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NEXT-White (NEW):  
• stability: 2019 daily operation  

• (1 M triggers /day) 
• energy resolution (1% FWHM) 
• background estimation   
• bb2nu lifetime



Principle of operation
3

NEXT-White single electron
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Resolution at high energy 8

•Energy resolution at Qbb 
better than 1 % FWHM 
(target of NEXT-100)

Figure 5: Fits to the dependence of energy on track length in the axial dimension (left),

and the resulting energy spectra of three energy peaks (nominally at 662 keV, 1592 keV,

and 2615 keV) after application of all corrections, including a linear correction to the energy

(equation 3.1) corresponding to the average value of (m/b) = 2.76⇥ 10�4 obtained from the

3 fits (right).

without visibly cutting into the dense areas of the 2D distributions) gave an error of

approximately 0.2 ⇥ 10�4 for each computed (m/b) in addition to the statistical errors

shown on the distributions in Figure 5 (left). In determining (m/b) and in the subsequent
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determination of energy resolution, all events were required to have z-lengths in the ranges

shown on the x-axes of the 2D distributions. Furthermore, in order to avoid complications

in the spectrum caused by interactions producing isolated secondary depositions such as

Compton scattering, bremsstrahlung, and the emission of characteristic X-rays, all events

were required to have been reconstructed as single continuous tracks. To demonstrate the

validity of the correction over time, data from runs 6346, 6347, 6348, 6349, and 6351 were

used to determine (m/b), and the remaining data, runs 6352, 6365, 6482, 6483, 6484, and

6485, were used to evaluate the energy resolution (see Table 1).

Each peak was fitted to the sum of a Gaussian and a 2nd-order polynomial to account

for the surrounding distribution of background events, and the resolution was computed

using the width of the Gaussian. The obtained resolutions are: 1.20± 0.02% FWHM at 662

keV; 0.98± 0.03% FWHM at 1592 keV; and 0.91± 0.12% FWHM at 2615 keV. The total

errors are estimated in each case based on the statistical errors of the fits (shown on the

histograms in Figure 5) and systematic e↵ects including variations in the range of events

included in the fit and (systematic) errors in the correction for the axial length e↵ect. The

energy conversion from detected photoelectrons to keV was determined (after application

of all corrections) using a quadratic fit to the means of the three peaks of interest (662 keV,

1592 keV, 2615 keV) and the 29.7 keV K-↵ xenon X-ray peak. The X-rays had energies too

low to be triggered on as individual events, but their energies were visible by examining the

spectrum of isolated energy depositions within all events, which included small depositions

due to xenon X-rays that traveled away from the main track before interacting.

Figure 6: The full energy spectrum for events with energies greater than approximately 150

keV. Corrections for electron lifetime and geometrical e↵ects were applied to all events, as

well as a correction for the described axial length e↵ect corresponding to (m/b) = 2.76⇥10�4.

In addition to the three lines examined in detail in this study, lines are also present due to

other gamma rays from the 228Th decay chain: at 238 keV (from 212Pb ! 212Bi decay), 511

keV (e+e� annihilation, with some contribution from 208Tl ! 208Pb decay), 583 keV (208Tl

! 208Pb decay), 727 keV (212Bi ! 212Po decay), and 860 keV (208Tl ! 208Pb decay).

The energy spectrum of high-energy triggers in the full active volume is shown in Figure

6 after applying all corrections described in the present section. Unlike in the previous
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study [12], the 208Tl photopeak at 2615 keV (near Q��) is clearly resolved. The squared

resolution is shown vs. the inverse energy in Figure 7 for the three energy peaks studied and

fit to a line, R2 = a/E + c, where a = 548.52± 82.15 %FWHM2 · keV and c = 0.62± 0.10

%FWHM2. The presence of a constant term in the resolution shows that detector-specific

systematic e↵ects have not been completely eliminated in our analysis, and there is still

room for further improvement. Nevertheless, these results demonstrate that excellent energy

resolution is obtainable throughout the entire fiducial volume once correction for the axial

length e↵ect is made.

