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Figure �.�. Neutrinoless double beta decay mediated by the standard mechanism, the
virtual exchange of light Majorana neutrinos.

in the standard �νββ mechanism of light neutrino exchange, discussed in § �.�.
�e last case involves alternative �νββ mechanisms, brie�y outlined in § �.�.

�.� �e standard mechanism

Neutrinoless double beta decay can arise from a diagram (see Figure �.�) in
which the parent nucleus emits a pair of virtual W bosons, and then these
exchange a Majorana neutrino to produce the outgoing electrons. At the
vertex where it is emitted, the exchanged neutrino is created, in association
with an electron, as a positive-chirality antineutrino. At the vertex where it
is absorbed, this same neutrino, acting now as a negative-chirality neutrino,
creates a second electron via a quasi-elastic interaction with a neutron. Such
a process is possible only if neutrinos are massive Majorana particles. �e
process is suppressed by mν�E due to the chirality mismatch between the
two vertices connected by the neutrino (see Table �.�). Considering that the
amplitude (§ �.�) is, in this case, a sum over the contributions of the three
light neutrino mass states νi and is proportional to U�

ei , we conclude that the
modulus of the amplitude for the �νββ process must be proportional in this
case to the e�ective neutrino Majorana mass:

mββ ≡ � ��
i=� U�

ei ⋅mi � (�.�)
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The nature of the neutrino

SM is incomplete! Neutrino masses are missing! 

Dirac or Majorana mass 

Of  course neutrinos are Majorana… the only viable 
experiment to determine if  neutrinos are Majorana is via 
the discovery of  neutrino-less Double Beta Decays 
(ββ0ν), a very rare process that can happens in certain 
nuclei 

Revival of  the field: the brute force, the squeezer and 
the final judgement experiments 

That implies Lepton Number Violation (LNV) 

The smallness o neutrino mass indicates a new energy 
scale! 

Majorana neutrinos can open the door, via leptogenesis, 
to understand the dominance of  matter on the Universe.
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in the standard �νββ mechanism of light neutrino exchange, discussed in § �.�.
�e last case involves alternative �νββ mechanisms, brie�y outlined in § �.�.

�.� �e standard mechanism

Neutrinoless double beta decay can arise from a diagram (see Figure �.�) in
which the parent nucleus emits a pair of virtual W bosons, and then these
exchange a Majorana neutrino to produce the outgoing electrons. At the
vertex where it is emitted, the exchanged neutrino is created, in association
with an electron, as a positive-chirality antineutrino. At the vertex where it
is absorbed, this same neutrino, acting now as a negative-chirality neutrino,
creates a second electron via a quasi-elastic interaction with a neutron. Such
a process is possible only if neutrinos are massive Majorana particles. �e
process is suppressed by mν�E due to the chirality mismatch between the
two vertices connected by the neutrino (see Table �.�). Considering that the
amplitude (§ �.�) is, in this case, a sum over the contributions of the three
light neutrino mass states νi and is proportional to U�

ei , we conclude that the
modulus of the amplitude for the �νββ process must be proportional in this
case to the e�ective neutrino Majorana mass:

mββ ≡ � ��
i=� U�

ei ⋅mi � (�.�)



The Majorana Landscape

 Current limits by EXO, KamLAND-Zen 
(136Xe), Gerda (76Ge).  

In the near future, NEXT-100 

But to cover the IH, reach mββ<20 meV!, 
we need a next generation experiments: 

NEXT-100 technique is scalable to 1 ton  

NH not accessible… 
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Figure �.�. �e e�ective neutrino Majorana mass, mββ , as a function of the light-
est neutrino mass, mlight. �e green band corresponds to the inverted ordering of
neutrino masses (mlight ≡ m�), while the red band corresponds to the normal order-
ing (mlight ≡ m�). �e vertically-excluded region comes from cosmological bounds,
the horizontal one from �νββ constraints. �is graphical representation was �rst
proposed by F. Vissani [��].

