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What is the neutrino mass scale? How are neutrino masses generated ?

N
Additional sterile states? 77
“degenerate” R T,
|
J “NO or 10”
4
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o T—  |s lepton number violated?
2 No reason for global symmetries to be exact!
“hierarchical” & I [e.g Edward Witten, arXiv:1710.01791]
* Are neutrinos their own anti-particles”?
“NO” “10” « Why are neutrinos so much lighter than
charged leptons ?

« What is the origin of the matter anti-
matter asymmetry ?




Laboratory mass probes
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3-decay” kinematics

*or electron capture
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electrostatic (E) high pass filter

KATRIN experiment— e

[Aker et al., JINST 16 (2021) 08, T08015]

o windowless gaseous tritium source,
100 GBg molecular tritium in closed loop

e tritium removal in transport section,
reduction by > 101 i

magnetic adiabatic collimation (MAC)

e high-resolution large-acceptance angle spectrometer system 5

o focal plane detector, 148-pixel PIN diode

- integral spectroscopy, discrete measurement time distribution



KATRIN neutrino mass results

15t campaign, 2 million events (22 days)
[Aker et al., PRL 123 (2019) 22, 221802]
e Dbest fit, p-value = 0.6 ] {I/

mﬂ2 — (_1.0+0.9_1‘1) ev2
my < 1.1 eV (90% CL)

27d campaign, 4 million events (31 days)
[Aker et al., Nature Phys. 18 (2022) 2, 160-166]

e Dbestfit, p-value = 0.8
mg* = (0.26 + 0.34) eV?
- upper limit

ms<0.9 eV (90% CL)
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{  KATRIN data (2" campaign)

{  KATRIN data (1%t campaign)
—— Fit result (2" campaign)
——— Fit result (1°* campaign)
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KATRIN status
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° first direct sub-eV limit, mg < 0.8 eV (90% CL) statistics
[Aker et al., Nature Phys. 18 (2022) 2, 160-166] systematics
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KATRIN status

publication in preparation,
projection mg < 0.5 eV (90% CL)

data taking towards
mg < 0.2 eV goal
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e firstdirect sub-eV limit, mg < 0.8 eV (90% CL) statistics 7z
[Aker et al., Nature Phys. 18 (2022) 2, 160-166] systematics
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Standard paradigm: exchange of
light Majorana neutrinos

<mee> = ZU; m,
/)

PMNS-matrix v-mass

Any OvBp decay process induces a
Ve-l/e transition, ie. an effective
Majorana mass term

Schechter, Valle Phys.Rev. D25 (1982)

Numerical values tiny; other leading
contributions to neutrino mass must exist
Duerr, Merle, Lindner: JHEP 1706 (2011)



Ton-scale experiments tor discovery

Need to measure half-lives of up to 10%® years

One decay per ton-year of material

Need many ton-years of data

Need extreme low background rate and best possible energy resolution

* Need to exploit topology information of signal and background

And, if possible, identify daughter nucleus

Generated Signal
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The Effect of Background: Discovery sensitivity vs. exclusion limit

» Ton-scale experiments aim for a discovery

» Background-free:

Sensitivity rises linearly with exposure

« Background-limited: Sensitivity rises as the square root of exposure

=> quasi-background-free' operation makes most efficient use of valuable isotopes
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Enrichment of double beta decay isotopes

An isotope production facility at ECP (Image: TVEL)
b »""1 \: - W 2 M & il J 3

Current experiments have largely procured Ovpp isotopes from Russia

Reliable and high-quality supply chain

Some 0vB isotopes also procured from European producer

Since the Russian invasion of Ukraine, no procurement of Onbb

isotopes from Russia possible for Western countries

« European producer is ramping up production capacities to suffice demands and states that sufficient
capacities will be available to fulfill demands by ton-scale experiments
« Additional initiatives are being pursued: e.g. 136Xe extraction from burned nuclear fuel elements

« Projects in China continued procurement of OvBp isotopes from Russia

5/31/22 Neutrino 2022 - S. Schonert, TUM 12
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natTe-loaded liquid scintillator: SNO+
SNO+ _V

