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•It is a High Pressure Xenon 
(HPXe) TPC operating in EL 
mode.   
•It is filled with 100 kg of Xenon 
enriched at 90% in Xe-136 (in 
stock) at a pressure of 15 bar. 
•The event energy is integrated 
by a plane of radiopure PMTs 
located behind a transparent 
cathode (energy plane), which 
also provide t0. 
•The event topology is 
reconstructed by a plane of 
radiopure silicon pixels (MPPCs) 
(tracking plane). 
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EL mode is essential to get lineal 
gain, therefore avoiding avalanche 
fluctuations and fully exploiting the 
excellent Fano factor in gas
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•Excellent resolution (~1% FWHM 
measured at 662 keV by NEXT 
prototypes, extrapolates to 0.5 % 
FWHM at Qbb  
•Topological signature (TPS), eg. 
the ability to distinguish between 
signal (“double electrons”) and 
background (“single electrons”). 
•Target = detector. Fiducial region 
away from surfaces. 
•TPC: scalable. Economy of 
scale (S/N increases linearly with 
L) 
•Xenon: the cheapest isotope to 
enrich in the market (NEXT owns 
100 kg of enriched xenon).  

NEXT: Salient features
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DEMO 
(1 kg)

NEW 
(10 kg)

NEXT-100 
(10O kg)

(2010–2014) 
Demonstration of 
detector concept

(2015–2017) 
Test underground, 

radiopure operation

(2018–2020) 
Neutrinoless 

double beta decay 
searches

The NEXT program



DEMO 
(1 kg)



NEXT-DEMO

HHV modules

DAQ

Hot Getter Gas System

PMTs FEE SiPMs FEE
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Energy Resolution

Energy resolution measured with prototypes DEMO (IFIC) DBDM 
(LBNL) extrapolates to 0.5 — 0.7 % FWHM at Qbb
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Topological signature
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•Signal events (bb0nu): TOP left MC 
event, two energetic blobs at the end 
of each electron (Bragg peak).   
•Background events (Bi-214, Tl-208), 
single energetic electron, single blob, 
often with X-ray (xenon de-excitation) 
•Bottom left, for signal event the 
energy of both blobs is high.  
•Bottom right, for background events 
only one energetic blob.  

Topological signature: “single track” (no floating x-rays) with two 
energetic blobs: Signal efficiency ~50 %, background suppression 1% 



Validation of TPS with DEMO
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TPS  measured with 
DEMO data: “background”, 
Na-22 gammas, giving 
single electrons, 1.275 
MeV, “signal”; Tl-208 
“double electrons” (e- e+, 
double escape peak), 1. 
592 MeV 

Analysis performed in Data 
and Monte Carlo simulation 
of DEMO with good 
agreement! First robust 
validation of Monte Carlo 
analysis for NEXT-100. 

is defined as a group of voxels which fall within a set radius from a track end-point. Figure

5 shows, for both datasets, the energies of the blob candidate with lower energy plotted

against that of the other blob candidate. It can be seen that the single-electron-dominated

sample from 22Na tends to have less energy in its lower energy blob candidate.
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Figure 5. Energy distribution at the end-points of the tracks coming from 22Na decay (left) and
those coming from the 228Th decay (right) for 2 cm radius blob candidates.

4 Results

Single electrons are only expected to have a high energy deposition at one end of their track

as opposed to double electrons which are expected to have large energy depositions at each

end of the track. An example of a single electron track candidate is shown in Fig. 6 and a

typical example of double electron track candidate is shown in Fig. 7. Figure 5 shows that

a requirement on the energy of the less energetic blob candidate is the simplest criterium

to separate signal (208Tl e+e�) from background (22Na e�) events. Optimisation of this

requirement uses the standard figure-of-merit ✏/
p
b, where ✏ is the signal e�ciency and b is

the background in the signal region.

