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J. Rennere I. Rivillaj,b C. Rogeron L. Rogersf B. Romeoa,8 C. Romo-Luquee,9

E. Ruiz-Chólizw P. Sahariae F.P. Santosm J.M.F. dos Santosp M. Seemanna,l

I. Shomroniu A.L.M. Silvak P.A.O.C. Silvap A. Simóne S.R. Soletia,b M. Sorele
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vación en Qúımica Avanzada (ORFEO-CINQA), San Sebastián / Donostia, E-20018, Spain
kInstitute of Nanostructures, Nanomodelling and Nanofabrication (i3N), Universidade de Aveiro,

Campus de Santiago, Aveiro, 3810-193, Portugal
lDepartment of Physics, Universidad del Pais Vasco (UPV/EHU), PO Box 644, Bilbao, E-48080,

Spain
mLIP, Department of Physics, University of Coimbra, Coimbra, 3004-516, Portugal
nCentro de F́ısica de Materiales (CFM), CSIC & Universidad del Pais Vasco (UPV/EHU), Manuel

de Lardizabal 5, San Sebastián / Donostia, E-20018, Spain
oDepartment of Physics and Astronomy, Manchester University, Manchester. M13 9PL, United

Kingdom
pLIBPhys, Physics Department, University of Coimbra, Rua Larga, Coimbra, 3004-516, Portugal
qDepartment of Chemistry and Biochemistry, University of Texas at Arlington, Arlington, TX

76019, USA
rDepartment of Applied Chemistry, Universidad del Pais Vasco (UPV/EHU), Manuel de Lardizabal

3, San Sebastián / Donostia, E-20018, Spain
sDepartment of Physics and Astronomy, Iowa State University, Ames, IA 50011-3160, USA
tInstituto Galego de F́ısica de Altas Enerx́ıas, Univ. de Santiago de Compostela, Campus sur, Rúa
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Abstract:

The NEXT collaboration is investigating the double beta decay of 136Xe using high-

pressure gas electroluminescent time projection chambers, which provide excellent energy

resolution together with a robust topological signature. Operating at the Laboratorio

Subterráneo de Canfranc (LSC) and building on the success of the NEXT-White detector,

the NEXT-100 apparatus began commissioning in May 2024 and started operation with

xenon at a pressure of 4 bar in October 2024.

We report here the first results obtained with NEXT-100 using low-energy calibration

data from 83mKr decays, which allow mapping of the detector response in the active

volume and monitoring of its stability over time. After homogenizing the light response,

we achieve an energy resolution of 4.37% FWHM at 41.5 keV for 83mKr point-like energy

deposits contained in a radius of 425 mm. In a fiducial region representing the operating

conditions of NEXT-100 at 10 bar we obtain an improved energy resolution of 4.16% FWHM.

These results are in good agreement with that obtained in NEXT-White, and an E−1/2

extrapolation to Qββ yields an energy resolution close to 0.5% FWHM, well below the 1%

FWHM design target.

Keywords: Neutrinoless double beta decay, TPC, high-pressure xenon chambers, NEXT-

100 experiment, calibration.
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1 Introduction

Neutrinoless double beta decay (ββ0ν) is a putative rare nuclear decay that violates lepton

number conservation. An observation would unequivocally establish the Majorana nature

of the neutrino. Currently, the most stringent constraints on the half-life of this process

(T 0ν
1/2) are set by the KamLAND-Zen experiment at 2.23× 1026 yr (90% C.L.) for 136Xe [1],

and by the LEGEND-200 experiment at 1.9 × 1026 yr (90% C.L.) for 76Ge [2].

NEXT is a ββ0ν experiment searching for this decay in gaseous 136Xe using a High

Pressure Time Projection Chamber with ElectroLuminescent amplification (HPXeTPC-EL).