Unlike corrections for electron lifetime, the correction for the axial length e↵ect was

relatively stable throughout the time (about 8 weeks) over which the data presented in

this study was taken. This e↵ect is thought to be a result of some internal nonlinearity

in light production, possibly due to alterations of the EL field during track readout in a

“charging-up” e↵ect as electrons cross the EL gap, or due to electron loss in the EL gap

from attachment to impurities produced by photoionizing the wavelength shifting material

deposited on the surface behind the EL region. Other potential explanations such as PMT

saturation, electron recombination with the ions of the original track, variations in electron

lifetime throughout the detector, and emission of light by the SiPMs, have already been

discredited. Further details are given in appendix A.

Figure 7: Squared energy resolution plotted against 1/E. The measured points were

fit to the functional form R

2 = a/E + c, with a = 548.52 ± 82.15 %FWHM2 · keV and

c = 0.62± 0.10 %FWHM2.

4 Summary

Energy resolution in the NEXT-White TPC has been further studied, and a resolution better

than 1% FWHM is shown to be obtainable at 2615 keV, as predicted in the preceding study

[12]. This resolution was obtained over nearly the entire active volume, demonstrating the

e↵ectiveness of the continuous 83mKr-based calibration procedure implemented to correct

for geometric and lifetime e↵ects, and improved slightly with more restrictive fiducial cuts.

Further study is required to understand the observed “axial length e↵ect” in which the
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Double escape peak: single and double electrons 10

• Energy 1600 keV. 

• Scale in mm. 



Topological signature at Qbb using DNNs 11

An unbinned maximum likelihood fit is applied to the track energy spectrum, in the

region between 1400 and 1800 keV, and the number of signal-like and background-like events

in the double-escape peak region is calculated integrating the gaussian and exponential

functions evaluated with the parameters obtained by the fit, in a pre-defined range between

1570 and 1615 keV. This range is large enough to contain virtually the whole gaussian

peak (more than 99.5 % of the area) for both data and Monte Carlo. The dependence

of the results on the chosen ranges has been accounted for in the systematic error. The

result of the fit is shown in Fig. 8. A variable threshold is applied on the energy of the two

blob candidates, starting from 0 up to 500 keV. After each cut, the number of signal and

background events is recalculated performing the fit on the energies of the tracks that pass

the cut. The cut e�ciency for both signal-like and background-like events is given by the

ratio between the number of events of each type after the cut and the initial number of

events of that type. In Fig. 9-left the signal e�ciency and the background rejection (defined

Figure 9. Left: Signal e�ciency as a function of background rejection (proportion of background
events removed from the sample by the blob cut), varying the required minimum energy of the blob
candidate 2. Right: Figure of merit (defined in Eq. 4.1) as a function of the threshold on the energy
of the blob candidate 2 after rescaling Monte Carlo. The highlighted area corresponds to the best
threshold. In both figures, data and Monte Carlo simulation are shown.

as the fraction of background events that do not pass the cut) are plotted for each value of

the threshold, for both data and Monte Carlo, showing very good agreement.

In order to choose the best value for the threshold, the following figure of merit is

maximized:
"p
b

(4.1)

where " and b are the fraction of signal events and the fraction of background events

passing the cut, respectively. This quantity is an estimator of the discrimination power

of the topological cut, since the sensitivity to the half-life of the ��0⌫ decay is directly

proportional to the detector e�ciency and inversely proportional to the square root of the

rate of background in background-limited experiments [15]. In Fig. 9–right, this figure of
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merit is displayed as a function of the threshold, for data and Monte Carlo. The best value

of the threshold is then calculated taking the mean of the values of the threshold around

that of the maximum figure of merit, in an interval for which the figure of merit is between

99% of the maximum and the maximum.