4.1 Monte Carlo studies

The evaluation of the figure of merit was performed as a function of the blob candidate

radius and the minimum energy required for the low energy blob candidate using MC data

(see Fig. 8-right). An additional consideration is the probability of blob candidate region

overlap. In Fig. 8-left, the fraction of events with overlapping blob candidates is shown for

di↵erent radii, for both 22Na and 228Th samples. For larger radii, blob candidate overlap

occurs in a higher percentage of events, particularly in the case of signal events which

tend to be shorter. A radius of 2 cm is found to be optimal if one considers that it is

large enough to contain the energy deposition at the end of the tracks while being small
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1. First proof of topological signature in high pressure xenon gas 
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NEW 
(10 kg)



NEW (NEXT-WHITE) at glance
Pressure vessel:


316-Ti steel, 30 bar max pressure

Inner shield:

copper, 6 cm thick

Time Projection Chamber:

10 kg active region, 50 cm drift length

Energy plane:

12 PMTs,  

30% coverage

Tracking plane:

1,800 SiPMs,  

1 cm pitch



NEW (NEXT-WHITE) at the LSC

NEW on the seismic support table, inside the Lead Castle at the LSC



NEW field cage

Field cage: 50 cm diameter, 50 cm drift length

Poly boy, copper rings connected by low-background resistors



Energy plane

12 R11410-10 PMTs (Hamamatsu)

NEXT 100 will have 60 
Excellent response (low noise very low dark current) in 
gas. 
Radiopure (less than 1 mBq/PMT in Tl-208 and 
Bi-214)

422mm#

TOTAL#12#PMTs#



Tracking plane

28 Kapton Dice Boards (KDBs) NEXT 100 will have ~100

Each KDB has 64 SiPMs from SENSL (thus, about 1,800 SiPms) 
SENSL SiPMs are the most radiopure currently in market, 

422mm#

TOTAL#DICE#
BOARDS#28#
AND#1.792#SIPMs#

TP#NEW#



Tracking plane: KDBs

Made of low-background Kapton

Long pigtail runs through 12 cm of copper shield. 
Connector BEHIND copper shield 



NEW Schedule

•Energy plane (EP) installed in July   
•Commissioning of EP in September. 
•Tracking plane installation and commissioning October — Mid 
November. 
•Field Cage installation and commissioning: Mid November —End 
of year. 
•Commissioning run (full detector): First Quarter (Q1) 2016. 
•Calibration run (energy resolution, topological signature, gas 
mixtures): Q2-Q4 2016. 
•Physics run (background model, bb2nu): Q1-Q4 2017. 



Energy Plane installation (July 2015)



NEXT-100 
(10O kg)



NEXT 100 kg detector at LSC: main features
Pressure vessel:


stainless steel,15 bar max pressure

Inner shield:

copper, 12 cm thick

Time Projection Chamber:

100 kg active region, 130 cm drift length

Outer shield:

lead, 20 cm thick

Energy plane:

60 PMTs,  

30% coverage
Tracking plane:

7,000 SiPMs,  

1 cm pitch
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Figure 6. Probability distribution of 0⌫�� (top panel), 208Tl (centre) and 214Bi (bottom) events
in terms of the energies at the end of the tracks. The blob candidate labelled as ‘1’ corresponds to
the more energetic one.
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Figure 8. Energy spectra of signal (red, solid curve) and background (208Tl: grey, dashed
distribution; 214Bi: grey, dotted distribution; total: grey, solid distribution) in the region of interest
(ROI) around Q

��

. The optimal ROI (the one that maximizes the ratio of the signal e�ciency over
the square root of the background rate) is indicated by the shaded, blue region. The signal strength
represented here corresponds to a neutrino Majorana mass of 200 meV, while the backgrounds are
scaled to their expected values in NEXT-100 (6⇥ 10�4 counts/(keV kg y)), assuming an exposure
of 91 kg yr.

is defined as follows:

L =
P (E | 0⌫��)

P (208Tl) · P (E | 208Tl) + P (214Bi) · P (E | 214Bi) , (6.3)

where P (E |H) is the probability of an event of energy E of being signal (H ⌘ 0⌫��)

or background (H ⌘ 208Tl or H ⌘ 214Bi). Figure 8 shows the distribution of signal and

background around Q�� and the region of interest that maximizes the quantity "/
p
b,

selected using the likelihood ratio defined above.

Table 4 summarizes the acceptances for signal and background of the selection criteria

described above. The natural radioactive backgrounds, 208Tl and 214Bi, are suppressed by

more than 6 orders of magnitude, and the contribution of 2⌫��-decay to the background

rate is completely negligible. The cuts yield a signal e�ciency of 28%. Note, however,

that approximately half of the events are lost already in the first selection cut: 88% of

the events are contained within the fiducial volume of the detector, 71% have one single

track, and 76% of them have reconstructed energy above 2.4 MeV (the 0⌫�� spectrum

has a tail extending to low energies composed of events with missing energy in the form of

bremsstrahlung radiation).

