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Why xenon gas? 
Key advantages for 0νββ searches



ENERGY RESOLUTION 3

Intrinsic resolution of xenon gas close to 0.3% FWHM at 2.5 MeV. 

366 A. Bofofnikov, B. Ramsey / Nucl. Insfr. and Meth. in Phys. Rex A 396 (1997) 360-370 
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Fig. 5. Density dependencies of the intrinsic energy resolution (%FWHM) measured for 662 keV gamma-rays. 

above 2-6 kV/cm depending on the density, it remains 
practically unchanged. At low densities, < 0.55 g/cm3, 
the resolution almost saturates to the same limit, deter- 
mined by the statistics of ion production, while at high 
densities, > 0.55 g/cm3, it continues to slowly decrease 
even at the maximum applied fields, but still remains far 
above the statistical limit. This is seen more clearly in 
Fig, 5 which gives energy resolution versus density meas- 
ured for 662 keV gamma-rays at a field of 7 kV/cm. 
Below 0.55 g/cm3 the resolution stays at a level of 0.6% 
FWHM (statistical limit), then, above this threshold, it 
starts to degrade rapidly, and reaches a value of about 
5% at 1.7 g/cm”. Such degradation of the energy resolu- 
tion above 0.55 g/cm3 was observed previously in 
Ref. [3-53 and explained with the d-electron model, 
originally proposed to explain the poor energy resolution 
measured by others in liquid Xe [13]. According to this 
model, the degradation of the energy resolution is caused 
by the fluctuations of electron-ion recombination in 6- 
electron tracks. For intense recombination, which would 
give large fluctuations, a particular density of ionization 
must be reached. These conditions would appear first in 
the tracks produced by low-energy S-electrons. The 
fluctuations in the number of such tracks, which are 
governed by the statistics of the a-electron production, 
determine the intrinsic resolution. As the density in- 
crease, the ranges of the &electrons become smaller, and 
the conditions for strong recombination occur in tracks 
produced by S-electrons with ever higher energies. In 
other words, the average number of tracks with high 
recombination rate should increase with density even if 
the recombination rate itself saturates at high densities. 

This can be illustrated by comparing the density depend- 
ence of the intrinsic energy resolution and changes in the 
slope of l/Q versus log(E), i.e. coefficient B in function (l), 
which characterizes the recombination processes (see 
Figs. 5 and 6). Below 1.4g/cm3, the energy resolution 
almost follows the dependence of B. At higher densities 
B saturates, or even starts to decrease, while the intrin- 
sic energy resolution continues to degrade. The latter 
fact shows that at high densities the resolution is deter- 
mined by fluctuations in the number of tracks with high 
density ionization, rather than fluctuations in recombi- 
nation. 

Another interesting question is the origin of the step- 
like behavior of the resolution around 0.55 g/cm3 (see 
Fig. 5). The location of the step precisely coincides with 
the threshold of appearance of the first exciton band, 
which is formed inside a cluster of at least 10 atoms due 
to density fluctuations in dense Xe [S]. Delta-electrons 
interact with whole clusters to produce an exciton or free 
electron. This could be an additional channel of energy 
loss that would result in a sharp decrease in size of the 
a-electron tracks and, consequently, in a sharp rise of the 
number of tracks with high density of ionization above 
0.55 g/cm3. 

A similar behavior of the intrinsic resolution was ob- 
tained for all other energies used in these measurements 
(0.3-1.4 MeV). Below 0.55 g/cm’, the intrinsic energy res- 
olution saturates to its statistical limit, determined by 
(FW/E,)“‘, if a sufficiently high electric field is applied, 
and starts to degrade above 0.55 g/cm” even at high 
fields. Fig. 7 shows the dependence of the intrinsic resolu- 
tion (%FWHM) on the energy of gamma-rays plotted as 

Bolotnikov and Ramsey, NIM A 396 (1997) 360–370
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Figure 16: Energy resolution in the high-pressure xenon NEXT-DBDM elec-

troluminescent TPC: Data points show the measured energy resolution for 662 keV

gammas (squares), ⇠30 keV xenon X-rays (triangles) and LED light pulses (circles) as a

function of the number of photons detected. The expected resolution including the in-

trinsic Fano factor, the statistical fluctuations in the number of detected photons and the

PMT charge measurement variance is shown for X-rays (dot dot dashed) and for 662 keV

gammas (dot dot dot dashed). Resolutions for the 662 keV peak were obtained from 15.1

atm data runs while X-ray resolutions we obtained from 10.1 atm runs.