780t LS (2.2 g/L PPO in LAB)

Currently data taking with unloaded LS

low energy 8B solar-n, reactor & geo anti-v,, Am?;,' supernova-v

OvBp phase: natural Te (34% '3°Te) loaded as metal
organic complex (Te-diol)

Te-systems ready for operations
Full-scale Te-diol batches in 2022/23

Following demonstration of operations and approvals by
SNOLAB, begin Te-loading in 2024

Original plan: load 0.5% (3.9t nat Te): T12> 2X10%8 yr
R&D on higher (up to 3%) Te-loading ongoing

0.5% loading phase critical to assess performance and
Te-related backgrounds

Neutrino 2022 - S. Schonert, TUM

Telluric acid
purification

Te-diol synthesis

13
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natTe-loaded liquid scintillator: SNO+

Counts/Sy/20keV bin

40

J.Wilson-LeptonPhoton21

B OVBp (100 meV) ROI: 2.42 - 2.56 MeV [-0.50 - 1.50] 3 ChaNOF = 5181 /4915 |
= f;'ﬁf) Counts/Year: 9.47 S | Foem =004 o4 0003
B U chain % e 7 P
I Th chain 2 ol A, :uuu:un ]
. fxtemal Cosmogenic 3 ':" ey
I °B vES & *B v ES 8 120 272460308 |
- Comogeie . | B
Y 6734000
8O-
(@, n) eof-
B ol e 7 with unloaded LAB 300
Xternal y 20 j p.e./MeV;
Internal U chain A nominal PPO loading 2g/L

: c 2¢ 40 60 ) 100 20 140
23 24 2.5 2.6 2.7 2.8 29 3 Internal Th chain -
Reconstructed Energy (MeV) 0.5 g/L PPO ime [ns]

Pure scintillator phase "Te-out” measurement to test unexpected backgrounds
Staged Te-loading to assess remaining Te-backgrounds

Assess potential of suppression of solar neutrinos using directionality information  arxiv:2001.10825

Neutrino 2022 - S. Schonert, TUM
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https://arxiv.org/abs/2001.10825

L \ 4

380kg deployed Now, 745kg deployed
T}, > 1.07 x 10% yr > 2.3 x 10 yr
PRL117, 082503 (2016 PRL130, 051801 (2023)

)
fit |
2
S a2

e Mirror
; ' HQE-PMT} X,
o new LS
& full volume effective

w/ scintillation film

7 G N7 Lf\'

1 ton planned (scalable)
> 2 X ]_027 yr (target sensitivity)
< 12 ~ 53 meV (corresponding mass limit)

Further improvements going on;
better neutron tagging

ML for beta/gamma discrimination
muon-bundle tracking, and so on

machine learning (ML) for long-lived tagging higher pressure xenon deployment

Further technologies being developed;
imaging sensor (1/10 reduction of long-lived BG)

(2 times more xenon and/or more concentration)

o It will not be a good choice for
i the single purpose, but this can
' be a multi-purpose detector.

> 2 x 1028 yr

(guesstimated sensitivity)

w/ more than 20 ton xenon
imaging sensor
high-p xenon deployment

For more xenon (possible source)

Extraction from nuclear spent fuel is considered.
More than 100 ton seems to be possible at 44%
concentration of Xe-136 without centrifugal

enrichment_ 36 months atmosphexic
128%e/M 7 Xe 2.81-107 7.13-107
129%e/'32Xe 4.7-10° 0.9832
130xe/132Xe 3.32-10% 0.1518
B31xe/'32Xe 0.3756 0.7876
34xe/"3?Xe 1.3433 0.3883

13656/132x6 2.1176 44°,  0.3298 8.9%,
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136Xe: nEXO

/'v |

Outer Cryostat“/‘ S0

Vacuum /

Field Rings

Inner Cryostat Cathode

Neutrino 2022 - S. Schonert, TUM
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Reconstructed Light Np [10° photons]