7 Estimated background rate and sensitivity to m
��

The contribution of each detector subsystem to the overall background rate of NEXT-100

is shown in Table 5. These rates are obtained dividing the initial activities of 208Tl and
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PERFORMANCE

Selection criterion 0⌫�� 2⌫�� 208Tl 214Bi

Fiducial, single track
0.4759 8.06⇥ 10�9 2.83⇥ 10�5 1.04⇥ 10�5

E 2 [2.4, 2.5] MeV

Track with 2 blobs 0.6851 0.6851 0.1141 0.105

Energy ROI 0.8661 3.89⇥ 10�5 0.150 0.457

Total 0.2824 2.15⇥ 10�13 4.9⇥ 10�7 4.9⇥ 10�7

Table 4. Acceptance of the selection criteria for 0⌫��-decay events described in the text. The
values for 208Tl and 214Bi correspond to one of the dominant sources of background in the detector.

214Bi by the corresponding background rejection factors (defined as the inverse of the

background acceptance resulting from the 0⌫��-decay event selection described in the

previous section). They are also represented graphically in Figure 9. The photosensors

are, by far, the dominant source of background in NEXT-100. Notice, however, that our

knowledge is, in any case, quite uncertain, given that for most background sources we

only have at present a limit to their activity. This is, in fact, a problem common to all

0⌫��-decay experiments, and it will be even more serious for the experiments of the tonne

scale, which will require materials and components of higher radiopurity.

Table 6 shows the contributions grouped into six major subsystems. The background

from 214Bi is 4.3 times more abundant than the background from 208Tl. The overall

background rate estimated for NEXT-100 is

< 5⇥ 10�4 counts/(keV kg year) . (7.1)

This rate includes only radioactive backgrounds from detector materials and components. All

other sources of background are expected to contribute at the level of 10�5 keV�1 kg�1 yr�1

or below:

• The activity of airborne radon in the vicinity of the detector —which translates,

ultimately, into 214Bi activity on the internal surface of the lead shield and on the

external surface of the vessel— will be reduced by at least two orders of magnitude

with respect to the activity in the experimental hall of LSC (⇠80 Bq/m3) thanks

to the use of a radon mitigation machine or the removal of the air inside the lead

shield (3.2 m3) with clean nitrogen. The computed rejection factor for this source of

background is 2⇥ 109, resulting in a background rate of about 10�5 keV�1 kg�1 yr�1

for a 222Rn activity of 0.5 Bq/m3 (see Figure 10 for other values of the specific activity

of 222Rn in the range between 10�2 and 102 Bq/m3).

• Radon contamination in the xenon gas causes two di↵erent types of background events:

� tracks from the decay of 214Bi in the active volume, and photoelectrons generated

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

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

the measured activity of 222Rn in the liquid xenon, while the former make up the
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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.

remaining 20% [57]. The rejection power against both types of background events is

similar, approximately 2.5⇥ 106. In the case of the � decays of 214Bi in the xenon

bulk, we have assumed that Bi-Po tagging —i.e. the coincident detection in an event

of the � emitted in the decay of 214Bi and the alpha emitted by 214Po shortly after—

can be done with high e�ciency (& 99%). Figure 10 (red lines) shows the background

rate generated in NEXT-100 by this internal contamination of radon in terms of the

activity of 222Rn. In order for this background to contribute, at most, at the level of

10�5 keV�1 kg�1 yr�1, radon activities in the xenon gas below a few mBq per cubic

metre will be required. The EXO-200 detector, which has been operating without a

radon suppression system, has measured, for instance, an activity of 222Rn of that

order in their xenon volume: (3.65± 0.37) µBq/kg [57]. Similarly, the radon activity

of the NEMO-3 tracking gas was measured to be about 5 mBq/m3 [67].
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Selection criterion 0⌫�� 2⌫�� 208Tl 214Bi

Fiducial, single track
0.4759 8.06⇥ 10�9 2.83⇥ 10�5 1.04⇥ 10�5

E 2 [2.4, 2.5] MeV

Track with 2 blobs 0.6851 0.6851 0.1141 0.105

Energy ROI 0.8661 3.89⇥ 10�5 0.150 0.457

Total 0.2824 2.15⇥ 10�13 4.9⇥ 10�7 4.9⇥ 10�7

Table 4. Acceptance of the selection criteria for 0⌫��-decay events described in the text. The
values for 208Tl and 214Bi correspond to one of the dominant sources of background in the detector.

