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Measure energy this end Measure topology this end



The NEXT Program
• Sequence of HPGXe TPCs, focused on achieving big, 

very low background xenon 0νββ detector

à NEXT-DBDM

à NEXT-DEMO

à NEXT-White

à NEXT-100

àNEXT-HD

àNEXT-BOLD

1800 SiPMs, 
1cm pitch 10 kg active 

region (10bar) 
50cm drift 

length

12 PMTs operating 
in vacuum (30% 

coverage)
SiPM

feedthroughs

HV Connections
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(Berkeley, US)

(Valencia, Spain)

(Canfranc, Spain)

(Canfranc, Spain)

NEXT-White operating now
Full underground technology demonstrator 

@10kg scale



Vessel
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• 1) Energy resolution

• 2) Topology 

• 3) Low background 
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Demonstrating HPGXe
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Fluctuation-less EL gain and low Fano
factor produces resolution comparable 
with solid-state technologies in a 
monolithic TPC experiment

CUORE

SNO+

GERDA

KZ
EXO-200

NEXT-NEW

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 
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Demonstrating HPGXe

• 1) Energy resolution

• 2) Topology 

• 3) Low background 
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Initial results on energy resolution of the NEXT-White detector 
JINST 13 (2018) no.10, P10020 
Energy calibration of the NEXT-White detector with 1%  FWHM resolution near Qββ of 136Xe
JHEP 1910 (2019) 230 

Energy 
calibrations 
and stability 
still improving: 
presently sit at 
~1% at Qbb
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0nubb

Gamma rays and betas

Fluctuation-less EL gain produces resolution 
comparable with solid-state technologies in a 
monolithic TPC experiment

Lower density allows powerful single-vs-multi 
electron and single-vs-multi-site topological 
background rejection

Demonstrating HPGXe

• 1) Energy resolution

• 2) Topology 

• 3) Low background 



Topological Reco with 
Double Escape Peaks
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On double escape peak

Off double escape peak

15cm

15
cm

208Tl 
double 
escape

Compton 
continuum

à 0.89% at Qbb

NEXT-White data

NEXT-White data



Data / MC agreement on topological signature
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Efficiency of the 2-
electron topological
signature in the NEXT-
White detector 

Demonstration of the event
identification capabilities of
the NEXT-White detector 
JHEP 1910 (2019) 052



Two-neutrino double beta decay candidates
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NEXT-White data
Topologically identified and energy-separated from double escape peaks
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1.2m

66 cm

NEXT-NEW
Running

NEXT-100
2019

NEXT-HD:  2023

Fluctuation-less EL gain produces resolution 
comparable with solid-state technologies in a 
monolithic TPC experiment

Lower density allows powerful single-vs-multi 
electron and single-vs-multi-site topological 
background rejection

Characterized backgrounds at small scales 
can extrapolate straightforwardly to large 
scales

Demonstrating HPGXe

• 1) Energy resolution

• 2) Topology 

• 3) Low background 



Background Model Validation
13

• 0.75 ± 0.12stat ± 0.25syst predicted in wide ROI
• 1 event observed

• NEXT background model validated.

Radiogenic backgrounds in the NEXT double beta decay experiment
JHEP 10 (2019) 51



Background Model Validation
14

• 0.75 ± 0.12stat ± 0.25syst predicted in wide ROI
• 1 event observed

• NEXT background model validated.

(and, under more modern 
analysis, one passing 

event is clearly rejected as 
a multi-site charge deposit)

Radiogenic backgrounds in the NEXT double beta decay experiment
JHEP 10 (2019) 51



The NEXT Program
• Sequence of HPGXe TPCs, focused on achieving big, 

very low background xenon 0νββ detector

à NEXT-DBDM

à NEXT-DEMO

à NEXT-White

à NEXT-100

àNEXT-HD

àNEXT-BOLD
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(Berkeley, US)

(Valencia, Spain)

(Canfranc, Spain)

(Canfranc, Spain)

100 kg scale neutrinoless double beta decay 
search and background-study for ton-scale



NEXT-100 Sensitivity
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• Projected near-background-free performance at 100kg scale - Total BG: 5x10-4 
c/keV/kg/y, validated with NEXT-White.

• Presently under construction for operation in 2020.
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Figure 9. Contribution to the background rate of NEXT-100 of the di↵erent detector subsystems
considered in our background model. An asterisk (*) next to a bar indicates that the contribution
corresponds to a positive measurement of the activity of the material.

events: � tracks from the decay of 214Bi in the active volume, and photoelectrons generated545

by gamma rays emitted, for the most part, from the TPC cathode following the decay of546

214Bi. In the EXO-200 TPC, the latter type of events constitute about 80% of the measured547

activity of 222Rn in the liquid xenon, while the former make up the remaining 20% [63].548

The rejection power against both types of background events is similar, approximately549

2.5⇥106. In the case of the � decays of 214Bi in the xenon bulk, we have assumed that Bi-Po550

tagging — i.e. the coincident detection in an event of the � emitted in the decay of 214Bi551

and the alpha emitted by 214Po shortly after— can be done with high e�ciency (& 99%).552