possibility to further explore neutrino properties and lepton number violating
processes. We give three examples in the following. First, the successful
determination of both mβ in Eq. (�.�) and mββ in Eq. (�.�) via β and �νββ-
decay experiments, respectively, can in principle be used to determine or
constrain the phases αi [��]. Second, measurements of mβ or Σmν in Eq. (�.�)
may yield a constraint on mlight that is inconsistent with a mββ upper limit. In
this case, the non-observation of �νββ decay could imply that neutrinos are
Dirac particles. �ird, measurements of mβ or Σmν may yield a constraint
on mlight that is inconsistent with a measured non-zero mββ. �is scenario
would demonstrate that additional lepton number violating physics, other
than light Majorana neutrino exchange, is at play in the �νββ process. We
brie�y describe some of these possible �νββ-decay alternative mechanisms in
the following section.
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Figure �.�. Current knowledge of neutrino masses and mixings from neutrino oscilla-
tion experiments. Le� and right panels show, respectively, the normal and inverted
mass orderings. Neutrino masses increase from bottom to top. �e electron, muon
and tau �avour contents of each neutrino mass eigenstate is shown via the red, green
and blue fractions, respectively.

only the phase δ is physical, accounting for CP violation in the leptonic sector.
If massive neutrinos are Majorana particles (§ �.�), then the two additional
Majorana phases α�,� may also be di�erent from zero.�

Global analyses [��–��] of the existing neutrino oscillation data have de-
termined with relatively good precision (at the few percent level) the value
of the three mixing angles: θ�� � ��○, θ�� � ��○ and θ�� � �○. �e value
of the Dirac CP-violation phase, δ, also potentially measurable in neutrino
oscillation experiments, is currently unknown. Because of the interferometric
nature of neutrino oscillations, the experiments can only measure the di�er-
ences between the squared neutrino masses and not the absolute mass scale.
Experiments using solar and reactor neutrinos have measured one mass di�er-
ence, the so-called solar mass splitting: ∆m�

sol � �.� × ��−� eV�. Atmospheric
and accelerator-based oscillation experiments have measured another mass
di�erence, the atmospheric mass splitting: ∆m�

atm � �.�× ��−� eV� � ∆m�
sol. In

the standard �-neutrino paradigm, these are the only two independent mass
di�erences.

Current neutrino oscillation results cannot di�erentiate between two pos-
sibilities for the neutrino mass ordering, usually referred to as normal and
inverted orderings. In the former, ∆m�

sol is the di�erence between the squared

��e reader interested in the topic of the physics of massive neutrinos may consult, for
instance, the book by Giunti and Kim (����) [��] or the review paper by González-García and
Maltoni (����) [��].

(T 0⌫
1/2)

�1 = G0⌫(Q,Z) |M0⌫ |2 m2
��
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Figure �.�. Neutrinoless double beta decay mediated by the standard mechanism, the
virtual exchange of light Majorana neutrinos.

in the standard �νββ mechanism of light neutrino exchange, discussed in § �.�.
�e last case involves alternative �νββ mechanisms, brie�y outlined in § �.�.

�.� �e standard mechanism

Neutrinoless double beta decay can arise from a diagram (see Figure �.�) in
which the parent nucleus emits a pair of virtual W bosons, and then these
exchange a Majorana neutrino to produce the outgoing electrons. At the
vertex where it is emitted, the exchanged neutrino is created, in association
with an electron, as a positive-chirality antineutrino. At the vertex where it
is absorbed, this same neutrino, acting now as a negative-chirality neutrino,
creates a second electron via a quasi-elastic interaction with a neutron. Such
a process is possible only if neutrinos are massive Majorana particles. �e
process is suppressed by mν�E due to the chirality mismatch between the
two vertices connected by the neutrino (see Table �.�). Considering that the
amplitude (§ �.�) is, in this case, a sum over the contributions of the three
light neutrino mass states νi and is proportional to U�

ei , we conclude that the
modulus of the amplitude for the �νββ process must be proportional in this
case to the e�ective neutrino Majorana mass:

mββ ≡ � ��
i=� U�

ei ⋅mi � (�.�) normal



The Majorana Landscape

4

T�1
1/2 / a · ✏ ·

r
Mt

�E ·B
M = 100 kg DE < 1% 

(FWHM)