214Bi by the corresponding background rejection factors (defined as the inverse of the

background acceptance resulting from the 0⌫��-decay event selection described in the

previous section). They are also represented graphically in Figure 9. The photosensors

are, by far, the dominant source of background in NEXT-100. Notice, however, that our

knowledge is, in any case, quite uncertain, given that for most background sources we

only have at present a limit to their activity. This is, in fact, a problem common to all

0⌫��-decay experiments, and it will be even more serious for the experiments of the tonne

scale, which will require materials and components of higher radiopurity.

Table 6 shows the contributions grouped into six major subsystems. The background

from 214Bi is 4.3 times more abundant than the background from 208Tl. The overall

background rate estimated for NEXT-100 is

< 5⇥ 10�4 counts/(keV kg year) . (7.1)

This rate includes only radioactive backgrounds from detector materials and components. All

other sources of background are expected to contribute at the level of 10�5 keV�1 kg�1 yr�1

or below:

• The activity of airborne radon in the vicinity of the detector —which translates,

ultimately, into 214Bi activity on the internal surface of the lead shield and on the

external surface of the vessel— will be reduced by at least two orders of magnitude

with respect to the activity in the experimental hall of LSC (⇠80 Bq/m3) thanks

to the use of a radon mitigation machine or the removal of the air inside the lead

shield (3.2 m3) with clean nitrogen. The computed rejection factor for this source of

background is 2⇥ 109, resulting in a background rate of about 10�5 keV�1 kg�1 yr�1

for a 222Rn activity of 0.5 Bq/m3 (see Figure 10 for other values of the specific activity

of 222Rn in the range between 10�2 and 102 Bq/m3).

• Radon contamination in the xenon gas causes two di↵erent types of background events:

� tracks from the decay of 214Bi in the active volume, and photoelectrons generated

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

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

the measured activity of 222Rn in the liquid xenon, while the former make up the
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background rate: 5 x 10-4 ckky 
WARNING: rate computed 
taking upper limits as actual 
values (a very conservative 
approach)
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Figure 10. Background rate induced in NEXT-100 by airborne radon and radon contamination in
the xenon gas (labelled as internal) in terms of the activity of 222Rn.

• Out of the 50 atoms of 137Xe produced on average every year by neutron activation

of 136Xe, 0.25 of them will decay emitting a � track with energy within our region of

interest. These events will be suppressed by about a factor of 10 by the 2-blobs selection

criterion, yielding a background rate of approximately 9 ⇥ 10�6 keV�1 kg�1 yr�1.

Nevertheless, the neutron flux can be attenuated by several orders of magnitude using

polyethylene shielding of a few tens of centimetres in thickness.

The sensitivity of NEXT-100 to neutrinoless double beta decay — calculated following

the Feldman-Cousins prescription for the construction of confidence intervals [40, 41] — is

shown in Figure 11. In the top panel, the sensitivity (at 90% CL) to the half-life (red, solid

curve) and the corresponding sensitivity to m�� (blue, dashed curves) for the largest and

smallest NME calculations (see Table 1) are represented in terms of the exposure, assuming

a signal detection e�ciency of 28% and a background rate of 6⇥ 10�4 counts/(keV kg y).

The bottom panel shows, for an exposure of 100 kg·year the variation of the sensitivity with

respect to the background rate in the range between 10�5 and 10�4 counts/(keV kg y).

8 Summary and conclusions

The importance of the worldwide experimental program searching for neutrinoless double

beta decay can hardly be overstated: the discovery of the radioactive process is the most

promising way —perhaps the only way— of determining the nature of neutrino mass

and proving the violation of total lepton number. In this work, we have discussed in

depth one of the new-generation experiments: the Neutrino Experiment with a Xenon TPC

(NEXT), which will search for the neutrinoless double beta decay of 136Xe at the Laboratorio

Subterraneo de Canfranc (LSC). NEXT possesses two features of great value in 0⌫��-decay
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NEXT-100 will operate inside Radon-suppression tent (a la NEMO): 
expect ~200 mBq/m3 in air. Best guess for internal is tens of mBq/
m3. Contribution of Radon appears tolerable but needs to be 
understood by NEW operation 
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IBM- • Expect 5 x 1025 y in 3 
years run (2018-2020).  