After a series of prototypes [3–6], the NEXT Collaboration operated NEXT-White [7], a

mid-scale HPXeTPC-EL holding ∼5 kg of 136Xe-enriched xenon at 10 bar hosted at the

Laboratorio Subterráneo de Canfranc (LSC). With NEXT-White, the Collaboration provided

a direct estimation of sub-percent FWHM energy resolution at Qββ [8, 9], demonstrated

the topological discrimination between single- and double-electron tracks [10–12], measured

the main backgrounds of the experiment [13, 14], obtained the first measurement of the

half life of the two-neutrino mode of the decay using a novel technique [15], and established

a limit on T 0ν
1/2 [16].

Following the success of its predecessor, the Collaboration built NEXT-100, a ∼10×
larger apparatus (by volume) that began operations in 2024 [17]. The detector was operated

with depleted xenon at a pressure of 4 bar, while its nominal operation at high pressure

(13.5 bar) is foreseen to begin in early 2026.
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Here we report the first results obtained during the calibration run with low-energy

events in NEXT-100. Following a procedure similar to the one employed in NEXT-White [18],
83mKr decays were used to characterize the detector in the active volume. This enabled the

mapping of the light response as a function of (x, y, z). The variations in (x, y) arise from a

combination of the dependence of the light collection efficiency due to variations on the

effective solid angle coverage, and from inhomogeneities in the electroluminescence (EL) field.

Variations along the longitudinal coordinate (z) originate mainly from electron attachment.

This method was also used to assess the performance of the detector at low energies

with point-like events, and to monitor its stability over time, allowing for a continuous

calibration of the detector during data-taking campaigns. These 83mKr calibrations allow

for the homogenization of the detector response, which plays a pivotal role in the overall

performance of the detector at high energies.

The article is structured as follows. In Section 2, we provide a brief description of the

NEXT-100 detector. In Section 3, we describe the data-taking campaign and the 83mKr

calibration procedure, and present the analysis of the detector response in the active volume.

In Section 4, we analyze the detector stability over the calibration run. In Section 5, we

evaluate the energy resolution obtained for 83mKr deposits and its variation over the active

volume. The results and conclusions are summarized in Section 6.

2 The NEXT-100 detector

NEXT-100 is a cylindrical HPXeTPC-EL instrumented with photosensor planes at each end

of the chamber. On one end, the energy plane hosts photomultiplier tubes (PMTs), used

to measure energy and the start time of the event. On the opposite side of the detector,

the tracking plane features an array of silicon photomultipliers (SiPMs), used to extract

topological information from the events. With an inner diameter of 98.3 cm, the detector

volume is divided into three regions with different electric fields by three stainless steel

meshes with hexagonal openings acting as cathode, gate and anode. The drift region,

bounded by the cathode and the gate, is 118.7 cm long. The EL region adjacent to the

drift region is a 0.97 cm long gap defined by the gate and the anode. The tracking plane is

located 15 mm away from the anode. The space between the energy plane and the cathode

defines the buffer region, a 24 cm long gap that prevents sparks between the cathode and

the energy plane and suppresses the production of unwanted electroluminescence in this

region. A scheme of the NEXT-100 detector is shown in Figure 1; a detailed description of

the NEXT-100 detector can be found in [17].

The energy plane is designed to hold 60 PMTs (Hamamatsu, model R11410-10), of

which 48 were fully operational during the data-taking period. 7 PMTs were not installed

as some surrounding components did not pass the quality test. The remaining 5 PMTs

yielded a bad signal, likely due to electronic issues, and were turned off. For the upcoming

high-pressure run, all 60 PMTs are expected to be operative. The tracking plane comprises

3584 SiPMs (Hamamatsu S13372-1350TE 1.3× 1.3 mm2), with just 4 of them offline. Each

PMT is housed in an individual vacuum-insulated capsule, optically coupled to the active

volume through a sapphire window. The PMTs are arranged in a hexagonal (honeycomb)

– 2 –



Figure 1: Schematic drawing of the NEXT-100 detector. Reproduced from [17].

pattern, while the SiPMs are mounted on modular boards each holding a matrix of 8 × 8

sensors in an square pattern, with a 15.55 mm pitch between adjacent sensors. The SiPM

array extends beyond the active area of the detector, avoiding dead regions.

