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Xenon	  enriched	  with	  Xe-‐136	  isotope	  is	  op2mal	  
as	  ββ	  source	  and	  detector	  medium,	  	  
large	  Qββ	  (2458	  KeV)	  	  	  

Gas	  phase	  at	  high	  pressure	  allows	  large	  isotope	  
mass,	  small	  volume,	  tracking	  

NEXT	  	  major	  technological	  concerns	  :	  

Energy	   resolu2on	   is	   op2mized	   using	   a	  
propor2onal	   mul2plica2on	   process	   of	   the	  
primary	  ionizing	  electrons	  produced	  in	  the	  gas	  
by	   the	   interac2on	  of	   	   the	  charged	  par2cles	   -‐>	  	  
ELECTROLUMINESCENCE	  (EL)	  

Background	   reduc2on	   is	   obtained	   by	   the	  
selec2on	  of	  radio-‐pure	  materials	  and	  using	  the	  
topological	  signature	  of	  the	  electron	  events	   -‐>	  
OPTICAL	  TRACKING	  READOUT	  using	  EL	  signals	  	  
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Figure 1 Illustration of the spectra of the sumof the electron kinetic energies Ke (Q is

the endpoint) for the ββ(2ν) normalized to 1 (dotted curve) and ββ(0ν) decays (solid

curve). The ββ(0ν) spectrum is normalized to 10−2 (10−6 in the inset). All spectra

are convolved with an energy resolution of 5%, representative of several experiments.

However, some experiments, notably Ge, have a much better energy resolution.

in Figure 2, which shows an essentially exponential improvement, by more than a

factor of four per decade, of the corresponding limits. If this trend continues, we

expect to reach the neutrino mass scale suggested by the oscillation experiments in

10–20 years. Given the typical lead time of the large particle physics experiments,

the relevant double beta decay experiments should begin the “incubation” process

now.

2. NEUTRINO MASS: THEORETICAL ASPECTS

2.1. Majorana and Dirac Neutrinos

Empirically, neutrino masses are much smaller than the masses of the charged

leptons with which they form weak isodoublets. Even the mass of the lightest

charged lepton, the electron, is at least 105 times larger than the neutrino mass

constrained by the tritium beta decay experiments. The existence of such large

factors is difficult to explain unless one invokes some symmetry principle. The

assumption that neutrinos are Majorana particles is often used in this context.

Moreover, many theoretical constructs invoked to explain neutrino masses lead to

the conclusion that neutrinos are massive Majorana fermions.
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Figure 1. Double beta decay spectrum. The continuous part is the spectrum of the ββ2ν
process and the peak to the right correspond to the ββ0ν process. The inset illustrates how the
ββ2ν process contribute as a background for the ββ0ν peak for finite energy resolution. Taken
from Ref.[3]

implies they are identical to their corresponding antineutrinos. In this case, double beta decay
could take place without emission of neutrinos and the ideal energy spectrum would be a spike
at the Qββ value. The half-lives of double beta decay can be written for the neutrinoless and
two neutrino cases as,

T 0ν
1/2

−1 = G0ν(Qββ, Z) [M0ν ]2 m2
νν (1)

T 2ν
1/2

−1 = G2ν(Qββ, Z) [M2ν ]
2 (2)

where G0νandG2ν are exactly calculable phase space factors, M0νandM2ν nuclear matrix
elements, at present strongly model dependent, and mνν the electronic neutrino mass. The
measurement of neutrinoless double-beta decay (ββ0ν) by any of the current or future
experiments could show the Majorana nature of the neutrino and provide the value of its mass
at the same time. However, to observe the ββ0ν peak, one has to avoid any background in the
Qββ energy region, including the ββ2ν spectrum. In practice, this requires not only to work in
a deep underground laboratory, and with very low levels of radioactivity in all the components
the detector is made of, but also to measure electron energies with a resolution good enough to
make the ββ2ν background negligible in the region of the ββ0ν peak.