• mbb ~[90-180] meV 
depending on NME



Summary
• NEW at LSC: commissioning in 2015, operation in 2016 

and 2017. 

• DEMO analysis of Tl-208/Na-22 data with DEMO shows 
good topological separation and validates Monte Carlo 
calculations.  

• NEXT sensitivity evaluated with last background model, 
results consistent with previous estimations. 

• Expect a sensitivity to the period of 1025 y which 
translates in mbb ~[90-180] meV



The Future



R&D



How to improve the topological signature?
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Figure 1: Monte Carlo simulation of signal (0nbb decay of 136Xe) and background
(single electron of energy equal to the Q value of 136Xe) events in gaseous xenon at
15 bar. The ionization tracks left by signal events feature large energy deposits (or
blobs) in both ends.

Background tracks, however, are generated by single electrons, thus having
only one end-of-track blob.

Natural radioactivity in detector materials and surroundings is, as in
most other 0nbb-decay experiments, the main source of background in
NEXT. In particular, the hypothetical 0nbb peak of 136Xe (Qbb = 2458 keV)
lies in between the photopeaks of two high-energy gammas emitted after
the b decays of 214Bi and 208Tl, intermediate products of the uranium and
thorium series, respectively. The daughter isotope of 214Bi, 214Po, emits a
number of de-excitation gammas with energies around and above the Q
value of 136Xe [2]. Most of these gamma lines have very low intensity, and
hence their contribution to the background rate is negligible. The gamma
of 2447 keV (1.57% intensity), however, is very close to Qbb, and thus its
photoelectric peak overlaps the signal peak even for energy resolutions as
good as 0.5% FWHM. The decay product of 208Tl, 208Pb, emits a de-excitation
photon of 2615 keV with an intensity of 99.75% [2]. Electron tracks from
its photopeak can lose energy via bremsstrahlung and fall in the region of
interest (ROI) around Qbb defined by the energy resolution of the detector.
Additionally, even though the Compton edge of the 2.6-MeV gamma is at
2382 keV, well below Qbb, the Compton scattered photon can generate other
electron tracks close enough to the initial Compton electron so that they are
reconstructed as a single track with energy around Qbb.

The NEXT Collaboration is carrying out a thorough campaign of material
screening and selection using gamma-ray spectroscopy (with the assistance

2



Diffusion
• In pure xenon diffusion of 

drifting electrons is very 
large.  

• After 1 m drift, the electron 
cloud has a transverse 
rms of the order of 10 mm 
and a longitudinal rms  of 
the order of 5 mm 

• Resolution is totally 
dominated by diffusion in 
NEXT.

σ_xy ~10mm/√m

σ_z ~5 mm/√m
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Figure 15. Left: Average 3D charge distribution of a x-ray event from its barycenter. Right: ST , sx and sy of
charge distribution gaussian fit versus Drift Length.

4.3 Transverse Spread

The transverse response of the tracking plane to a point-like charge deposition is expected to have
a width distribution due to the convolution of the transversal diffusion and the EL gap induced
Transverse Spread ST . The ionization electrons will diffuse transversely as they drift up to the EL
region. Once there, due to the isotropic emission of light, each electron will be seen as the projection
of a cone, and therefore, a Ka deposit will be seen as multiple overlapping cones.

Using the events selected as X-ray using the criterion mentioned above, a study of the extent
of this projection was carried out. Figure 15-left shows the average projection of an event onto the
x-y plane with the channel with maximum charge taken as the centre and the charge of the other
channels plotted according to their distance from it. A two dimensional Gaussian can be fitted to the
distribution to give an estimate of the transverse spread of the charge.

Figure 15-right shows the sigmas of the two dimensional fit as well as their quadratic sum
which is the parameter used to define the EL gap induced transverse spread (ST =

p
sx2 +sy2),

plotted with drift time. There is no significant trend in the measured values with drift time suggesting
that the EL gap distortion dominates the transverse spread of the charge cloud in the detector. The
pitch of the SiPM channels in NEXT-DEMO is 10 mm, ST of the order of 8 mm suggests that little
would be gained by increasing sensor density.