2.1 Principle of operation

An ionizing interaction within the active volume produces two distinct signals: an initial

prompt scintillation flash (S1), detected by the PMTs on the energy plane, and a delayed

EL signal (S2), generated by ionization electrons after they reach the EL region. These

electrons drift toward the gate thanks to a moderate drift field (of the order of 100 V/cm)

at a velocity of the order of 1 mm/µs and enter the EL region, where they are accelerated

by an intense electric field (tens of kV/cm), producing a second flash of light. The ∼172 nm

photons emitted by xenon (both S1 and S2) are wavelength-shifted to the visible range by

a thin layer of tetraphenyl butadiene (TPB) vacuum-deposited on the inner surfaces of the

detector, including the SiPM boards, sapphire windows, and the polytetrafluoroethylene

(PTFE) panels lining the walls of the TPC. The resulting blue light is detected by both

planes. In the tracking plane, the light pattern is focused near the production point, allowing

for the reconstruction of the charge distribution in the traverse plane (x, y). On the other

hand, the light detected by the energy plane is more diffuse, which allows to integrate a

larger fraction of the emitted light, providing an accurate measurement of the deposited

energy. The combination of the (x, y) position provided by the SiPMs and the drift time,

defined as the delay between the S1 and S2 signals, enables full 3D reconstruction of the

ionization track.
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The two key features that allow NEXT-100 to effectively suppress background events

are: (1) its excellent energy resolution, expected to be better than 1% FWHM at Qββ,

and (2) its capability for topological discrimination between signal-like events (two-electron

tracks) and background events (single-electron tracks). Signal events typically exhibit two

energy depositions, or blobs, located at the ends of the track, corresponding to the Bragg

peaks of each electron. In contrast, background single-electron tracks produce only one

such blob. This distinctive topological signature serves as a powerful handle for background

rejection.

3 83mKr calibration

We calibrated the NEXT-100 detector using 83mKr decays, following a similar methodology

as applied previously to the NEXT-White detector, described in detail in [18]. 83mKr is

generated via the decay of the radioactive isotope 83Rb, which has a half-life of 86.2 days.

The 83Rb source, embedded in small 1 mm-diameter zeolite balls [19], is housed within a

dedicated branch of the gas circulation system. 83mKr isotopes emanate from the zeolite

and are continuously injected into the xenon gas stream, where they mix homogeneously

with the xenon and diffuse into the active volume of the detector [17].
83mKr decays via two consecutive internal conversion processes. The first, with a

half-life of 1.83 hours, dominates the decay dynamics; the second, much faster, occurs on a

timescale of 154.4 ns. The decay deposits a total energy of 41.5 keV in a very short spatial

range, allowing to treat it as point-like and providing an ideal mono-energetic calibration

source to map the detector response.

3.1 Operational conditions

The 83mKr datasets analyzed in this study were acquired during June - September 2025.

The main operational parameters during data taking are summarized in Table 1.

Pressure 4 bar

Temperature 22.5◦C

Cathode voltage 23 kV

Gate voltage 8.8 kV

Drift field 120 V/cm

Reduced EL field 2.27 kV/cm/bar

Table 1: Operational parameters during data taking.

3.2 Data acquisition and processing

The DAQ system in NEXT operates in dual-trigger mode, with one trigger typically

focusing on low-energy events (83mKr-like), and the other on high-energy ones. This enables

simultaneous data-taking for both 83mKr calibration and physics data. 83mKr events are
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triggered when the signal in a central PMT exceeds a predefined threshold of 2 ADC

counts for a time span of [0.5, 20] µs, allowing for a 400-µs-long drop below threshold.

The pulse height must be below 100 ADC counts and have an integrated charge in the

range (1000, 15000) ADC counts. These conditions map roughly to the energy range (5,

100) keV and is designed to search for S2-like pulses. PMT waveforms are digitized at

25 ns sampling intervals over a buffer window of 2000 µs. An example of a PMT-averaged

waveform containing a 83mKr event candidate is shown in Figure 2. The PMT front-end

electronics produces a bipolar signal that is processed offline using a Baseline Restoration

(BLR) algorithm to retrieve the unipolar signal produced by the PMT [20]. The SiPM

waveforms, sampled at 1 µs intervals, are zero-suppressed in real time by the DAQ system

to reduce the data throughput.

