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The world’s 0νββ programme

Table adapted from arXiv:2212.11099
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TABLE III. A summary list of the 0⌫�� ongoing and proposed experiments. The mass values are detector mass. The dark
matter focused experiments (LZ, PandaX-4T, XENONnT, Darwin, R2D2) are optimized for those searches, but would have an
opportunity to investigate 0⌫��, especially if they use enriched Xe.

Experiment Isotope Mass Technique Present Status Location
CANDLES-III 48Ca 305 kg natCaF2 scint. crystals Operating Kamioka

CDEX-1 76Ge 1 kg enrGe semicond. det. Prototype CJPL
CDEX-300⌫ 76Ge 225 kg enrGe semicond. det. Construction CJPL

LEGEND-200 76Ge 200 kg enrGe semicond. det. Commissioning LNGS
LEGEND-1000 76Ge 1 ton enrGe semicond. det. Proposal

CUPID-0 82Se 10 kg ZnenrSe scint. bolometers Prototype LNGS
SuperNEMO-Dem 82Se 7 kg enrSe foils/tracking Operation Modane

Selena 82Se enrSe, CMOS Development
IFC 82Se ion drift SeF6 TPC Development

N⌫DEX 82Se High-pressure SeF6 TPC Development CJPL
SuperNEMO Any solid 100 kg Foils/tracking Proposal Modane

ZICOS 96Zr 865 kg (@ 50%) Cherenkov and scint. in liq. scint. Development Kamioka
CUPID-Mo 100Mo 4 kg LienrMoO4,scint. bolom. Prototype LNGS
AMoRE-I 100Mo 6 kg 40Ca100MoO4 bolometers Operation YangYang
AMoRE-II 100Mo 200 kg 40Ca100MoO4 bolometers Construction Yemilab

CROSS 100Mo 5 kg Li2100MoO4, surf. coat bolom. Prototype Canfranc
CUPID 100Mo 450 kg LienrMoO4,scint. bolom. Proposal LNGS
BINGO Mo and Te LienrMoO4, TeO2 Development Modane

China-Europe 116Cd enrCdWO4 scint. crystals Development CJPL
COBRA-XDEM 116Cd 0.32 kg natCd CZT semicond. det. Operation LNGS
Nano-Tracking 116Cd natCdTe. det. Development

TIN.TIN 124Sn Tin bolometers Development INO
CUORE 130Te 1 ton TeO2 bolometers Operating LNGS
SNO+ 130Te 3.9 t 0.5-3% natTe loaded liq. scint. Commissioning SNOLab
nEXO 136Xe 5 t Liq. enrXe TPC/scint. Proposal

NEXT-100 136Xe 100 kg gas TPC Construction Canfranc
NEXT-HD 136Xe 1 ton gas TPC Proposal Canfranc

AXEL 136Xe gas TPC Prototype
KamLAND-Zen-800 136Xe 745 kg enrXe disolved in liq. scint. Operating Kamioka

KamLAND2-Zen 136Xe enrXe disolved in liq. scint. Development Kamioka
LZ 136Xe 600 kg Dual phase Xe TPC, nat./enr. Xe Operation SURF

PandaX-4T 136Xe 3.7 ton Dual phase nat. Xe TPC Operation CJPL
XENONnT 136Xe 5.9 ton Dual phase Xe TPC Operating LNGS
DARWIN 136Xe 50 ton Dual phase Xe TPC Proposal LNGS

R2D2 136Xe Spherical Xe TPC Development
LAr TPC 136Xe kton Xe-doped LR TPC Development
NuDot Various Cherenkov and scint. in liq. scint. Development
Theia Xe or Te Cherenkov and scint. in liq. scint. Development
JUNO Xe or Te Doped liq. scint. Development

Slow-Fluor Xe or Te Slow Fluor Scint. Development
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0νββ and neutrino mass
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The state of the art
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Uncertainty on nuclear matrix 
element leads to broad mββ band

6
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Designing a 0νββ detector: the physics

Shorter half life = shorter run time!
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Designing a 0νββ detector: the physics

T1/20ν∝ Q-5

• High Q-value
• Large atomic number
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Designing a 0νββ detector: the physics

T1/20ν∝ Q-5
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Designing a 0νββ detector: the economics

JINST 13 (2018) no.03, P03015

Better
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130Te (no need)

Gas centrifuge

Laser separation
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BUT real cost is from extracting the isotope: 
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TABLE III. A summary list of the 0⌫�� ongoing and proposed experiments. The mass values are detector mass. The dark
matter focused experiments (LZ, PandaX-4T, XENONnT, Darwin, R2D2) are optimized for those searches, but would have an
opportunity to investigate 0⌫��, especially if they use enriched Xe.

Experiment Isotope Mass Technique Present Status Location
CANDLES-III 48Ca 305 kg natCaF2 scint. crystals Operating Kamioka

CDEX-1 76Ge 1 kg enrGe semicond. det. Prototype CJPL
CDEX-300⌫ 76Ge 225 kg enrGe semicond. det. Construction CJPL

LEGEND-200 76Ge 200 kg enrGe semicond. det. Commissioning LNGS
LEGEND-1000 76Ge 1 ton enrGe semicond. det. Proposal

CUPID-0 82Se 10 kg ZnenrSe scint. bolometers Prototype LNGS
SuperNEMO-Dem 82Se 7 kg enrSe foils/tracking Operation Modane

Selena 82Se enrSe, CMOS Development
IFC 82Se ion drift SeF6 TPC Development

N⌫DEX 82Se High-pressure SeF6 TPC Development CJPL
SuperNEMO Any solid 100 kg Foils/tracking Proposal Modane

ZICOS 96Zr 865 kg (@ 50%) Cherenkov and scint. in liq. scint. Development Kamioka
CUPID-Mo 100Mo 4 kg LienrMoO4,scint. bolom. Prototype LNGS
AMoRE-I 100Mo 6 kg 40Ca100MoO4 bolometers Operation YangYang
AMoRE-II 100Mo 200 kg 40Ca100MoO4 bolometers Construction Yemilab

CROSS 100Mo 5 kg Li2100MoO4, surf. coat bolom. Prototype Canfranc
CUPID 100Mo 450 kg LienrMoO4,scint. bolom. Proposal LNGS
BINGO Mo and Te LienrMoO4, TeO2 Development Modane

China-Europe 116Cd enrCdWO4 scint. crystals Development CJPL
COBRA-XDEM 116Cd 0.32 kg natCd CZT semicond. det. Operation LNGS
Nano-Tracking 116Cd natCdTe. det. Development

TIN.TIN 124Sn Tin bolometers Development INO
CUORE 130Te 1 ton TeO2 bolometers Operating LNGS
SNO+ 130Te 3.9 t 0.5-3% natTe loaded liq. scint. Commissioning SNOLab
nEXO 136Xe 5 t Liq. enrXe TPC/scint. Proposal

NEXT-100 136Xe 100 kg gas TPC Construction Canfranc
NEXT-HD 136Xe 1 ton gas TPC Proposal Canfranc

AXEL 136Xe gas TPC Prototype
KamLAND-Zen-800 136Xe 745 kg enrXe disolved in liq. scint. Operating Kamioka

KamLAND2-Zen 136Xe enrXe disolved in liq. scint. Development Kamioka
LZ 136Xe 600 kg Dual phase Xe TPC, nat./enr. Xe Operation SURF

