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Neutrino Questions L e G4
What is the absolute neutrino mass scale? Do we have more than three?
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., v Introduction of sterile, right-handed neutrinos
A"lgol J/ . . .
” B . 0(1) eV - short baseline oscillations
Ve ViV 0(10) keV - dark matter
22|22 >0(100) MeV - smallness of neutrino masses
m? =0eV
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Tritium is decaying for Neutrino Answers @.

What is the absolute neutrino mass scale?
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Tritium is decaying for Neutrino Answers I oo (W)

Ttn NEUTSS

Do we have more than three species?

(li/e)\ /Uel Ueo Ues Ue4\ (|V1>\
V) Ui U Uus U |v2) 0 Signature of a sterile neutrino
— ) — 2
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i 0.2 A
If my » mq,3 the contribution is no longer degenerate,
and we can see an additional decay branch 007 . .
-3 -2 -1 0
E—Eo[eV]
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KATRIN Experiment
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Rear wall and
electron gun

Segmented
..... . detector
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B,,=63x107T

Magnetic

. : s Field-line direction
adiabatic collimation

Cyclotron

B,.=25T motion 148-pixel PIN diode detector

Gaseous molecular tritium (1011 Bg) MAC-E Filter (2.6 eV resolution)
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KATRIN Neutrino Mass Results

Rate per pixel (cps)

Residuals (o)

Direct neutrino-mass measurement based on 259 days
of KATRIN data

Analysis of 36 million electrons over 5 measurement campaigns
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Count rate (cps)
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KATRIN eV Scale Sterile Neutrinos

RAA
(95% C.L.)

BEST+GA
(20)

Neutrino-4
(20)
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(95% C.L.)

PROSPECT
(95% C.L.)

DANSS
(90% C.L.)

KATRIN
KNM1+2
(95% C.L.)

KATRIN
KNM1-5
sensitivity

(95% C.L.)

KATRIN
final
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(95% C.L.)
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KATRIN keV Scale Sterile Neutrinos

12 day measurement taken during KATRIN commissioning
up to 1.6 keV below the endpoint
Improves on laboratory limits for m, from 0.1-1.0 keV
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Differential Spectrum Measurement Ll ‘

« Perform differential measurement of the
tritium spectrum with a high energy
resolution detector at high count rates

10-3 TRISTAN statistical sensitivity at 95% CL (qU = 3.5 keV)

10—4.

®
£ 107
TRISTAN Detector Upgrade:
105 S Nine 166-pixel silicon drift detector modules
Count rate: 108 cps
. Energy resolution: 300 eV @ 20 keV
107, 4 (e?( | 12 16
ms (keV
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TRISTAN Detector Modules [N, )
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ASIC board F -/ Z
120x35x1.6\mm g ; %
Aluminum cover ! 5 =
il ® g% i .‘\\ Production of detectors at - S
FR4 and Kapton e ‘?¥.::: ¥ »':,:’, . d M PG H LL ; g
Qo -
Sk Meeting all design | &2 T00als S35 J
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Glue layer \ Cooling structure . . . . .
i O i Detailed investigations into:
spacer . .
D2 i thits, \ a ® SI|ICOI‘1 baCkSC&.]tte nng arX!v:2405.12776
7 « Charge collection arXiv:2409.08901

M1.6 / M3 bolt connection

14/ of ASIC boards and copper L4 Electro n/X' ray I"eS pOnse

cooling structure 2024 J. Phys. G: Nucl. Part. Phys. 51 085202
2024 JINST 19 P06004

M3 bolt connection of Cesic block

nece e« Radiation damage hardness

Protection mounting threads
with HELICOIL inserts in Cesic

e
ES ;> Z-ray alignment bolts

SDD chip —~
40 x 38 x 0.450 mm
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November 2024: first assembly of three TRISTAN detector modules in a single tower
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KATRIN Detector Replica I

Replica of the KATRIN

detector section T
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Testing:
« Physical installation process

« Detector performance in high
maghnetic fields and high voltage
Detector outgassing and cooling
« Longterm system stability

« DAQ readout system
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Major Systematics and Operation Changes Tl

Non-adiabatic transport:
Increase magnetic field in the
main spectrometer volume

TR wm«wx*o\\\

Source scattering:
Operate at 1% source density
compared to KATRIN
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Detector backscattering:
Increase post-acceleration

Rearwall backscattering: electrode voltage to > 20 kV

Change to a beryllium or

microstructured rearwall Upcoming: Technical Design Report
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Outlook for KATRIN

« Leading limits for < 1 keV sterile neutrino mixing
* 4x more data coming for < 40 eV

« Phased installation of TRISTAN upgrade
scheduled for early next year

« Statistical sensitivity to
mixing of 5-10-7 in four

months of measurement (\\66 (\\66
time 6\?’ 6&6
o A &
QN> V,\\,ﬂ’ q s V‘\’\’}) VKLQX

| , , | R | |
2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027

KATRIN Neutrino Mass Measurements
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