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The context
What is NEXT?

NEXT is a neutrino-less double beta decay experiment.
NEXT  is a high pressure Xe TPC with an EL region
NEXT is an international collaboration
NEXT detector is operated at Canfranc Underground 
Laboratory (Spain)

About this talk and other thanks in the venue:
Francecs Monrabal (U. of Texax, Arlington) will present the 
construction and operation of the TPC
Here, I will revisit the physics, first results and some future 
plans
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The neutrinos always so mysterious…

There was New Physics!
The neutrinos have mass! Nobel Laureate 2015 to McDonald (SNO) and Kajita 
(SuperKamionande) for the discovery of Neutrino oscillations.
Now to complete the SM? How to provide mass to neutrinos?

Open questions about neutrinos
Current limits on the neutrino mass (0(1) eV), why is so small compared 
with the other leptons and quarks?
Neutrinos can be pure neutral particles! What is the nature of the neutrino: is its 
own antiparticle (is Majorana) or is a normal fermion (is Dirac)?
Have the neutrinos and impact in the observed matter-antimatter asymmetry 
in our Universe? 
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rocín flaco y galgo corredor
Why neutrinos masses are so small? What a capricious Nature!
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Nature has painted herself into a corner and sees no 
other way out to explain small neutrino masses than 
to lower from the machine arbitrarily small coupling 
constant.
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Dirac neutrinos: Deus ex machina

Are Neutrinos pure neutral? Are Dirac or Majorana?
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The elusive Majorana…
How to detect that neutrinos are Majorana?  

A phenomena where neutrino behaves as ‘particle’ and ‘anti-particle’. The 
curse of chirality O(m/E)!
The best chance is to search for an hypothetical neutrino-less double beta 
decay! bb0nu which may happen in certain nuclei
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0νββ decay and neutrino mass !

Phase space integral! Nuclear matrix element!
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Experimental signatures: !
•  peak at Qββ !
•  two electrons from vertex !
Discovery would imply:!
•  lepton number violation ΔL = 2!
•  ν’s have Majorana character !
•  mass scale!
•  physics beyond the standard 
model!

Ge-76: !
Qββ=2039 keV !

Large Mass
Excellent energy resolution
Tracking



isotopes and effective mass
bb0nu life-time:
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Experimental signatures: !
•  peak at Qββ !
•  two electrons from vertex !
Discovery would imply:!
•  lepton number violation ΔL = 2!
•  ν’s have Majorana character !
•  mass scale!
•  physics beyond the standard 
model!

Ge-76: !
Qββ=2039 keV ! A posible list of isotopes: 

There is no ‘best’ isotope

S. Schönert | TUM!
Double Beta Decay!
TAUP2017 !

Double beta decay isotopes !

even$even!!odd$odd!!

Isotope Nat ab. Qββ
48Ca! 0.19 %! 4262.96(84) keV!
76Ge 7.6%! 2039.04(16) keV!
82Se! 8.7%! 2997.9(3) keV!
96Zr! 2.8%! 3356.097(86) keV!
100Mo! 9.6%! 3034.40(17) keV !
116Cd! 7.5%! 2813.50(13) keV!
130Te! 34.5%! 2526.97(23) keV!
136Xe! 8.9%! 2457.83(37)��keV!
150Nd! 5.6%! 3371.38(20) keV!

State of the art
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Current limits on mββ:

NG

mbb dependes on nuetrino mass hierarchy and 
mixing parameters
Next generation try to explore allowed IH region



Large, sensible and pure!

Next Generation bb0nu experiments will explore T1/2 > 1027-28 y
Large massive detectors 0(tn) 
Sensitivity of the experiment dependes on energy resolution and background 
in the RoI (radio pure!)