PandaX-4T 136Xe 3.7 ton Dual phase nat. Xe TPC Operation CJPL
XENONnT 136Xe 5.9 ton Dual phase Xe TPC Operating LNGS
DARWIN 136Xe 50 ton Dual phase Xe TPC Proposal LNGS

R2D2 136Xe Spherical Xe TPC Development
LAr TPC 136Xe kton Xe-doped LR TPC Development
NuDot Various Cherenkov and scint. in liq. scint. Development
Theia Xe or Te Cherenkov and scint. in liq. scint. Development
JUNO Xe or Te Doped liq. scint. Development

Slow-Fluor Xe or Te Slow Fluor Scint. Development

[1] J. Schechter and J. W. F. Valle, Phys. Rev. D25, 2951 (1982).
[2] S. Davidson, E. Nardi, and Y. Nir, Phys. Rept. 466, 105 (2008), arXiv:0802.2962 [hep-ph].
[3] R. L. Workman et al. (Particle Data Group), PTEP 2022, 083C01 (2022).
[4] V. Cirigliano et al., JHEP 12, 097 (2018), arXiv:1806.02780 [hep-ph].
[5] M. Agostini et al., “Toward the discovery of matter creation with neutrinoless double-beta decay,” (2022),

arXiv:2202.01787.
[6] M. Agostini, G. Benato, and J. A. Detwiler, Phys. Rev. D 96, 053001 (2017).
[7] J. Barea, J. Kotila, and F. Iachello, Phys. Rev. D 92, 093001 (2015).
[8] D. Geesaman et al., “Reaching for the Horizon: The 2015 Long Range Plan for Nuclear Science,” https://science.osti.

gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf (2015).

The world’s 0νββ programme: by isotope
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[1] J. Schechter and J. W. F. Valle, Phys. Rev. D25, 2951 (1982).
[2] S. Davidson, E. Nardi, and Y. Nir, Phys. Rept. 466, 105 (2008), arXiv:0802.2962 [hep-ph].
[3] R. L. Workman et al. (Particle Data Group), PTEP 2022, 083C01 (2022).
[4] V. Cirigliano et al., JHEP 12, 097 (2018), arXiv:1806.02780 [hep-ph].
[5] M. Agostini et al., “Toward the discovery of matter creation with neutrinoless double-beta decay,” (2022),

arXiv:2202.01787.
[6] M. Agostini, G. Benato, and J. A. Detwiler, Phys. Rev. D 96, 053001 (2017).
[7] J. Barea, J. Kotila, and F. Iachello, Phys. Rev. D 92, 093001 (2015).
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The world’s 0νββ programme: by isotope

Table adapted from arXiv:2212.11099

48Ca
76Ge

82Se

100Mo

116Cd
124Sn
130Te
136Xe

96Zr

DOE strategy APPEC roadmap UK core strategy



Cheryl Patrick, University of Edinburgh Neutrinoless double-beta decay, NuPhys 2023 10

18

TABLE III. A summary list of the 0⌫�� ongoing and proposed experiments. The mass values are detector mass. The dark
matter focused experiments (LZ, PandaX-4T, XENONnT, Darwin, R2D2) are optimized for those searches, but would have an
opportunity to investigate 0⌫��, especially if they use enriched Xe.

Experiment Isotope Mass Technique Present Status Location
CANDLES-III 48Ca 305 kg natCaF2 scint. crystals Operating Kamioka

CDEX-1 76Ge 1 kg enrGe semicond. det. Prototype CJPL
CDEX-300⌫ 76Ge 225 kg enrGe semicond. det. Construction CJPL

LEGEND-200 76Ge 200 kg enrGe semicond. det. Commissioning LNGS
LEGEND-1000 76Ge 1 ton enrGe semicond. det. Proposal

CUPID-0 82Se 10 kg ZnenrSe scint. bolometers Prototype LNGS
SuperNEMO-Dem 82Se 7 kg enrSe foils/tracking Operation Modane

Selena 82Se enrSe, CMOS Development
IFC 82Se ion drift SeF6 TPC Development

N⌫DEX 82Se High-pressure SeF6 TPC Development CJPL
SuperNEMO Any solid 100 kg Foils/tracking Proposal Modane

ZICOS 96Zr 865 kg (@ 50%) Cherenkov and scint. in liq. scint. Development Kamioka
CUPID-Mo 100Mo 4 kg LienrMoO4,scint. bolom. Prototype LNGS
AMoRE-I 100Mo 6 kg 40Ca100MoO4 bolometers Operation YangYang
AMoRE-II 100Mo 200 kg 40Ca100MoO4 bolometers Construction Yemilab

CROSS 100Mo 5 kg Li2100MoO4, surf. coat bolom. Prototype Canfranc
CUPID 100Mo 450 kg LienrMoO4,scint. bolom. Proposal LNGS
BINGO Mo and Te LienrMoO4, TeO2 Development Modane

China-Europe 116Cd enrCdWO4 scint. crystals Development CJPL
COBRA-XDEM 116Cd 0.32 kg natCd CZT semicond. det. Operation LNGS
Nano-Tracking 116Cd natCdTe. det. Development

TIN.TIN 124Sn Tin bolometers Development INO
CUORE 130Te 1 ton TeO2 bolometers Operating LNGS
SNO+ 130Te 3.9 t 0.5-3% natTe loaded liq. scint. Commissioning SNOLab
nEXO 136Xe 5 t Liq. enrXe TPC/scint. Proposal

NEXT-100 136Xe 100 kg gas TPC Construction Canfranc
NEXT-HD 136Xe 1 ton gas TPC Proposal Canfranc

AXEL 136Xe gas TPC Prototype
KamLAND-Zen-800 136Xe 745 kg enrXe disolved in liq. scint. Operating Kamioka

KamLAND2-Zen 136Xe enrXe disolved in liq. scint. Development Kamioka
LZ 136Xe 600 kg Dual phase Xe TPC, nat./enr. Xe Operation SURF

PandaX-4T 136Xe 3.7 ton Dual phase nat. Xe TPC Operation CJPL
XENONnT 136Xe 5.9 ton Dual phase Xe TPC Operating LNGS
DARWIN 136Xe 50 ton Dual phase Xe TPC Proposal LNGS

R2D2 136Xe Spherical Xe TPC Development
LAr TPC 136Xe kton Xe-doped LR TPC Development
NuDot Various Cherenkov and scint. in liq. scint. Development
Theia Xe or Te Cherenkov and scint. in liq. scint. Development
JUNO Xe or Te Doped liq. scint. Development

Slow-Fluor Xe or Te Slow Fluor Scint. Development

[1] J. Schechter and J. W. F. Valle, Phys. Rev. D25, 2951 (1982).
[2] S. Davidson, E. Nardi, and Y. Nir, Phys. Rept. 466, 105 (2008), arXiv:0802.2962 [hep-ph].
[3] R. L. Workman et al. (Particle Data Group), PTEP 2022, 083C01 (2022).
[4] V. Cirigliano et al., JHEP 12, 097 (2018), arXiv:1806.02780 [hep-ph].
[5] M. Agostini et al., “Toward the discovery of matter creation with neutrinoless double-beta decay,” (2022),

arXiv:2202.01787.
[6] M. Agostini, G. Benato, and J. A. Detwiler, Phys. Rev. D 96, 053001 (2017).
[7] J. Barea, J. Kotila, and F. Iachello, Phys. Rev. D 92, 093001 (2015).
[8] D. Geesaman et al., “Reaching for the Horizon: The 2015 Long Range Plan for Nuclear Science,” https://science.osti.

gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf (2015).
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[1] J. Schechter and J. W. F. Valle, Phys. Rev. D25, 2951 (1982).
[2] S. Davidson, E. Nardi, and Y. Nir, Phys. Rept. 466, 105 (2008), arXiv:0802.2962 [hep-ph].
[3] R. L. Workman et al. (Particle Data Group), PTEP 2022, 083C01 (2022).
[4] V. Cirigliano et al., JHEP 12, 097 (2018), arXiv:1806.02780 [hep-ph].
[5] M. Agostini et al., “Toward the discovery of matter creation with neutrinoless double-beta decay,” (2022),

arXiv:2202.01787.
[6] M. Agostini, G. Benato, and J. A. Detwiler, Phys. Rev. D 96, 053001 (2017).
[7] J. Barea, J. Kotila, and F. Iachello, Phys. Rev. D 92, 093001 (2015).
[8] D. Geesaman et al., “Reaching for the Horizon: The 2015 Long Range Plan for Nuclear Science,” https://science.osti.

gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf (2015).
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TIN.TIN 124Sn Tin bolometers Development INO
CUORE 130Te 1 ton TeO2 bolometers Operating LNGS
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The world’s 0νββ programme: by technology
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TABLE III. A summary list of the 0⌫�� ongoing and proposed experiments. The mass values are detector mass. The dark
matter focused experiments (LZ, PandaX-4T, XENONnT, Darwin, R2D2) are optimized for those searches, but would have an
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Heat and light signals from decays in ultra-cold crystals

130Te,  
82Se,  
100Mo

Scintillating/bolometer crystals

See next talk!
AMoRE

CUPID: CUORE Upgrade with Particle ID

 15

•Dominant background is degraded alphas from 
surface contamination  

Karsten Heeger, Yale University UMass, December 16, 2015 38

• Cherenkov light or scintillation to distinguish α from 
β/γ (130TeO2, Zn82Se, 116CdWO4, and Zn100MoO4)

• More rejection power needed: 99.9% α background 
suppression. Light detector R&D for better 
resolution. 

• Background free search.

116CdWO4

130TeO2

phonon+photon

CUORE Collaboration 
Eur.Phys.J. C74 (2014) 10, 3096 
 

Casali et al
Eur.Phys.J. C75 (2015) 1, 12

Cherenkov signal

scintillation signal

Beyond CUORE: Particle ID with Light Detectors
•Leverage other energy loss mechanisms to tag particle  
type

•Maturing R&D and demonstrator efforts 

Enriched Li100MoO4 scintillating bolometers  

Enriched Zn82Se scintillating bolometers  

Enriched 130TeO2 bolometer with  
Cherenkov readout  
 

Scintillating bolometers

If the absorber is also an efficient scintillator the 
energy is converted into heat + light

Bolometer features: 

 high energy resolution O(1/1000) 

 wide choice of compound 130TeO2, Li2100MoO4, Zn82Se

 high detection efficiency (source = detector) 

 scalable to large masses 

 particle ID
A background-free experiment is possible: 
α-background: identification and rejection 

β/γ-background: ββ isotope with large Q-value

A bolometer is a highly sensitive calorimeter 
operated @ cryogenic temperature (~10 mK). 

Energy deposits are measured as temperature 
variations of the absorber.

 7

Fig. from L. Pattivina

L. Pattivina
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AMoRE: 100Mo with photons and phonons

• AMoRE-I complete: >3.3x1024 years  

• AMoRE-II starts 5-year data taking in 2024: 

• 3σ 0νββ sensitivity:  ~ 4x1026 years

T0ν
1/2

T0ν
1/2

Light detector

(Si)

Light

reflector

Li2MoO4

crystal

Phonon

collector

MMC/SQUID

for light

MMC/SQUID

for heat

157 kg of Li2100MoO4 crystalsAMORE II

Background  discrimination

< 2x10-4 counts/keV/kg/year in 0νββ ROI



Cheryl Patrick, University of Edinburgh Neutrinoless double-beta decay, NuPhys 2023 15

BINGO: Bi-Isotope 0νββ Next Generation Observatory 

BINGO aims to dramatically reduce the background in the region of interest, through:

Compact assembly:
• Reduce surface radioactivity
• Anti-coincidence cuts

Neganov-Luke light detectors :

• Amplify the tiny Cherenkov signal (TeO2) → suppress α’s 
• Higher sensitivity, lower energy threshold

An active shield based on BGO scintillators: :

• Suppress the external gamma background

Bi-Isotopic approach: observation in 2 candidates → discovery + confirmation

Mini-BINGO: 
12 of each crystal type 

Test all detector elements 
b ≤10-4 in 1 year of data-taking
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Enriched HPGe semiconducting detectors

CDEX-300ν 

Semiconductor HPGe detectors:
• solid state TPC 
• mm-scale event topology  
• calorimetric energy measurement 
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LEGEND-200 - taking data at LNGS

Background index compatible with design goal  
2 x 10-4 cts/(keV kg yr) 

● BI is compatible with 
LEGEND-200 goal

2 x 10-4 cts/(keV kg yr)

● Expect 0.48 cts
● Probability to observe

#cts > 0 ~ 38%
window 240 keV & exposure 10.1 kg yr

Background Index

● First 10.1 kg yr of 
LEGEND-200 data

● ICPC & BEGe
● LAr accepted
● PSD accepted

LEGEND-200
BI 68% CL (cts/keV/kg/yr)

GERDA Phase II unblinded
BI 68% CL (cts/keV/kg/yr)

After LAr & PSD 4.1 [1.5,11.4] x 10-4 5.2 [3.9,6.8] x 10-4

2031 keV far from 
Qββ ≈ 2039 keV
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0.48 counts expected; probability to observe  #cts > 0 ~38% 

[WIP]
Decomposition before 
analysis cuts
● Well described by 

expected contributions 
with current statistics

Background decomposition - After QC 

5POSTER: L-200 Background modeling (R. Gala)
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LAr - Liquid Argon
PSD - Pulse Shape Discrimination

Take a look at
● Background before and after      

LAr and PSD cuts
● Compare with GERDA

Dataset: BEGe & ICPC
● Directly comparable with GERDA
● Mono-parametric PSD
● No blinding applied

point-contact detector 
types already operated in 

GERDA

Broad Energy
Germanium

Inverted Coaxial 
Point Contact

Well described by expected contributions - now accumulating exposure

Preliminary background model before analysis cuts
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LAr - Liquid Argon
PSD - Pulse Shape Discrimination

Take a look at
● Background before and after      

LAr and PSD cuts
● Compare with GERDA

Dataset: BEGe & ICPC
● Directly comparable with GERDA
● Mono-parametric PSD
● No blinding applied

point-contact detector 
types already operated in 

GERDA

Broad Energy
Germanium

Inverted Coaxial 
Point Contact

BEGe - 2.1 kg yr ICPC - 8.0 kg yr

BEGe

ICPC

Initial dataset Backgrounds after cuts

Pulse-shape discrimination (PSD)