Different double-beta decay experiments have been carried out during the past four decades [4],
without any observation of ββ0ν events up to the date (with the exception of the controversial
data of the Heidelberg-Moscow collaboration known as Klapdor claim [5]), but have established
more stringent limits to the neutrino mass. Double-beta decay detectors can be classified into
two different types: calorimeters and track-calorimeters. The experiments of the calorimeter
type measure the total kinetic energy of both electrons with state of the art resolutions. To
these kind of experiments belong those based on Ge and bolometers. They have excellent energy
resolution, which in any case is an essential characteristic of this method in order to separate true
events from the different sources of background. As the source isotope belongs to the detector
material, these detectors have better efficiency than detectors with an external source, due to
the absence of windows and backscattering.

The track-calorimeter detectors measure both the energy of the electrons and some tracking
information of the β particles. This tracking information provides a topological signal
characterizing two electron events, allowing to discriminate these events from other background
events like e-γ events. This is the case of the NEMO3 detector[6] which combines exclusive
measurement of electron energies with tracking information sufficiently good to measure angular
distributions[7]. In this detector, source isotope and calorimeter material are different. To avoid
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The	  Sensi2vity	  to	  the	  neutrino	  mass	  of	  
different	  	  experimental	  techniques	  :	  

ε	  	  	  	  	  	  	  signal	  detec2on	  efficiency	  
δE	  	  	  	  energy	  resolu2on	  
t	  	  	  	  	  	  data	  taking	  2me	  
M	  	  	  	  isotope	  mass	  
b	  	  	  	  	  background	  (counts	  /keV	  kilogram	  year)	  
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Figure 1 Illustration of the spectra of the sumof the electron kinetic energies Ke (Q is

the endpoint) for the ββ(2ν) normalized to 1 (dotted curve) and ββ(0ν) decays (solid

curve). The ββ(0ν) spectrum is normalized to 10−2 (10−6 in the inset). All spectra

are convolved with an energy resolution of 5%, representative of several experiments.

However, some experiments, notably Ge, have a much better energy resolution.

in Figure 2, which shows an essentially exponential improvement, by more than a

factor of four per decade, of the corresponding limits. If this trend continues, we

expect to reach the neutrino mass scale suggested by the oscillation experiments in

10–20 years. Given the typical lead time of the large particle physics experiments,

the relevant double beta decay experiments should begin the “incubation” process

now.

2. NEUTRINO MASS: THEORETICAL ASPECTS

2.1. Majorana and Dirac Neutrinos

Empirically, neutrino masses are much smaller than the masses of the charged

leptons with which they form weak isodoublets. Even the mass of the lightest

charged lepton, the electron, is at least 105 times larger than the neutrino mass

constrained by the tritium beta decay experiments. The existence of such large

factors is difficult to explain unless one invokes some symmetry principle. The

assumption that neutrinos are Majorana particles is often used in this context.

Moreover, many theoretical constructs invoked to explain neutrino masses lead to

the conclusion that neutrinos are massive Majorana fermions.
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Figure 1. Double beta decay spectrum. The continuous part is the spectrum of the ββ2ν
process and the peak to the right correspond to the ββ0ν process. The inset illustrates how the
ββ2ν process contribute as a background for the ββ0ν peak for finite energy resolution. Taken
from Ref.[3]

implies they are identical to their corresponding antineutrinos. In this case, double beta decay
could take place without emission of neutrinos and the ideal energy spectrum would be a spike
at the Qββ value. The half-lives of double beta decay can be written for the neutrinoless and
two neutrino cases as,

T 0ν
1/2

−1
= G0ν(Qββ, Z) [M0ν ]

2m2
νν (1)

T 2ν
1/2

−1
= G2ν(Qββ, Z) [M2ν ]

2 (2)

where G0νandG2ν are exactly calculable phase space factors, M0νandM2ν nuclear matrix
elements, at present strongly model dependent, and mνν the electronic neutrino mass. The
measurement of neutrinoless double-beta decay (ββ0ν) by any of the current or future
experiments could show the Majorana nature of the neutrino and provide the value of its mass
at the same time. However, to observe the ββ0ν peak, one has to avoid any background in the
Qββ energy region, including the ββ2ν spectrum. In practice, this requires not only to work in
a deep underground laboratory, and with very low levels of radioactivity in all the components
the detector is made of, but also to measure electron energies with a resolution good enough to
make the ββ2ν background negligible in the region of the ββ0ν peak.