Charge & light readout: 232Th source simulation

(AR — i — T
140
103
120
30
10!
60
40 A . ; v 10°
40 60 R0 100 120 140 160

Reconstructed Charge N [10% electrons]

Energy resolution at Qg (0): 1.2% (req.), 0.8% (goal)
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136Xe: nEXO
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136Xe: Barium tagging (@next

Detection of single barium ion in coincidence with <1% FWHM energy

resolution and event topology essential for background free OvBp search

in Xe (NEXT-BOLD)

« NEXT pursues single molecule fluorescent

imaging (SMFI) based barium tagging sensors.

that:

« Exhibit barium chelation in vacuum &
+ Enable single ion sensing in xenon gas

» ON/OFF and Bi-color approaches

J.Phys.Conf.Ser. 650 (2015) 1, 012002; JINST 11 (2016) 12, P12011: Phys. Rev.
Lett. 120 (2018) 13, 132504. Sci.Rep. 9 (2019) 1, 15097; Nature 583 (2020) 7814,

48-54; ACS Sens. (2021) 6, 1, 192-202; arXiv:2201.09099, arXiv:2109.05902

5/31/22 Neutrino 2022 - S. Schonert, TUM

R&D to date has realized molecular ion sensors

STM shows barium location in
molecule after chelation

SMFI + high pressure microscopy

enables Ba2+ detection in Xe gas
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CUPID: ***Mo cryogenic detectors @ LNGS

Thermometer

Crystal made
from
BB-isotopes

R e e
Light detector

Simultaneous read out of heat and light: surface

————Li.MoO crystals

alpha rejection
Single module: Li;™0Mo04 45x45x45 mm —> 280 g

m———NTD

57 towers of 14 floors with 2 crystals each -> 1596
crystals

240 kg of 100Mo with >95% enrichment

Bolometric Ge light detectors as in CUPID-Mo,
CUPID-0

Re-use CUORE cryogenic infrastructure and shield |
@ LNGS | i

10 y discovery sensitivity 1.1x1027




CUPID-Mo: 1%%Mo cryogenic detectors R&D at LSM

Counts/keV

10°*
CUPID-Mo
2.71 kg x yr, Preliminary
0 = Physics Data
= Normalized U/Th Calibration
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CUPID-Mo

Preliminary

Counts/keV

LD energy is cross-calibrated to LMO energy

Removal of surface a’s

Energy LMO [keV] 2700 2800 2900 3000 3100 3200

= Dpata

— Blinded Region
---- Mean ROI

CUPID-Mo
2.71 kg x yr, Preliminary

Energy [keV]

Background-free operation in 2.7 kg yr

CUPID-Mo Preliminary

T > 1.8 x10** yr (90% C.1.)
myp < 0.28 —0.49eV (90%C. L)



- = Key features of 7°Ge Ov[33

1800 2000
energy (keV]

searches
¢ %Ge -> "Se + 2¢e §10— % 2- 7.5 keV
» Q-value of 76Ge: Qgg = 2039 keV 8 F }\H\\ (FWHM)
« High purity Ge detectors ( >87% 76Ge) 0 amme b

* source = detector => high detection efficiency

« high purity => no intrinsic background 0

* high density => OvBP point like events ovpp
* semiconductor => AE ~0.1% (FWHM) at Qg

« 0OvpBp signature:

IIHII I IIIIIIII T IIIIIII]

10

« Point-like energy deposition in detector bulk volume '

! 1 | ! 1 1
500 1000 1500 2000
energy [keV]

« Sharp energy peak at 2039 keV (FWHM ~ 2.5 keV)