PSD plus liquid-argon veto
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LEGEND-1000: planned for LNGSLEGEND-1000: 

A Ton-Scale Search for Neutrinoless 
Double-Beta Decay in 76Ge

Vincente Guiseppe

On behalf of the LEGEND Collaboration


30 August 2023

pre-CDR: arXiv:2107.11462 

ICPC
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LEGEND-1000: A discovery experiment for 0νββ of 76Ge

5

ICPC: Inverted-Coaxial Point Contact

WLS: Wavelength-shifting

UGLAr: Underground Liquid Ar

ATLar: Atmospheric Liquid Ar

LEGEND-1000 

Pre-Conceptual Design Report


arXiv:2107.11462
The reference design accommodates siting 

in LNGS Hall C or the SNOLAB Cryopit

Lock

LAr Cryostat

Water 
Shield

Neutron 
Moderator

Reentrant 
Tube

ATLAr

336 detectors 

3 kg avg. mass

Detector strings can be individually installed:

Early data as detectors are produced

336 detectors 
3kg average mass
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CDEX-300ν pre-conceptual design

LAr veto tube 200 Ge detectors in 19 strings

LN2 tank shared with CDEX-50 dark matter experiment

2024: 
• Operate LAr test facility
• Experimental setup at CJPL
• First batch of Ge detector 

installation and test
•
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136Xe time-projection chambers

Large-volume detectors use 136Xe  as 
• ββ source 
• TPC ionisation medium  
• scintillator

L Yang, Neutrino 2016
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nEXO: Tonne-scale 0νββ with a LXe TPC 

Conceptual design in progress, 
projected 3σ discovery sensitivity  

⟨mββ⟩ = 6-27 meV (T1/2 = 0.74 x 1028 yr)
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EXO-200 Sensitivity, 90% C.L.

Sensitivity vs exposure

nEXO Sensitivity arXiv:2106.16243

Background-free central 
region

https://arxiv.org/abs/2106.16243
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NEXT-100 (2023-2026)

NEXT-100

• Demonstrate ~bgr-free conditions at 100 kg scale, 0νββ search, tonne-scale demonstrator. 

• Target background rate of 5×10-4 counts/(keV⋅kg⋅yr) or 1 count/(ROI⋅yr) 

• Status: in advanced construction stage, to be installed at the LSC in late 2022.

13

See poster #143, G. Diaz

  JHEP 05 (2016) 159

See poster #140, K. Mistry
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NEXT-100 detector fully assembled at LSC 
Commissioning starting in January 2024!
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NEXT-100 detector fully 
assembled at LSC

Commissioning starting in January 2024!

Topological identification

NEXT technology demonstration

NEXT Collaboration, JINST 13 (2018) P10014

Live Kr calibration Energy resolution better than 1% FWHM

NEXT Collaboration, JHEP 10 (2019) 230

NEXT-White low-background data results

• Low-bgr data samples: 271.6 d 136Xe-enriched (90.9%), 208.9 d 136Xe-depleted (2.6%). 

• Select 2e-like events in 3.5 kg Xe fiducial mass. 

• Direct background subtraction technique, ~independent of background model assumptions.

12

T1/22ν = (2.34 +0.85-0.49)×1021 yr

T1/20ν > 0.6-1.3×1024 yr  
at 90% CL

Qββ

enrXe

depXe

enrXe - depXe

Phys.Rev.C 105 (2022) 5, 055501

PRELIMINARY

See poster #219,A. UsónT1/2 Measurements
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NEXT Collaboration, PRC 105 (2022) 5

Topological Identification 

NEXT Collaboration, JHEP 10 (2019) 052
NEXT Collaboration, JHEP 01 (2021) 189 NEXT Collaboration, JHEP 09 (2023) 190
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Topological Identification 

NEXT Collaboration, JHEP 10 (2019) 052
NEXT Collaboration, JHEP 01 (2021) 189 NEXT Collaboration, JHEP 09 (2023) 190

Traditional cut-based 
analysis 
~70% efficiency 
~20% bkg contamination

Improvement with DNNs 
~5% bkg contamination

NEXT Collaboration, JHEP 10 
(2019) 052

NEXT Collaboration, JHEP 01 
(2021) 189



Cheryl Patrick, University of Edinburgh Neutrinoless double-beta decay, NuPhys 2023 

NEXT ton-scale and beyond

NEXT at the tonne scale: NEXT-HD
• Multi-module system with first module at      

Laboratorio Subterráneo de Canfranc (Spain) 

• Baseline concept: 

• Symmetric TPC with central cathode 

• Two dense SiPM tracking plane readouts 

• Barrel fibre detector for energy measurement 

• Gas additives (eg, 4He) to reduce diffusion 

• Estimated background 0.09-0.27 counts/(ton⋅yr⋅ROI) 

• Other advanced readout options explored, and 
cosmogenic background mitigation using 3He

18
See poster #452, J. Martín-Albo, H. Almazan, L. Arazi See poster #70, L. Rogers

(Optical Fibers)

Energy Barrel Detector
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NEXT 0νββ sensitivity prospects at the tonne scale

• NEXT-HD first module can reach 1027 yr 
sensitivity with 4 ton⋅yr exposure. 

• To explore 1028 yr sensitivity, further 
background reduction and higher signal 
efficiency are essential. 

• Both may be achieved with NEXT-BOLD, 
implementing Barium Tagging.

20

JHEP 2021 (2021) 08, 164

NEXT-HD with symmetric TPC design

NEXT 0νββ sensitivity prospects at the tonne scale

• NEXT-HD first module can reach 1027 yr 
sensitivity with 4 ton⋅yr exposure. 

• To explore 1028 yr sensitivity, further 
background reduction and higher signal 
efficiency are essential. 

• Both may be achieved with NEXT-BOLD, 
implementing Barium Tagging.
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JHEP 2021 (2021) 08, 164

136Xe: Barium tagging demonstrator phases

5/31/22 Neutrino 2022 - S. Schönert, TUM 13

Sensor-to-ion concept (NEXT-BTD)

CCD

TPX
Cam

Ba2+

e
e

e

EL (+HV)

RF
C

CCD

CCD

TPX
Cam

CCD

Ba++ ion
10 bar Xe

NEXT Data

2. Single Ba2+ ion tagging w/SMFI

+ - + - + - + - + - + - + - + - + - + - + - + -

3. RF Carpet ion transport in xenon gas

SIMION simulationGEANT4 MC

1. Direct VUV camera tracking

Ion-to-sensor concept (NEXT-CRAB)

Courtesy M. Sorel, J. Gomez Cadenas

Next-HD with symmetric TPC design
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NEXT ton-scale and beyond

NEXT-HD: T½ > 1027 yr  0νββ sensitivity with 4 ton.yr exposure

136Xe: Barium tagging  

5/31/22 Neutrino 2022 - S. Schönert, TUM 12

• NEXT pursues single molecule fluorescent 

imaging (SMFI) based barium tagging sensors.