Different double-beta decay experiments have been carried out during the past four decades [4],
without any observation of ββ0ν events up to the date (with the exception of the controversial
data of the Heidelberg-Moscow collaboration known as Klapdor claim [5]), but have established
more stringent limits to the neutrino mass. Double-beta decay detectors can be classified into
two different types: calorimeters and track-calorimeters. The experiments of the calorimeter
type measure the total kinetic energy of both electrons with state of the art resolutions. To
these kind of experiments belong those based on Ge and bolometers. They have excellent energy
resolution, which in any case is an essential characteristic of this method in order to separate true
events from the different sources of background. As the source isotope belongs to the detector
material, these detectors have better efficiency than detectors with an external source, due to
the absence of windows and backscattering.

The track-calorimeter detectors measure both the energy of the electrons and some tracking
information of the β particles. This tracking information provides a topological signal
characterizing two electron events, allowing to discriminate these events from other background
events like e-γ events. This is the case of the NEMO3 detector[6] which combines exclusive
measurement of electron energies with tracking information sufficiently good to measure angular
distributions[7]. In this detector, source isotope and calorimeter material are different. To avoid
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Fig. 2. Sensitivity of the three leading ββ0ν experiments
(KamLAND-zen, EXO-200 and NEXT-100) as a function of the total
exposure, assuming the sensitivity parameters displayed in Table 1.
(From [5]).

experimental sensitivity to mββ :

mββ ∝
�
1/�

�
b δE

M t

�1/4

(3)

where � is the (signal) detector efficiency, M is the ββ
isotope mass used in the experiment, t is the exposure or
data-taking time, δE is the energy resolution and b is the
specific background rate in the region of interest around Qββ

(expressed in counts per kilogram of ββ isotope, year and
keV).

In Fig. 2 is displayed the sensitivity calculated for the
three Xe-based ββ0ν experiments assuming the experimental
parameters of Table I defined in Eq. 3.

TABLE I
BASIC EXPERIMENTAL PARAMETERS OF THE THREE 136XE-BASED

EXPERIMENTS. (FROM [?])

Experiment M (kg) � (%) δE (% FWHM) b (10−3 ckky)

EXO-200 90 62 3.9 1.5

KamLAND-Zen 300 65 9.9 1.0

NEXT-100 90 25 0.7 0.5

Describe here briefly the advantages of Xe136 as a bb
isotope and the leading Xe-based double beta experiments.
Then introduce NEXT and the sensitivy curve as well as the
neutrino mass scale that is expected from the experiment in
the perspective of 5 years data taking in the forthcoming years.
Here try to convince that there is a real chance of reaching
an unsurpassed sensitivity. Then describe in the following
subsection the details of NEXT-100 technology and the main
initial results.

Say here what are the expectations for a the discovering the
neutrinoless bb decay in the present and next generation of
experiments. What are the arguments that subtend the efforts
towards the construction of experiments and the theoretical
reasons to think a discovery is possible. Discuss then the
figure showing the sensitivity of the leading xenon-based
experiments, based on the present or future experimental
performance. Introduce NEXT in a very short description. Cite
TDR paper.

In the following section II, we briefly describe the design
concepts of the high pressure gaseous xenon (HPGXe) TPC
of the NEXT-100 experiment and their implementation in
the TPC prototype presently in operation at IFIC, which is
used as a test bench and demonstrator. We then present the
initial results from this gaseous xenon TPC which address
the key experimental issues of the ββ0ν searches: the energy
resolution and the events pattern recognition. In section III
the optical imaging in a HPGXe TPC is discussed and the
characterization studies of UV-enhanced SiPMs for UV-VUV
imaging are described. These studies aimed also at assessing
the future development of VUV-sensitive SiPMs by the man-
ufacturers.

II. ββ0ν SEARCHES WITH A HPGXE EL TPC

why gas, why high pressure, why electroluminescence and
thus optical readout Many experimental techniques have been
proposed.

Advantages of Xe as an isotope etc .. advantages of gas
etc ... all related to increase sensitivity and experimental
performances for energy measurement and pattern recognition
talk here about electrolumnescence technology ...

