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2nd workshop on bb0n search in Xe: next-generation experiments
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NEXT: HP Gas-Xe TPC DetectorsNEXT: HP Gas-Xe TPC Detectors
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S/B improves with L

3D track

Good DE
R. Luescher et al, PLB 434 (1998)

● Sensitivity to the bb0n decay:

● Direct background measurement operating with Xe-136 depleted/natural xenon 
● A given detector can be operated with different amounts of Xe (= different pressures)

Gaseous
TPC
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The NEXT TPC ConceptThe NEXT TPC Concept

TPB coated surfaces

T0

10-20 bar
136Xe

Gas TPC with 2 dedicated readout planes

EL: linear gain, no avalanche fluctuations: optimize DE
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The NEXT ProjectThe NEXT Project
● Search for the Search for the bb0nbb0n decay with a HPXe-TPC decay with a HPXe-TPC

R&D
Proof of Concept NEXT-White

Background+bb2n

NEXT-100 (+upgrades)
bb0n search

~1 kg

2009-2014
2015-2021 2024-2030

Ton-scale +
Ba++ tagging:

bb0n search @ IH

Tonne scale mass

4

~5 kg ~100 kg
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NEXT-White: Physics @ LSCNEXT-White: Physics @ LSC

Energy Plane:
12 PMTs

30% coverage

Pressure Vessel:
Stainless steel

Inner shield:
6 cm of copper

Tracking plane:
1792 SiPM
1 cm pitch 

TPC:
~5 kg active region
50 cm drift length

2015-2021

Ultimate goal:
Physics program:

● DE<1% FWHM @ Q
bb

● Event Topology
● Certify technology
● BG Measurement (2019)

First phase of the NEXT-100 experiment

136Xe

● bb2n Measurement (2021)
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NEXT-White: PerformanceNEXT-White: Performance

NEXT-White real 
data 

Double-e (bb-like)

Single-e (BG-like)

● bb0nbb0n candidate: events fully contained + one track with 2 blobs at the extremes + E within ROI candidate: events fully contained + one track with 2 blobs at the extremes + E within ROI

Phys.R
ev.C

 105 (2022) 5, 055501DE = 1% 
FHWM @~Q

bb

208Tl photopeak

JHEP 10 (2019) 230 
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NEXT-White: NEXT-White: bb2nbb2n Measurement Measurement

● Novel (so far unique in the field) technique Novel (so far unique in the field) technique 
possible due to the Xenon-based NEXT technologypossible due to the Xenon-based NEXT technology

● Background-subtraction method,  with little Background-subtraction method,  with little 
dependence on background model:dependence on background model:

● Background-model-dependent method:Background-model-dependent method:

136Xe-enriched

136Xe-depleted

Phys.Rev.C 105 (2022) 5, 055501 Precision limited by exposure (3.5 kg of Xe)!
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NEXT-White: Demonstration of NEXT-White: Demonstration of bb0nbb0n searches searches
● Background-model-dependent:Background-model-dependent: ● Background-subtraction (novel in the field):Background-subtraction (novel in the field):

136Xe-enriched 136Xe-depleted

● bbbb analyses demonstrate the capabilities of the NEXT  analyses demonstrate the capabilities of the NEXT 
technology with only 3.5 kg of Xe!technology with only 3.5 kg of Xe!

JHEP 09 (2023) 190
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The NEXT ProjectThe NEXT Project
● Search for the Search for the bb0nbb0n decay with a HPXe-TPC decay with a HPXe-TPC

R&D
Proof of Concept NEXT-White

Background+bb2n

NEXT-100 (+upgrades)
bb0n search

~1 kg

2009-2014
2015-2021 2024-2030

Ton-scale +
Ba++ tagging:

bb0n search @ IH

Tonne scale mass

9

~5 kg ~100 kg
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The NEXT-100 DetectorThe NEXT-100 Detector

● Detector operating at the LSC since 2024Detector operating at the LSC since 2024

● Scales up the NEXT-White technology (~100 kg) to perform competitive Scales up the NEXT-White technology (~100 kg) to perform competitive bb0nbb0n searches searches

● Energy resolution <1% FWHM
● Improve radioactive budget
● Competitive Search of bb0n
● Prepare the ton-scale...