100, we investigated the resolution dependence on the drift electric field at

10 atm. Figure 17 shows no discernible dependence in the 0.16-1.03 kV/cm

region investigated.
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ENERGY RESOLUTION: ELECTROLUMINESCENCE 4

Electroluminescence (EL): ionization charge ➜ vacuum-ultraviolet photons 
High-gain, low-noise amplification for optimal energy measurement.
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ENERGY RESOLUTION: RECENT RESULTS 5

<1% FWHM at Qββ achieved in large detectors.  
Performance validated across full energy range.

NEXT Collaboration, arXiv:2511.02467 (2025)

J. Hikida et al.

Fig. 3. 180L-size prototype components.

Fig. 4. Photon count spectrum. The low entries below 3ω105 photon count correspond 
to the down sampling for low energy event.

Fig. 5. Extrapolation of energy resolution to 0𝜔𝜀𝜀 Q-value. Photoabsorption of 𝜗-ray 
peaks is used for the extrapolation. Red and green line represent the extrapolation 
results with the functions 𝜛⌋𝜚 and 𝜛⌋𝜚 + 𝜍𝜚2, respectively.

Fig. 6. Deconvoluted track of electrons of about 2615 keV. Short track on upper side 
is a photoelectron from characteristic X-ray. Long track at the center is a photoelectron 
from 𝜗-ray of 208Tl.

Fig. 7. Chamber of the 1000L-size detector. Size of the chamber is 1.0 m diameter 
and 1.5 m length.
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background. For example, the 511 keV peak has a resolution of 9.5 keV, and the 860 keV

peak has a resolution of 14 keV, so both peaks are fully separated from the X-ray, 30 keV

to the left. Finally, the complementary error function (sharing the same mean and width as

the main Gaussian) models the low-energy edge produced by multiple Compton interactions,

while the constant term represents the residual flat background beyond the peak.

Figure 6: Plot of energy resolution R FWHM in percentage as a function of the peak

energy, shown together with the fitted curve and the corresponding residuals. In the legend,

the fit results are also shown.

The energy resolution, expressed as FWHM/µ in percent for each peak, is shown as a

function of energy in Figure 6, together with the corresponding fit and residuals.

The data were fitted with the function

R(E) =

√
s2

E
+ i2,

where the first term accounts for stochastic fluctuations that contributes to the energy

resolution, while the second term represents the intrinsic limit of the detector resolution

imposed by fundamental physical processes. In the equation, the term with
√
1/E2 was

neglected, since electronic noise is not expected to contribute significantly to the energy

resolution in this energy range. This assumption is supported by a test fit in which the

coe!cient of the
√
1/E2 term was found to be compatible with zero. The best-fit parameters

are s = (40.7± 0.3) keV1/2 % and i = (0.46± 0.03) %. From the fitted curve, the energy

resolution extrapolated to the Qωω value is

R(Qωω) = (0.939± 0.008)% FWHM.

5 Measurement of the 2615 keV ω Photopeak

Neutrinoless and two-neutrino double beta decay (ωω0ε, ωω2ε) events involve the emission

of two electrons from a single nucleus. In most cases, no additional tracks are produced (since

no de-excitation X-ray is emitted in this case, only the eventual emission of Bremsstrahlung
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TRACKING: 1 ELECTRON VS 2 ELECTRONS 6

Track topology: two blobs vs one → powerful background rejection

( )R. Luescher et al.rPhysics Letters B 434 1998 407–414 409

This design is similar to that used for the the
read-out planes of a larger TPC, MUNU, built to

ystudy n e scattering near a nuclear reactor. Moree
w xdetails can be found in a paper on that detector 6 .

The read-out electronics was not changed. The
w xarchitecture and functionality are described in 3 .