Topology discrimination

enriched (~87% 7°Ge)
p-type bulk

differentiate point-like
363 topology from:

multi-detector
interactions

excimer creation by XB
ionization/excitation .
N2
™
S
Y |

Ar " VUV scintillation

weighting .
potential :\': A

A thin p*

multi-site/surface
interactions



GERDA: first quasi background-free experiment

novel Ge detectors & LAr instrumentation

= . . 20200 o |
S o median sensitivity
= & : 3 . [Phys. Rev. Lett.
ca 15 Bt " 563\\“% 125, 252502 (2020)]
T—‘— d,ﬁ(ee
wgroY 2019
(lbac
) Beencesssos)isssl 107 s/ (keV-ke v/
© > 100 kg-yr
> 1026 yr v
20.17 . 120 (2018) 13, 132503] all goals
(1 =
o [Nature 544 (2017) 47] surpa ssed
@ [Phys.Rev.Lett. 111 (2013) 12, 122503]
r—% Phase II
O 1 | 1 1 1 | 1 | 1 1 1 | 1 L 1 | 1 1 1 | 1
0 20 20 40 60 80 100
exposure [kg yr]
e  GERDA has finished successfully first experiment with sensitivity beyond 102°yr
. N : ” publications:
(] no Slgnal found > 'none Ut rinos nOt fo un d Ei?\gelr:;esﬂltilslcoafth;DA on the Search for Neutrinoless Double-B Decay, Phys. Rev. Lett. 125, 252502 (2020)
The first search for bosonic super-WIMPs with masses up to 1 MeV/c2 with GERDA , Phys. Rev. Lett. 125 (2020) 011801
Modeling of GERDA Phase Il data, J .High Energ. Phys. 2020, 139 (2020)
1 Probing Maj tri ith double-B d , Science 365, 1445 (2019);
° further reSUltS (ZVBB decaYJ BSM phySICS) I;(z)rlc?vged I?iﬁri?rc])i rl]\leeuutrrlinnooskl./‘.:,ls Dosgle—eﬁ De::;!if 7éGe from GERDA Phase Il, Phys. Rev. Lett. 120 (2018) 132503
Background-free search for neutrinoless double-f decay of 76Ge with GERDA, Nature 544 (2017)
More at https://www.mpi-hd.mpg.de/gerda/public/index-pubgall.html
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LEGEND: °Ge HPGe detectors operated in liquid argon

LEGEND-1000

The LEGEND design builds on a track record of
breakthrough developments

GERDA : BEGe, LAr instrumentation, cryostat in water
shield, fast detector deployment, ...

MaJjorana DemonsTraTOR (MJD): PPC, EFCu, low-noise
front-end electronics,...

LEGEND-200 (start 2021): Inverted-Coaxial Point

Contact (ICPC) detectors, polyethylene naphthalate
(PEN)...

PPC: p-type Point Contact Ge detectors
BEGe: (modified) Broad Energy Ge detectors
EFCu: Electroformed copper
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LEGEND-200 status L"F‘fﬁ
atmospheric | wavelength-
LAr shifting

e large volume HPGe detectors, part of isotope material procured
from european vendor, improved electronics

reflector

e improved light yield and photo collection, optically active
materials

HPGe detector
array, light
read-out

e successful upgrade of
LNGS infrastructure
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e commissioning ongoing,
physics data taking will
start this year
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LEGEND-200 status

e large volume HPGe detectors, part of isotope material procured
from european vendor, improved electronics

e improved light yield and photo collection, optically active

materials

e successful upgrade of
LNGS infrastructure

e commissioning ongoing,
physics data taking will

start this year

140 kg array

HPGe detector
array, light
read-out

atmospheric
LAr

wavelength-
shifting
reflector
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LEGEND-200: Performance of HPGe detectors

MJD (PPC)

GERDA (BEGe)

LEGEND (ICPC)

N\ ‘l.ﬂ‘ |
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LEGEND PRELIMINARY |5
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¢ COAX : 45 keV 3
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LEGEND-200: event topology discrimination

-

228 Th calibrations

LEGEND. PRELIMINARY g 208 . .
- Fehrals 3 - Th calibrations PRELIMINARY
after PSD cut —— LEGEND before LAr  —— GERDA before LAr
10° 4 i ) ) X . —— LEGEND after LAr ——— GERDA after LAr
. o 3
~ 107 &
<t P
il
£ 03] £
E 10 > 8
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102 = 200001 o
E 10000 / g
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N 1592 1620 >
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LEGEND-1000