5. Energy Resolution

One of the most important goals of NEXT-DEMO is to prove that the energy of electron tracks can
be reconstructed accurately and that the resolution calculated for these tracks can be extrapolated to
Qbb . While the energy resolution of the raw data, only considering the online trigger, is already good,
there are a number of correctible detector effects which can be understood and equalised optimizing
the energy resolution of the detector. Among these effects are attachment during drift which causes a
drift distance dependant energy measurement and inhomogeneities in light production and reflection
due to the grids and light tube. As described in section 3, these effects can be understood using the
Ka X-ray events and used to equalise the detectors response.
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5) Voxelization and tracking 
• Divide the whole space in 3D equal-spaced pixels (a.k.a. voxels) with energy equal to the sum of 

hits’s energies falling inside of them. 
• Identify sets of connected voxels as tracks, characterizing each of them with a length and two 

end-points. Voxels of 1x1x1 cm needed in order not to loose connectivity.

Selection of events and cuts
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Figure 1: Monte Carlo simulation of signal (0nbb decay of 136Xe) and background
(single electron of energy equal to the Q value of 136Xe) events in gaseous xenon at
15 bar. The ionization tracks left by signal events feature large energy deposits (or
blobs) in both ends.

Background tracks, however, are generated by single electrons, thus having
only one end-of-track blob.

Natural radioactivity in detector materials and surroundings is, as in
most other 0nbb-decay experiments, the main source of background in
NEXT. In particular, the hypothetical 0nbb peak of 136Xe (Qbb = 2458 keV)
lies in between the photopeaks of two high-energy gammas emitted after
the b decays of 214Bi and 208Tl, intermediate products of the uranium and
thorium series, respectively. The daughter isotope of 214Bi, 214Po, emits a
number of de-excitation gammas with energies around and above the Q
value of 136Xe [2]. Most of these gamma lines have very low intensity, and
hence their contribution to the background rate is negligible. The gamma
of 2447 keV (1.57% intensity), however, is very close to Qbb, and thus its
photoelectric peak overlaps the signal peak even for energy resolutions as
good as 0.5% FWHM. The decay product of 208Tl, 208Pb, emits a de-excitation
photon of 2615 keV with an intensity of 99.75% [2]. Electron tracks from
its photopeak can lose energy via bremsstrahlung and fall in the region of
interest (ROI) around Qbb defined by the energy resolution of the detector.
Additionally, even though the Compton edge of the 2.6-MeV gamma is at
2382 keV, well below Qbb, the Compton scattered photon can generate other
electron tracks close enough to the initial Compton electron so that they are
reconstructed as a single track with energy around Qbb.

The NEXT Collaboration is carrying out a thorough campaign of material
screening and selection using gamma-ray spectroscopy (with the assistance

2

• Diffusion blurs the track reconstruction: The sharp “wire with 
a blob” of left panel gets blurred as diffusion increases.  



How to improve resolution
• Resolution is dominated by longitudinal and 

transverse diffusion. 

• It can be improved by adding small amounts of 
CO2. CH4 and CF4 may also be possible, but CH4 
requires larger fractions of additive, which 
quenches more the light, and CF4 has side effects, 
such as dissociative attachment, TMA is excellent 
to reduce the diffusion but it appears to quench 
completely the xenon scintillation 



CO2: 0.1 % (CH4: 1%) —> DL < 2 mm
CO2: 0.05 % (CH4: 0.5%) —> DL < 2.5 mm



CO2: 0.1 % (CH4: 0.5 %) —> DT < 1.5 mm
CO2: 0.05 % (CH4: 0.25 %) —> DT < 2 mm



Quenching of light

CO2: 0.05 % quenches 
“only” 25 % of S1
CO2: 0.1 % quenches 
“only” 50 % of S1



The effect of difusion 

The effect of blurring the “true” track (left) by 2 mm diffusion (center) or 
10 mm diffusion (right). In the example, the algorithm finds a fake blob 
in Bi-214 event for 10 mm diffusion but not for 2 mm diffusion 



Mixtures: summary

• Overall, it appears possible to reduce diffusion to 
~2 mm by adding 0.05 % of CO2. 