The anode signal, after integration, provides the
energy information. The signals from the x–y strips
are first fed into current-voltage preamplifiers, and
then into two level discriminators. The first level is
set below that of minimum ionizing particles, the
second one is 10 times higher. It fires where the
ionization density is high, for example at the end of
electron tracks and for a particles. The anode is
sampled at 8 MHz, the x and y strips at 2 MHz. The
spatial information along the z axis is reconstructed
from the time evolution of the signals. The x–z and
y–z projection of each event are recorded, as well as
the anode signal.

3. Detector performance

The advantage of a TPC lays in its tracking
capability, allowing event recognition and good

Fig. 2. A typical ‘two electron’ candidate: the xz and yz projec-
Žtion, as well as the extracted x – y projections in the lower

.frame are drawn. Scales are in cm. The time evolution of the
anode signal is displayed on the right. The bb-candidate exhibits
‘blobs’ at both ends of a continuous track.

Fig. 3. ba coincidence: a single electron track is followed by an
Žalpha emission with a characteristic drop-like track and fast

.anode pulse 28 ms later, at the same x and y position. Scales are
in cm. The beta event is emitted in the direction of increasing z,
defined as ‘up’.

background reduction. For instance, recorded events
are shown in Figs. 2 and 3: the x–z and y–z
projections, as well as the corresponding anode sig-
nal are displayed in the three upper frames; below,
the deduced x–y projection is drawn. The small and
large ‘pixels’ indicate the low and high local ioniza-
tion density, respectively, as given by the two level
read-out discrimination. The vertical z axis calibra-
tion relies on the time sampling of 2 MHz for the
strips signal: with a measured drift velocity of 1.29
cmrms, it corresponds to an effective vertical bin
size of 6.5 mm and points from the read-out plane to
the cathode. The zs0 time is defined by the leading
edge of the anode signal.
Fig. 2 shows a typical ‘two-electron’ candidate,

with blobs at both ends of the track. Fig. 3 depicts a
Ž .beta decay single electron, with one blob only in

coincidence with an alpha emission 28 ms later. The
characteristic track and anode pulse of the alpha
particle is due to the higher charge density. These
specificities are not only useful for good event selec-
tion, they also make it possible to search for the

Ž .origin of the background see Section 5 .
The energy measurement is obtained by integrat-

ing the digitized anode signal over the drift time. The

R. Luescher et al., Phys. Lett. B 434 (1998) 407–414

Figure 11. Experimental detector data events in the 1.6 MeV double escape peak region after
topological classification. Top two rows: e

�
e
+ candidates; bottom two rows: background candi-

dates.

– 19 –

Figure 11. Experimental detector data events in the 1.6 MeV double escape peak region after
topological classification. Top two rows: e

�
e
+ candidates; bottom two rows: background candi-

dates.

– 19 –
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TRACKING: 1 ELECTRON VS 2 ELECTRONS 7

ML algorithms: 92% background rejection at 80% signal efficiency

Monte Carlo

Data

Figure 9: Fits of the energy spectra of Monte Carlo simulation (top) and data (bottom)

near the double-escape peak of 208Tl at 1592 keV (see text for details). The fits are shown

using events passing a neural network classification cut of 0.0 (to obtain the total number of

signal and background events), 0.5 (the cut usually used in binary classification problems)

and 0.85 (the cut that was found to yield the optimal f.o.m.)

Figure 10: The signal acceptance vs. background rejection (left) and the figure of merit

(right). The curves labeled “fit” are traced out by varying the neural network classification

threshold and determining the fraction of accepted signal and rejected background using

the fit procedure described in the text, while the MC true labels are obtained using MC

labels as described in section 4.1.

– 16 –

NEXT Collaboration, JHEP 01 (2021) 189



TRACKING: EVENT POSITION AND TRACK MULTIPLICITY 8

Figure 6. Left: Normalized energy spectra of all simulated events after each selection cut is applied.
The shaded distributions correspond to the backgrounds events, while the 0⌫�� signal (whose
half-life is assumed to be 1027 yr for illustration purposes) is represented with solid lines. Right:
Track multiplicity for signal (blue bars) and background (green bars) events.

a non-negligible number of signal events reconstructed as having multiple tracks. The

energy of the electrons in signal events is su�cient in many cases to produce bremsstrahlung

photons that can then re-interact in the gas at a su�cient distance from the primary track

to be reconstructed as separate. This mechanism a↵ects both the track multiplicity and

reconstructed energy of signal events. Recovery of these events is not considered here, but

is part of wider studies.