A. NEXT-100 experiment: concept and demonstrator

The possibility of recording charged particle tracks in an
electroluminescent xenon gas TPC is investigated with the
NEXT-DEMO prototype of the NEXT-100 double-beta (ββ)
decay experiment [6]. The tracks of the ββ events from the
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Figure 1 Illustration of the spectra of the sumof the electron kinetic energies Ke (Q is

the endpoint) for the ββ(2ν) normalized to 1 (dotted curve) and ββ(0ν) decays (solid

curve). The ββ(0ν) spectrum is normalized to 10−2 (10−6 in the inset). All spectra

are convolved with an energy resolution of 5%, representative of several experiments.

However, some experiments, notably Ge, have a much better energy resolution.

in Figure 2, which shows an essentially exponential improvement, by more than a

factor of four per decade, of the corresponding limits. If this trend continues, we

expect to reach the neutrino mass scale suggested by the oscillation experiments in

10–20 years. Given the typical lead time of the large particle physics experiments,

the relevant double beta decay experiments should begin the “incubation” process

now.

2. NEUTRINO MASS: THEORETICAL ASPECTS

2.1. Majorana and Dirac Neutrinos

Empirically, neutrino masses are much smaller than the masses of the charged

leptons with which they form weak isodoublets. Even the mass of the lightest

charged lepton, the electron, is at least 105 times larger than the neutrino mass

constrained by the tritium beta decay experiments. The existence of such large

factors is difficult to explain unless one invokes some symmetry principle. The

assumption that neutrinos are Majorana particles is often used in this context.

Moreover, many theoretical constructs invoked to explain neutrino masses lead to

the conclusion that neutrinos are massive Majorana fermions.
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Figure 1. Double beta decay spectrum. The continuous part is the spectrum of the ββ2ν
process and the peak to the right correspond to the ββ0ν process. The inset illustrates how the
ββ2ν process contribute as a background for the ββ0ν peak for finite energy resolution. Taken
from Ref.[3]

implies they are identical to their corresponding antineutrinos. In this case, double beta decay
could take place without emission of neutrinos and the ideal energy spectrum would be a spike
at the Qββ value. The half-lives of double beta decay can be written for the neutrinoless and
two neutrino cases as,

T 0ν
1/2

−1
= G0ν(Qββ, Z) [M0ν ]

2m2
νν (1)

T 2ν
1/2

−1
= G2ν(Qββ, Z) [M2ν ]

2 (2)

where G0νandG2ν are exactly calculable phase space factors, M0νandM2ν nuclear matrix
elements, at present strongly model dependent, and mνν the electronic neutrino mass. The
measurement of neutrinoless double-beta decay (ββ0ν) by any of the current or future
experiments could show the Majorana nature of the neutrino and provide the value of its mass
at the same time. However, to observe the ββ0ν peak, one has to avoid any background in the
Qββ energy region, including the ββ2ν spectrum. In practice, this requires not only to work in
a deep underground laboratory, and with very low levels of radioactivity in all the components
the detector is made of, but also to measure electron energies with a resolution good enough to
make the ββ2ν background negligible in the region of the ββ0ν peak.

Different double-beta decay experiments have been carried out during the past four decades [4],
without any observation of ββ0ν events up to the date (with the exception of the controversial
data of the Heidelberg-Moscow collaboration known as Klapdor claim [5]), but have established
more stringent limits to the neutrino mass. Double-beta decay detectors can be classified into
two different types: calorimeters and track-calorimeters. The experiments of the calorimeter
type measure the total kinetic energy of both electrons with state of the art resolutions. To
these kind of experiments belong those based on Ge and bolometers. They have excellent energy
resolution, which in any case is an essential characteristic of this method in order to separate true
events from the different sources of background. As the source isotope belongs to the detector
material, these detectors have better efficiency than detectors with an external source, due to
the absence of windows and backscattering.