• R&D to date has realized molecular ion 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

STM shows barium location in 
molecule after chelation

Ba2+

Fl
uo

re
sc
en

ce
	In
te
ns
ity

		
pe

r	P
ix
el
	(a
rb
)	

Single	
detected	

ion	

12

SMFI + high pressure microscopy 
enables Ba2+ detection in Xe gas

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

resolution and event topology essential for background free 0nbb search 

in Xe (NEXT-BOLD)

Courtesy M. Sorel, J. Gomez Cadenas
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CCD
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Ba++ ion
10 bar Xe

NEXT Data

2. Single Ba2+ ion tagging w/SMFI

+ - + - + - + - + - + - + - + - + - + - + - + -

3. RF Carpet ion transport in xenon gas

SIMION simulationGEANT4 MC

1. Direct VUV camera tracking

NEXT-CRAB concept:

NEXT-BTX concept:

• Single ion sensor development is now 
fairly advanced

• Important R&D remains for ion 
concentration and collection:

• Sensor-to-ion (BTX concept)
• Ion-to-sensor (CRAB concept)

à Demonstrator phases under intensive development on 2-3 year timescale 

Demonstrators
 For1028-year sensitivity: barium tagging (NEXT-BOLD)



Cheryl Patrick, University of Edinburgh Neutrinoless double-beta decay, NuPhys 2023 24

PandaX

• PandaX-4T 3.7 -tons dual-phase natural Xe TPC at CJPL (>300kg 136Xe) 
• Measured  2νββ T ½ = 2.27 ± 0.03(stat.) ± 0.09(syst.) × 1021 year 
• Running since late 2020 (95+154 days) 

• Future : PandaX-xT: 4 tons of 136Xe
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ORIGIN-X - the ultimate 0νββ  experiment?

•Observing Rare Interactions with a GIaNt Xenon 
(ORIGIN-X) experiment: a ktonne Xe experiment for 
0νββ.

A. Avasthi, et al, Phys. Rev. D 104, 112007 (2021)

•Xenon is present in the atmosphere at 87 ppb (~0.2 Gt total)
•Current production is a parasitic process in steel industry   
! 50-100 tons/year globally, subject to high volatility 
Can we produce more xenon?
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Liquid-scintillator + photomultiplier detectors

Dissolving isotope in 
scintillator allows for huge 
ββ masses
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KamLAND-Zen: KamLAND detector modified for ββ decay

• 2011-2015 
• 320-380 kg of Xe 
• ~90% enriched

• ~750 kg of Xe 
• DAQ started 2019

20 inch PMT × 225  
for outer detector

17 inch PMT × 1325 
+ 20 inch PMT × 554

20 m

20
 m

Past

Present

Future

 KamLAND-Zen 800

 KamLAND-Zen 400

 KamLAND2-Zen

320-380 kg of Xenon 
Data taking 2011 ~ 2015 

~750 kg of Xenon 
DAQ to start in this year

~1 ton of 136Xe 
Better energy resolution

 From KamLAND to KamLAND-Zen
136Xe loaded LS → into KamLAND center with inner balloon.

KamLAND LS 
→ active shield 

Can also continue  
anti-neutrino 

measurement

20 inch PMT × 225  
for outer detector

17 inch PMT × 1325 
+ 20 inch PMT × 554

20 m

20
 m

Past

Present

Future

 KamLAND-Zen 800

 KamLAND-Zen 400

 KamLAND2-Zen

320-380 kg of Xenon 
Data taking 2011 ~ 2015 

~750 kg of Xenon 
DAQ to start in this year

~1 ton of 136Xe 
Better energy resolution

 From KamLAND to KamLAND-Zen
136Xe loaded LS → into KamLAND center with inner balloon.

KamLAND LS 
→ active shield 

Can also continue  
anti-neutrino 

measurement

KamLAND-Zen 400 KamLAND-Zen 800

Xenon (90% 136Xe, 
Qββ~2.4MeV) 

dissolved in LS (3% by 
weight)

KL-Zen 400 & 800 combined limit (90% CL) 
T½ > 2.3 x 1026 yr

⟨mββ⟩ < 36 - 156 meV

First search for inverted mass ordering! Phys. Rev. Lett. 130, 051801 (2023)  

20 inch PMT × 225  
for outer detector

17 inch PMT × 1325 
+ 20 inch PMT × 554

20 m

20
 m

Past

Present

Future

 KamLAND-Zen 800

 KamLAND-Zen 400

 KamLAND2-Zen

320-380 kg of Xenon 
Data taking 2011 ~ 2015 

~750 kg of Xenon 
DAQ to start in this year

~1 ton of 136Xe 
Better energy resolution

 From KamLAND to KamLAND-Zen
136Xe loaded LS → into KamLAND center with inner balloon.

KamLAND LS 
→ active shield 

Can also continue  
anti-neutrino 

measurement

1000kg of Xe

High QE PMT & 
Winstone cone

σ(2.6MeV) = 4% → ~2%
Target ⟨mββ⟩ ~ 20 meV in 5 years

KamLAND2-Zen 
scheduled 2027-8

New electronics

Scintillation inner 
balloon

R&D paper: PTEP. Volume 2019, Issue 7, 073H01 
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SNO+

natTe-loaded 
liquid scintillator 
(LAB based)

PMTs

• ββ isotope has high (34%) natural abundance  
• Liquid scintillator is also economical

Cost-effective

Scalable
• Detector design can be scaled up dramatically 
• UK-developed techniques can increase tellurium loading

Diol Loading of 130Te in Liquid 
Scintillator

Sensitive

NIM, 943, 162420 (2019)

• Single- vs multi-site discrimination keeps backgrounds low 
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SNO+ scintillator performance (pre-Te addition)

• Detector now loaded with scintillator: 780t LAB+PPO 
• At 0.6 g/L of PPO: first directional solar neutrino measurement

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1)Sunθcos(
0

1

2

3

4

5

6

7

8

9

10

Ev
en

ts 
/ 0

.1

Data

MC

SNO+ Preliminary
Partial Fill Phase (365 t)

Solar background 
suppression for 0νββ?
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238U chain = (5.3±0.1)×10-17g/g 

232Th chain = (5.7±0.3)×10-17g/g 

2.2 g/L

29

SNO+ scintillator performance (pre-Te addition)

• Detector now loaded with scintillator: 780t LAB+PPO 
• At 0.6 g/L of PPO: first directional solar neutrino measurement
• At 2.2 g/L - excellent light yield, optical purity 
• Uranium and thorium chain backgrounds low enough for 0νββ 

measurement
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SNO+ tellurium addition

• Test batch of telluric acid (TeA) planned for early January 
• 200 kg test will prove large-scale TeA production is viable

2024:



Cheryl Patrick, University of Edinburgh Neutrinoless double-beta decay, NuPhys 2023 30

SNO+ tellurium addition

• Test batch of telluric acid (TeA) planned for early January 
• 200 kg test will prove large-scale TeA production is viable

2024:

• Initial loading of 0.5% natTe by mass (3.9 tonnes)

2025:

• Proposal in preparation for higher loading (1.5 – 3% natTe)

Longer-term:

1.5% Te

3% TeInitial 
loading
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Tracking detectors: SuperNEMO

• (Almost) isotope agnostic  
• Excellent background rejection 
• Nuclear structure effects 
• Decays to excited states 
• Exotic decay searches
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The NEMO principle

High-granularity 
tracker

Segmented  
calorimeter

ββ source 

B

β−

β−

E1

E2

World’s-first observation, using eeγ and eeγγ data 

Signal

BDT inputs: e- & γ energies and angles
<latexit sha1_base64="c+rDgh3rAKLHNCFL7MAqgFcLw/I="></latexit>

T 2⌫��
1/2 (0+1 ) =

h
1.11+0.19

�0.14 (stat)+0.17
�0.15 (syst)

i
⇥ 1020 yr

Limits also set on decay to  & 0νββ to excited states

<latexit sha1_base64="ObzW6FR2O/l4ndhSqWA3Ny8oMhc="></latexit>

T 2⌫��
1/2 (2+1 ) > 2.42⇥ 1020 yr (90% C.L.)

