PROCEEDINGS

OF SCIENCE

Status of the NEXT experiment for neutrinoless double
beta decay searches

Carmen Romo-Luque for the NEXT Collaboration

Instituto de Fisica Corpuscular (IFIC), CSIC & Universitat de Valéncia,
Calle Catedratico José Beltran, 2, 46980 Paterna, Valencia, Spain

E-mail: Carmen.Romo@ific.uv.es

NEXT (Neutrino Experiment with a Xenon TPC) is a neutrinoless double beta decay experiment
located at the Laboratorio Subterraneo de Canfranc (LSC, Spain). Its aim is to demonstrate that the
neutrino is a Majorana particle by detecting the neutrinoless double beta decay process in xenon
gas enriched in the '3®Xe isotope. The detector technology used in NEXT is that of radiopure
high pressure time projection chambers with electroluminescence amplification, which provide
excellent energy resolution better than 1% FWHM in the energy region of interest, topological
reconstruction that allows rejecting single-electron background events and a strong potential for
“in situ” tagging of the barium daughter ion. The experiment has been developing in phases.
The NEXT-White detector has recently finished operation at the LSC and contained approximately
an active Xe mass of 5 kg. Its purpose was to demonstrate the excellent energy resolution, to
validate the reconstruction algorithms and the background model, and to make a measurement of
the two-neutrino double beta decay of '3®Xe.

The 100 kg NEXT-100 detector is under construction and is scheduled to be installed and assembled
by the first half of 2022. The predicted 90% CL sensitivity to the neutrinoless double beta decay
half-life will reach 10%° years for an exposure of about 400 kg - year.

A vigorous program towards the development of ton-scale detectors is also under way, including
extensive R&D towards the realization of in-situ Ba’* tagging as means to achieve virtually zero-
background detection. A first module with a mass of at least 500 kg may be operating as early as
2026 at the LSC.

In this manuscript, recent results obtained with the NEXT-White detector will be presented, as
well as the NEXT-100 construction status and on the prospects of future NEXT detectors.
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Status of the NEXT experiment for neutrinoless double beta decay searches

1. The NEXT experiment

The NEXT experiment is searching for the extremely rare Ov3 decay of '3°Xe using the tech-
nology of high pressure xenon gas (HPXe) time projection chamber (TPC) with electroluminescent
amplification (EL). The detection of this process would imply that the neutrino is a Majorana
particle and the total lepton number is not conserved, which could be related to the cosmological
asymmetry between matter and antimatter through a mechanism known as leptogenesis [1] [2].

When a double beta decay occurs, two electrons are emitted and interact with the Xe gas through
ionization and excitation. First, they excite xenon atoms, causing the emission of scintillation light
detected by an array of PMTs located behind the cathode in a time ty, and they ionize the gas and
take off electrons of the last layer of this. The electrons produced in the ionization process are
drifted by an electric field towards the anode, reaching the EL zone, where the electric field is more
intense. There, the electrons are accelerated emitting around thousand photo-electrons each, being
detected again by the PMTs at a time t;. The difference between the two times tg - t; provides the z
position of the track of electrons. The forward-moving EL photo-electrons are detected by a dense
array of SiPMs located behind the anode, where the signals are used for track reconstruction.

The NEXT program started in 2009 with NEXT-DEMO (IFIC, Valencia, Spain) and NEXT-
DBDB (Berkeley, California, USA), two prototypes holding 1 kg of xenon. They demonstrated the
robustness of the technology, the excellent energy resolution and its unique topological signal.

2. NEXT-White results

NEXT-White [3] represents the first radiopure, large scale demonstrator of the NEXT Exper-
iment. The detector contained 5 kg of xenon and had stable data taking from autumn 2016 to
summer 2021 at the LSC in Canfranc. Its main results include the validation of the technology in a
large-scale radiopure detector, background model assessment, reach an excellent energy resolution
and efficient topology discrimination between single and double-electron tracks and measure the
two-neutrino double beta decay of '*°Xe.

The energy resolution was measured at different energies using cesium and thorium calibration
sources and reached 0.91% at 2.6 MeV. Figure 1 left shows the energy spectrum measured by the
PMTs coming from the scintillation light from the EL region while Figure 1 right shows the fit of
the 228Th peak [4].
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Figure 1: Left: full energy spectrum from calibration data with 228Th and '37Cs sources. Right: energy
spectra of the 2?%Th energy peak.
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A plane of 1792 SiPMs was used to reconstruct the tracks of the particles within the detector.
The signature of a OvB( event in high pressure xenon gas consists of a single long track of constant
energy deposition with two larger energy depositions at the end points (‘blobs’). This behaviour
is unique to double beta decay and can be used to discriminate signal (double electron events with
two end-points of higher energy) from background (mainly single electron and typically more than
one track events with only one blob at one extreme).