Goals of NEXT-100:

Muon veto covering the lead castle:

JINST 7 (2012) T06001
JHEP 1605 (2016) 159

JINST 19 (2024) 02, P02007
JINST 21 (2026) 07, P07001
Eur.Phys.J.C86(2026)2,114  
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NEXT-100NEXT-100
Field Cage

Inner Cu shielding

Tracking Plane

Energy Plane
EL Grid

CathodePMT Window

Gas System

Eur.Phys.J.C86(2026)2,114  
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NEXT-100 Installation @ LSCNEXT-100 Installation @ LSC
Pressure Vessel

Assembly of energy plate

Field Cage installation

NEXT-100, HV, and cabling

● NEXT ready since mid 2024

● 2024-2025: commissioning
● 2025: calibration/background @ 4 bar
● 2026-2029: bb0n search @ 10 bar 
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NEXT-100: Kr-83NEXT-100: Kr-83mm Calibration Calibration
Drift field: 120 V/cm 
EL field: 9.1 kV/cm
P = 3.95 bar

DE ~ 0.6% FWHM @ Qbb

Eur.Phys.J.C 86 (2026) 7, 739

● Continuous calibration and monitoring of the detector
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NEXT-100: Th-228 CalibrationNEXT-100: Th-228 Calibration
Drift field: 120 V/cm 
EL field: 9.1 kV/cm
P = 3.95 bar

● Analysis of the energy scale and energy resolution versus energy

DE <1% 
FHWM @~Q

bb

208Tl (DEP)

208Tl (PP)

208Tl
208Tl

208Tl

212Bi

● Th-228 calibration source deployed in dedicated port on the pressure vessel: 

arXiv:2511.02467 (2025)
Accepted for publication in EPJC
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Rn-induced Background: Internal RnRn-induced Background: Internal Rn
● Rn-induced Bi-214 @ Cathode estimated from a activity Bi-214 MC @ Cathode

Alpha rate measurement

● Background index @ ROI 1 order of magnitude below radiogenic background expectation 

hot-gettercold-getter

222Rn
218Po

214Po

214Po

218Po

222Rn

Drift field: 130 V/cm 
EL field: 7.7 kV/cm
P = 3.95 bar

JHEP 09 (2026) 082 
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Rn-induced Background: Airborne RnRn-induced Background: Airborne Rn

RAS Off

R(No-Rn) = 3.32±0.47 mHz R = 2.88±0.04 mHz

● NEXT-100 operates in a virtually Rn-free environment thanks to RAS @ LSC
● Rate of fiducial events constant in time: R = 2.90±0.04 mHz

● Analysis of the background rate and correlation with the Rn-222 activity @ HALL A of the LSC
● Fiducial background = e-like events with 1 S2 and 1 S2, fully contained in the active volume, E>0.5 MeV 

RAS OnE>0.5 MeV

Drift field: 120 V/cm 
EL field: 9.1 kV/cm
P = 3.95 bar

JHEP 09 (2026) 082 
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NEXT-100 Physics CaseNEXT-100 Physics Case
Total BG:

~10-4 c/keV/kg/y
● New BG budget estimation: radiopurity screening + MCNew BG budget estimation: radiopurity screening + MC● Sensitivity study @ 2016:Sensitivity study @ 2016:

● Updated sensitivity:Updated sensitivity:

● Sensitivity: > 10Sensitivity: > 102525 year at 90% C.L. year at 90% C.L.

● Now measuring directly the BGs in NEXT-100...Now measuring directly the BGs in NEXT-100...

NEXT 
Preliminary
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The NEXT ProjectThe NEXT Project
● Search for the Search for the bb0nbb0n decay with a HPXe-TPC decay with a HPXe-TPC

R&D
Proof of Concept NEXT-White

Background+bb2n

NEXT-100 (+upgrades)
bb0n search

~1 kg

2009-2014
2015-2021 2024-2030

Ton-scale +
Ba++ tagging:

bb0n search @ IH

Tonne scale mass

18

~5 kg ~100 kg
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NEXT at the Ton-scale: NEXT-HDNEXT at the Ton-scale: NEXT-HD
● Next generation of Next generation of bbbb experiments: exposures >10 experiments: exposures >1033 kg and BG index < 1 count/ton/yr:  kg and BG index < 1 count/ton/yr: TT1/21/2>>10102727yearyear

● Gas mixtures: low diffusion (Xe+He4) to improve resolution and He3 (if possible) Gas mixtures: low diffusion (Xe+He4) to improve resolution and He3 (if possible) 
● First module to be installed at LSC (~2030) First module to be installed at LSC (~2030) →  open to a multi-site and multi-modular approach→  open to a multi-site and multi-modular approach

● 5 modules → ~105 modules → ~102828 yr yr

JH
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Symmetric TPC

Barrel Fiber 
Detector
(S1+S2)

Dense SiPM arrays 
with AXEL ELCCs

● Conceptual design of a NEXT ton-scale detector:Conceptual design of a NEXT ton-scale detector:
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NEXT-HD enhanced performanceNEXT-HD enhanced performance
● BFD: Improved energy resolution: BFD: Improved energy resolution: 

● light collection ~2% (<0.7% FWHM)light collection ~2% (<0.7% FWHM)
● Pressure-resistant system (unlike PMTs!)Pressure-resistant system (unlike PMTs!)

