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The neutrinoless double beta decay process

e
. Simultaneous beta decay of two neutrons of an nucleus 2v40
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- Standard Model process

a

- Second-order weak-interaction process (strongly suppressed - high half-life)
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. Observable in 44 nucleus in which single B s forbidden with 7 = 10'® — 10%* yr

- A decay with no neutrino emission has been proposed Ovff

- This decay violates lepton number conservation as well as B-L fundamental
symmetry

- Implication in matter-antimatter asymmetry, prove of the
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The research in practice

- Generally detector developed for Ovff have detection volume
coinciding with the target material

- |n a detector we expect to observe: 2023 spectrum

. Continuous 2e™ spectrum 2vf4)
. Peak at the Qﬂﬂ value
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+ a very clear topological signature

NEXT-White data

- Detectors with tracking capabilities can
access a unique feature of this decay
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- 2 e~ with clear Bragg peaks at the extremities




Ovff Searching strategy

Values of my; explorable with detector (related also to limit on T1/2)

Bkg counts

Background case scenario:
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Here comes the @)neXt experiment

- NEXT is a time projection chamber filled with high pressure Xe

 Pressure and Xe enrichment can be adjusted

PMTs - Energy Plane: <
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NEXT timeline

We are here

'
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NEXT-White results

Direct measurement of

energy resolution @ Qg
below 1% FWHM

M= 2611.84 = 0.77

o= 10.10 = 0.83
R (%) = 0.91 = 0.07

X2/Ngot = 0.98
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Background discrimination
trough event topology
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The NEXT-100 detector

Status:
- Operation started in May 2024 @ 4 bar

- Commissioning and calibration run concluded

- Low-background run @ 4 bar in progress

. Operations at 10 bar for Ovpp search
expected by 2026

Goals:

+ Keep the resolution below 1% at Qg

. Improve the precision on T2/

- competitive search of Ovpp decay within the current

generation of experiments (exp. O(102°) sensitivity
@ 90% C.L. after 3 years)

- Demonstrate scalability towards ton-scale
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@ Canfranc underground laboratories
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Detector commissioning with alpha particles in Xe

at 4 bar of pressure

Data taken with Xe depleted in 136y

Alphas analyzed to monitor electron

ifetime, light yield and drift properties

Excellent electron timelife measured 7 =

O40ms) measured >> max drift time (1ms)
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Low energy calibration with SIMpy

. 83Rb decays into 33 Kr which propagates into the full detector volume producing a point-like energy deposits of 41.5 keV

- Can be used to map the local detector response, correct geometrical effects, and monitor and correct for lifetime
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- Resolution of 4.2% FWHM @ 41.5 keV full volume and
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High energy calibration with 2327h source

104

10° 3

102 -

10! -

- With high energy tracks the track is corrected at hit level using the kr map OMT waveform
- Energy of each slice of the wt is divided proportionally to the charge seen
by the SIPM
E in the slice SiPM charge in the voxel
. 0X »
E =F .=k
/' V l Event from double escape peak
| QIOI ™~ . | .
E associated to the voxel Total SiPM charge in the slice 400- b 5000
- Energy of the individual voxel in (X,Y,Z) is corrected with the Kr map 200- e | ot e o rtr 4000
. 1208 E L 3000
Energy spectrum with “*°Tl source (corrected) E. (2.61MeV)=0.90% E okt
120 | ui2.619f2.2§1e—04 ;</ Tegaaie””
T Aiw| = 0908412 78762 2000
‘\‘\aﬂ ’ -200
___sllkev 10097 «© .
e+e- anihilation ej\’(, v r ¢ .
- 3331 kivmpb 80 4 @(\ i § . 1000
727 keV £ M —400-
212gj -, 212pg % 604 | o
L 860 keV
b 20 Wik Al 150 200 250 300 350 400
— Dt pest
2615 kev ol | | / (us - drift direction)
B Original
—is ° 2'59 2'60 2.61 2'62 2'63 2.64 2.65
0.5 1.0 1.5 2.0 2.5 3.0 - . - E (l-VIeV) - . -

E (MeV)

13



Future steps for NEXT-100

- Background characterization at 4 bar (ongoing)

. Start operations at 10 bar

- Repeat full detector calibration at higher pressure

. Preciser measurement of the 2vf4

. Search for Ovff decay

. Sensitivity (3yr) =4 - 10%° yr @ 90% C.L.
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https://doi.org/10.1007/JHEP05(2016)159

Ton-scale NEXT detectors: NEXT-HD

* Symmetric design with central cathode

* Xe/He to reduce transverse diffusion

* Barrel instrumented with fiber optics for
energy and ST measurements

* Dense SiPM plane for tracking

* External water tank shielding

Projected for ~2030
Mass: ~1000 kg (at 15 bar)
Sensitivity: 01047 y after b years
Background: 0.01 counts/(keV ton vy)
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https://doi.org/10.1007/JHEP08(2021)164

Barium tagging: Single Molecule Fluorescent Imaging (SMFI)

Electric Field
. Free 13%Ba** might be detected in coincidence with

Ovpf candidate with single Molecule Fluorescence
Indicators
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- This would lead to an experiment virtually background
free as no background can mimic the signal
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Barium tagging: Demonstration phase

- Demonstrator phase under intensive R&D over a 2-3 ys timescale. Two approaches are being tested

. Sensor to lon approach

Barium Tagging
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Conclusions

. The observation of the Ovff process might have strong implications in current understanding of physics

- NEXT is contributing with a gas TPC relying on a very good energy resolution and particle discrimination strategy
. After the results of NEXT-White, the NEXT-100 detector is currently installed in Laboratorio Subterraneo de €anfranc
- The commissioning phase has confirmed the stability of the detector response and a lifetime >> the maximum drift time

- The detector calibration phase is finished:

- The low energy calibration showed the effectiveness of the Kr map correction, and a resolution @ 41.5 keV < 4.2%

. The high energy calibration has preliminary demonstrated that a <1% energy resolution is feasible @ the Qﬂﬂ value

- The detector is currently taking low background data @ 4 bar to characterize the different background sources

- Subsequently operations at 10 bars with 2vff measurements and Ovpp searches will start

- For the future a O(1000 kg) NEXT detector is foreseen, and with the barium tagging technigue might operate ~background free
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X-ray data
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Detector Stability
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Sensor Calibration

* PMT and SiPMs calibrated with pulsed LED source
* Most sensors calibrated within 1 sigma of the average value

Energy Plane Calibration
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Mesh Deflection
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NEXT-HD Sensitivity

Sensitivity ( bt-yr)=15-1027 yr @ 90% CL
Sensitivity (10t -yr) = 3.0 - 1027 yr @ 90% CL

Half-life [yr]

1028 -

=

o
N
~

- Sensitivity (90% CL)
- Discovery Potential (99.7% CL)

Inverted Hierarchy

G ———— ——— e = e = = = = = T ————

10 20 30
Exposure [tonne yr]

40

24


https://doi.org/10.1007/JHEP08(2021)164

NEXT-Bold Sensitivity

Sensitivity ( b t-yr)=6-1027 yr @ 90% CL
Sensitivity (10t - yr)=1-1028 yr @ 90% CL
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Direct background substraction: (37

136 Xe-enriched
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Direct background substraction: (0v
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