The track-calorimeter detectors measure both the energy of the electrons and some tracking
information of the β particles. This tracking information provides a topological signal
characterizing two electron events, allowing to discriminate these events from other background
events like e-γ events. This is the case of the NEMO3 detector[6] which combines exclusive
measurement of electron energies with tracking information sufficiently good to measure angular
distributions[7]. In this detector, source isotope and calorimeter material are different. To avoid
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Fig. 2. Sensitivity of the three leading ββ0ν experiments
(KamLAND-zen, EXO-200 and NEXT-100) as a function of the total
exposure, assuming the sensitivity parameters displayed in Table 1.
(From [5]).

experimental sensitivity to mββ :

mββ ∝
�
1/�

�
b δE

M t

�1/4

(3)

where � is the (signal) detector efficiency, M is the ββ
isotope mass used in the experiment, t is the exposure or
data-taking time, δE is the energy resolution and b is the
specific background rate in the region of interest around Qββ

(expressed in counts per kilogram of ββ isotope, year and
keV).

In Fig. 2 is displayed the sensitivity calculated for the
three Xe-based ββ0ν experiments assuming the experimental
parameters of Table I defined in Eq. 3.

TABLE I
BASIC EXPERIMENTAL PARAMETERS OF THE THREE 136XE-BASED

EXPERIMENTS. (FROM [?])

Experiment M (kg) � (%) δE (% FWHM) b (10−3 ckky)

EXO-200 90 62 3.9 1.5

KamLAND-Zen 300 65 9.9 1.0

NEXT-100 90 25 0.7 0.5

Describe here briefly the advantages of Xe136 as a bb
isotope and the leading Xe-based double beta experiments.
Then introduce NEXT and the sensitivy curve as well as the
neutrino mass scale that is expected from the experiment in
the perspective of 5 years data taking in the forthcoming years.
Here try to convince that there is a real chance of reaching
an unsurpassed sensitivity. Then describe in the following
subsection the details of NEXT-100 technology and the main
initial results.

Say here what are the expectations for a the discovering the
neutrinoless bb decay in the present and next generation of
experiments. What are the arguments that subtend the efforts
towards the construction of experiments and the theoretical
reasons to think a discovery is possible. Discuss then the
figure showing the sensitivity of the leading xenon-based
experiments, based on the present or future experimental
performance. Introduce NEXT in a very short description. Cite
TDR paper.

In the following section II, we briefly describe the design
concepts of the high pressure gaseous xenon (HPGXe) TPC
of the NEXT-100 experiment and their implementation in
the TPC prototype presently in operation at IFIC, which is
used as a test bench and demonstrator. We then present the
initial results from this gaseous xenon TPC which address
the key experimental issues of the ββ0ν searches: the energy
resolution and the events pattern recognition. In section III
the optical imaging in a HPGXe TPC is discussed and the
characterization studies of UV-enhanced SiPMs for UV-VUV
imaging are described. These studies aimed also at assessing
the future development of VUV-sensitive SiPMs by the man-
ufacturers.

II. ββ0ν SEARCHES WITH A HPGXE EL TPC

why gas, why high pressure, why electroluminescence and
thus optical readout Many experimental techniques have been
proposed.

Advantages of Xe as an isotope etc .. advantages of gas
etc ... all related to increase sensitivity and experimental
performances for energy measurement and pattern recognition
talk here about electrolumnescence technology ...

A. NEXT-100 experiment: concept and demonstrator

The possibility of recording charged particle tracks in an
electroluminescent xenon gas TPC is investigated with the
NEXT-DEMO prototype of the NEXT-100 double-beta (ββ)
decay experiment [6]. The tracks of the ββ events from the
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  NEXT	  	  detector	  Concept	  

Primary	  scin2lla2on	  (S1)	  	  
	  	  	  start-‐of-‐event	  signal	  

Secondary	  scin2lla2on	  (S2)	  	  
Energy	  (PMTs)	  and	  tracking	  
(SiPMs)	  signals	  
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NEXT-‐DEMO:	   the	   large	  	  	  	  	  	  	  	  	  	  
NEXT-‐100	  demonstrator	  
	  	  	  	  Presently	  in	  opera=on	  at	  IFIC	  

30	   cm	   dric,	   16	   cm	   inner	  
diameter,	  1	  kg	  of	  pure	  xenon	  at	  
10	  bar	  pressure	  

Tracking	  plane	  (258	  SiPMs),	  1	  cm	  pitch	  



Op=cal	  tracking	  with	  SiPMs	  	  	  
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 	   	   SiPMs	   are	   not	   sensi2ve	   to	   the	  
xenon	  scin2lla2on	  (	  ~	  175	  nm	  )	  	  	  
(see	   figure	   of	   Photon	   Detec2on	  
Efficiency	  versus	  wavelength).	  