!
B < 5 10

c/(kg keV y)

136Xe, cheap, easy to enrich, noble gas, target 

Qββ= 2458 keV,  lower background 

High Pressure (15 bars): excellent energy resolution (0.3% FWHM) and tracks (~10 cm) 

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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NEXT-Concept

electron excites and ionizes Xe 

excited Xe emit scintillation light (S1) (t0 of  events) 

electrons from ionization drift (0.3 kv/cm) toward the anode 

electrons pass  electro-luminiscence (EL) region, emits light (proportional) (S2) 

measured by PMTs in the Energy plane (cathode): provide the Energy  

measured in SiPMs (1 cm2 grid) in the tracking plane: provide (x,y, time)
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NEXT-Collaboration

6

Texto

IFIC (Valencia), U. Zaragoza, U. Santiago, U. Girona, U. Politécnica Valencia, U. A. Madrid

U. Coimbra, U. Aveiro LBNL, Texas A&M U., Iowa State U.

JINR (Dubna) U. Antonio Nariño (Bogotá)

Collaboration members at Canfranc Underground Laboratory (LSC), 
 80 people, 5 countries

Grants: Consolider-2010 (Spain), ERC-ADG 2013 (EU)



NEXT-100

Vessel: 1,2 tons stainless steel 316Ti alloy, very low activity, with 12 cm inner copper shield (it 
blocks radiation by a factor 100) 

Field cage: 130 cm long, 105 cm diameter, high density polyethlene cylindrical shell, EL 1cm, 
3 wire meshes with 88% transparency 

Energy plane: 60 PMTs, low radioacticity, 30% coverage, but encapsulated with sapphire 
windows to hold pressure 

Tracking plane: 7 k SiPMs 1 mm2 active area, located in boards (8x8 each), separated 1 cm, 
coated to a wavelength shifter (TPB)

7

PMTs

SiPMs boards
Copper shield 

Field Cage

Vessel

HV/gas feedthroughs

Signal fieedthroughs



NEXT-100

8

R11410-10 
Hamamatsu PMT S10362-11-050P 

SiPM

8x8 SiPM board 
and cable

Vessel



NEXT-100

Infracstructure at LSC

9

• Lead castle made of 15-cm thick bricks provides passive shielding
• Mounted on a seismic platform, as well as the detector 12

lead castle

Seismic platform and gas system: been 
installed at LSC. 

Xe procured and at LSC

Xenon gas system



Prototypes NEXT-DEMO
IFIC-Valencia (1 kg) :  

Technical viability 

Energy and Topology reconstruction: 

a) runs 22Na, 137Cs, 228Th

10

JINST 9 P0301 (2014)

CATHODE

ANODE
GATE

DRIFT REGION (300 mm)

EL REGION (5 mm)

SHIELD
BUFFER REGION (100 mm)



NEXT-DEMO Energy resolution

11

22Na raw spectrum
0.8 % FWHM 

extrapolated @ Qββ

z-correction 
lifetime 20 msS1 & S2 PMT signal

XY correction  
(photo-peak value vs x,y position computed 

using the barycenter of  SiPMs signals)

22Na corrected spectrum

JINST 10 C02039 (2015),  JINST 9 P10007 (2014)

JINST 9 P10007 (2014)

JINST 8 P04002 (2013)



NEXT-DEMO Topology

Topology reconstruction: 

Barycenter using SiPM signal integrated in 4 µs 
slices and track reconstrured using 3D splines 

Energy of  each slice given by the Energy plane12

‘blob’ of  the electron clearly visible!

ZY projection - 
barycenter 3D splines - ZY projection 

XY projection 3D splines - 3D view SiPM signal vs time

JINST 8 (2013) P09011



NEXT-DEMO Topology

13

22Na (511 keV) 137Cs (662 keV)

Cosmic µ

Different track types reconstructed!