5 Discussion

The value of the blob candidate 2 energy threshold that optimizes the performance of the

blob cut in data is 265.9± 0.6 sys keV and the e�ciency obtained for pure signal-like events

is 71.6± 1.5 stat ± 0.3 sys% for a background acceptance of 20.6± 0.4 stat ± 0.3 sys%. The

same cut applied to Monte Carlo data gives a signal e�ciency of 73.4± 1.2 stat± 3.0 sys% for

a background acceptance of 22.3± 0.4 stat ± 0.5 sys%, in agreement with data. This result,

which corresponds to a figure of merit of 1.578± 0.038 stat ± 0.005 sys, is an improvement

of the topological discrimination compared to the measurement carried out in the NEXT-

DEMO prototype, where a figure of merit of 1.35 was reached. This improvement is due to

the larger dimensions of the NEXT-White detector, which allows for a better reconstruction

of longer tracks, where the two end-points are well separated.

Figure 10. Signal e�ciency as a function of background rejection, varying the required minimum
energy of the blob candidate 2 between 0 and 500 keV, in the ��0⌫ region.

Having tuned our Monte Carlo model and then demonstrated the good agreement

between data and Monte Carlo in the 208Tl double escape peak region, it is possible to

study the e�ciency of the blob cut in the ��0⌫ region, with Monte Carlo simulations, and

extrapolate the results to data. With this aim, two dedicated samples have been simulated,

with large statistics, with the same detector conditions as the 208Tl calibration source

sample used in the double escape peak analysis. The first one is a sample of ��0⌫ decays

– 13 –
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MC preliminary : 0 mode in NEW

Signal :

Background : Thallium from DRIFT TUBE only!                      

Energy 2.3 -2.7 MeV 92% signal efficiency;
8% background acceptance

VE
RY

 PRELIM
INARY

DATA/MC comparison double escape peak DATA/MC FOM two-blob cut. 

S/B at Qbb, classical analysis S/B at Qbb, DNN analysis 

JHEP 1910 (2019) 052 
arXiv:1905.13141



Run IV background model: tuning with data 12

•BG contributions per isotope/volume measured with a fit to the model.  
•Signal + BG fit of energy and Z distributions. 4 isotopes x 3 volumes
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•Background model validated: χ2/ndof = 1.07, p-value = 29% 
•Overall scale factor of 1.72 ± 0.04 to reproduce total BG rate 
•In Qββ±100 keV region and after topology cuts: 1 background event 

observed, (0.75±0.12) expected with 37.9 d exposure

JHEP 1910 (2019) 051
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NEXT-100

•100 kg of enriched Xenon: Fiducial: 1.2 m long, 1 m diameter.  
•Operates at 15 bar pressure.  
•Schedule to start operations in 2020.

USC - 2020 main goals: 
• calibration, simulation, performance of NEXT-100 

• meeting at USC 21-24 January 
• Revisit NEW bb2nu and topology using DNN

NEXT-100: 
• 100 kg 136Xe HPG 
• energy resolution 1% FWHM 
• background 4 10-4 c/kg y keV 
• 5 years. T1/2 10-26 y bb0nu

What is NEXT? NEXT-100 (2020-2025)
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Ba2+

SMFI with photobleaching

35

NEXT-BOLD
• Asymmetric detector, SiPMs only, 

cathode at ground, high pressure/
cold gas (limit: resolution).  

• Topology reconstruction only for 
calibration. Increased efficiency for 
signal.  

• Cathode at V+ opens gate only on 
delayed bb0nu trigger. 

• RF carpet and/or Molecular Array 

• Fast, high-pressure microscopy. 

• Prototype: NEXT-White or 
NEXT-100  

What is after NEXT? NEXT-HD & NEXT-BOLD (2025-2035)

NEXT-HD: 
• ton 136Xe HPG 
• energy resolution <1% FWHM 
• background 0.36 counts ton y in RoI 
• 5 years: T1/2 1027 y bb0nu 

• SiPMs for tracking and energy 
• Cold detector 
• Fas mixtures

USC and NEXT-HD: 
• EL Fat-GEM structures 
• gas mixtures 
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Tasks 1 2 3 4 5 6 7 8 9 10

1 Operation of NEXT-White

2 Assembly and commissioning of NEXT-100

3 Operation of NEXT-100

4 R&D for NEXT-HD and NEXT-BOLD

5 Choice of technology for ton-scale module

6 Construction of first ton-scale module

7 Procurement of isotope mass

8 Operation of first ton-scale module

9 R&D for second ton-scale module

10 Choice of technology

11 Construction of second ton-scale module

12 Procurement of isotope mass

13 Operation of two ton-scale modules

Figure 9: Time schedule of NEXT experiment including R&D program. Column numbers indicate years.
Year 0 is 2019. Operation of two modules continue after year 10.