Figure 10 (red lines) shows the background rate generated in NEXT-100 by this internal553

contamination of radon in terms of the activity of 222Rn. In order for this background to554

contribute, at most, at the level of 10�5 keV�1 kg�1 yr�1, radon activities in the xenon gas555

below a few mBq per cubic metre will be required. The EXO-200 detector, which has been556

operating without a radon suppression system, has measured, for instance, an activity of557

– 20 –



The NEXT Program
• Sequence of HPGXe TPCs, focused on achieving big, 

very low background xenon 0νββ detector

à NEXT-DBDM

à NEXT-DEMO

à NEXT-White

à NEXT-100

àNEXT-HD

àNEXT-BOLD
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(Berkeley, US)

(Valencia, Spain)

(Canfranc, Spain)

(Canfranc, Spain)

Ton-scale experiment in conceptual design stage
I present projections and selected ongoing R&D
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ß NEXT-HD event 
selection assuming 0.7% 
energy resolution and 
demonstrated topological 
cut performance

NEXT-100 Background Model:
Only assayed materials for NEXT-100.

- 0.5 ct / [ton yr ROI];

NEXT-HD Background Model:
Cleaner Teflon and Kapton located by other collaborations:

- 0.25 ct / [ton yr ROI];



19

• NEXT-100 background model includes all assayed NEXT-100 materials.
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• NEXT-100 background model includes all assayed NEXT-100 materials.
• NEXT-HD background model takes advantage of cleaner materials (Teflon 

and Kapton) already identified by other collaborations.



Optical R&D
• New Teflon reflectivity measurements at 

175nm and 420 nm to inform NEXT Teflon 
selection and thickness.

21

à Teflon mass (a dominant background source) 
reduced by x2, strong reflectivity obtainable at 5mm. Paper in preparation



Gas Cooling
• Motivations:

• Replace PMTs (source of radioactive 
background) with radiopure SiPMs, 
without suffering from dark rate.

• Enable higher Xe mass at a given 
pressure

• Minimize outgassing for better e- lifetime

• Key Question: 
• will energy resolution degrade at low 

temperature?

• First Results:
• Electroluminescence from 59.5 keV γ

(1.2-2 bar)

• Vary T from 300K to 175K 
• No observable degradation of energy 

resolution down to 175K

• 3.8% FWHM at 60 keV, 
extrapolates to 0.6% FWHM at Qββ

22

Cold Xe cryostat at BGU



Diffusion Reduction
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(Slide c/o Neus Lopez March, LIDINE)



Concept paper 
presenting helium 
diffusion reduction à
Nucl.Inst.Meth.2018.07.013
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ßExcellent electroluminescence 
properties preserved in the 
presence of helium additives to 
xenon gas

arXiv:1906.03984 
sub to JHEP

NEXT with helium key results



Helium impact on longitudinal 
diffusion quantified – diffusion 
larger than swarm simulations 
but workable 
JINST 14 (2019) no.08, P08009
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ßTheoretical work on swarm microphysics ongoing to 
understand and fix 20% discrepancies in models.

Refactored MagBoltz codebase into Python to enable 
these ongoing studies: 
arXiv:1910.06983
sub to Comp. Phys Comm.

NEXT with helium key results
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Next step in NEXT low diffusion 
program at IFIC, Spain

(Slide c/o Neus Lopez March, LIDINE)

NEXT helium next steps

Measure DT and actual effect on 
event topology from He additive
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• Adding low-diffusion mixture predicted to improve quality of 
topological cuts
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• Adding low-diffusion mixture predicted to improve quality of 
topological cuts



Phys.Rev.Lett. 120 (2018) no.13, 132504
Nature Sci. Rep. 9, (2019) 15097
Phys. Rev. A 97, (2018) 062509
JINST 11 (2016) no.12, P12011

arXiv:1909.02782,      arXiv:1909.04677, 
arXiv:1909.05860,      arXiv:1901.03369,

Rapid Progress in Barium 
Tagging Technology

The NEXT Program
• Sequence of HPGXe TPCs, focused on achieving big, 

very low background xenon 0νββ detector
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(Berkeley, US)

(Valencia, Spain)

(Canfranc, Spain)

(Canfranc, Spain)

à NEXT-DBDM

à NEXT-DEMO

à NEXT-White

à NEXT-100

àNEXT-HD
“traditional” approach

àNEXT-BOLD
w/barium tagging 
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From Austin 
McDonald 
plenary 
yesterday
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• NEXT-BOLD would represent a dramatic sensitivity improvement 
through combination of signal efficiency increase and background 
reductions
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• NEXT-BOLD would represent a dramatic sensitivity improvement 
through combination of signal efficiency increase and background 
reductions
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• NEXT-BOLD would represent a dramatic sensitivity improvement 
through combination of signal efficiency increase and background 
reductions



Conclusions
• NEXT is a phased program of high pressure xenon TPCs 

targeting an ultra-low background, ton-scale neutrinoless
double beta decay experiment

• Results from NEXT-White validate technological performance

• NEXT-100 will demonstrate physics capability at 100kg scale 
with low background in xenon

• NEXT-HD extends demonstrated approaches to ton-scale, 
ongoing R&D continues to provide iterative (but substantial) 
performance improvements.

• Development of barium tagging technology for NEXT-BOLD 
may enable ultra-sensitive next-generation approach.
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