Coa2ng	   with	   Tetraphenyl-‐butadienne	  
(TPB)	   is	  used	   for	   shicing	   the	  VUV	   light	  
to	  blue	  light	  

The	   necessity	   to	   perform	   an	   op2cal	  
tracking	   in	   NEXT	   is	   driven	   by	   the	  
requirement	  of	  an	  op2mal	  resolu2on	  in	  
the	   energy	   measurement	   obtained	  
with	  the	  EL	  readout	  using	  Photosensors	  

SiPMs	  are	  best	  suited	  for	  op2cal	  	  tracking	  :	  

 	  	  Cost	  effec2ve	  
 	  	  Low	  radioac2ve	  
 	  	  Small	  size	  (1	  mm	  ac2ve	  area)	  
 	  	  High	  signal	  level	  (	  gain	  ~	  10	  6	  	  )	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  NEXT-‐DEMO	  	  SiPM	  boards	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  TPB	  coa=ng	  setup	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  TPB	  thickness	  :	  
	  	  	  	  	  	  	  	  	  (130	  ±	  10)	  nm=	  0.1	  mg/cm2	  

	  	  	  	  	  	  	  	  	  	  	  NEXT	  Dice	  board	  (64	  SiPMs)	  coated	  with	  TPB	  
	  and	  illuminated	  with	  UV	  light	  (converted	  light	  is	  blue)	  
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jtoledo@eln.upv.es 

Summary of NEXT-DEMO FE&DAQ 
 16-ch SiPM front-end board with amplifiers, gated integrators, ADCs and DTC interface to the FEC module 
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Recent	  results	  from	  NEXT-‐DEMO	  

Energy	  resolu=on	  
	  Na-‐22	  radioac2ve	  source	  -‐>	  500	  keV	  gamma	  
from	  positron	  annihila2on	  
Located	  in	  a	  lateral	  port	  near	  the	  TPC	  cathode	  

TPC	  opera2on	  condi2ons:	  
Cathode	  32	  kV,	  Anode	  12	  kV,	  	  
dric	  velocity	  :	  600	  V/cm	  
E/P	  :	  2.4	  kV/cm/bar	  

	  Energy	  resolu2on	  obtained	  acer	  the	  	  different	  
spa2al	  correc2ons	  (defini2on	  of	  the	  fiducial	  
volume,	  aoachment,	  light	  losses):	  
	  	  	  	  	  	  	  1.75	  %	  FWHM	  	  	  	  
	  	  	  0.7	  %	  FWHM	  extrapolated	  to	  Qββ	  	  	  
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Figure 20. Top: Energy spectra for 22Na gamma-ray events within the fiducial volume of NEXT-DEMO
after spatial corrections. Left for the ultraviolet configuration (UVC); right for the blue configuration (BC).
Bottom: Gaussian fits to the photoelectric peaks of the above energy spectra, indicating an energy resolution
at 511 keV of 2.89% FWHM for the UVC and 1.75% FWHM for the BC.

6 The topological signature

As discussed in earlier sections, NEXT will use a dedicated tracking plane to reconstruct the po-
sition and topology of any event recorded in the detector. The purpose of this analysis will be
two-fold: to accurately reconstruct the position of the deposited energy so that it can be corrected
for the geometrical variation in observed charge (discussed in section 5); and the reconstruction of
the topology of an event so that background events can be efficiently rejected. The latter study will
take advantage of the distinct topology left in HPXe by electrons, a short tortuous track ending in a
concentrated energy deposit corresponding to the showering of the particle, hereafter referred to as
a blob. This topological signature can be used in the search for ββ0ν to distinguish between signal
(two electron tracks with a common vertex) and background (mostly single electrons originated in
the interaction of high-energy gammas), as demonstrated in the Gotthard experiment [16].