Once the 3D hits were reconstructed and corrected by electron drift lifetime, geometrical effects
and time variations according to the data using the calibration source 83"Kr, a novel reconstruction
through Richardson-Lucy iterative deconvolution was performed to reduce the blurring induced by
the electron diffusion and EL light production. It provided a high definition image of the tracks,
increasing the background rejection factor and the signal efficiency [6] [5]. Figure 2 right shows the
topology of a 2vBf candidate from data that was studied in [6] via the Richardson-Lucy algorithm.
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Figure 2: Deconvolved 2 MeV 2vgp candidate using the Richardson-Lucy algorithm obtained during the
data taking of NEXT-White [6].

During the NEXT-White data taking, the background was measured using depleted xenon
(<3% of 136Xe). In order to compute the half life of the two neutrino double beta decay, the
NEXT technology offers the capability to perform a direct background subtraction by combining
136Xe-enriched and '%Xe-depleted data [5]. After this subtraction, an independent-background-
model fit was performed achieving a 2v8g half life of 2.34tg:§%(stat)i8:?g(sys) x 10?! years. The
background-subtracted 2vBf event energy spectrum is presented in Figure 3 left. To validate
this result, a second fit of the event energy was implemented, background model dependent.
There, the double beta candidates selected in the depleted and enriched xenon data taking, were
jointly fitted to the radiogenic background model as shows Figure 3 right, providing a half life of

2. 14‘:%'_258 (stat)’_'g'gg (sys) x 10?! years, demonstrating good agreement between the two fit strategies.

3. NEXT-100

The NEXT-100 detector started construction on 2021 in Spain and in USA and the assembly
is planned for the first half of 2022 at the LSC. The second half of the year will be devoted to
commissioning and calibration. The main goals comprise demonstrating the low background level
predicted by the detailed Monte Carlo simulations performed, which consists of 5x 107 c/keV/kg/y,
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Figure 3: Left: Background-subtraction 2vBg fit. The background subtracted data (black dots) with
its statistical errors are superimposed to the best-fit MC (yellow histogram). Right: Background-model-
dependent 2vf3g fit. Double beta-like event rates in enriched-xenon (top) and depleted-xenon (bottom)
superimposed to the best-fit MC, accounting for the radiogenic background contributions.

improve energy resolution to 0.5-0.7%, background model assessment and prepare the tonne-scale
[1].

NEXT-100 will scale up NEXT-White by a factor between 2 and 3 in dimensions, will increase
pressure from 10 bar to 15 bar and will incorporate a few improvements and changes concerning
mainly the tracking plane. The SiPMs will be changed from the SensL series-C to the S13372-
1350TE Hamamatsu with area 1.3 x 1.3 mm?, collecting 60% more light. Additionally, the distance
between SiPMs will be increased to 15 mm, in comparison with the 10 mm in the case of NEXT-
White. The copper shield will be thicker and there won’t be inner lead castle. As explained in [1],
NEXT-100 is expected to reach a sensitivity of about 6 x 10?° yr after a run of 3 effective years.

4. Tonne-scale R&D

The following step in the NEXT experiment is named NEXT-HD, the NEXT-tonne detector,
whose main goal will be to increase the isotopic mass of Xe to explore the inverted hierarchy region
of neutrino masses with a high-pressure xenon gas TPC. Backgrounds will be significantly reduced
by replacing PMTs with SiPMs and operating at low temperatures. In the previous detectors, the
electronics and the ceramic components of the PMTs are considered the main background sources.
Additionally, the dark noise of the SiPMs decreases at low temperatures. The tracking resolution
will increase by using a denser tracking plane with smaller pitch and reducing diffusion with gas
additives such as helium. Furthermore, new readouts are under study: the possibility of using
wavelength shifter optical fibers coupled to photosensors for ty and calorimetry or fast cameras for
tracking [7].

A second phase of the NEXT-tonne will incorporate barium tagging to reach a half life
sensitivity of 10?® years. When xenon decays neutrinoless double beta decay, it gives rise to the
barium atom plus the two electrons. If the daughter atom in the decay is detected in coincidence
with the event energy measurement, it would constitute a positive evidence of the Ov8 process [8].
The barium ion can be tagged with the use of single molecule fluorescence imaging [9].



Status of the NEXT experiment for neutrinoless double beta decay searches

S.

Conclusions

An overview of the NEXT experiment has been reported emphasizing the results of the NEXT-

White detector, which comprise the excellent energy resolution below 1 % at 2.6 MeV, the efficient

topology differentiation between signal and background events, the detailed background model
and the two different fits for the 2y lifetime. NEXT-100 is currently under construction with the
refinement focused in the tracking plane with respect to NEXT-White and afterwards the tonne-scale
detector will explore the entire inverted-hierarchy region of neutrino masses.
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