Figure 2: Averaged PMT waveform containing a 83mKr event candidate. The small first

peak at t ≈1050 µs corresponds to the S1 signal; a zoomed-in view in shown in the inset

axis. In this example, the S1 amplitude is about 3 times larger than the standard deviation

of the electronic noise. The second, larger peak at t ≈1600 µs corresponds to the S2 signal.

The gain and pedestal noise of the PMTs are monitored weekly using dedicated sensor

calibration runs with an array of blue LEDs installed on the tracking plane. Similarly, the

SiPMs gain and noise are measured using a complementary LED system located on the

energy plane. The SiPM and (BLR-processed) PMT waveforms are converted from ADC to

photoelectrons (pe) using these calibration constants. Once calibrated, the PMT waveforms

are summed to form a global waveform for each event. The left panel of Figure 3 shows a

BLR-processed, PMT-summed waveform of a 83mKr event candidate, centered around the

S2 pulse, which has a Gaussian shape.

Signal identification is performed on the summed PMT waveform. These waveforms are

scanned twice to look for S1 and S2 signals independently. S1s are searched up to the trigger

time, while S2s are searched over the full waveform. 83mKr S1 and S2 pulses are vastly

different in terms of their width, height and amplitude: S2s are wide and high pulses, while

S1s are narrow and low-amplitude peaks. Thus, a signal is classified as S2 if the waveform

deviates from the baseline more than 0.5 pe for a time span greater than 4 µs. In contrast,
83mKr S1 signals can be masked by the intrinsic PMT noise and periodic oscillations of
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Figure 3: Left: calibrated PMT-summed response of a 83mKr event candidate zoomed in

on the S2 pulse. Right: time-integrated SiPM response of a 83mKr event candidate.

the baseline. Therefore, the S1 peak search is performed by looking for deviations of the

waveform from a local estimation of the baseline. This local estimation is obtained using a

moving average window of 2.5 µs, which accounts for small-scale fluctuations in the baseline.

A peak is classified as S1 if the waveform deviates at least 0.1 pe from the local baseline for

a time span between 0.125 µs and 1 µs.

Each peak reconstructed is further processed to obtain some basic information about

the pulse, such as width and integrated PMT signal. The reconstructed 83mKr events

display a mean S1 integrated signal of ≈9.6 pe, while the S2 signal yields around 8500

pe. The S2 SiPM information is used to compute the center of gravity (barycenter) of the

tracking plane response, providing an (x, y) reconstruction of the S2 pulse. Only SiPMs

with a response above 10 pe are considered. The right panel of Figure 3 shows a typical

SiPM response of a 83mKr event candidate. By comparing the S1 and S2 times, we obtain

the drift time, which is used to determine the z position, achieving a full 3D reconstruction

of the energy deposit. For each event, all possible S1–S2 peak pairs are generated.

3.3 Data selection

In order to minimize reconstruction bias, the peak-finding parameters described above are

highly relaxed. This is particularly critical in the case of S1 signals from 83mKr decays,

which are at the limit of our reconstruction capabilities. To disregard S1 misidentification

and associate the true S1 signal with the corresponding S2 peak, we exploit the correlation

between the drift time and the longitudinal dispersion [21, 22] of the S2 peak resulting from

electron diffusion during their drift toward the EL region. Figure 4 displays the standard

deviation in drift time of the S2 pulse as a function of drift time for all S1-S2 pairs in a

dataset. A clear band is observed, corresponding to physical 83mKr decays where the S1 is

correctly linked to an S2 signal. In turn, the faint homogeneous background in this Figure

corresponds to misidentified S1 peaks or erroneously associated S1-S2 pairs. The hotspot

on the top-left corner corresponds to fluctuations in the raising edge of the S2 signal which

are reconstructed as S1 signals.
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Figure 4: S2 time standard deviation as a function of drift time. Events with a single S1

and S2 falling within the band defined by the two lines are selected as 83mKr candidates.