T1,2 discovery sensitivity (1028 yr), 99.7% CL

1.4+

1.2

1.0

0.8

0.6

CD-1/CD-3A Q1 FY2024

Site decision in 2023: LNGS vs. SNOLAB

—— SNOLab, (9.4 £5.0) - 107° cts/keV/kg/yr
——- LNGS, 96.7% efficiency, (9.9 +5.2) - 107° cts/keV/kg/yr
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Comparison of mgg sensitivities

Agostini, Detwiler, Benato, Menendez, Vissani
“Testing the Inverted Neutrino Mass Ordering with OvBB Decay”
Phys. Rev. C 104, L042501(2021)

;‘ 50¥ [ , [ l

GE) = NSM (mm'")IO (PDG 2021) ]

- Inverted ordering: mgg > 18.4 £ 1.3 meV g 0" W UHFD SRS E

2 L ¢ EDF —— meanz*2c .

% 40— = IBM —— mean+ 36 —

« M = 4 many-body methods, each 2 : 1
()

: e : 3 Z v ]

with specific systematics £ sob E

o 1 :

- Multiple, different set of calculations & = E

» E |

. a 20 =

for each many-body method and isotope e | l—g B | -
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- $ 1

76Ge 100Mo 136Xe
Tip=13x10%yr Ty =11x10"yr T, =7.4x107 yr

o %D nEXe

CUPID
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The European and North-American Process https://agenda.infn.it/event/27143/
https://indico.cern.ch/event/1242655/

https://science.osti.gov/np/nsac  https://arxiv.org/abs/1910.04688

North America - Europe Workshop on Future of Double Beta Decay

Double Beta Decay APPEC Committee
Report

Version 3

February 11, 2020
Committee members: Andrea Giuliani, J.J. Gomez Cadenas, Silvia Pascoli (Chair), Ezio = Q
Previtali, Ruben Saakyan, Karoline Schiffner and Stefan Schonert O r O I 0 e V I e W

CUPID

LEGEND-1000
nEXO

2nd International Summit uture of Neutrinoless Double-beta
Decay

27.-28. Apr. 2023
Figure 1: Schematic view of neutrinoless double beta decay. SNOLAB

arXiv:1910.04688v2 [hep-ex] 10 Feb 2020

The 2015
LONG RANGE PLAN
for NUCLEAR SCIENCE

0@ '

S'Q.AB

2ND INTERNATIONAL SUMMIT ON THE FUTURE
OF NEUTRINOLESS DOUBLE-BETA DECAY

“We recommend the timel * Oct 2019: Roadmap document for * Outcome: Realize international “These stakeholders discussed a
Y the APPEC SAC on the future Ovpf3 portfolio LEGEND-1000, nEXO and scenario that could accomplish the
development and deployment of a : : : , .
U.S-led ton-scale neutrinoless decay experimental programme in CUPID with European partners goals of the first bullet by deploying
N . ” Europe * LEGEND-1000 was evaluated top CUPID, LEGEND-1000, and nEXO with

double beta decay experiment. . : . .

*  Ovpp town meeting London among competitors one tonne-scale experiment in Europe

* Roadmap update 2022, town and one tonne-scale experiment in

5/31/22 Neutrino 2022 - S. Schoénert, TUM meeting in Berlin, June 2022 North America.” 31


https://agenda.infn.it/event/27143/

Summary & Outlook

Next KATRIN publication in preparation, sensitivity projection mg < 0.5 eV
Data taking towards 0.2 eV sensitivity goal ongoing

Project8 and ECHO promising technologies to go beyond

Major progress for preparation of ton-scale experiments over last two
years

Experiment design for discovery (not limit setting)

Will fully explore 10 and large part of NO

Several DBD isotopes and techniques required, given NME uncertainties
Formidable experimental challenges to acquire ton yr exposure quasi
background free

North-American — European convergence on portfolio of experiments
contingent on funding

Availability of DBD isotopes also from Western supplier

Neutrino 2022 - S. Schonert, TUM
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KLZ dataset is now 970 kg-yr 136Xe exposure!