Radio-purity measurements

Main contamination (from Th, U chains): 

208Tl (γ,2615 keV),  214Bi (γ,2448 kEV) 

Extensive Campaign to estimate  

14

PMTs radio level measurement at LSC

arXiv:1411.1433, JINST 8 (2013) P09011
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Table �.�. Radioactivity budget of the NEXT-��� detector. For most subsystems,
we only have upper limits (at ��% CL) to their activity. �e �gures in parentheses
correspond to the �-sigma uncertainty in the last digit. See Table �.� for the speci�c
activities of the materials and components listed here.

Detector subsystem Material Quantity ���Tl ���Bi
(mBq) (mBq)

Pressure vessel
Total Steel ���Ti ���� kg < ��� < ���

Energy plane
PMTs R�����-�� �� units ��(�) < ��
PMT enclosures Copper CuA� ��×�.� kg < �.�� < �.�
Enclosure windows Sapphire ��×�.�� kg �.��(�) < �.�
Support plate Copper CuA� ��� kg < �.� < �

Tracking plane
SiPMs S���� �mm� ���×�� units < � < ��
Boards Kapton FPC ��� units �.�(�) �.�(�.�)

Field cage
Barrel Polyethylene ��� kg < � < �
Shaping rings Copper CuA� ���×� kg < �.� < �
Electrode rings Steel ���Ti �×� kg �.� < �
Anode plate Fused silica �.� kg �.���(��) �.�(�)
Resistor chain �-GΩ resistors ��� units < �.���� < �.���

Shielding
Inner shield Copper CuA� ���� kg < �� < ���
Outer shield Lead ����� kg ����(���) �����(����)

���Bi and ���Tl beta decays will occur on the cathode rather than in the active
volume [��]. �ese cathode events are equivalent to other background sources
close to the active volume: if the β particle enters the active volume, the event
can then be vetoed; otherwise, the de-excitation gamma rays interacting in the
xenon can generate background tracks. In addition, a small fraction (�.�%)
of the ���Bi beta decays occurring in the xenon bulk will produce an electron
track with energy around Qββ. Luckily, the disintegration of ���Bi is followed
shortly a�er by the α decay of ���Po (T��� = ��� µs [���]). �e detection of this
so-called Bi-Po coincidence can be used to identify and suppress with high
e�ciency these background events. In the design of NEXT-��� we have tried
to avoid or minimize the use of materials and components known to emanate

Why Energy resolution?

Thursday, January 17, 13



Background estimation

 Detailed MC simulation  

Analysis: one track and two blobs

15

estimate          < 5.8 10-4 counts /(keV kg y)

  counts / (keV kg y)
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Table �.�. Contribution of major subsystems to the expected background rate of
NEXT-���, expressed in ��−� counts keV−� kg−� yr−�.

Detector subsystem ���Tl ���Bi Total

Pressure vessel < �.�� < �.�� < �.��
Energy plane < �.�� < �.�� < �.��
Tracking plane < �.�� < �.�� < �.��
Electric-�eld cage < �.�� < �.�� < �.��
Inner shield < �.�� < �.�� < �.��
Outer shield �.���(��) �.��(��) �.��(��)
Total < �.�� < �.�� < �.��

• �e activity of airborne radon in the vicinity of the detector —which
translates, ultimately, into ���Bi 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 (∼�� Bq/m�) thanks to the use of a radon
mitigation machine or the removal of the air inside the lead shield
(�.� m�) with clean nitrogen. �e computed rejection factor for this
source of background is � × ���, resulting in a background rate of about
��−� keV−� kg−� yr−� for a ���Rn activity of �.� Bq/m� (see Figure �.� for
other values of the speci�c activity of ���Rn in the range between ��−�
and ��� Bq/m�).