The remaining single-track events are then checked for the two-blob condition. The

end-points of the tracks are identified as the two voxels at greatest distance from each

other along the track. The energy in spheres of radius 15 mm centred at those points is

integrated to give the blob energies. The blob energy is required to exceed a threshold chosen

optimizing the figure of merit "/
p
b, where " is the signal e�ciency and b is the residual

background. Figure 7 shows the blob energy distributions for all signal and background

events generated. The figure of merit indicates a threshold of 400 keV as the optimal for

the lower blob energy.

The subset of selected events is then reduced to those with energies falling in a region

of interest (ROI) around Q�� (between 2454 and 2471 keV) that optimizes the figure of

merit described above ("/
p
b) for this subset of the data. The events remaining in the ROI

are then used to calculate the acceptance factors: the ratio of events in the ROI to the total

simulated events. A set of unique acceptance factors are calculated for each background

source emanating from each detector component.

The acceptance factors are combined with the mass of each material and the expected

radioactive contamination to yield a background index. The mass of each detector component

– 12 –

NEXT Collaboration, JHEP 2021 (2021) 08, 164

Tracking also enables background suppression through fiducialization and multiplicity cuts.



Gas TPCs reconstruct electron kinematics ➜ probe decay mechanism in case of discovery

TRACKING: EVENT KINEMATICS 9

NEXT Collaboration, JHEP 07 (2025) 170

Figure 8. Mean (central lines), standard deviation (band widths) and error on the estimation of the
mean (error bars) of the reconstructed and generated average values cos ω (left) and T1 (right) for
di!erent voxel sizes, as a function of detector pressure. The plots assume a number n = 10 of signal
events in each toy dataset as a reference. For figure clarity, band widths for reconstructed average
values and 4 mm voxelization only are shown.

one where PSFs are computed exactly assuming a point-like nucleus, unlike our nominal
calculation where PSFs are calculated from approximate wave functions in a uniform nuclear
charge distribution [65].

Out of the 12 εDoBe variations explored, we find that the generation with a point-
like nucleus PSF assumption has a small di!erence with respect to the calculation using
approximate wavefunctions. In this case, the εDoBe-generated cos ω value is about 0.01 units
lower than the →0.28 value obtained with our nominal analysis. While appreciable, this bias
is in any case sub-dominant compared to the reconstruction angular biases (+0.14 at 10 bar
pressure and 4 mm voxelization). For T1, generator-level variations from the various εDoBe
assumptions yield variations within ↑ 1 keV, comparable to reconstruction biases and much
smaller than T1 resolutions for realistic numbers of signal events detected.

6 Summary and Conclusions

In this study, we demonstrate the statistical accuracy and precision in measuring the
electron kinematic observables in a future NEXT detector. Such observables could be used
to discriminate among neutrinoless double beta (0εϑϑ) decay contributions generated by
di!erent lepton number violating (LNV) mechanisms. Specifically, the distributions of
the opening angle between the two emitted electrons (cos ω) and their individual kinetic
energies (T1 and T2) vary significantly depending on the dominant LNV contribution to the
0εϑϑ-decay amplitude. Using realistic simulations, we show here that a xenon gas time
projection chamber complemented with vertex-tagging capabilities and su"cient readout

– 14 –



TRANSPARENCY TO HIGH-ENERGY GAMMA RAYS 10

Background rejection strategy does not rely on self-shielding ➜ No dependence of 
background index on detector size. Allows a scalable/modular approach.
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Figure 11. Event rate normalized by mass as a function of the vertex radial position in the detector
for signal (0νββ events) and background (208Tl and 214Bi decays). In the case of signal events,
the vertex corresponds to the emission point of the two electrons, while for background events it
indicates the interaction point of the high-energy background gamma entering the detector. The
drop in signal rate in the last 10 cm is an effect of considering only fully contained events and that
the approximate span of 0νββ events at the density considered is 10 cm.

that could make use, for instance, of the signal events rejected with the single-track cut
(see figure 6). An efficiency of 40% (compared to the ∼ 25% of our baseline scenario) would
increase the sensitivity of NEXT-1t by about 60%.