PRL130, 051801 (2023)
Simultaneous fit has been performed to the entire volume and LL tagged
and untagged events.

20 radius bins
upper/lower
86 energy bins

Singles data

LL efficiency, LL shape
Energy scales (each time,
non-linear responses)

Binning: BGs

3 time bins Parameters: Xe LS: 2v, Xe-spallation, v-ES, 238U, 232Th, etc
H . 238 232 40 210R;

LL tagged/untagged each BG rates IB film: 238U, 232Th, 40K, 219Bj, etc

Kam LS: C-spallation, 8°Kr, 4°K, etc

(LL untagged, spallation suppressed)

Long-lived product data
(LL tagged, spallation-rich)

Livetime = 523.4 days R<1.57m Livetime = 49.3 days
E(a) Singles Data Total 136Xe Oupp (90% C.L. U.L.) (b) Long-lived Total 136Xe Oupp (90% C.L. U.L.)
B Total (Ovfp U.L.) —-— Carbon spallation + '¥"Xe Data - Total (Ovfp U.L.) —-— Carbon spallation + '¥"Xe
> 104 ;._— 136Xe 2upp Xenon spallation products > 104 136Xe 2upp Xenon spallation products
o E Internal RI o Internal RI
E E‘- . -==- IB/External RI 2 -==- IB/External RI
8 , ? 11‘ T . Solar neutrino ES+CC 8 Solar neutrino ES+CC
o 104 J-“ Sy L 5 + Data S + Data
el E ‘ L <
2 e 2
) e I )
A ]O():}L‘!'I ‘‘‘‘‘‘ @ L +[+ } ti
; I 'JJ‘\-\..—'-"" N - [
[ —_ T
E’TLLMJIF TR I L PR O N R e
1 2 3 - 3 =
Visible Energy (MeV) Visible Energy (MeV)

Best fit Ov2pB : O

90% CL upper limit : <7.9 events/Xe-LS(30.5m3)

T12>2.0%1026 yr (90% C.L.)
il



136X e: Barium tagging demonstrator phases @next

Sensor-to-ion concept (NEXT-BTD)

lon-to-sensor concept (NEXT-CRAB)

[y

. Direct VUV camera tracking
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Barium Tagging
Detector (BTD)
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Do e-
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2. Single Ba%* ion tagging w/SMFI

NEXT Data

3. RF Carpet ion transport in xenon gas
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Readout
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natXe: Darwin

« Primary goal: direct dark search

« Large mass of a candidate isotope:
3.5t of 136Xe in active target mass (8.9%

abundance in natural xenon)

« Excellent energy resolution:
expect ~0.8% o at Q-value of 2.5 MeV as
demonstrated by XENON1T (Eur. Phys. J. C 80,

785 (2020))

« Main potential backgrounds: 222Rn, 8B neutrinos,

137Xe from cosmogenic activation, 2vpB decays

5/31/22 Neutrino 2022 - S. Schonert, TUM

Rate [events .t~ 1.yr~1.keVv~1]

DARWIN (Mgy = 5t) OvBB --- Combined Background
Bkg. + Signal (Ty; =2-10%7yr)