We select S1-S2 peak pairs within the band defined by the red lines shown in Figure 4.

After this band selection, the fraction of pairs with only one S1 signal is above 80%. The

fraction of events with one S2 signal is close to 100%. In order to increase the purity of the
83mKr sample, only events with a single S1-S2 peak pair are retained. This criterion ensures

a robust identification of the true S1 signal and, consequently, an accurate measurement of

the drift time.

3.4 Estimation of the drift velocity

The distribution of drift times for the selected 83mKr events is shown in the left panel of

Figure 5. We expect a uniform event population in the active volume. The fact that it is

not entirely homogeneous can be attributed to two main causes: (1) a lower S1 detection

and selection efficiency at short drift times due to the lower geometrical acceptance, and

(2) a lower trigger and reconstruction efficiency for events at long drift times due to

the spread of signal due to diffusion. The observed detection and selection inefficiencies

are consistent with our observations in the Monte Carlo simulation and have also been

observed in NEXT-White. The trigger and reconstruction effects have been confirmed by

an independent analysis using a random trigger run.

The drift velocity in the detector is measured by analyzing the upper cutoff of the drift

time distribution, which corresponds to depositions near the cathode. The distribution in

this region is fitted to a sigmoid function to accurately determine the maximum drift time,

td,max, defined as the inflection point of the sigmoid. Knowing the physical drift length of
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Figure 5: Drift time distribution of selected events (left), and a zoomed-in view of the end

of the drift-time interval (right), with a sigmoid fit used to extract the drift velocity.

the chamber, Ldrift = (1187 ± 2) mm [17], and the average time taken by an electron to

traverse the EL gap, tEL = (1.783± 0.028) µs, the electron drift velocity is computed as

vd =
Ldrift

td,max − tEL/2
.

The factor tEL/2 accounts for the fact that the drift time is computed from the maxi-

mum height of the S2 peak, which occurs at the center of the EL gap. tEL was com-

puted from the size of the EL gap, dEL = (9.70 ± 0.15) mm [17], and the drift veloc-

ity in the EL region computed from MAGBOLTZ [23]. The right panel of Figure 5

shows the distribution of events near the cathode and the corresponding fit to a sig-

moid. We obtain td,max ≈ 1370.7 µs which results in a drift velocity vd = (0.867 ±
0.001) mm/µs. This result is in agreement to the one performed with alpha parti-

cles during the commissioning run [17], and both numbers are ≈2.6% higher than the

MAGBOLTZ prediction for xenon at 4 bar under the applied electric field conditions:

vd,MB = (0.8455 ± 0.0072) mm/µs. Note, however, that other measurements with previous

NEXT detectors were also consistently higher than the MAGBOLTZ prediction [22, 24, 25].

This could potentially be explained by an increase in the drift field in the vicinity of the

cathode and gate meshes.

3.5 Detector response

The amount of light collected for a 83mKr event depends on its location on the (x, y) plane

due to geometrical variations in light collection efficiency across the EL plane, and on its

drift time td (or, equivalently, the coordinate z = vd · td) due to electron attachment effects.

As demonstrated in [17], the electron lifetime is much longer than the maximum drift time

and therefore its associated correction is small. Furthermore, the measurement of the (x,y)

response depends also on the drift coordinate due to electron diffusion. A pointlike energy

deposition near the cathode produces an electron cloud with a dispersion of ∼30 mm in

(x,y) and ∼7 mm in z. Therefore, the response contains a range of geometrical acceptance
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factors, and the events at longer drifts are susceptible to electron losses to the TPC walls,

particularly at high radii. To characterize these spatial dependencies, we compute the

average S2 signal registered by the PMTs in voxels of 10× 10× 118 mm3 across the (x, y, z)

volume. Figure 6 displays the average S2 energy as a function of (x, y) for different ranges

in z, which is effectively a map of the S2 detector response in the active volume.

Figure 6: Average S2 signal for 83mKr events as a function of the (x, y) position for different

ranges of z. These maps can be interpreted as the S2 detector response in the full active

volume.