Earth is radioactive (238U chain, 222Rn emission)
Use extra handles to reduce the background events!
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Sensitivity for experiments with 
background

If there is no background,  the number of events of 
signal is linear with the exposure (mass per time). N�� / " · M · t

T 0⌫
1/2

In the presence of background the sensitivity of a ββ0ν 
experiment can be seen as the minimum number of decays 
that need to happen in order not to be hidden by background 
and it is proportional to the square root of background .  
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The number of background events is proportional to the 
exposure and the energy window defined by resolution. b = c ·Mt ·�E
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Figure �.�. Signal and background (red and grey stacked histograms, respectively) in
the region of interest around Qββ for three Monte Carlo experiments with the same
signal strength (�� counts) and background rate (� count/keV), but di�erent energy
resolution (top: �% FWHM; centre: �.�% FWHM; bottom: ��% FWHM).�e signal
is distributed normally around Qββ , while the background is assumed �at.

• Signal is a gaussian defined by 
detector resolution

• background is flat (in the best 
case)

• Experiments with good energy 
resolution (< ~1 % FWHM) can 
distinguish between PDF signal/
background.

• Experiments with mediocre 
energy resolution (> 10 %) are 
just counting experiment (signal: 
excess on top of predicted 
background)

1 % FWHM

3 % FWHM

10 % FWHM



Estos chalados en sus locos cacharros
The neutrino-less double beta decay competition!
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S. Schönert | TUM!
Double Beta Decay!
TAUP2017!

Experiments!

LXe TPC: EXO-200 / nEXO !
gas-Xe TPC: NEXT, PandaX-III!
Xe-loaded LS: KamLAND-Zen!

Te-loaded LS: SNO+!
Te-bolometers: CUORE / CUPID-Te!

Mo-bolometers: CUPID-Mo (ex Lumineu) 
AMoRE  !

Se-bolometers: CUPID-0 (ex Lucifer) !
Se-calo-tracko: SuperNEMO!

Ge-semiconductor: GERDA, MJD, LEGEND !

& other interesting, but less advanced R&D;!
 48Ca, 150Nd not available in large quantities !



They populate the globe
Neutrino-less double beta decay around the globe!
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Current 0νββ experiments
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Xe
Ge
Te
Se
Mo

EXO

CUORE

MAJORANA

SUPER NEMO
SNO+

NEXT
KamLAND-Zen

AXEL

PANDAX-III

   = TPC

source=detector

   = Calorimeter-Loaded 
scintillator 

= Calorimeter: Semi-
conductor, bolometer

GERDA

   = Tracko-calo   

source ≠ detector

   

aN-Zen
keV counts/(keV kg 

y)
counts/ton y mass (kg) T1/2 90% CL (y)

Gerda 3,5 0.7-3.5 10-3 3-12 35 5.3 1025

KamLAND-Zen 250 1.6 10-4 40 300 1.1 1026

EXO 50 1 10-3 50 200 3.7 1025

NEXT 20 4 10-4 8 150
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Figure 12. Sensitivity of a future xenon experiment (of perfect efficiency) as a function of the exposure for
different background rates.

low selection efficiency of ⇠ 20%) in a few years. In fact, although the selection efficiency can
be traded to some extent for background rejection, one of the main attractive features of the HPXe
technology, for which BEXT would represent the ton scale, is the potential to offer a background-
free experiment to explore the inverse hierarchy. Given the extremely long lifetimes of the process
being explored (a full coverage of the inverse hierarchy requires sensitivity to lifetimes of 1027 year
for the 0nbb process), providing such a background-free experiment may be a must.

A. A Lowpass FIR Filter

One way to make the calculation of the curvature of a track less susceptible to noise introduced
through multiple scattering and non-ideal reconstruction resolution is to apply a lowpass filter to
the lists of values for each coordinate x, y, and z. We now look at the arrays of x, y, and z coordinates
as digital signals in the time domain, e.g. x[n], where n is the index of the corresponding hit. Each
array can be represented in the frequency domain X [k] using the discrete Fourier transform

X [k] =
N�1

Â
n=0

x[n]e�i2pkn/N , (A.1)

where N is the total number of samples and k is the discrete frequency of each complex sinusoid
e

�i2pkn/N in cycles per N samples. This discrete frequency can be translated to an analog frequency
f

k

(for example in units of time�1) by knowing the frequency at which the digital signal was
sampled, or the sampling frequency f

s

in samples per unit time, as

– 15 –

“Effective” background free

•Plot shows the sensitivity of a 100% (30 %) efficient Xenon experiment 
(with a reasonable NME set).