The power of NEMO - 150Nd ββ decays to excited states at NEMO-3

Eur Phys J C 83, 1117 (2023)
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SuperNEMO Demonstrator: proof of concept for future tracking detectors

Taking background and calibration data at LSM; 99% of tracker channels live!

02/07/23 COLLABORATION MEETING | TOMÁŠ KŘIŽÁK 27

(reconstruction from Maximum Likelihood Method)

Tracking, time and energy 
calibration with 207Bi 
electrons

LI calibration system

RUN 994 - Mean LI pulse start time (ns)     *** BEFORE *** post trigger tuning

0 100 200 300 400
Time (ns)
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e

5" PMT of reference OM XW2 was replaced (high trigger rate at low amplitude)
241Am alpha sources installed on MW2, XW1 and XW2 (already done on MW1)
post-trigger was tuned for each pair of channel to account for length of fibers and signal cables

LI sequence v1: – 4 intensities (all OMs have at least 1 run @ 3MeV) x 2 sides
– 1500 flashes / intensity (h error on mean)
– flash rate @ 30 Hz + 5 sec pause between each step ∆ 8 min / sequence

40 / 53

Calorimeter timing 
calibrations

SuperNEMO 
Preliminary

Fitted T½ = (136 ± 30)  µs 
(consistent with  
T½ (214Po) = 164 µs )

Preliminary activity measurement 
with BiPo’s yields radon level 
comparable to NEMO-3 (before 
shielding/radon-free air)

Iron shielding support structure installation

3 / 9

• New source foil designs 
• Improved calorimetry 
• Better radio-purity 
• Improved electronics 
• New reconstruction

• Detector fully built 
• Shielding 

installation 
underway
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Towards the future - novel R&D

August 29,2023XVIII International Conference on Topics in Astoparticle and Underground Physics 
(TAUP2023) 4

Topological information of Cherenkov lights 

Averaged angle of β + γ events was 
obtained by subtraction of γ only data 
from no low energy beta data.  
Larger value of average angle was 
reproduced. Bumps around 40 deg still 
remains, but these could be removed 
by averaged angle cut.  

The vertex position could be 
reconstructed by assuming that 
all PMTs should have same 
effective charge which is 
corrected by the distance 
between PMT and vertex
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Selena: 82Se deposited on CMOS imagers
Snowmass White Paper: arXiv:2203.08779

• Currently in R&D stage with small pixelated devices.

Demonstration of ~MeV electron tracks!
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Imaging electron tracks for background discrimination

2-electron

1-electron

Goal:  
m𝛽𝛽 = 4 to 8 meV (3σ)  
(10 tons, 10 years) 
Or study mechanism!
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Low-background measurements of Cs2ZrCl6 at LNGS (Italy) 

Cs2ZrCl6: 
a novel crystal 
scintillator

Qββ (96Zr)

Eur. Phys. J. A 59 (2023) 176Pulse-shape discrimination and α event selection
94Zr 
0νββ

96Zr 
0νββ

Cone

Cylinder

Experimental limits in both 94Zr & 96Zr
Dominant background - external γ from PMTs

Run 1: 456.5 days 
+ 
Run 2: 65 days
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ZICOS (96Zr at Kamioka)

August 29,2023XVIII International Conference on Topics in Astoparticle and Underground Physics (TAUP2023) 2

Conceptual design of ZICOS detector

96Zr : 45 kg (nat.) → 865 kg(50 % enrich)→1/20 BG
𝑇𝑇1/20𝜈𝜈 > 4 × 1025 yrs → 2 × 1026yrs → ~1 ×1027yrs 

NEMO3 : 𝑇𝑇1/20𝜈𝜈 > 9.1 × 1021 yrs  

Phys.Rev.Lett. 117 (2016) 082503
Phys.Rev.Lett. 117 (2016) 082503 

96Zr in liquid 
scintillator

Targets: 
45kg nat Zr: T½ > 4 x 1025 yr 

865 kg (50% enriched): T½ > 2 x 1026 yr
20x background reduction: T½ > 2 x 1027 yr

August 29,2023XVIII International Conference on Topics in Astoparticle and Underground Physics 
(TAUP2023) 27

Discrimination of signal and BG

Balloon or 
surface of 
detector

e-

2.6 MeV γ

e-

e-
Reconstructed vertex by 
scintillation light

Reconstructed vertex 
by Cherenkov light 

0νββ event

β decay

• First 2νββ observations next summer: 1l of scintillator and 0.4g of 96Zr 
• 100 events expected
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NνDEX at CJPL: 82SeF6 high-pressure TPC

•HP 82SeF6 TPC: topology to reject background 
•82SeF6 electronegative: Topmetal-S sensor being developed to detect negative ions drifting
•Good energy resolution expected without electron avalanche multiplication: FWHM 1%@3 MeV
•Q-value: 2.996 MeV, higher than most of the background 
•To be placed at CJPL: 2400 m rock overburden 
•Very low background: 0.05 events/year for 100kg gas, excellent prospects for scalability
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Aurora: 116Cd ββ decay at Gran Sasso

Two 116CdWO4  scintillating 
crystals (1.16 kg) enriched to 82% 

PMTs

Liquid scintillator

[1] JINST 06 (2011) p08011 
[2] PRD 98 (2018) 092007

Energy resolution FWHM = 6%,  
BG ~ 0.15 counts/(keV × yr × kg) at Qββ

⟨λ⟩ ≤ (1.8 - 22) x 10-6

⟨η⟩ ≤(1.6 - 21) x 10-8

Lorentz-violating parameter  å(3)of ≤ 4x 10-6 GeV
Limits on majorons, heavy ν, R-parity violating 
parameter, ββ to excited states [2]
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48Ca: CANDLES-III at Kamioka Lab

4m

PMTs

Liquid scintillator
High-purity CaF2  ββ sources

Lead and boron shield for 
photons and neutrons

93 crystals

Phys. Rev. D103, (2021), 092008 

• 0 events observed (expected background 1.02) 
• 0νββ T½ > 5.6 x 1022 years for 48Ca 
• Sensitivity: 2.8 x 1022 years

Background rate < 10-3 events/keV/year/kg of natCa 
- comparable to lowest background level
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CANDLES: future development for < 10meV sensitivity
48Ca enrichment using LIS CaF2 scintillating bolometer

Beam oven

Collimator

Calcium sample

Beam of calcium atoms
48Ca recovered

Laser

New system: 24 80mW lasers

Light sensor…

…plus heat sensor



Future prospects
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Probing the inverted hierarchy

PRC 104, L042501

Different 
nuclear models

• Tonne-scale experiments have designs ready to go to probe inverted 
hierarchy in 3 different isotopes 

• If nature chose inverted hierarchy and neutrinos are Majorana - they’ll 
see 0νββ! 