In this map, we observe a clear radial dependence of the S2 light yield, while it is fairly

symmetric in the azimuthal coordinate. Moreover, the response remains relatively uniform

within a radius of 300 mm but gradually decreases beyond this region. At the same time,

the map features wide square regions of higher response interleaved with narrow regions

of lower response. This pattern matches the boundaries of the SiPM boards, and is also

visible in our Monte Carlo simulation. Hence, we attribute this effect to the difference in

reflectivity between the TPB-coated surfaces of the SiPM boards and the gaps between

them. The difference in response becomes less pronounced for longer drift times, consistent

with the increased spatial spread of the electron cloud due to diffusion, which diminishes

the contribution of these features.

These maps are produced on a run-by-run basis, each period typically lasting ∼24 h,

with approximately 2 · 106 events selected for this process. Each voxel had a sample size of

∼30 events for a statistical uncertainty on the average energy of ∼0.3%. As discussed in

Section 4, the stability of the maps allows us to combine measurements from consecutive

runs, which further improves the uncertainty below 0.1%. Therefore, the contribution of

the energy corrections to the energy resolution is at most 0.25% FWHM.

4 Detector stability

83mKr calibrations were used to monitor NEXT-100 over long periods of time. The detector

has demonstrated excellent operational stability during this initial data-taking period. The

main quantities that are tracked are: (1) the integrated S1 signal, which does not depend

on the configuration of the drift or EL fields; (2) the integrated S2 signal, which provides
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(5)

(4)

(3)

(2)

(1)

Figure 7: Time evolution of several monitoring variables in the detector. From top to

bottom: (1) average S1 signal for events near the cathode; (2) average 83mKr S2 signal after

corrections; (3) electron lifetime; (4) integrated tracking-plane response for events near the

anode; and (5) drift velocity.
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a measure of variations in EL amplification; (3) the electron lifetime, which serves as an

indicator of the gas purity; (4) the integrated tracking plane light signal for events near

the anode, to estimate the stability of the SiPM response; and (5) the drift velocity, which

allows us to monitor the drift field. Here, the electron lifetime describes the process of

electron attachment, which reduces the amount of electrons reaching the EL amplification

region following an exponential law:

NEL = N0 · e−td/τ ,

where N0 and NEL are the number of electrons produced and reaching the EL region,

respectively, td is the drift time, and τ is the electron lifetime.

The top panel of Figure 7 shows the evolution of the average S1 light yield, from 83mKr

events near the cathode as a function of time. The second panel of the same figure shows

the temporal evolution of the average S2 signal after corrections. Both S1 and S2 quantities

exhibit a mild S2 variation of ≲ 2% over this three-month period. As both quantities exhibit

the same trend and variation rate, we conclude it is unrelated to the EL amplification

process. Moreover, since the SiPM response in the fourth panel (also related to the light

yield) is rather flat, we attribute this effect to a slow drift in the PMT gain.

The third panel shows the evolution of the electron lifetime, τ , as a function of time.

The lifetime improved monotonically during the first half of this period. Subsequently,

gas circulation was paused twice to insert a gamma source for a high-energy calibration

campaign. These pauses temporarily deteriorated the gas purity, but the previous level

was recovered after a few days of purification. Xenon purity then reached a plateau with

an electron lifetime of approximately 41 ms. This represents an improvement by a factor

of ≈4 with respect to NEXT-White [15]. Moreover, and in contrast to NEXT-White, in

NEXT-100 we do not observe a strong dependence of the electron lifetime on (x, y), and any

minor variations are factored in the 3D map described in Section 3.5. This measurement

with 83mKr decays yields a value a factor of two lower than our measurement with alpha

particles in [17]. The latter, however, was performed during the commissioning period, using

an ambient-temperature (cold) gas purifier, whereas the present measurement employs a

heated purifier. A subsequent electron lifetime measurement with alpha particles, using

hot-getter gas purification, is consistent with the current result based on dKr ecays.

