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Double beta decay
2vBp ovp3f3

X —>‘§+2 ¥ 26 QW K —>‘§+2 Y 7263

n > > D 20- . I n > > P
W 1.5 0 T——T— WH 25
1/ 0.90 1.00 1.10 > e

Ve K./Q
| N
D 1.0 \ /< 1

WIJHI< e 0.5- W= 2 &7

0.0 -+ I I | ! |

T}, (*36Xe) = 2.165 £ 0,016 + 0,059 - 10" y
[Universe 6 (2020) 10, 159]

Discrete spectrum @ Qgg

Continuous spectrum
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Sensitivity to BBOV
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Sensitivity to BBOV
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The (Pnextcollaboration

*Neutrino Experiment with Xenon TPC

Isotope: 130Xe
Detection method: High-pressure gas Xe TPC
Q-value: 2.458 MeV

Advantages:

e Best resolution for Xe experiments
(<1%FWHM@Qgp)

“‘MW

SR

ey

* Low background

e Tracking information: Full tracks for signal
vs background selection.

,,,,
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Principle of operation
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The @next programme
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2009/2014 (NEW) 2024/2030
Demonstration of the 2015/2021 Scalability
detector concept Background model Background improvement
assessment Neutrinoless double beta
238 measurement decay search in 136Xe
N | for 136Xe
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el
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Y Subterraneo ¥ Subterraneo
i Canfranc Canfranc

CATHODE REFLECTORS
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---------------------------------------------------------------------------------------
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NEXT-HD
~2030
Neutrinoless double beta
decay search through
Inverted neutrino mass
ordering

NEXT-BOLD
Barium tagging for

. background -free experlment

iInverted neutrino mass

ordering

Brais Palmeiro



MANCHESTER

1324

The @next programme
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NEXT-White

EL
Pressure reglon

Vessel

Drift
region

Buffer
region

Operation: 2016-2021 1792 SiPMs

Mass: ~5 kg | AU W  12PMTs

Objectives:

Tracking
Plane
(SiPMs)

Gate

Cathode

Anode

® Design and refine the calibration techniques
530.3 mm of drift length

® Validation of the background model

®* Measurement of the 2vBp and half-life limit for Ov[3[3

® Energy resolution close to the Qgg-value

® Track characterization and background rejection

The NEXT program and status of the NEXT-100 detector Brais Palmeiro
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NEXT-White: Energy Calibration 2

Tracking and signal identification

High energy calibration (137Cs & 208T])

Low energy calibration (83mKr)
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3584 SiPMs

Objectives:
®* Demonstrate scalability
® Energy resolution close to the Qgg-value

® Improve the radioactive budget

®* Competitive search of the BB0v

® Test-bench for technology upgrades toward a | ,
tonne-scale detector oy E 1300 mm of drift length

Mass: ~100 kg (at 15 bar) _

Sensitivity: > 10> y after three years

Background: < O counts/(keV - kg - y)

The NEXT program and status of the NEXT-100 detector Brais Palmeiro 10
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Energy plane

NEXT-100: Assembly

) ‘AI/ “" ‘vv-

i

A ESN Y WU

\A BB AR BRA

m» s EL meshes

T

| ”
\& .,
a8

(et

The NEXT program and status of the NEXT-100 detector

,,r"m[”/ﬂy/,;,/ /i

T
EEEENEEERAR R A

’ s
lIIl'IlIIllll'

REREE R II R B A BB )

||I|v|lllllllll'
i . . . .
||‘--v|||||||vliutll

n-|||||v||||||'|

Brais Palmeiro

MANCHESTER

1324

SERCA STRRE R nonER
hoaimlalnta a nln g

4 aaan
aa
v
= R mom
R

L I B ™
-

[ 4
3.0 0 a0angg

LI
.
. m

ol AL A7 T R
USRS RCR R RN aln an

11


https://inspirehep.net/literature/2719952

NEXT-100: Comisioning with Alphas

Operations started in May 2024 with argon and
depleted xenon at 4 bar. The chamber was first
characterized with 222Rn decay chain data.

222Rn progenie energy spectra

222Rn

218PO

214PO

i

hl

1071~
1072~
1073
1074~
4ooy

6000 8000 9000

5000
Reconstructed Energy (keV)

7000
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NEXT-100: Low energy calibration with 83mKr o

Kr mono-energetic decay at 41.5 keV provides
with pointlike and evenly distributed events thout 100
the detector volume

Detector stability
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NEXT-100: High energy calibration with 208T]

The high-energy characterization of the chamber has

been performed with a 232Th source. Both the energy
resolution and the tracking capabilities are assessed.

