Next-generation OvBp searches
with xenon gas TPCs

Justo Martin-Albo
IFIC (CSIC-UV)

Montreal, 14 November 2025

EXCELENCIA
SEVERO
OCHOA

ST N
P INSTITUT DE
g s
311V A
€Y U5
. &
CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS W

VNIVERSITAT PP FiSICA
® owvinen | (7 CORPUSCULAR




Why xenon gas?
Key advantages for Ovf33 searches



ENERGY RESOLUTION

Bolotnikov and Ramsey, NIM A 396 (1997) 360-370
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NEXT Collaboration, NIM A 708 (2013) 101-114
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Intrinsic resolution of xenon gas close to 0.3% FWHM at 2.5 MeV.
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ENERGY RESOLUTION: ELECTROLUMINESCENCE
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Electroluminescence (EL): ionization charge =% vacuum-ultraviolet photons
High-gain, low-noise amplification for optimal energy measurement.



ENERGY RESOLUTION: RECENT RESULTS

NEXT Collaboration, arXiv:2511.02467 (2025) J. Hikida et al., NIM A1080 (2025) 170706
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<1% FWHM at Qgg achieved in large detectors.
Performance validated across full energy range.



TRACKING: 1ELECTRON VS 2 ELECTRONS

R. Luescher et al.,, Phys. Lett. B 434 (1998) 407-414 NEXT Collaboration, JHEP 07 (2021) 146
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Track topology: two blobs vs one = powerful background rejection



TRACKING: 1ELECTRON VS 2 ELECTRONS

NEXT Collaboration, JHEP 01 (2021) 189
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ML algorithms: 92% background rejection at 80% signal efficiency



TRACKING: EVENT POSITION AND TRACK MULTIPLICITY

Normalized rate [uBq keV~! tonne™!]
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Tracking also enables background suppression through fiducialization and multiplicity cuts.
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TRACKING: EVENT KINEMATICS

NEXT Collaboration, JHEP 07 (2025) 170
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Gas TPCs reconstruct electron kinematics =» probe decay mechanism in case of discovery



TRANSPARENCY TO HIGH-ENERGY GAMMA RAYS

NEXT Collaboration, JHEP 2021 (2021) 08, 164

Signal (T2 = 10%7yr)
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Background rejection strategy does not rely on self-shielding =» No dependence of
background index on detector size. Allows a scalable/modular approach.



Technical aspects



DETECTOR CONCEPT

Current (left): asymmetric TPC with single drift volume.

Future (right): symmetric layout with central cathode and two drift volumes.

12



||

il

Ll

! ’ \l‘,“.‘-l! '-'U‘n 11

UHMNUMMu___-a4-~v;
_ e '.81‘
1 ‘”J ; N
1 ‘ “
i ‘ l l !
WALLLR LA '\l ‘ t "

AR LY

'\.

!f“ Operatlng at the Laboratorio Sub;erraneo de Canfranc since 2024.
\ Foundtlon for scaling to tonne scale.. . . e

I N NS Vd ', - ' 7 5
\ oo | e_ . | ‘ : ;.\. . ‘ - ‘ / “
¥ e » ,:) : . \ -\ * - U\ - A . & ’ [é:' .}.
. ' . a ’ . ~
!‘. ‘ A Las R =
( - ; R |

Nes o2, . ' .
O N ANy

TR

\\\_
IR 119448 st ety
W ,ﬁ.nu

‘.!‘."n",{

SapRS



8178/L'G0SG AIXJe ‘'uoljeloge||0] 1 X3IN

L

|l i

| _ 1 ;\\\\\\%.w...

1 ORI T

Ry ]
~




PHOTOSENSORS

PMTs behind cathode = currently used for to and
energy measurement; high radioactivity
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SiPMs behind anode =» track reconstruction:
higher coverage would enable energy
measurement
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PHOTOSENSORS

\

Replace PMTs with WLS fiber panels =» reduce background
Increase SiIPM coverage = dual energy + tracking capability
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AMPLIFICATION STRUCTURES

ELCC: 672 ch
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J. Hikida et al., NIM A 1080 (2025) 170706

NEXT Collaboration, JINST 19 (2024) 02, PO2007/

NEXT-100 uses photo-etched hexagonal stainless steel meshes.
Large diameters require mechanically robust alternatives, such as the ELCC concept (AXEL).



GAS MIXTURES

NEXT Collaboration, NIM A 905 (2018) 82-90 NEXT Collaboration, J. Phys. G 47 (2020) 7, 075001
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Helium admixtures reduce diffusion =¥ better tracking

3SHe offers potential to mitigate main cosmogenic background (137 Xe)



Key lakeaways



SUMMARY

Gas TPCs: unmatched resolution + topology =» powerful background rejection
Technical maturity supports next-generation sensitivity
Active R&D on scalability and background control:

e Photon detection

o (Gas mixtures

e Batagging and ion track detection
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