The fourth panel shows the evolution of the integrated tracking-plane response. Small

variations, below 1.5%, are attributed to variations in the event distribution combined with

the inhomogeneities in the tracking plane response. Finally, the bottom panel displays the

drift velocity, computed as described in Section 3.4, and shows a remarkably consistent

value over time, confirming the excellent stability of the detector.

Furthermore the response maps discussed in Section 3.5 are also monitored. A map

is produced for each 24-hour run. Figure 8 shows the ratio between the response maps

obtained for three different runs and a response map obtained at the beginning of this

data-taking period (04/06/2025). These runs were taken approximately one month apart.

Small variations (≲ 1%) were observed over on the time scale of ∼1 month. The main

contribution to these variations is the change in the overall scale of the detector response as
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Figure 8: Variation over time in the response map with respect to a run taken on

04/06/2025. The title in each panel indicates the date of data taking for each run.

shown in the second panel of Figure. 7. Minor local (x,y,z) variations were also observed

over these long time scales. This continuous 83mKr calibration of the detector allows to

compensate for these effects and extract the maximum performance.

5 Performance

Energy resolution is one of the most critical parameters of the NEXT technology. In order

to estimate it from 83mKr decays, raw S2 signals are corrected by the spatial variations in

the detector response using the procedure described in Section 3. The map used in this

analysis was computed with an independent data sample, from the previous run.

The corrected energy is computed using the expression

E =
S2

S0(x, y, z)
· E0,

where S2 is the uncorrected S2 signal in pe, E0 = 41.55 keV is the known energy deposited by

a 83mKr decay, and S0(x, y, z) is the average energy of 83mKr events from the corresponding

voxel of the energy map shown in Figure 6. The (x, y) coordinates of each decay were

estimated from the barycenter of the SiPM signals, and the z coordinate from the difference

between S1 and S2 times, as described above.

A normal distribution of width σ and mean µ is fitted to the energy spectrum, from

which we extract the energy resolution expressed in FWHM as R =
√
8 ln 2 σ/µ.

As a result of the inhomogeneities in the detector response, the energy resolution

depends on (x, y, z). The dominant factor is the steep variation of the light collection

efficiency close to the walls of the TPC. This is illustrated in Figure 9, where we display

the energy resolution as a function of the radius for the entire active volume. A clear

degradation is observed above R > 425 mm; hence, in the subsequent analysis, only events

with R < 425 mm are considered.

The energy resolution also depends on the drift time (or conversely, on z). In this

case, multiple factors contribute to its degradation. First, the transverse electron diffusion
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Figure 9: Energy resolution for 83mKr events as function of the radial position. A steep

degradation is observed for R > 425 mm.

increases the size of the ionization cloud amplified in the EL region. Larger fluctuations in

the number of collected photons are therefore expected, since they were emitted from regions

with different light collection efficiencies. Second, due to the longitudinal electron diffusion,

the time span of the S2 signal increases for longer drift times. The longer integration

windows needed to fully measure the event energy accumulate larger noise fluctuations,

worsening the energy resolution. This is illustrated in the left panel of Figure 10, where

we show the standard deviation of the integrated noise (black circles) as a function of the

integration window. The translation into drift time and energy resolution is also displayed

as secondary axes. The fluctuations on the integrated noise grow faster than the square

root law expected for white noise (green squares), which is attributed to a noise correlation

between multiple PMTs. A third contribution comes from the finite electron lifetime.

Although it is much longer than the drift time, the number of ionization electrons decreases

with the drift time, which increases the fluctuations.

Note that, of these contributions, the first one will be significantly reduced at the

nominal operating pressure of NEXT-100 (13.5 bar), while the second becomes negligible at

higher energies, where the physics program of the NEXT experiment is focused.

The right panel of Figure 10 shows the energy resolution for 83mKr events at R < 425 mm

as a function of the drift time. The black dots correspond to the raw values, while the

magenta squares have the noise contribution subtracted. A linear degradation of the energy

resolution with the drift time is observed. This trend is observed also in our Monte Carlo

simulation. This allowed us to determine that the source for this increase is electron diffusion

and the fluctuations it introduces in the number of photons detected due to the size of the
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ionization cloud.

