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Complementary ways of determining the neutrino mass
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Complementary ways of determining the neutrino mass
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Complementary ways of determining the neutrino mass
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Complementary ways of determining the neutrino mass
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Neutrino mass determination from beta decay

A Neutrino mass influences beta-decay spectrum, 1.004
especially at the endpoint (O 0O) S o)
A Possible beta-decay source: tritium E
C -
- Simple structure of atomic/nuclear shell 2
- Low endpoint (18.6 keV) % 0.25
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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Karlsruhe Tritium Neutrino Experiment (KATRIN)

Goal: Determining the neutrino mass with a final sensitivity < 0.3 eV/c? (90% CL).
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The KATRIN
collaboration

An international collaboration
A with about 150 people
A from about 20 institutions worldwide
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Tritium Laboratory Karlsruhe (TLK)

A Commissioned in 1993
A Licensed for 40 g trittum& 1 . 5Bg) 1

A Two missions:
- Fuel cycle for fusion reactors

Tritium Laboratory Karlsruhe - - ATRIN experiment
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Tritium Laboratory Karlsruhe (TLK)
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Tritium Laboratory Karlsruhe (TLK)
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Tritium loops of KATRIN

Main infrastructure of TLK

Tritium
storage &
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204 gas
transfers

Tritium loops of KATRIN | , | Main infrastructure of TLK
!
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storage &
delivery
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Measurement of the neutrino mass

Beta-decay spectrum . )
KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
3e-08 1
s
o
= 2e-08 1
£
]
5 1e-081
[a'
0e+00 4
18573 18574 18575

Electron energy in eV



Measurement of the neutrino mass

Beta-decay spectrum

KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum ] . )
1 KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum . )
KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum . )
1 ,O KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum . )
KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum . )
KATRIN Collaboration, Nat. Phys. 18, 160i 166 (2022)
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Measurement of the neutrino mass

Beta-decay spectrum . )
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Results from 259 days of KATRIN data

Selected highlights

A 1757 beta scans
(2-3 hours each)

5
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Background reduced and
source activity increased

Introducing the shifted
analyzing plane (SAP) setting
for background reduction

lKNM3

KATRIN Collaboration, Science 388,180-185(2025)
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Systematic uncertainties

>\

Statistical uncertainties dominate

>\

Background-related systematics significantly
reduced from the first campaign (KNM1) to fifth
(KNM5)
A Better control over source-related systematics

- Increased conservative uncertainties in this data

release

A Reduction of molecular final-state uncertainties:
- Reassessment of theoretical uncertainty estimation

KATRIN Collaboration, Science 388,180-185(2025)
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*Reduced uncertainties upcoming
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Neutrino mass results

KATRI

Mg spper limit:

& ™ VA6 wTb,

using the Lokhov-Tkachov construction
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Comparing Qvalue with external measurements

A Q-value: energy released in tritium beta decay:

Zahlrate in cps
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Comparing Qvalue with external measurements

A Q-value: energy released in tritium beta decay: 3“@ o
0 0 w Op O =0 © \/%o

A For comparison of Q-value to external measurement, @
energy reference (35 ) needed: e

~

6 O O ©O 35 ©

Q-value
E0
L ]
0.35
‘
£ 0.30 R
D
.. -—
3001 % £
w .. o L ]
a . N 0.25
© 10.0 b 8
£ * ®
£ 30 % « o o *
= % 18565 18570 18575 18580 A KATRIN uses conversion electrons from the nuclear isomer
N 1.0 \ Retardierungsenergie in eV 83mKr to determine 3‘5
0.3 _.//
| [
18560 18600 18640 18680 18720

Retardierungsenergie in eV

T o hIT



Comparing Qvalue with external measurements

Zahlrate in cps
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Endpoint from beta spectrum
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Penning trap
3SHe-3H mass difference
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Comparing Qvalue with external measurements

1Y

KATRIN
Endpoint from beta spectrum
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Penning trap :l
3SHe-3H mass difference
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Determine 83MKr transition energies with KATRIN

5@ @@]
5‘)(\ BY
S Nl
A New approach for absolute determination of 83mKr
transition energies 83mKr Eec(t4z,s4z) IEI‘EC(T32'532)

- Using the direct transition connecting the two single Eping(s32) T’R
Ehind(S42) \¢\

transitions (9 keV, 32 keV)
- Equivalence allows the determination of effective shift

3B
S Ey(t32,532)
p ) i . . neak peek! M (32,53
A L3;-42 line measured for the first time X
A New Q-value with U E< 100 mV unblinded Epy(Ta2Sa2) D‘Qﬁp\é@
4 A
AD' 1 Erec(To,so)




Cumulative electrons in 40 eV range

KATRIN on i way to1000 days of data taking
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Further data taking until 1000 days of data taking completed (equiv. of about 220 Mio. electrons)

x108
— —t { 1 | 1t i b
2R E e 2 2 2 2 = o o 3 9 g =
= > v =2 = = = = = = = = = = = =
¥ b4 m m hv4 b4 A4 e = = = = = = = Goal
s < = v v iV iV iV v ¥
= —
€€ =
KATRIN Collaboration, /
Science 388,180-185(2025) /
Q)
(v
/ C
/ c
o
o
O
=
/ P_:
<
— N
" ]
— E 1 I 1 b 1 b 1 - 1 T+ 1 - 1 - 1 L i b 1 - 1 b 1 I 1 T+ 1 b 1 I
T v Ml T v AL v ' T T ' ¥ 1 I LI N 1 T 1 ! ! T L N 1 T ' r 1 LI r T ' T T T ! r T LI ¥ T T v ¥ T L I T T r o T LI r T
1 Mayl Oct. 1 Nov. 1 Jul. 1 Oct.1 Nov.1 Dec. 1 Apr.1 May 1 Jun.1 Sep.1 Oct.1 Now. 1 May 1 Junl Feb.l Mar. 1 Apr.1 May 1 Sep. 1Oct.1 Nov.l Dec. 1 Mar.1Apr. 1May 1Jun. 1Aug.lSep.1Oct.1 Nov.1 Decl Mar.1 Apr. 1 Jun.
2019 2019 2019 2020 2020 2020 2020 2021 2021 2021 2021 2021 2021 2022 20222023 2023 2023 2023 2023 2023 2023 2023 2024 2024 2024 2024 2024 2024 2024 2024 2024 2025 2025 2025

T ol KT



Neutrino mass measurements beyond KATRIN

A KATRIN final sensitivity < 0.3 eV (90% CL): 10° 4 :
Distinguish between degenerate ]
and hierarchical scenario [ : \/ Y J : KATRIN :
a

1 Normal
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Neutrino mass measurements beyond KATRIN

A KATRIN final sensitivity < 0.3 eV (90% CL): 100 -
Distinguish between degenerate ]
and hierarchical scenario I' \/ ‘Y | ] KATRIN
a

A New technologies are necessary to
cover inverted ordering < 0.05 eV ]
1) Differential detector \
2) Atomic tritium source 1071 -

echnologies

“O0TNM 1 Normal
AN ¥

\ .
. Buartum Technolagias for
10-2 ordering

Common goal:
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Improving the neutrino mass sensitivity

KATRIN++

A Next-generation neutrino mass experiment

A Identify and develop scalable technology

A Use KATRIN&TLK infrastructure for R&D ‘

Differential measurement
A Better use of statistics *
A Lower background

Atomic tritium
A Avoid broadening pA &

’ e : Now
A Avoid limiting systematics of T,
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