The baseline detector design described in this study uses 1230 kg of enriched xenon
gas (1109 kg of 136Xe). Alternative detector masses were also studied to investigate the
scaling behaviour. In addition to the default configuration, simulation sets were generated
for detectors with dimensions 2m in diameter and length (560 kg of enriched xenon) and
3m in diameter and length (1890 kg), and no strong dependence of background index on
detector size was observed. Therefore, within mechanical constraints, the detector design
could be scaled up without major consequences in terms of background. This can be
elaborated on further by studying the radial dependence of events, as shown in figure 11,
where we represent the event rate as a function of the vertex radial position. Both signal
and background events are uniformly distributed throughout the detector, since there is
no self shielding like that observed in detectors using liquid xenon. This also implies
that the gas phase detector utilizes a larger portion of total volume as an active detector.
The radial uniformity of background events within the active volume could also allow for
multiple independent detectors without the need for excess isotope, which is a major cost
factor in building such experiments. In principle, the exposure from several identical tonne
or multi-tonne detectors could be added to reach arbitrarily large exposures like those
reached in figure 10.

– 17 –

NEXT Collaboration, JHEP 2021 (2021) 08, 164



Technical aspects



DETECTOR CONCEPT 12

Current (left): asymmetric TPC with single drift volume. 
Future (right): symmetric layout with central cathode and two drift volumes.
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Figure 1. The NEXT detector concept in two di↵erent configurations. In the so-called asymmetric
design (left panel), the active volume of the detector consists of a single drift region, between cathode
(C) and gate (G), and a single EL gap, between gate and anode (A). An array of photosensors
behind the anode measures the start-of-event signal (S1) and the energy of the event (S2), whereas
track reconstruction is performed with the S2 signals registered by a matrix of small photosensors
placed behind the anode. The internal walls of the active volume are covered with reflective material
(e.g., PTFE) to improve light collection. In the symmetric design (right panel), the active volume
is divided by a central cathode into two identical drift regions equipped with an EL gap and a
photosensor array that measures both tracking and energy. Alternatively, the reflective walls can
be replaced by wavelength-shifting light guides coupled to photodetectors outside of the sensitive
volume.

to a central cathode that would divide the active volume into two identical drift regions

(see the right panel of figure 1). In this symmetric design, both ends of the chamber would

be equipped with an EL gap and a tracking array. These photosensors could measure as

well the energy, or, as another option, the reflective walls could be replaced with photon

detectors (e.g., wavelength-shifting light guides coupled to photosensors outside of the active

volume). Both the asymmetric and symmetric design configurations have pros and cons.

For example, for the same detector dimensions, the symmetric scheme roughly doubles the

number of electronic channels, but halves the maximum drift length, easing the requirements

on drift high voltage and gas purity.

Over the last decade, the NEXT Collaboration has proven the performance of the

HPXeTPC technology in the key parameters required for the observation of 0⌫�� decay. The

NEXT concept was initially tested in small, surface-operated detectors [24–28]. This phase

was followed by the underground operation at the LSC of NEXT-White [29], an asymmetric,

radiopure HPXeTPC containing approximately 5 kg of xenon at 10 bar pressure. The

results obtained with NEXT-White include the development of a procedure to calibrate the

detector using 83mKr decays [30], measurement of an energy resolution at 2.5 MeV better

than 1% FWHM [31,32], demonstration of robust discrimination between single-electron

and double-electron tracks [33], and measurement of the radiogenic background, validating

– 3 –



NEXT-100 13

Operating at the Laboratorio Subterráneo de Canfranc since 2024. 
Foundation for scaling to tonne scale.
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Fig. 9: (a) Energy plane of the NEXT-100 detector during assembly. The PMTs are coupled to the xenon pressure region
through sapphire windows. Copper covers were used during the pressure tests, and replaced by sapphire windows and coupled
PMTs during assembly. (b) Tracking plane of the NEXT-100 detector after assembly. 56 DICE-boards assembled on the
copper plate with PTFE masks on top. The EL gap is also assembled on top of the TP copper plate using HDPE brackets.
(c) 3D drawing of the PMT cap and the LED hole at the copper plate. (d) Drawing of the custom feedtroughs used for the
PMTs. (e) Kapton DICE-Board with SiPMs wielded. The thin layer of Kapton circuit ensures enough rigidity for assembly
and proper flexibility for the pigtail cables. (f) DICE-Board assembled on the tracking plane, with PTFE mask on top of it.