• Radon contamination in the xenon gas causes two di�erent types of
background events (§ �.�.�): β tracks from the decay of ���Bi in the active
volume, and photoelectrons generated by gamma rays emitted, for the
most part, from the TPC cathode following the decay of ���Bi. In the
EXO-��� TPC, the latter type of events constitute about ��% of the
measured activity of ���Rn in the liquid xenon, while the former make
up the remaining ��% [��]. �e rejection power against both types of
background events is similar, approximately �.� × ���. In the case of the
β decays of ���Bi in the xenon bulk, we have assumed that Bi-Po tagging
—i.e. the coincident detection in an event of the β emitted in the decay
of ���Bi and the alpha emitted by ���Po shortly a�er— can be done with
high e�ciency (� ��%). Figure �.� (red lines) shows the background
rate generated in NEXT-��� by this internal contamination of radon in
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Figure �.�. Monte Carlo simulation of signal (�νββ decay of ���Xe) and background
(single electron of energy equal to the Q value of ���Xe) events in gaseous xenon at
�� bar. �e ionization tracks le� by signal events feature large energy deposits, or blobs,
at both ends.
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Figure �.�. Energy loss for electrons in argon and xenon as a function of energy.
Note the steep increase in dE�dx below �� keV that results in the end-of-track blobs.
Redrawn from�omas et al. (����) [���].
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Figure �.�. Probability distribution of �νββ (top panel), ���Tl (centre) and ���Bi
(bottom) events in terms of the energies of the end-of-track blobs. �e blob labelled
as ‘�’ corresponds to the more energetic one, whereas ‘blob �’ corresponds to the less
energetic of the two.
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Figure �.�. Probability distribution of �νββ (top panel), ���Tl (centre) and ���Bi
(bottom) events in terms of the energies of the end-of-track blobs. �e blob labelled
as ‘�’ corresponds to the more energetic one, whereas ‘blob �’ corresponds to the less
energetic of the two.

214Bi  
(1 electron)

ββ0ν   
(2 electrons)
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Table �.�. Acceptance of the selection criteria for �νββ-decay events described in
the text. �e values for ���Tl and ���Bi correspond to one of the dominant sources of
background in the detector.

Selection criterion �νββ �νββ ���Tl ���Bi

Fiducial, single track �.���� �.�� × ��−� �.�� × ��−� �.�� × ��−�E ∈ [�.�, �.�]MeV

Track with � blobs �.���� �.���� �.���� �.���

Energy ROI �.���� �.�� × ��−� �.��� �.���

Total �.���� �.�� × ��−�� �.� × ��−� �.� × ��−�
events with missing energy in the form of bremsstrahlung radiation).

�.� Predicted background rate and sensitivity of NEXT-���

�e contribution of each detector subsystem to the overall background rate
of NEXT-��� is shown in Table �.�. �ese rates are obtained dividing the
initial activities of ���Tl and ���Bi by the corresponding background rejection
factors (de�ned as the inverse of the background acceptance resulting from
the �νββ-decay event selection described in the previous section). �ey are
also represented graphically in Figure �.�. �e photosensors are, by far, the
dominant source of background in NEXT-���. 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. �is is, in fact, a
problem common to all �νββ-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 �.� shows the contributions grouped into six major subsystems. �e
background from ���Bi is �.� times more abundant than the background from
���Tl. �e overall background rate estimated for NEXT-��� is

< �.�� × ��−� counts�(keV kg year) . (�.�)

�is rate includes only radioactive backgrounds from detector materials and
components. All other sources of background are expected to contribute at
the level of ��−� keV−� kg−� yr−� or below:

 Topology reduction

 Background estimation:



NEXT-DEMO

Results with 228Th  

double scape peak of  208Tl (~1592 MeV) 

detailed MC simulation 

simple reconstruction: boxes 1cm3 

blob as 2cm radius ball at endpoint of  the 
track
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NEW before NEXT-100

NEXT White (NEW) prototype 

1:2 dimensions (i.e field cage) 

10 kg 136Xe 

 20% of  sensors: 12 PMTs, 20 
SiPMs boards 

Objective: 

Test of  technical implementations  

Validation of  background model. 
It is a radiopure detector 

measurement of  a topological 
signal (2 electrons) from 228Th and 
ββ2ν signal 

17

In memoriam of James White

NEXT-NEW 

Lead castle, gas system, vessel installed 
at LSC 

Energy plane installation July 2015 

 Tracking plane installation September 
2015



Sensitivity

Xe detectors
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Figure �.�. Exposure dependence of the mββ sensitivity (at ��% CL) of perfectly-
e�cient experiments based on � di�erent isotopes and with � di�erent assumptions
for the background rate in the ROI.�e grey band represents the inverted-hierarchy
region of neutrino masses.

