 114 (1998), Sage, Phys. Rev. Lett. 77, 4708 (1996); Phys. Rev. C 59, 2246 (1999), BEST, Phys. Rev. Lett. 128, 232501 (2022)
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Overview of sterile experiment results
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10° e I e
[ c“‘ '/ . -
l.. l
s N
" % \
2 | ., | i
10 » ‘en 4, ' |
- ~.... 4 ~,
o 4'4):? . );9/4/ N
> @ ‘.o Jx
O ,;. ., e
C\l\_:_ 1 06/ A %
<t - *e
e 10 e _
q 00.... j
- Neutrino-4
L S e —
10
1072 107! 10°

sin”(20. )
95% C.L. exclusion contours

RAA, Phys. Rev. D 83, 073006 (2011), STEREO, Phys. Rev. D 102, 052002 (2020), Neutrino-4, JETP Lett. 109 (2019) 4, 213-221, Gallex, Phys. Lett. B 342,
440 (1995); 420, 114 (1998), Sage, Phys. Rev. Lett. 77, 4708 (1996); Phys. Rev. C 59, 2246 (1999), BEST, Phys. Rev. Lett. 128, 232501 (2022)

KATRIN uncertainty dominated by the statistic

Exclude large Am#%, solutions from the reactor
antineutrino and gallium anomaly

Improve the exclusion bounds set by short-baseline
oscillation experiments for Am5; = 10 eV?

KATRIN will probe the positive result claimed by
Neutrino-4

= KATRIN provide a complementary
probe of eV sterile neutrino

al. (poster): search for light
h the KATRIN experiment

L. Kollenberger &.
sterile neutrinos wit
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keV sterile neutrino search with KATRIN Y

r Experimental challenge:
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15t KATRIN results for keV sterile

[arXiv:2207.06337]

101 5
: = No keV-sterile neutrino signal was observed
102 -
= Exclusion limits competitive with previous
D ] laboratory-based searches
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Successful demonstration of feasibility using current KATRIN detector v/

= New detector required for high rate B-spectroscopy
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TRISTAN project

TRISTAN

Tritium Beta Decay to Search for Sterile Neutrinos

= future upgrade of KATRIN detector using silicon drift detector (SDD)
= goal: ppm level on sin?0

— Beamline integration planned for 2025: largest SDD array ever operated
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Phase 1 T
. S
9 modules % This project has received funding from
= 1500 pixels the European Research Council (ERC)
\ under the European Union Horizon 2020
Phase 2 research and innovation programme
= 21 modules (grant agreement No. 852845
= 3500 pixels

S. Mertens et al JCAP02(2015)020
Mertens et al, J. Phys. G46 (2019)

= Measurement of tritium differential energy spectrum
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TRISTAN

Detector performance

Ettore ASICs
(below cap)

T TRISTAN detector
W module with 166

Copper cooling and p i Xe l S

holding structure

Rigid flex PCB

~
............

= SDD production started
" Performance characterization with X-rays, electrons and laser
sources: energy resolution, linearity, timing....

Silicon carbide (CeSiC)
thermal link

First measurement at MOnitor Spectrometer (MOS)

10’ 168
Detector S0-166-4 156
10°1 —— Combined spectra 1;;
Test setup  for . 105| Preliminary f 120
> 108
potential hardware i 104 Siescape | Moo
des Of 9103 Backscat”cering tail l .3‘2‘ =
upgra = Jd L2
S 107 || Mas
KATRIN 132 36
10!

W 24
M-32 “ !12
| 0

Publication in 5 10 Eng_:,gy (2;%\/) 35 30 35
preparat/on! L-32 and M-32 lines of 83™Kr (MOS)

: g arching keV-
Good performance matching requirement demonstrated v < Urban (poster): A novel detector f;)nresni

. . . : experl .
» Handling of high data rates: 10%e".s™ cterile neutrinos at the KATIngr t rI,Oe CATRIN differential
~ Good energy resolution: < 300 eV A Mave (po‘iteg; tlg _:23:’;, ]{or keV sterile neutrinos
Td] spectru

> Low energy threshold: E,, < 2 keV A 2

13/15



/

& T
gi NP l*gg

: % “
% 2
"o,\" 2 &

TRISTAN Wiy Nt

KATRIN target sensitivity on keV sterile neutrino
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KATRIN Preliminary
4 low activity Lab
"t T T M » Several order of magnitude improvement of
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é 9 sterile experiment
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Data from:

F. Bezrukov et al., JCAP 06, 051 (2017)

J. N. Abdurashitov et al., JETP Letters 105, 12 (2017)

F. Benso et al., Phys. Rev. D 100, 115035 (2019)

C. J. Martoff et al., Quantum Sci. Technol. 6 024008 (2021)

S. Friedrich et al., Phys. RM. Aker et al., arXiv:2207.06337 (2022)

ev. Lett. 126, 021803 (2021) /
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Conclusion and outlook

KATRIN desigh to measure neutrino mass

» Suitable to search for eV-sterile neutrinos with current setup

& competitive and complementary results to short baseline experiments

» Search for keV-sterile neutrinos with novel TRISTAN detectors after 2025

& successful demonstration of feasibility achieved using current KATRIN detector. Improved laboratory-based
bounds for 0.1 keV <m, < 1.0 keV

& Several order of magnitude improvement of current laboratory limits expected with TRISTAN
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