•With a background ~10 cts/tonne/year and a mass of 1 ton, 10 years of run 
are required (e.g, 30 years for an efficiency of 30 %).

•With a background count of ~1 cts/tonne/year, “only” 2 years are required 
(6 years for an efficiency of 30%).

How they compare? Hard times for Next Generation!
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NEXT, the concept
High Pressure Xenon (15 bars) cylindrical TPC  (150 kg, 1 m long, 1 m diameter)
Expected Energy resolution 0.5% FWHM at Qbb! Via Electro Luminescence. 
Energy measured by the PMTs.
Reconstruct the tracks with SiPMs. Reduce the background. 
Radio pure material (most dangerous 214Bi, 208Tl 𝛾)
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•High Pressure Xenon TPC 
(operation 10-20 bar)

•EL amplification to achieve 
excellent energy resolution 
(~0.5 % FWHM appears 
possible)

•Adds a topological 
signature (observation of 
two electrons) to further 
suppress the backgrounds.

•Is built with radio pure 
materials. 
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WAVEFORMS IN NEXT
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drift time

primary scintillation
signal: starting time of event

EL signal

S1 S2

E resolution < 1% FWHM
4 10-4 counts/(keV kg y)

~1 events / 100 kg y

3

7JCNWEC�HNVWV�OWB�VNEDBRVWTNCC�MWEKTN�KNDJ�MNLJa

fFNBa�TWG��CEK!XWRCCWVRJV�OTELDEJDRWVC�RV�
RWVRbJDRWV
�

f5HLNTTNVD�RVDBRVCRL�BNCWTEDRWV


5VNBPa��SNF�

fDWXWTWPa�CRPVJDEBN.�
NTNLDBWVC�TNJFN�DBJLSC�RV�
PJCNWEC�HNVWV�GQRLQ�
LJV�KN�ECNM�DW�
MRCDRVPERCQ�MWEKTN�OBWU�
CRVPTN�NTNLDBWVC


X (mm)
-60 -40 -20 0 20 40 60

Y 
(m

m
)

-60

-40

-20

0

20

40

60

X (mm)
40 60 80 100 120 140 160

Y 
(m

m
)

-100

-80

-60

-40

-20

0

20

✔

✔
✔

✘

SIGNAL BACKGROUND

3

7JCNWEC�HNVWV�OWB�VNEDBRVWTNCC�MWEKTN�KNDJ�MNLJa

fFNBa�TWG��CEK!XWRCCWVRJV�OTELDEJDRWVC�RV�
RWVRbJDRWV
�

f5HLNTTNVD�RVDBRVCRL�BNCWTEDRWV


5VNBPa��SNF�

fDWXWTWPa�CRPVJDEBN.�
NTNLDBWVC�TNJFN�DBJLSC�RV�
PJCNWEC�HNVWV�GQRLQ�
LJV�KN�ECNM�DW�
MRCDRVPERCQ�MWEKTN�OBWU�
CRVPTN�NTNLDBWVC


X (mm)
-60 -40 -20 0 20 40 60

Y 
(m

m
)

-60

-40

-20

0

20

40

60

X (mm)
40 60 80 100 120 140 160

Y 
(m

m
)

-100

-80

-60

-40

-20

0

20

✔

✔
✔

✘

SIGNAL BACKGROUND

3

7JCNWEC�HNVWV�OWB�VNEDBRVWTNCC�MWEKTN�KNDJ�MNLJa

fFNBa�TWG��CEK!XWRCCWVRJV�OTELDEJDRWVC�RV�
RWVRbJDRWV
�

f5HLNTTNVD�RVDBRVCRL�BNCWTEDRWV


5VNBPa��SNF�

fDWXWTWPa�CRPVJDEBN.�
NTNLDBWVC�TNJFN�DBJLSC�RV�
PJCNWEC�HNVWV�GQRLQ�
LJV�KN�ECNM�DW�
MRCDRVPERCQ�MWEKTN�OBWU�
CRVPTN�NTNLDBWVC


X (mm)
-60 -40 -20 0 20 40 60

Y 
(m

m
)

-60

-40

-20

0

20

40

60

X (mm)
40 60 80 100 120 140 160

Y 
(m

m
)

-100

-80

-60

-40

-20

0

20

✔

✔
✔

✘

SIGNAL BACKGROUND

Energy

TrackingBackground rate
T 0⌫
1/2 / ✏

r
Mt

c �E
Mt
c�E"

• The background rate c, defines 
how many background events 
enter the ROI (defined by ∆E).