Figure 10: Left: Standard deviation of the integrated noise as a function of the size of

the integration window. The translation into drift time and its contribution to the energy

resolution is displayed as a secondary x- and y-axis, respectively. Right: Raw (black) and

corrected (magenta) energy resolution for 83mKr events within R < 425 mm as a function of

the drift time. The energy resolution degrades at a constant rate as the drift time increases.

This run of the NEXT-100 detector at reduced pressure is not fully representative

of the standard operating conditions expected for the upcoming physics data-taking run.

Under realistic conditions — 13.5 bar pressure and a drift field of 200-400 V/cm — the

electron diffusion coefficient is expected to decrease by roughly a factor two. This reduction

allows for the definition of a fiducial volume with R < 425 mm and z < 605 mm, consistent

with the detector’s anticipated operating regime in the near future.

The left panel of Figure 11 shows the corrected energy spectrum of 83mKr events at

R < 425 mm. Superimposed on the histogram is a fit to a Gaussian function, from which an

energy resolution of 4.37% FWHM at 41.5 keV is extracted. In the aforementioned fiducial

volume (R < 425 mm and z < 605 mm) the energy resolution improves to 4.16%. The

statistical uncertainty in these measurements is negligible. This result represents a slight

improvement from the one previously obtained in NEXT-White using 83mKr calibration

data (4.55 % FWHM in the full volume) [18].

Assuming the energy resolution is dominated by photon-counting statistics, it is expected

to scale with energy as 1/
√
E. As demonstrated in NEXT-White, the reconstruction for

extended tracks introduces other terms to the energy resolution, worsening it slightly [9].

However, we take this extrapolation as a benchmark of the detector performance at high

energies. Following this extrapolation, the resolution at the Qββ value (2.458 MeV) improves

by a factor
√
E0/Qββ . Thus, the extrapolated energy resolutions at Qββ are 0.57% FWHM

in the full detector volume and 0.54% FWHM in the fiducial region. These values are well

below the sub-percent FWHM resolution target set in the detector design.

– 14 –



Figure 11: Energy spectrum after corrections of selected 83mKr events in the full volume

(left) and in a fiducial volume (right) defined by R < 425 mm and z < 605 mm. A Gaussian

distribution, shown as a red solid line, is fitted to the data yielding energy resolutions at

41.5 keV of 4.37% FWHM and 4.16% FWHM in the full and fiducial volumes, respectively.

6 Conclusions

We presented the first results obtained with the NEXT-100 detector operating at 4 bar

using 83mKr calibration data. Using the high-statistics 83mKr sample, we mapped the

detector response over the entire active volume, which are a combination of variations in

the light collection efficiency and losses due to electron attachment. From this, we derived

3-dimensional correction factors to homogenize the S2 detector response. After applying

these corrections to 83mKr data, we achieve an energy resolution at 41.5 keV of 4.37%

FWHM in the full detector volume, and 4.16% FWHM for 83mKr events within a fiducial

volume that represents the expected operational conditions of the physics run of the detector.

Extrapolating these results to the Qββ energy, we estimate an energy resolution close to

0.5% FWHM. Furthermore, the detector has demonstrated excellent stability during the

initial data-taking period with the PMT response varying ≲2% over a three-month period,

and a stable electron lifetime of ∼41 ms, much longer than the maximum drift time.

These results validate the performance of the NEXT-100 detector under initial operating

conditions and reaffirm the viability and stability of HPXeTPC-EL detectors for the search

for neutrinoless double beta decay.
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[24] NEXT Collaboration, V. Álvarez et al., Ionization and scintillation response of high-pressure

xenon gas to alpha particles, Journal of Instrumentation 8 (may, 2013) P05025.

[25] NEXT Collaboration, D. Lorca et al., Characterisation of NEXT-DEMO using xenon Kα

X-rays, Journal of Instrumentation 9 (oct, 2014) P10007.

– 17 –

http://xxx.lanl.gov/abs/2505.17848
http://xxx.lanl.gov/abs/2311.03441