Corrected spectrum

(Mnext preliminary

Number of events

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Event energy (MeV)
14
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NEXT-100: High energy calibration with 208T] o

The high-energy characterization of the chamber has
been performed with a 232Th source. Both the energy

resolution and the tracking capabilities are assessed.
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1T 0=1.05(3)x10"2 MeV
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NEXT-100: High energy calibration with 208T] an
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Double electron track candidate from the double escape peak
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NEXT-100: next steps

Ongoing: 14,

7500
® Low background studies to inform possible hotspots 127 oo
_ 10} '
Close future: o | ;
2 8¢ 300 @
® Start operations at 10 bar o 3
S 200
* Repeat characterization and calibration o4
. 2 3100
Background model assessment :
10 1000

®* Measurement Of ZVﬁﬁ half—llfe exposure (kg year)

Expected sensitivity: > 10*°yr after 3 years

® Search for OvBS decay!

The NEXT program and status of the NEXT-100 detector Brais Palmeiro 16
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The @next programme
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PROTOTYPES NEXT-WHITE NEXT-100 NEXT-HD
2009/2014 (NEW) 2024/2030 - ~2030
Demonstration of the 2015/2021 Scalgblllty Neutrinoless double beta
detector concept Background model Background improvement ldeCay SearCh.through
assessment . Neutrinoless double beta | Inverted neutrino mass
2133 measurement  decay searchin 19Xe ordering
S L g for 136Xe NEXT-BOLD
Barium tagging for
Ml :iﬁm - background-free experiment
. inverted neutrino mass
-y oo T = ordering
~1kg me—— |

@ Laboratorio @ Laboratorio
Subterraneo Subterraneo
Canfranc H Canfranc
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®* Symmetric design with central cathode
® Xe/He to reduce transverse diffusion

® Barrel instrumented with fiber optics for
energy and S1 measurements

® External water tank shielding

Projected for 2027
Mass: ~1000 kg (at 15 bar)

Sensitivity: 1.2 x 10° y after 5 years

Background: 0.01 counts/(keV - ton - yr)

The NEXT program and status of the NEXT-100 detector Brais Palmeiro
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1] JINST 11 P12011 (2014)

2] Phys. Rev. Lett. 120, 132504 (2018)
3] Sci. Rep. 9: 15097 (2019)

4] Nature 583, 48 (2020)

Designed to accommodate Ba tagging

EL

Tracking  region Pressurised vessel (10-15 bar GXe) RSC Appl. Interfaces. 2. 185-199 (2025)
plane [T/ : N 5] ACS Sensors 6, 1, 192-20 (2021)
E Barium 6] 10.26434/chemrxiv-2023-wxpbh (2023)
° Tagging 7] ACS Sensors 2025, 10, 4, 2487—2498 (2025)
i . € 136Ba++ [ 4
SiPMs e;i ’( ENIEN BN BN BN BN BN BN BN BN B B W - -’- C B * . \\"
P :
= T e-
e v
i N 4 y
Anode Gate I Cathode
Drift region

The viability of microscopy systems capable of
imaging individual barium ions in high-pressure
xenon gas is demonstrated

The NEXT program and status of the NEXT-100 detector Brais Palmeiro 19
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MANCHESTER

NEXT in Short o

* All the results from NEXT-White demonstrate the performance of the detector

technology and sufficiently low background levels for the program
®* NEXT100 had successful commissioning and calibration at 4 bar.

= Detector conditions are stable and have a high electron lifetime.

= Initial resolution studies demonstrate the feasibility of <1% @ Qbb.
* NEXT100 will start operations at 10 bar soon.

®* The success of the program is being transferred to the design of the

upcoming tonne scale

® Barium tagging is knocking at the door!

The NEXT program and status of the NEXT-100 detector Brais Palmeiro 20
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Back up
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Longitudinal geological profile
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Expected background rate: 4x10-4counts/(keV-kg-y) Expected sensitivity: 6 - 102yr after 3 years

Expected background: 1 event per year in ROI
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Q. = 7833.5 keV
(100%)

210Ph

222y

Qp = 1019 keV

(100%)

214Pg 218Pg
164 us 3.10 min
A
Qs = 3270 keV
(99.98%)

214}3i
19.9 min

Q. = 6114.7 keV

A

(99.98%)

214Pb

26.8 min
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NEXT-White: Background studies L

Radon-induced backgrounds Radiogenic backgrounds

N 104 E| | | | I I I | | | | | | | | | | | | | | | | | |E ; [ ® Data: 0.84+0.02 mHz
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107 g v, IE = B [ ] BF '*Xe: 0.00+0.00 mHz
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i A I T B T R | ‘ ‘ T : *c'é 1w.~'% m%#i M* O@ - fee
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Internal radon has been characterized and
measured. It is shown to be negligible for Background model has been validated!
NEXT-100
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NEXT-White: Event identification and background rejection
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Performed both with a classical analysis
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240 . (blob search) and a DNN approach.
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Successful implementation of the 0.0 0.2 0.4 0.6 0.8 1.0
Richarson-Lucy deconvolution algorithm. Background rejection
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