glue in between different Kapton layers of these circuits
was identified as the main source of radioactive impurities,
it was decided to have a single layer of Kapton in the DICE-
Boards (the frontmost side of the circuit) where the SiPMs
are soldered. However, the flexible tail that crosses through
the copper was kept with extra layers of Kapton, to protect

the lines from touching the copper because this part is par-
tially shielded from the detector by the ICS.

The reflectivity of the detector and the light collection in
the EP is maximized by placing PTFE masks of 6 mm thick-
ness (Fig. 9f) over the DICE-Boards. These masks have an
asymmetric hole of 6 mm→ 5 mm to ensure full light col-
lection of the SiPMs at the TP. Both Kapton DICE-Boards

PHOTOSENSORS 15
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Fig. 9: (a) Energy plane of the NEXT-100 detector during assembly. The PMTs are coupled to the xenon pressure region
through sapphire windows. Copper covers were used during the pressure tests, and replaced by sapphire windows and coupled
PMTs during assembly. (b) Tracking plane of the NEXT-100 detector after assembly. 56 DICE-boards assembled on the
copper plate with PTFE masks on top. The EL gap is also assembled on top of the TP copper plate using HDPE brackets.
(c) 3D drawing of the PMT cap and the LED hole at the copper plate. (d) Drawing of the custom feedtroughs used for the
PMTs. (e) Kapton DICE-Board with SiPMs wielded. The thin layer of Kapton circuit ensures enough rigidity for assembly
and proper flexibility for the pigtail cables. (f) DICE-Board assembled on the tracking plane, with PTFE mask on top of it.

glue in between different Kapton layers of these circuits
was identified as the main source of radioactive impurities,
it was decided to have a single layer of Kapton in the DICE-
Boards (the frontmost side of the circuit) where the SiPMs
are soldered. However, the flexible tail that crosses through
the copper was kept with extra layers of Kapton, to protect

the lines from touching the copper because this part is par-
tially shielded from the detector by the ICS.

The reflectivity of the detector and the light collection in
the EP is maximized by placing PTFE masks of 6 mm thick-
ness (Fig. 9f) over the DICE-Boards. These masks have an
asymmetric hole of 6 mm→ 5 mm to ensure full light col-
lection of the SiPMs at the TP. Both Kapton DICE-Boards

PMTs behind cathode ➜ currently used for t0 and 
energy measurement; high radioactivity 

SiPMs behind anode ➜ track reconstruction; 
higher coverage would enable energy 
measurement
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Replace PMTs with WLS fiber panels ➜ reduce background 
Increase SiPM coverage ➜ dual energy + tracking capability
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NEXT-100 uses photo-etched hexagonal stainless steel meshes.  
Large diameters require mechanically robust alternatives, such as the ELCC concept (AXEL).

Figure 4. Image of the NEXT-100 mesh with the 9 mm border and dowel pin holes. The mesh is etched
from a single sheet of stainless steel and is held via small tabs. After removal of the mesh from the tabs, the
sharp points of these tabs do not pose a breakdown risk as they are located inside the main ring frames.

2.2 Mesh support and tensioning frames

Each EL frame consists of two parts: a base ring for fixing the mesh and a tensioning ring to stretch
it. The choice of material for the rings was silicon bronze over stainless steel due to its mechanical
strength and radiopurity (described in Sec. 2.4).