Xe (Xe+He)+Dec.Xe+He

● Gas mixtures: Improved background rejection power
● Low diffusion (Xe+He) → better BG discrimination
● He-3 → reduction of cosmogenic BG (Xe-137)

● Reduced background budget
● No PMTs and windows
● Better Cu shielding

● Dense tracking planes + ELCCs
● Independent energy measurement (<0.6% FWHM)
● Scalable solution for large EL regions N

ucl.Instrum
.M

eth.A
 1080 (2025) 170706
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R&D Towards NEXT-HDR&D Towards NEXT-HD
● HD-DEMO @ DIPC: BFD + ASICS + ELCCs

● NEXT-DEMO++ @ IFIC: Xe/He + Dense TP + ASICS

● AXEL @ Tohoku: ELCCs

 NEXT-100 Upgrade with HD technologies (~2028)

NEXT-HD 
 all new technological 

solutions being validated
with prototypes

N
ucl.Instrum

.M
eth.A

 1080 (2025) 170706
A
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A Roadmap for NEXT-HDA Roadmap for NEXT-HD
● Conceptual design ~ready: CDR by 2027Conceptual design ~ready: CDR by 2027
● Start of construction: module @ LSC in 2030Start of construction: module @ LSC in 2030

● Technology validated with NEXT-100 and HD-DEMOTechnology validated with NEXT-100 and HD-DEMO
● Detector ready by ~2032 Detector ready by ~2032 
● Depending on the available Xe Depending on the available Xe (only possible with gas!)(only possible with gas!)::

● Run with natural Xe: background index measurementRun with natural Xe: background index measurement
● Run with world-wide available Xe-136: 500 kg @ 8 bar Run with world-wide available Xe-136: 500 kg @ 8 bar (multi-collaboration)(multi-collaboration)
● Run with 1-tone of Xe-136 (16 bar) whenever available Run with 1-tone of Xe-136 (16 bar) whenever available → >10→ >102727 yr yr
● Multi-module/multi-site approach if new international partners → 10Multi-module/multi-site approach if new international partners → 102828 yr yr
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NEXT with Ions: BOLD & ITACANEXT with Ions: BOLD & ITACA
● NEXT-BOLD: R&D on Single Molecule Fluorescent Imaging for Ba++ taggingNEXT-BOLD: R&D on Single Molecule Fluorescent Imaging for Ba++ tagging
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● Next-to-Next generation of Next-to-Next generation of bbbb experiments: exposures >10 experiments: exposures >1033 kg and BG index < 0.1 count/ton/yr:  kg and BG index < 0.1 count/ton/yr: TT1/21/2>>10102828yearyear

● ITACA: R&D on ITACA: R&D on dualdual electron-ion TPC electron-ion TPC
● background rejection enhancement with ion tracksbackground rejection enhancement with ion tracks
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See talk by Enakshi

See talk by Roberto

● Unique gas-path to 10Unique gas-path to 102828 year and exploration of decay mechanism  year and exploration of decay mechanism 
in case of discoveryin case of discovery
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SummarySummary
● NEXT-100 physics program ongoingNEXT-100 physics program ongoing

● Search for the Search for the bb0nbb0n decay at 10 bar ( decay at 10 bar (>10>102525 year year))
● Future upgrades with solutions for the ton-scale (~Future upgrades with solutions for the ton-scale (~10102626 year year))

● Conceptual design a ton-scale detector: NEXT-HD (Conceptual design a ton-scale detector: NEXT-HD (>10>102727 – 10 – 1028 28 yearyear))
● NEXT-HD technologically ready to be built in early 2030s @ LSCNEXT-HD technologically ready to be built in early 2030s @ LSC

– Collaboration actively looking for new international partners and fundingCollaboration actively looking for new international partners and funding
● Feasible, economic and staged roadmap for the next decade: physics early 2030sFeasible, economic and staged roadmap for the next decade: physics early 2030s
● If new international partners: multi-module/multi site approach → 10If new international partners: multi-module/multi site approach → 1028 28 yearyear

– Gas community already working on possible synergies (NEXT, AXEL, R2D2) Gas community already working on possible synergies (NEXT, AXEL, R2D2) 

● R&D towards future NEXT ion-TPCs: NEXT-BOLD & ITACA (R&D towards future NEXT ion-TPCs: NEXT-BOLD & ITACA (>>10102828 year year))
● Also a unique post-discovery option → decay mechanismsAlso a unique post-discovery option → decay mechanisms
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