• To reduce c experiments need:
• Extreme radiopurity (every 

body)
• Extra handles (depends on 

technology)
• Self-shielding (depends on 

technology)
• A must to maximise signal 

(goes with volume) while 
minimising backgrounds 
(goes with surfaces)

source = detector

e-
e-

source = detector

detector

e-

e-

source

detector

S. Dell’Oro et al., 
Advances in High Energy Physics,
(2016) 2162659

source != detector

e-
e-

source = detector

detector

e-

e-

source

detector

Background rate
T 0⌫
1/2 / ✏

r
Mt

c �E
Mt
c�E"

• The background rate c, defines 
how many background events 
enter the ROI (defined by ∆E).

• To reduce c experiments need:
• Extreme radiopurity (every 

body)
• Extra handles (depends on 

technology)
• Self-shielding (depends on 

technology)
• A must to maximise signal 

(goes with volume) while 
minimising backgrounds 
(goes with surfaces)

source = detector

e-
e-

source = detector

detector

e-

e-

source

detector

S. Dell’Oro et al., 
Advances in High Energy Physics,
(2016) 2162659

source != detector

e-
e-

source = detector

detector

e-

e-

source

detector



Next of NEXT
Economy of scale!

signal ∝ Volume, but background ∝ Surfaces
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How to move forward?

NEW (10 kg) 
    (2016-2018)

NEXT-100
(2018-2022)

NEXT-nT
(2023-)



NEXT, the collaboration
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Canfranc
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NEW, the detector
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NEW: DESIGN

Tracking plane  
1792 SiPMs (SensL C-series) 

1 cm pitch

Pressure vessel  
316-Ti steel, 30 bar max pressure

Inner shield  
6 cm thick copper 
(12 cm at planes)

Energy plane 
12 PMTs (Hamamatsu 

R11410-10) 
30% coverage

Time projection  
chamber 
50 cm drift  

20 cm radius
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NEW, the construction
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NEW, the construction
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AMADE University of Girona!DRAFT NEXT-100!
!

(4)!

2-The work platform. Status: 100% completed (July 2012).!

View of main laboratory, hall empty! View of main laboratory hall during platform  
installation!

Current view of main laboratory hall w/ completed work platform!

Budget: 29.943,94€ + VAT.!

Empty hall (2007)

NEXT working platform (2017)



NEXT main goals
NEW Run-I (2016):

commissioning of the detector, first operation 
very preliminary results with X-rays

NEW Run-II (2017):
NEW has been operated at 7-9 bar and has been stable during 2017
Detector has been calibrated using 83Kr, 22Na, 60Co, 137Cs, 208Tl sources

Results on energy are excellent (extrapolated 0.8 % at Qbb)
Results on tracking on-going, but very promising

NEW Run-III (2018-2019)
Measure of the background spectrum
Measure spectrum with 136Xe, measure T1/2 of bb2nu! 

NEXT-100 (2018-2024):
Construction of NEXT-100. Operation of NEXT-100, calibration, reconstruction, 
background model, measurement of T1/2 of 136Xe bb0nu!
Operation after 2010

NEXT-nT (2018-20?)
Design studies: SiPM full coverage, low temperature, sensibility
Detector improvements: Gas mixtures and EL tiles 
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F. Monrabal’s talk

D. Gonzalez’s talk



First results of NEW
Run-II main goals:

Estimate the lifetime (electron attachment of the chamber) or gas purity
Map the response of the chamber (using 83Kr decays)
Measure the energy resolution for different energies (137Cs, 208Tl)
Estimate the topology signature (208Tl double scale peak) 

18

Lifetime

• The gas purity has been increasing since the beginning of 
Run II. 

• This has a direct impact on energy resolution.