Figure 5 shows a sketch of the tensioning procedure. A total of 180 dowel pins made of
phosphor bronze (CuSn8P) are inserted around the base ring which holds the mesh in place. The
photoetched mesh contains a 9 mm border with holes of the same diameter and location as the dowel
pins (see Fig. 4) which are placed on top of the dowel pins. A tensioning ring is then placed on top
of the mesh and incrementally screwed down (with 72 CuSn8P screws) until it fully contacts the
base ring. The lip of the tensioning frame presses down to slowly stretch the mesh. Feeler gauges
are used in the outer gap between the base and tensioning ring to control the uniformity around the
ring during each tightening increment. During tensioning, the rings are clamped down to the table
to prevent buckling of the thinner base ring until the gap is closed enough to distribute the tension
through the vented bolt and frame. This same design, but on a smaller scale, was used in prototype
form for the NEXT-CRAB-0 experiment [10].

The cathode for NEXT-100 follows the design of an EL frame but is designed for lower tension
due to the reduced local field strength (→2 kV/cm) compared with the EL (→20 kV/cm). The tension
applied was reduced by decreasing the tensioning lip size. This reduces the amount of frame
material required, which in turn o!ers a small radiopurity advantage.

Considerations were taken in the design to ensure that the silicon bronze frames would be able
to support the mesh tension su"ciently. Silicon bronze has slightly reduced mechanical properties
compared with stainless steel (Young’s modulus = 200 GPa and 115 GPa and yield strength =
230 MPa and 205 MPa for SS [22] and silicon bronze [23] respectively). The expected mesh
tension applied to the frames is estimated with the following formula:

3
2
↑
ω𝐿
𝐿0

↑ 𝑀 𝑁𝑂 , (2.1)

– 6 –

Overview of 180L prototype components 13

VUV PMT array

Field cage

Cockcroft-Walton generator
ELCC: 672 ch

Readout electronics: 56ch/board

High-density polyethylene cylinder

Oxygen-free copper

Aluminum for test
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Helium admixtures reduce diffusion ➜ better tracking 
3He offers potential to mitigate main cosmogenic background (137Xe)

R. Felkai et al. Nuclear Inst. and Methods in Physics Research, A 905 (2018) 82–90

Fig. 1. The top figure shows electron–xenon and electron–helium collision cross section vs. the electron energy as extracted from [13]. The Ramsauer minimum can be observed in the
xenon cross section (solid black) while the helium cross section (dashed red) remains stable below 10 eV. The bottom figure shows three energy distributions at 400 V/cm and 15 bar as
computed by Magboltz: one in pure xenon (black) and the two others (green and red) in HeXe mixtures. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

These simulations were done assuming the standard working condi-
tions in gaseous xenon-based 𝜔𝜔0𝜀 experiments, namely an operating
pressure of 15 bar and an electric field ranging from 300 V/cm to
500 V/cm in the drift region. Unlike the longitudinal diffusion, the
transverse diffusion is weakly affected by the electric field. The trans-
verse diffusion coefficient is shown on Fig. 2 as a function of the helium
concentration.

A transverse diffusion of 3.5 mm/
⌋
m is achievable with an admix-

ture of 10% of helium while 15% of helium lowers it to the level of
2.5 mm/

⌋
m which is not far from the limiting case of pure helium

diffusion in these conditions : 1.8 mm/
⌋
m. These values, which are less

than a factor two higher than the thermal limit, remain a considerable
improvement with respect to pure xenon.

These diffusion coefficients need to be considered in light of all
instrumental effects in EL TPCs such as NEXT. Both the root-mean-
square (RMS) spreads in the charge signals detected by the tracking
plane photo-detectors, and the mean bias in position reconstruction,
are relevant. The spatial distribution in the plane transverse to the drift
direction, and for a point-like energy deposition in the gas, is affected
by three factors:

• the transverse diffusion of the charge along drift, introducing the
RMS transverse spreads quoted above;

• the point spread function projected on the tracking plane due to
isotropic light emission from a line segment at a fixed 𝜗 ω ω𝜛
position within the EL region. A full Geant4 simulation, including
reflected light, has been performed for the currently operating
NEXT-White detector. In this case, for a 6 mm wide EL region
and a 8 mm distance between the center of the EL region and the
tracking plane, a 3.8 mm RMS transverse spread is obtained;

• the sampling of the point-spread function at the tracking photo-
detectors’ positions. For a lattice of SiPMs at a 10 mm pitch in the
𝜗–𝜛 plane, and conservatively assuming no light sharing between
neighboring SiPMs, a 2.8 mm mean bias in transverse position
reconstruction is obtained. This value should be taken as an upper
limit on the position resolution induced by the SiPM pitch. The
position bias is reduced by the effect of light sharing, and more
elaborate algorithms can provide amuch better transverse position
estimate [15].