NEXT-1 ton 

lower backgrounds required!

  counts / (ton y) in RoI
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Figure �.�. Half-life sensitivity (at ��% CL) of the current-generation experiments
in terms of the exposure. �e experiments are grouped according to their ββ source
isotope. From le� to right and top to bottom: ��Ge (GERDA and M�������), ��Se
(SuperNEMO), ���Xe (EXO-���, KamLAND-Zen and NEXT-���) and ���Te (CUORE
and SNO+).

NEXT

7.4. PREDICTED BACKGROUND RATE AND SENSITIVITY OF NEXT-100 155

10 100 1000
0

2

4

6

8

10

100

200

300

400

500

exposure (kg year)

T 1
/2

 (1
025

 y
ea

rs
)

m
ββ  (m

eV)
2 4 6 8 10

5

6

7

8

9

10

75

100

125

150

175

200

Background rate (10–4 keV–1 kg–1 yr–1)

T 1
/2

 (1
025

 y
ea

rs
)

m
ββ  (m

eV)

Figure �.��. Sensitivity (at ��% CL) of NEXT-��� to neutrinoless double beta decay.
�e (crimson) solid curves represent the half-life sensitivity, while the (blue) dashed
curves correspond to the mββ sensitivity for three di�erent NME calculations (from
top to bottom: EDF [��], IBM-� [��], ISM [��]). Top: Sensitivity of NEXT-��� as
a function of the exposure. Bottom: Sensitivity of NEXT-��� a�er a �-years run
(equivalent to an exposure of ��� kg yr) as a function of the achieved background
rate.

  different ME



Conclusions

NEXT-100 is a 100 kg 136Xe (90% enriched) High Pressure Gas TPC able to explore 
0νββ to 100 meV Majorana effective masses  

NEXT has an excellent energy resolution (<1%) FWHM at Qββ, extrapolated from 
the measurements done with NEXT-DBDM and NEXT-DEMO prototypes 

NEXT-DEMO has demonstrated the tracking capabilities of  NEXT (reconstruction 
of  electron and identification of  the ‘blob’) that will largely reduce the background 
contamination 

The detector is under construction (Vessel, sensors, electronic, DAQ, gas system,...). 
Installation and commissioned expected by 2017 at LSC (Canfranc) 

A 10 kg prototype (NEW) is been deployed at LSC 2015 , able to measure ββ2ν and 
validate the background model and the topology reconstruction of  2 electrons  

Due to its modularity, NEXT can be a solution for a (several) ton next generation 136Xe 
0νββ decay experiment to explore down to 20 meV in Majorana effective mass

19



Prototypes NEXT-DBDM

Berkeley lab (1 kg):   

demonstrate energy resolution

20

•V. Alvarez, et al.  [NEXT Collaboration],!
  “Near-Intrinsic Energy Resolution for 30 to 
662 keV Gamma Rays in a High Pressure Xenon 
Electroluminescent TPC,'' arXiv:1211.4474 
[physics.ins-det].!

!

light output similar to the 662 keV full energy events, a point spread function
of about 6 mm radius is measured. Therefore cutting harder on the radial
position of events does not reduce render an improved fiducialization of te
events.

Fig. 3 shows a high statistics spectrum with a full energy peak, a Comp-
ton continuum and edge, a backscattering peak and a xenon x-rays peak and
escape peak.

Total Calibrated S2 Charge (keV)
0 100 200 300 400 500 600 700 800

)
-1

C
o

u
n

ts
 (

ke
V

0

50

100

150

200

250

300

Figure 3: Measured energy spectrum for 662 keV gammas: This spectrum was
taken at a 15.5 atm pressure with E/P of 1.95 kV/(cm atm) in teh EL region and 775
V/cm in the drift region.