�9

Run 4734Run 4628

electron attachment



NEW calibration-Kr

19

Calibration Run

37

83Kr: point-like events, e 41.5 keV

56Co

22Na:  511 keV and 1.2 MeV γ’s

Gammas from 511keV to 3.2 MeV

Candidate selection

• The dataset is corrected with a preliminary geometrical map. 

• The energy distribution is fitted to a gaussian function for different drift regions. 

• We define Kr candidates as those events within a 5-σ band around the mean of the fit values.

�6
Run 4734

83Kr: point like deposition 41.5 keV, 1.8 h half-lifetime
Measure the response of the chamber (map) and estimate the energy resolution
large statistics 0(M) trigger, specific trigger
internal source, mixed with the Xe gas



NEW calibration-Kr
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G. Martinez’s Ph.D thesis

Lifetime

• However, it is not homogeneous in the XY plane. 

• We have differences of ~10-20 %. 

• Multiple theories: non-uniform distribution of impurities due to leaks the most likely.

�10

Run 4734

Geometrical effects

�16

• Due to the reflections in the chamber, the light collection depends on x,y. 

• After correcting by lifetime, we can measure this effect. 

• Moreover, we observe some structures in the spatial dependence of the light collection.

5 mm pitch

Run 4734

lifetime calibration factors

83K Study lifetime as a function of (x, y)
Lifetime shows a top-bottom dependence (possibly due to flow circulation)

Map energy response: light collection depends on (x, y) position of the EL grid
geometrical effect
‘valley’ at top left part of the EL



NEXT-NEW calibration-Kr
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energy resolution full chamber

Energy resolution

• In order to test the corrections, we split our dataset into two orthogonal ones: 75% for obtaining the lifetime 
and geometry maps and 25% for measuring the energy resolution. 

• We don’t see differences (beyond uncertainties) between applying the corrections to the training dataset or to 
the test dataset. 

• The measured resolution without any fiducial cut is (4.772 ± 0.013 (stat)) % FWHM @ 41.5 keV. 

• The extrapolated (1/√E) resolution is (0.6201 ± 0.0017 (stat)) % FWHM @ Qßß.

�22

Train Test
Run 4734

Energy resolution

• The resolution is best when the light-reduction effects are minimal, i.e. short drift and close to the center. 

• The measured resolution with this cuts is (3.711 ± 0.046 (stat)) % FWHM @ 41.5 keV 

• The extrapolated (1/√E) resolution is (0.4821 ± 0.0060 (stat)) % FWHM @ Qßß.

�24

R <  80 mm 
Z < 100 mm 

Run 4734

energy resolution  center of the chamber

83Kr Energy resolution, after correction by geometrical effects and lifetime
Resolution in the full chamber 4.7% @ 41.5 keV,  0.6% @Qbb
Resolution in the inner region, (no lifetime effect), 3.7% @ 41.5 keV, 0.5% @ Qbb

initial goal < 1%  @ Qbb



NEW X-rays, Na, Cs, Tl

22

22Na spectrum

511 keV photopeak
and scape peak

Xenon X-rays

X-rays

Energy spectra
Main regions of interest (with “wide” cuts):

5

Energy spectra
Main regions of interest (with “wide” cuts):

5

137Cs

208Tl

double scape peak (e+e-)

Use response map (from 83Kr) to correct energy deposition in (x, y)
Measured spectrum with 22Na 511 keV gamma, and Xenon X-rays (~30 keV)
Measured a combined spectrum 137Cs (662 keV) and 208Tl (~1600 keV double scape 
peak)
Extrapolated energy resolution, from Cs and Tl                                                                        
peaks, is 0.8 % @ Qbb



NEW tracking
Tracking plans:

Reconstruct the original track using an iterative likelihood method (used in PET Medical Imaging), 
RESET, that maps energy deposition to individual sensor responses.
Use Deep Neural Networks (DNN) to identify signal (2 electrons), respect (1 electron)
208Tl double scape peak (e-e+ pair) used as candle to estimate signal efficiency.
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NEW: 56Co TRACK RECONSTRUCTION
‣ 56Co has a complex decay scheme with a variety of gammas emitted.  

‣ Early data analysis. 

‣ Single electrons peaks and comptons: single blog signature. 