This preliminary study of tracking in NEXT-DEMO is concerned only with the z coordinate
since the accuracy with which this coordinate can be reconstructed is significantly higher than that
of xy in the current set-up. Considering the charge in individual time samples (slices) as opposed
to the full integrated charge of the selected peak (see section 3.2) makes it possible to map the z
evolution of an event. As can be seen in figure 21, right panel, for the 22Na data considered here

– 20 –
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Geometrical	  correc=ons	  on	  the	  energy	  measurement	  	  
Electron	  life	  =me	  
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Much	  improved	  acer	  long	  gas	  
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Fiducial	  volume	  
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� 

Nrec = Ninc × PDE (5)

� 

Nrec = Ninc × PDE (5)
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	  	  	  	  	  	  	  	  	  	  	  	  First	  	  tracks	  of	  600	  keV	  X-‐rays	  from	  Cs-‐137	  source	  	  	  

Detector	  ppera=on	  condi=ons	  :	  
Cs-‐137	  source	  located	  in	  the	  lateral	  side	  of	  the	  TPC	  perpendicular	  to	  
the	  dric	  axis	  
Xenon	  gas	  pressure	  :	  10	  bar	  
Cathode	  :	  25	  kV,	  	  Anode:	  10	  KV,	  	  Dric	  velocity	  :	  500	  V/cm	  	  
E/P	  =	  2kV/cm/bar	  	  

Trigger	  :	  

4	  coinc	  PMT	  signals	  

Thresh:	  15-‐20	  pes	  

Event	  Rate	  :	  

	  5	  Hz	  
1	  μs	  sampling	  

Each	  track	  point	  :	  

10	  SiPMs	  with	  
highest	  energy	  
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� 

Nrec = Ninc × PDE (5)

� 

Nrec = Ninc × PDE (5)

	  	  	  	  	  	  	  	  	  	  	  	  	  SiPMs	  	  calibra=on	  for	  tracks	  reconstruc=on:	  

SiPM	  Gains	  within	  a	  board	  have	  up	  to	  4%	  	  dispersion	  due	  to	  	  the	  common	  bias	  of	  	  

the	  64	  SiPMs.	  	  Individual	  Gain	  of	  SiPMs	  vs	  HV	  are	  determined	  off-‐line	  using	  a	  LED	  	  

Operated	  in	  pulsed	  mode.	  Single	  photon	  response	  spectra	  are	  recorded	  for	  the	  gain	  	  

measurements.	  

During	  opera2on	  in	  the	  TPC	  The	  SiPM	  signals	  are	  equalized	  using	  30	  keV	  X-‐rays.	  

30	  keV	  X-‐rays	  occur	  everywhere	  in	  the	  TPC	  and	  are	  seen	  by	  the	  SiPMs	  over	  the	  	  

tracking	  plane	  as	  point	  like	  events	  of	  equal	  energy	  which	  can	  be	  used	  for	  

equaliza2on	  of	  the	  SiPM	  signals.	  
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� 

Nrec = Ninc × PDE (5)

� 

Nrec = Ninc × PDE (5)

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Conclusions	  

 First	  tracks	  of	  600	  keV	  X-‐rays	  from	  Cs-‐137	  radioac2ve	  source	  
have	  been	  obtained	  with	  NEXT-‐DEMO	  op2cal	   tracking	   system	  
based	  on	  SiPMs.	  

 A	   topological	   signature	   of	   the	   ranging	   out	   electrons	   are	  
clearly	   seen	  with	   real	   data	   :	   a	   long	   track	   ended	   by	   a	   blob	   as	  
already	  predicted	  by	  earlier	  simula2ons.	  

 The	   detector	   using	   the	   SRS	   electronics	   developed	   by	   the	  
rd51	  collabora2on	  is	  operated	  in	  a	  very	  stable	  condi2ons	  and	  is	  
well	  performing.	  

 Lots	   of	   data	   are	   presently	   being	   collected	   with	   different	  
radioac2ve	   sources	   :	   Na-‐22,	   Co-‐60,	   Cs-‐137,	   and	   are	   being	  
analyzed	  .	  	  