In addition, we have obtained 4.7% FWHM for 59.4 keV gamma rays
from 241Am at 10 Atm (see Fig. 5 and 6).

The hot getter was added to the system to better control the TPC per-
formance by eliminating the residual N2 from the gas which a↵ects the drift
velocity and could potentially also have an electron attachment e↵ect. How-
ever, the removal of N2 had the unintended consequence of reducing the light
yield in the chamber (the number of SPEs detected per ionization electron).
A light yield reduction of about 60% was observed for similar TPC fields and
pressure. The light yield reduction has been compensated by a subtantial
increase in the maximum E/P we were able to achieve by gradual chamber

3

0.5 % FWHM 
extrapolated @ Qββ

137Cs



Sensitivity- comparisons

21

8.1. REACH OF THE CURRENT GENERATION OF EXPERIMENTS 159

10 100 1000

100

1000
CUORE
EXO-200
GERDA-II
KamLAND-Zen
Majorana
NEXT-100
SNO+
SuperNEMO-D

exposure (kg yr)

m
ββ

 (m
eV

)

0.1 1 10

100

1000
CUORE
EXO-200
GERDA-II
KamLAND-Zen
Majorana
NEXT-100
SNO+
SuperNEMO-D

live time (years)

m
ββ

 (m
eV

)

Figure �.�. Sensitivity to mββ (at ��% CL) of the current generation of �νββ-decay
experiments. Top: mββ sensitivity as a function of the exposure. Bottom: mββ
sensitivity as a function of the experiment’s live time.
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Table �.�. Basic operational parameters of the �νββ-decay experiments of the current
generation: ββ source isotope, energy resolution (FWHM), ∆E; background rate in
the region of interest around Qββ ; signal detection e�ciency, ε; and source mass.

Experiment Isotope ∆E Bkgnd. rate ε Mass
(keV) (keV−� kg−� yr−�) (%) (kg)

CUORE-�a [���] ���Te � �.�� �� ��
CUOREb [���] ���Te � �.�� �� ���
GERDA-Ia [���] ��Ge � �.��� �� ��
GERDA-IIb [���] ��Ge � �.��� �� ��
EXO-���a [��] ���Xe �� �.��� �� ��
KamLAND-Zena [��,��] ���Xe ��� �.����� �� ���
M�������c [���] ��Ge � �.���� �� ��
NEXT-���c ���Xe �� �.���� �� ��
SNO+c [���,���] ���Te ��� �.���� �� ���
SuperNEMO-Dc ��Se ��� �.���� �� �
SuperNEMOc [���] ��Se ��� �.����� �� ���

a �e experiment is running and has measured its operational parameters.
b �e experiment has proven its feasibility with a demonstrator.
c �e operational parameters are estimations based on R&D results and simulations.

would be the most sensitive detectors of the current generation if they attained
their target operational parameters. In its �rst phase, GERDA has achieved
a background rate of about ��−� keV−� kg−� [���]. A reduction of a factor
of �� is expected for the second phase of the experiment thanks to the use
of broad-end germanium detectors —which present improved pulse shape
discrimination and energy resolution— and the instrumentation of the liquid
argon bath to veto external backgrounds [���]. �e M������� Collaboration
pursues a slightly better background rate than that of GERDA-II with a more
conventional design for the detector, paying particular attention to the selec-
tion of radiopure materials. For instance, the required purity levels for the
electroformed copper used in the inner layers of shielding and in the detector
holders are extremely stringent, at the level of �.� µBq/kg of ���� or ���U or
below [���].

�e experiments of the current generation deploy very di�erent source
masses, and hence they cannot reach the same exposures with equal ease. To
take this into account, we have represented in the bottom panel of Fig. �.�
the mββ sensitivity as a function of the experiments’ live time. In this case,
the experiments reaching the best sensitivities are those with the highest ef-