• If nature chose inverted hierarchy and they don’t - neutrinos are Dirac? 

• If nature chose normal hierarchy - we may see it anyway 

• If not…

76Ge 100Mo 136Xe
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Probing the inverted hierarchy

Inverted ordering (IO)

Normal 
ordering (NO)

29

Beyond the ton scale

TAUP - August 29, 2023D. Moore, Yale

• While there is significant discovery potential in upcoming experiments, extensions beyond the 
tonne scale may ultimately be required

Parameter space vs. mass of lightest !: Sensitivity of upcoming experiments:

Plot adapted from arXiv:2212.11099, 
https://indico.cern.ch/event/1242655/contributions/5377665/

R. Saldanha (private comm.)  

Plot adapted from arXiv:2212.11099 by D Moore for TAUP 2023 
https://indico.cern.ch/event/1199289/contributions/5262783
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… and beyond?

Inverted ordering (IO)

Normal 
ordering (NO)

29

Beyond the ton scale

TAUP - August 29, 2023D. Moore, Yale

• While there is significant discovery potential in upcoming experiments, extensions beyond the 
tonne scale may ultimately be required

Parameter space vs. mass of lightest !: Sensitivity of upcoming experiments:

Plot adapted from arXiv:2212.11099, 
https://indico.cern.ch/event/1242655/contributions/5377665/

R. Saldanha (private comm.)  

Inverted ordering (IO)

Normal 
ordering (NO)

30

Beyond the ton scale

TAUP - August 29, 2023D. Moore, Yale

• While there is significant discovery potential in upcoming experiments, extensions beyond the 
tonne scale may ultimately be required

Parameter space vs. mass of lightest !: Sensitivity of proposed beyond ton scale experiments:

Plot adapted from arXiv:2212.11099, 
https://indico.cern.ch/event/1242655/contributions/5377665/

R. Saldanha (private comm.)  

Plot adapted from arXiv:2212.11099 by D Moore for TAUP 2023 
https://indico.cern.ch/event/1199289/contributions/5262783
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Will we get what we want for Christmas this year?

Dear Santa,
For Christmas we want: 

Efficient light/charge collection 

Cheaper isotope production 

Excellent energy resolution 

Clever background reduction and 
identification 

To understand nuclear matrix 
elements 

A Majorana neutrino
We have been  

very good this year!
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Will we get what we want for Christmas this year?

Dear Santa,
For Christmas we want: 

Efficient light/charge collection 

Cheaper isotope production 

Excellent energy resolution 

Clever background reduction and 
identification 

To understand nuclear matrix 
elements 

A Majorana neutrino
We have been  

very good this year!

I believe  
in neutrinoless  

double-beta  
decay 

Do you?
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AMoRE: 0νDBD of 100Mo
• Phonon and photon signals from Li2100MoO4 (48deplCa100MoO4) crystal using MMC and SQUID at T~10 mK.


• Discrimination of β/γ and α events.


• AMoRE-pilot and AMoRE-I completed: >3.3x1024 years (AMoRE-I preliminary, soon to be published).


• Preparing AMoRE-II to start its data taking in 2024.


• Place: YemiLab, Jeongseon, Korea, 1000 m underground.


• AMoRE-II: 157 kg of Li2100MoO4 crystals, 5+ year data taking.


• Background level at ROI (Qββ=3034 keV) goal: less than 2x10-4 counts/keV/kg/year.


• Projected sensitivity for the evident (3σ) 0νDBD signature:  ~ 4x1026 years.

T0ν
1/2

T0ν
1/2

AMoRE-II detector towers

LMO detector for R&D at surface laboratory Light detector

(Si)

Light

reflector

Li2MoO4

crystal

Phonon

collector

MMC/SQUID

for light

AMoRE-II detector module

MMC/SQUID

for heat
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CANDLES III

4
m High purity CaF2

Liquid scintillator

PMTs

Pb, B
shield

・High purity CaF2 
・Veto system by liquid scintillator
・Shielding system for γ, n

CANDLES III @ Kamioka Lab. Energy spectrum and 
BG simulation

21 crystals

93 crystals

result
Num. of eve. 0
Expected BG 1.02
Half life of 48Ca >5.6×1022y
Sensitivity 2.8×1022y

Ref : Phys. Rev. D103, (2021), 092008

*Achieved background rate
< 10−3 events/keV/year/(kg of natCa) 
comparable to lowest background level
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Development for next detector system

Atomic beam
Setup

Beam oven

Recovery 
plate

collimator

Ca

48Ca enrichment by LIS
principle experiment

80 mW
x24

Master
laser

Slave lasers

Wavelength 
meter

New laser system

48Ca

Crucible

TOF

Laser 
ports

LIS system

CaF2 scintillating bolometer

Heat sensor

Light sensor Scintillation

Heat

β / γ
α peaks

4.27MeV

β-α pile-up
events

4.
27

M
eV 0νββ region

Setup

0.18 % (σ) @ ~5 MeV

222Rn→218Po(3min)→214Pb

Energy ratio 
between 2events

Energy resolution1.9 % 

IBS Kim Yong-Hamb
AMoRE sub group
CANDLES sub group

For sensitivity 
of < 10meV

















 KamLAND-Zen
136Xe loaded  

liquid scintillator  
into the detector center  

with inner balloon

Double beta decay isotope: 136Xe 
• Q-value 2.458 MeV 
• Dissolved into LS ~3% by weight 
• Enrichment ~90% 
• Half life of 2νββ decay is long (~1021 yr)

 KamLAND-Zen 800
 KamLAND-Zen 400

320-380 kg of Xenon 
Data taking in 2011 - 2015 

~750 kg of Xenon 
DAQ started in 2019

Past
Present

Reanalysis combined 1st	result

(Feb. 2019 - May 2021)

• Double amount of Xe 
• Bigger, cleaner Xe-LS container 
• Improved spallation rejection method 
• Simultaneous fitting of single event and 

long-lived products

T1/2 > 2.0×1026 yr
Phys. Rev. Lett. 130, 051801 (2023)

Modification of KamLAND for double beta decay 
Big & low BG neutrino detector

〈mββ〉< 36-156 meV   

KL-Zen 400 + 800 limit (90% C.L.)

T1/2 > 2.3×1026 yr

First search for inverted mass ordering!
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50 m3

PMT with light collection mirror

stainless tank

Tyvec sheet

acrylic vessel

entrance

water6.5 m

4 m

4 m

LS

rock Stainless tank (water)  50 m3

Acrylic vessel (LS)  30 L

Prototype detector
• Verification test of high performance in KamLAND2  

• Low radioactivity analysis
evaluation of energy resolution, particle ID, long-term stability

After this experiment, the stainless tank 
will be reused as a LS buffer tank

- 2-m-thick gamma-ray shield 
- pure water self-circulated through 
filter and UV sterilizer

- LAB + PC + PPO + Bis-MSB 
- purification by WE

PMT + Mirror
- High Q.E. 20 inch PMT 
- polygon mirror

KamLAND2-Zen KamLAND → KamLAND2

σ(2.6MeV) = 4% → ~2% 
Target ⟨mββ⟩ ~20 meV 

in 5 yrs

High QE PMT  
& Winstone cone 

Brighter LS

Improve photo coverage and  
light collection efficiency 

Scintillation 
inner balloon

New electronics

BG reduction from Xe-LS 
container

To improve long lived 
isotope background 
suppression. More 
neutron tagging.