the technology (HD or BOLD). The R&D between 2025 and 2028 will focus on increasing the performance
of the second module. If the chosen technology is HD, the focus of the R&D will be to reduce the radioactive
budget. If BOLD can be implemented, the focus will instead be to increase the selection efficiency. If Ba++

tagging can be turned into a real possibility during the next few years, the baseline scenario assumes that the
first module will be NEXT-HD and the second will be NEXT-BOLD.

4.3.6 Collaboration and resources

At present the NEXT collaboration includes about 80 scientists working in 21 universities and laboratories
from Spain, United Stated, Portugal, Israel, Colombia and Russia. The funding agencies of the international
collaboration, as well as the ERC (though an AdG/ERC granted to J.J. Gomez-Cadenas) contribute to
the funding of the program. The main contribution comes from Spain, followed by USA. At present the
NEXT-100 detector construction and operation is fully funded. There is also significant funds for R&D
during the next few years. Furthermore, we intend to explore the potential synergy with the Dark Side
detector at LNGS, which intends to build a SiPM-only argon TPC, similar in many aspects to the proposed
ton-scale NEXT modules.

Funding for the construction of the first ton-scale module will be sought out from the existing funding
agencies, the ERC and potential new members. Funding procurement for the ton-scale detector will start at
earliest after a full demonstration of the feasibility of the technology, that is, after the construction and initial
operation of NEXT-100.

The cost of the NEXT-100 detector can be divided in three major items: enriched gas, apparatus and
infrastructure (shielding and gas system). The approximate cost of each item has been 1 Me. For each
ton-scale module, we expect the cost of the gas to scale linearly (thus 10Meper ton of isotope). The cost of

30

Time line
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NEXT Sensitivity 

live time [yr]
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Figure 10: Discovery sensitivity for T 0⌫

1/2 for LEGEND-1000, CUPID and NEXT-HD at 3� as a function of
live time. Provided by M. Agostini, based on Ref. [75].

4.6 A path towards experiments with meV sensitivity

If a positive signal is not observed in the next generation DBD0⌫ experiments there is a compelling motivation
to push the sensitivity further with a clear target of reaching a ⇠meV sensitivity which would cover a large
part of the parameter space corresponding to the normal neutrino mass ordering. This is an enormously
ambitious task but an R&D program for a practical experiment capable of reaching such sensitivity should be
encouraged and pursued in parallel with construction and operation of next generation DBD0⌫ experiments.

In order to start probing the neutrino mass normal ordering one has to improve the sensitivity to the
half-life by at least an order of magnitude compared to the next generation DBD0⌫ experiments. There are
two critically important challenges that need to be addressed to achieve such sensitivity levels:

1. The detectors will need to host an order of magnitude larger mass of �� isotope, at the 10 ton level. In
general, an exposure at a level of ⇠100 ton⇥yr will be required.

2. The background index must be reduced by a further order of magnitude to achieve a level of <
0.01cnts/(FWHM · t · yr).

A breakthrough in enrichment technologies would greatly help addressing the first challenge. An increase
in the productivity of the enrichment process and most importantly a reduction in cost should be the key
avenues to be explored. Developing a dedicated international facility for stable isotope enrichment can be an
efficient way of addressing this issue. It is worth noting that there are significant synergies with industrial and
knowledge exchange programs where enrichment of stable isotopes is required. Isotopes of 130Te and 136Xe
have an interesting potential for 10 ton detectors. Due to its high natural abundance 130Te is probably the
only isotope that could be used without enrichment while the enrichment of 136Xe is cheaper compared to
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Discovery potential NEXT-HD Sensitivity NEXT (HD & BOLD)

NEXT-HD: BI.  0.39 counts/ton/year in ROI
NEXT-BOLD: “zero” counts, increased efficiency (relax topology ID)