• The side effects on reduction of S1 and drift 
velocity appear tolerable. 

• R&D campaign foreseen for the next 6 months: 
Detailed study of the effect of gas mixtures (CO2, 
CH4) in NEXT performance. What is the 
compromise between diffusion and energy 
resolution? 



Replace PMTs by SiPMs
• PMTs are rather radioactive, do not tolerate well high 

pressure and do not work in a magnetic field. 

• But recent developments in SiPM technology make it 
possible to replace them! 

• New generation SiPMs have dark current and dark noise 
at the level of 50-100 kHz/mm2 at ambient temperature.  

• Dark current decreases a factor 2 per 10 degrees celsius 
colder. Cooling SiPMs to -10 degrees appears feasible 
and results in ~10 kHz/mm2. OK for energy resolution 



Symmetric TPC
• Replacing PMTs by SiPMs also 

allows to merge tracking and 
energy functions, by alternating 
SiPms of 1 mm2 (for tracking) 
and 6 mm2 (for energy).  

• When an event is produced in 
the EL grid in front of plane B, 
SiPMs of 1 mm2 (at a pitch of 7 
mm) are readout for tracking, 
while SiPMs of 6 mm2 (at a pitch 
of 7 mm) are readout for energy 
in plane A 

• S1 is readout by both planes 
and gives extra information of 
the localisation of the event (in 
addition to t0)  
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Upgrade NEXT
• Reduce diffusion to some 2 mm (e.g, 0.05 % of CO2) 

• Symmetric TPC with mixed function planes.   

• MC calculation shows that improvement of topological 
signature decreases background rate by a factor 4.  

• PMTs are the dominant source in the background model. 
Replacing them by SiPMs could buy an extra factor of 2-3. 

• Overall an addition rejection factor of 10, reaching 5x 10-5 
ckky appears possible. 



DEMO++
• Field Cage and HVFT using NEW design to increase active 

volume. 

• Tracking plane with 7 DICE boards for a better coverage of the 
active volume.



DEMO++
• Only SiPM inside the detector. 

• Energy measurement performed using 3x3mm2 SiPMs. 

• Light concentrators (Wiston cones/lenses)



MAGIXBarium Tagging Concept

•Tag (using lasers) the presence of a Ba++ ion (in fact one needs to tag Ba+ since 
Ba++ first excited state lies in the extreme UV (75 nm) no accesible to 
conventional lasers 

Ba++ Ba+ 

• Xe-136 decays produce Ba++ 

• Ba++ will drift towards cathode (hopefully 
without recombining) 

• Coat cathode with PSMA molecule, which will 
capture BA++ 

• PSMA + BA++ will fluoresce when illuminated 
with 342 nm light (broad band, 360-430… can 
design a system to detect blue light. 
Interrogation rate at ~100 kHz.  

• This idea is a new form of Ba-tagging in gas 
which does not involve extracting the Ba++ 
ion to vacuum.  

• Potentially: background free experiment.   



MAGIX
• Experimental tests planned 

by 2016 

• Ba++ by sparking Ba coated 
tips. 

• Let Ba++ drift towards walls 
of a HP sphere.  

• Illuminate with 330 nm led, 
and try to read 400 nm light.  

Alice experiment

!

!

Alice experiment

!

!



Summary
• The NEXT project is moving forward. In particular, we have started the 

underground campaign with the commissioning of the NEW detector. New funding 
from Spanish ministry has been secured (1 M€). This adds to the existing AdG/
ERC grant. Funds from the USA (U. Texas at UTA— Nygren) have also been made 
available at a significant level, reinforcing the very important US participation in the 
project.  

• NEW will take data in 2016 and 2017. NEW will start operations in 2018. 

• R&D on-going to understand effect of gas mixtures in TPS and the upgrade to a 
symmetric TPC readout by SiPMs only (upgrade DEMO prototype in 2016 and 
carry on studies). Test of performance in a magnetic field will follow (late 2016 or 
2017). Also, start tests to understand the feasibility of the Molecule tagging 
concept.  

• Even the most conservative upgrade (improving the TPS by reducing the diffusion, 
symmetric TPC) will result in a competitive detector for ton scale. Magnetic field or 
Molecule may result in a background free detector at the ton scale.  

• The NEXT collaboration is seeking new partners to carry this ambitious program.  