R&D paper: PTEP. Volume 2019, Issue 7, 073H01

1000 kg of Xe

Prototype detector

• Solid angle dependence 
• Stability (<~5%) for            

about 1 month 
• Energy resolution             　 ! ≃ 5.9% @1MeV  
• Data taking ongoing      

for background analysis

Construction
• 2022/DEC Installation of the LS

11

Top view

30L LS box





NEXT technology demonstration

NEXT Collaboration, JINST 13 (2018) P10014

Live Kr calibration Energy resolution better than 1% FWHM

NEXT Collaboration, JHEP 10 (2019) 230

NEXT-White low-background data results

• Low-bgr data samples: 271.6 d 136Xe-enriched (90.9%), 208.9 d 136Xe-depleted (2.6%). 

• Select 2e-like events in 3.5 kg Xe fiducial mass. 

• Direct background subtraction technique, ~independent of background model assumptions.

12

T1/22ν = (2.34 +0.85-0.49)×1021 yr

T1/20ν > 0.6-1.3×1024 yr  
at 90% CL

Qββ

enrXe

depXe

enrXe - depXe

Phys.Rev.C 105 (2022) 5, 055501

PRELIMINARY

See poster #219,A. UsónT1/2 Measurements

NEXT-White low-background data results

• Low-bgr data samples: 271.6 d 136Xe-enriched (90.9%), 208.9 d 136Xe-depleted (2.6%). 

• Select 2e-like events in 3.5 kg Xe fiducial mass. 

• Direct background subtraction technique, ~independent of background model assumptions.

12

T1/22ν = (2.34 +0.85-0.49)×1021 yr

T1/20ν > 0.6-1.3×1024 yr  
at 90% CL

Qββ

enrXe

depXe

enrXe - depXe

Phys.Rev.C 105 (2022) 5, 055501

PRELIMINARY

See poster #219,A. Usón

NEXT-White low-background data results

• Low-bgr data samples: 271.6 d 136Xe-enriched (90.9%), 208.9 d 136Xe-depleted (2.6%). 

• Select 2e-like events in 3.5 kg Xe fiducial mass. 

• Direct background subtraction technique, ~independent of background model assumptions.

12

T1/22ν = (2.34 +0.85-0.49)×1021 yr

T1/20ν > 0.6-1.3×1024 yr  
at 90% CL

Qββ

enrXe

depXe

enrXe - depXe

Phys.Rev.C 105 (2022) 5, 055501

PRELIMINARY

See poster #219,A. Usón

NEXT Collaboration, PRC 105 (2022) 5

Topological Identification 

NEXT Collaboration, JHEP 10 (2019) 052
NEXT Collaboration, JHEP 01 (2021) 189 NEXT Collaboration, JHEP 09 (2023) 190



NEXT-100 (2023-2026)

NEXT-100

• Demonstrate ~bgr-free conditions at 100 kg scale, 0νββ search, tonne-scale demonstrator. 

• Target background rate of 5×10-4 counts/(keV⋅kg⋅yr) or 1 count/(ROI⋅yr) 

• Status: in advanced construction stage, to be installed at the LSC in late 2022.

13

See poster #143, G. Diaz

  JHEP 05 (2016) 159

See poster #140, K. Mistry

1.2 m

1.1 m

NEXT-100 detector fully assembled at LSC 
Commissioning starting in January 2024!



NEXT ton-scale and beyond

NEXT at the tonne scale: NEXT-HD
• Multi-module system with first module at      

Laboratorio Subterráneo de Canfranc (Spain) 

• Baseline concept: 

• Symmetric TPC with central cathode 

• Two dense SiPM tracking plane readouts 

• Barrel fibre detector for energy measurement 

• Gas additives (eg, 4He) to reduce diffusion 

• Estimated background 0.09-0.27 counts/(ton⋅yr⋅ROI) 

• Other advanced readout options explored, and 
cosmogenic background mitigation using 3He

18
See poster #452, J. Martín-Albo, H. Almazan, L. Arazi See poster #70, L. Rogers

(Optical Fibers)

Energy Barrel Detector

Tracking Plane (TP)

Cathode (-HHV)

PMT

Tracking Plane (TP)

EL Gate (-HV)
Anode (0V)

Anode (0V)EL Gate (-HV)

e- e- e- e-

e- e- e-
e-

JHEP 2021 (2021) 08, 164

3 
m

2.2 m

NEXT 0νββ sensitivity prospects at the tonne scale

• NEXT-HD first module can reach 1027 yr 
sensitivity with 4 ton⋅yr exposure. 

• To explore 1028 yr sensitivity, further 
background reduction and higher signal 
efficiency are essential. 

• Both may be achieved with NEXT-BOLD, 
implementing Barium Tagging.

20

JHEP 2021 (2021) 08, 164

NEXT-HD with symmetric TPC design

NEXT 0νββ sensitivity prospects at the tonne scale

• NEXT-HD first module can reach 1027 yr 
sensitivity with 4 ton⋅yr exposure. 

• To explore 1028 yr sensitivity, further 
background reduction and higher signal 
efficiency are essential. 

• Both may be achieved with NEXT-BOLD, 
implementing Barium Tagging.

20

JHEP 2021 (2021) 08, 164

136Xe: Barium tagging demonstrator phases

5/31/22 Neutrino 2022 - S. Schönert, TUM 13

Sensor-to-ion concept (NEXT-BTD)

CCD

TPX
Cam

Ba2+

e
e

e

EL (+HV)

RF
C

CCD

CCD

TPX
Cam

CCD

Ba++ ion
10 bar Xe

NEXT Data

2. Single Ba2+ ion tagging w/SMFI

+ - + - + - + - + - + - + - + - + - + - + - + -

3. RF Carpet ion transport in xenon gas

SIMION simulationGEANT4 MC

1. Direct VUV camera tracking

Ion-to-sensor concept (NEXT-CRAB)

Courtesy M. Sorel, J. Gomez Cadenas













‣ 10-ton 82Se active target with exquisite spatial resolution for signal identification. 
‣ Large-area hybrid CMOS imagers with ~5-mm thick layers of amorphous 82Se. 
‣ Leverages existing industrial capabilities for CMOS fabrication and aSe deposition for scalability. 

‣ Neutrinoless 𝛽𝛽 decay sensitivity of m𝛽𝛽 = 4 to 8 meV (3𝜎) in 100-ton year. 

‣ Currently in R&D stage with small pixelated devices.

Selena

Demonstration of ~MeV electron tracks!

Snowmass White Paper: arXiv:2203.08779



Selena 𝛽𝛽
‣ By identification of Bragg peaks, can achieve 10-3 

suppression of single electron background, with 50% 
signal acceptance. 

‣ Bulk backgrounds suppressed by α/β particle ID, 
spatial correlations.
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Simulated Experimental Data
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Single e

Background rate <6 x 10-5 /keV/ton/year!

3𝜎 discovery for T1/2 = 2 x 1028 y in 82Se

Double e

1% RMS res. Q𝛽𝛽 = 3 MeV

Simulation:
100 ton-year simulation

Or study 0𝜈𝛽𝛽 mechanism after ton-scale 
discovery!