‣ Pair production peak at ~1.6 MeV: two blob signature. 

‣ Reconstruction with ML-EM provides well-defined tracks.

Single electron track Pair production track

13
work in progress!



NEW Rn background
222Rn is everywhere, degas of components, In its decay chain there are several alphas 
and ‘dangerous’ 241Bi daughters that produces a 2.6 MeV gamma!
We have measured the Rn rate in NEW, and the expected bkg contamination is very 
low < 104 count/(kg keV y)! 
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NEXT radon-induced background

Date
17-03-30 17-04-06 17-04-13 17-04-20 17-04-27 17-05-04 17-05-11

R
at

e 
(H

z)

2−10

1−10

1

10

Hot getter

Cold getter Hot getter6 mHz 

(low)

(222Rn source)

T1/2 = 3.9 d from 222Rn

41

‣ Apha production rate measured in NEW during normal (hot getter) operations 
point to very low 222Rn-induced backgrounds for NEXT-100, < 10-4 counts / 
(keV⋅kg⋅yr)

25

Background free bbonu experiments? 

Earth is a very radioactive 
planet

Lifetime of Th-232 is of the order of the age of the 
Universe (~1.4 1010 y) 

IH: 1027 y 
NH: 1029 y

Lifetime Bkgnd/Signal ~1017(19) y 



NEW bkg and bb2nu
NEW Run-II (2018)

Operation and stability of the detector.
Measure the background spectrum and with enriched xenon bb2nu spectrum
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RADIOACTIVE BUDGET

 NEXT-100 background rate x 10-5 counts/(keV kg year).
* come from actual measurements (otherwise are limit).

SiPM SUPPORT

DB PLUGs

DICE BOARDs

PMT SUPPORT

SAPPHIRE WINDOWs

PMTs

FIELD CAGE

QUARTZ PLATE

INNER COPPER SHIELDING

VESSEL

SHIELDING LEAD

0 2 4 6 8

Tl 208
Bi 214

*

**
**

**

*

* ** *

Total expected background rate  

< 4 x 10-4 cts / (keV kg year)

• Main measured contribution: PMTs (21 and 
11 mBq in total) and kapton boards (glue 
between layers).

• Limits on copper and hdpe.

• Expect< 1 count per year in 
the ROI 

• “Background free” in 100 kg 
scale

JHEP 1605 (2016) 159

radio-purity measurements
 and limits Expected (MC) energy spectrum NEW



NEXT-100 
NEXT-100 (2018-2024):

Construction of NEXT-100. Operation of NEXT-100, calibration, reconstruction, 
background model, measurement of T1/2 of 136Xe bb0nu!
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NEXT100 sensitivity

45

* positive measurement

Screening of detector components (initial 
Tl, Bi activities) + selection, the overall 
background rate is estimated to be: 
< 4 x 10-4 counts/(keV kg yr)

JHEP 1605 (2016) 159                 

Expect a half-life of 6 x 1025 years 
[80-160meV] for an exposure of 275 kg yr.

Still ample room for improvement!

6 1025 y for 275 kg y exposure

NEXT-100
‣ It will be built at Laboratorio Subterráneo de Canfranc by the end of 2018. 

‣ 100 kg of enriched xenon at 10-15 bar. 

‣ Expected lower limit to ßß0ν half-life of 5 · 1025 y in 3 years of data taking. 

‣ mßß  of [90-180] meV depending on the NME.
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NEXT-100 sensitivity

15

Energy plane 
60 PMTs (Hamamatsu 

R11410-10) 
30% coverage

Tracking plane 
7168 SiPMs 
1 cm pitch

TPC 
106 cm drift 
50 cm radius

Inner shield 
12 cm thick copper



Conclusion

NEXT is neutrino-less double beta decay.
NEXT detector is a HP Xenon TPC with EL gap 
NEXT-100 can define the technology for the Next Generation 
bb0nu experiment!
NEW prototype first results:

Excellent energy resolution (0.6-0.8% @ Qbb)
Still working on topology but preliminary results are 
encoruging.

Scale: from NEXT-100 (150 kg) to NEXT-nT
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Neutrinos are too mysterious, stay tuned, they can surprise us again!