~
~~~~~~~~~~
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-5 ! [ — i i <
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Energy [keV]
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natTe-loaded liquid scintillator: JUNO

20 kt LS (LAB, 2.5 g/L PPO, 3 mg/L Bis-MSB)
Main goals: neutrino mass ordering with reactor neutrinos, geo-, solar, atm-
nu’s

After completion of mass ordering (~2030) upgrade for Onbb searc

naTe or 136Xe
Huge target mass (100 t scale) and aspired low background
High PMT coverage => 1200 p.e./MeV

Reported R&D results on Te-diol based LS:

Best performance so far with 0.6% Te-loading
NO measurable difference compared to purified LAB (A.L. > 20m)
NO degradation after 6 months

Relative light output: 60%~70% w.r.t un-loaded LS

Goal: towards exploration of normal mass ordering

Neutrino 2022 - S. Schonert, TUM

......
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6Ge: CDEX-300v @ CJPL

Adoption of LEGEND concept

Neutrino 2022 - S. Schonert, TUM

1725m3 LN, for shielding and Cooling;

®1.5m*8m copper tube filled with LAr and immersed into
LN, for cooling;

Enriched Ge array in LAr media for cooling and active LAr
shielding.

18t 100kg >86% "©GeQ, in CJPL, 2"9 100kg ready in the
first half of 2023; 3@ 100kg: under preparation;

Enriched BEGe detectors: First batch (30-40 detectors) at
CJPL in 2023
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Z [mm]

’6Ge: LEGEND-1000 - Full event topology reconstruction in novel Ge detectors

Ov[3p signal candidate (single-site) v-background (multi-site)

Weighting Potential and Charge Drift Generated Signal Weighting Potential and Charge Drift Generated Signal
1997 Acceptance Window /H Charge signal 10001 Acceptance Window /—
80 /
f
800 A / 800 - /
60 - : - /
E 600 / 2 6001
g / [ ’\®6
C
. S ol accepted 5 ol e
@ '
20 200 - 200 1
0 ] ] 0 f——r—=— / r . . - - 0 = : . : . : :
—40 -20 0 20 40 0 200 400 600 800 1000 —-40 -20 0 20 40 0 200 400 600 800 1000 1200 1400 1600
Radius [mm] Time [ns] Radius [mm] Time [ns]

Also highly efficient suppression of surface events



°Ge: LEGEND-1000 designed for an unambiguous discovery

Simulated example spectrum, after cuts, from 10 years of data

D

ot

30 discovery sensitivity @ 10 ton-yr 1.3 10%8yr the inverted ordering will be

visible to the eye

OVBB (Ty/, = 10%yr)

Observed counts / 1 keV
o N

3-4 events

No background peaks are
expected close to Qg (2039 keV)

|

1940 1960 1980 2000 2020 2040 2060 2080
Energy (keV)




Isotope masses, efficiencies, sensitive background & exposure and backgrounds

Isotope mass (m,, Total efficiency Energy resolution (c)  Sensitive exposure  Sensitive background Background rate
[mol] Bact " Econt " Emwa  ERoi [keV] [(mol yr)/yr] [events/(mol yr)] [events/yr]
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Agostini, Benato, Detwiler, Menendez, Vissani, arXiv:2202.01787
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Sensitive background and exposure for recent and future experiments
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Sensitive exposure [mol yr]

Agostini, Benato, Detwiler, Menendez, Vissani, arXiv:2202.01787
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10°

102

mg; 99.7% CL discovery sensitivity [meV]
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Discovery sensitivities of current- and next-generation OvBB-decay experiments

e e T T T E e T e e b i
£ III | mNSM
"~ I | HQRPA
i k | WEDF
1 | = IBM
1 : ' 1.5
- - e . - :
- ' S i LI ,
[~ i 8 E48meV
_ ) I (10 band max)
£ . i = |
= : . : | = # 18.4 = 1.3 meV
- ‘l E(IO band min)
—_ z 18 - 10 meV
. VA,
— 1 | | | ' H 1 | i | 1 | | H | I : i H 1 | ™ Amio,
= (&) o o o ®) o [a) = ® = = N + = w Q o (7)) (@] = @ o 0 i 2
< -27 8 8 8 E e :lE >'< c g ; § § ﬁ g 6 o 9 2- 8 o ) o) O' s VAmalmxec
2 = 3 7 38 g g 3N RNER N ®F 2855 28 38 22U
i z o X & g g o9 J ® B 2 T 8 © i o <
0] o z W u Y s o X X O 5 < z 2z 8
g o o = 2 2
- L g w
| wn
Agostini, Benato, Detwiler, Menendez, Vissani, arXiv:2202.01787
Neutrino 2022 - S. Schonert, TUM

43



Neutrino mass observables

Cosmology

E:Zmi

counts / keV
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Neutrinoless BB decay
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B-decay kinematics
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Next decade: large phase space for
( -normal ordering - inverted ordering
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