As is apparent from the above numbers, and for a drift distance
of one meter, a 10%–15% admixture of helium successfully reduces
transverse diffusion effects to the same level of the RMS transverse
spread introduced by the detector optics, and to the same level of the
mean bias introduced by the SiPM pitch.

Fig. 2. Transverse diffusion coefficient vs. the helium concentration in a HeXe mixture
at 15 bar absolute pressure. Solid curves fitting the points are drawn to guide the eye of
the reader.

2.2. Longitudinal diffusion

The diffusion along the drift direction does not follow the same
pattern as the transverse one. Good descriptions of the longitudinal
diffusion in the absence of inelastic collisions can be found in Parker
and Lowke (1969) [16] and Skullerud (1969) [17]. To summarize, the
longitudinal diffusion is the summation of the purely thermal diffusion
and an effect arising from the enhanced velocity along the drift field
(‘drift velocity’). If the electron–atom collision frequency increases with
energy then, while drifting, the electron swarm tends to spread along
the drift direction due to thermal diffusion. Electrons in advance of the
charge centroid will have an above average speed, which will rise their
collision frequency hence reducing their instantaneous velocity due to
momentum transfer. Similarly, delayed electrons will experience fewer
collisions leading to a greater instantaneous velocity along the drift.
These concurrent effects will narrow the electron cloud and effectively
reduce the longitudinal diffusion. In the case where the electron–atom
collision frequency decreases with energy the effect described above is
reversed.

When looking at the longitudinal diffusion of xenon-based mixtures
one needs to remember that the elastic cross-section of xenon presents
a minimum at 0.6 eV due to the Ramsauer effect (Fig. 1). In the drift
region, the energy distribution is located around that minimum which

84
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Figure 6. Left : Rate of 137Xe activation expected as a result of the flux distribution of muon
energies from LNGS. Right : 137Xe expected per year in four di↵erent underground laboratory
locations and depths.

acceptance of 137Xe electrons into the signal sample is of order 1.65 ⇥ 10�4 [49] for a

symmetric ROI of width 22 keV at Q�� . Table 1 also shows the background index that

would be expected under these conditions.

Activation rate Background index

0% 3He 0.1% 3He 0% 3He 0.1% 3He

[ kg�1 yr�1] [ kg�1 yr�1] [keV�1kg�1yr�1] [keV�1kg�1yr�1]

LSC 1.72⇥ 100 1.79⇥ 10�1 1.29⇥ 10�5 1.34⇥ 10�6

LNGS 1.02⇥ 10�1 1.06⇥ 10�2 7.65⇥ 10�7 7.91⇥ 10�8

SURF 1.31⇥ 10�2 1.36⇥ 10�3 9.83⇥ 10�8 1.02⇥ 10�8

SNOlab 9.29⇥ 10�4 9.65⇥ 10�5 6.97⇥ 10�9 7.24⇥ 10�10

Table 1. 137Xe Activation rate expectations with various percents of helium 3 by mass and example
background indices given an analysis described in the text.

A detailed evaluation of radiogenic backgrounds for the tonne-scale NEXT-HD detec-

tor, and how they relate to the initial 137Xe background contribution estimated in Tab.1

right, is still underway. However, early estimates suggest that a successful experiment at a

relatively shallow location such as LSC would benefit from the addition of 3He to the gas.

At the multi-tonne scale, the background from 137Xe activation will become truly limiting,

and its mitigation via this approach or others may become even more critical.

5 Economic viability

Two facts are widely known about 3He that should not be left unaddressed: 1) that is it

is expensive, and 2) that the supply is limited. These factors influence discussions of the

plausibility of, for example, practical nuclear fusion power based on 3He [50], which would

– 10 –

NEXT Collaboration, J. Phys. G 47 (2020) 7, 075001



Key Takeaways



SUMMARY 20

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

• Photon detection 

• Gas mixtures 

• Ba tagging and ion track detection 
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