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is neutrino Majorana or Dirac (-type)? 

+non-thermal equilibrium. 

+CP violation sources. 

+sphaleron process. 

            Keep it simple: 

reduce the degrees of freedom! 

             Keep it simple: 

respect analogy with charged 

leptons and conserve lepton 

number! 

+see-saw mechanism 

Majorana    Dirac 

Smallness of neutrino mass scale Baryogenesis 

Most promising way: 

Study neutrino-less double beta decay (ββ0ν) for 

checking the Majorana hypothesis! 

+Neutrino oscillations.  

All neutrino flavors are massive! 

“If it is (Majorana-type), it will happen (bb0ν)” 

+Black box theorem (Schechter-Valle, 1982): 

“If it happens (bb0ν), it is (Majorana-type)” 

Access to the neutrino mass scale 

How to answer? 

+Nuclear physics.  

+Physics beyond SM.  

+Accurate measurements. 

excluded by ββν0 

(EXO, GERDA,  

KamLAND-Zen) 

inverted ν-mass ordering 

normal ν-mass ordering 
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+Nuclear physics.  

+Physics beyond SM.  

+Accurate measurements. 



double-beta decay (ββ) 

1) 

2) 

measured! 

no convincing evidence! 
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double-beta decay (ββ) experimentalist ‘how to’ 
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M. Pomorski et al., ‘First observation 

of two-proton radioactivity in 48Ni’, 

Phys. Rev. C 83, 061303(R), 2011 

2-blob ββ0  

event at Qββ 

background event 

at Qββ  

Conceived to simultaneously optimize energy 

resolution and tracking (specifically: double-

blob recognition) for ββ0 reconstruction. 
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Signal feedthroughs 

SiPMs boards 

PMTs 

copper shield  

Field Cage 

vessel 

HV/gas  

feedthroughs 
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? 

• Scale-up the concept, in principle possible. 

• Optimize the gas mixture to boost topological 

information and/or energy resolution?. 

• More exotic: Ba-Ta, B-field, others?. 
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3.13%@Qββ0 

University of Zaragoza 

• 4kg. 

• 10bar, Xe-TMA. 

• 700cm2, charge amplification. 

• 38cm drift. 

• No T0. 

• Simultaneous calorimetry and 

tracking with Micromegas. 

blob mip mip 

NEXT-MM (in a nutshell) 
The prototypes 



0.5 % FWHM 

extrapolated @ Qββ 

NEXT-DBDM (in a nutshell) 

7378A 

LBL-Berkeley 

• 1kg. 

• 10-15bar, pure Xe. 

• 64cm2, light amplification (EL). 

• 8cm drift. 

• SiPM for tracking. 

• PMT for T0 and calorimetry. 

The prototypes 



IFIC-Valencia 

• 2.5kg. 

• 10bar, pure Xe. 

• 150cm2, light amplification (EL). 

• 30cm drift. 

• SiPM for tracking. 

• PMT for T0 and calorimetry. 

NEXT-DEMO (in a nutshell-I) 
The prototypes 



1 2 3 

before correction after correction 

NEXT-DEMO (in a nutshell-II) 
The prototypes 



0.74% FWHM@Qββ0 

blob-blob correlation (22Na, 1.274 MeV, bck-like) 

blob-blob correlation (208Tl, 1.6 MeV, signal-like) 

data MC 

NEXT-DEMO (in a nutshell-III) 

0.63% FWHM@Qββ0 

The prototypes 



some remarkable R&D results relative to fundamental properties of HP-Xenon (HP) 

Pure 

• Drift velocity and longitudinal diffusion. 

• Wexc and WI for γ-rays. 

• Wexc and correlation scintillation-ionization for α-particles. 

• Nuclear recoil quenching factors for scintillation and ionization. 

    

   Mixtures 

• Drift velocity, longitudinal and transverse coefficients for Xe-TMA. 

• Light yields, recombination and Penning rates for Xe-TMA. 

• EL yields for Xe-CH4. 

• Columnar recombination in Xe-TMA 

t.b.p. 

submitted 

ongoing 

ongoing 



• NEXT-stage 1 (NEWhite): 

– NEW==NEXT-100 at scale 1:2. 

– 10-15 kg of 136Xe (10-15bar). 

– 20% of sensors: 12 PMTs, 20 SiPMs boards. 

• Objective:  

– Consolidate the project (now supported through 

the European Research Council (AdG)). 

– Validate the background model. 

– Characterize exhaustively the ββ2ν 136Xe signal 

and extract the discrimination power of the 2-

blob topological signal in Xenon gas.  

• Construction and commissioning: 2014-2015. 

• Data taking: 2015-2016. 

In memoriam of James White 

NEXT stage-I (NEWhite) 



description and status of NEW 



NEW important additions 

Quartz plate TPB-coated on top of 

SiPM plane (‘a la’ Dark Side) New flat-cable feed-throughs 



Idea: re-use as much materials as possible. Notable exceptions: 

1) NEXT-100 vessel: already built. 

2) Cathode and EL grids: TAMU or DarkSide. 

3) Field cage and light tube to be re-built. 

4) Copper end-caps to be re-built. 



vessel, ICS and field-cage (just polyethylene) once assembled in Madrid. 

Seismic platform + castle + re-casted lead bricks (thanks to OPERA), 

pedestal at LSC 

(will be un-mounted and cleaned at LSC during February) 

• Gas purification and 

recovery (ready at LSC). 

• Slow control ready. 

NEW installation 



NEW (external backgrounds) 

Rn and γ measurements inside the castle 

castle opened 

castle closed 

Pressumably limited by Rn 

Anti-radon device approved by Canfranc 

(similar to the one used in LSM) 

Ultra-sensitive Rn detector to be built at 

Zaragoza (Micromegas-based) 



background model 

signal efficiency + rejection ratios radiopurity campaign 



NEXT-100 



NEXT-100++/NEXT-1Ton 

I. The perfect mixture? 

Ia). Penning-Fluorescent Ib). Low diffusion/light preserving 

2.  Strongly fluorescent at higher λ and self-

transparent. 

1.  Suitable for Penning transfer. Can 

potentially reduce Fano factor. 

4.  Allows for EL at lower field due to low-lying 

TMA excited states. 

3.  Able to reduce electron diffusion in gas. 

(2 candidate molecules identified) 

(already presented at the symposium) 

1. Able to reduce electron diffusion in gas. 

 

2. Light mechanisms unaffected. 

a) Highly transparent to Xe-light. 

b) Small quenching for S1 and small 

fluctuations in EL. 

 

3.  Recombination small. 

(6 candidate molecules identified) 

(2 families identified) 



• Light quenching factor for 0.5%CH4 should be around an acceptable x1/2 from the known quenching 

rates. 

• Charge recombination unknown. 

• Transparency ok. 

example: CH4 

First measurement of electroluminescence in Xe/CH4 mixtures:  



NEXT-100++/NEXT-1Ton (getting started) 

estimated NEXT-100 background = 5ckky 

An additional topological rejection factor of 1/10 would 

allow to operate NEXT-100 in background-free 

conditions (tantalizing!) 

B=0T 

B=0.5T 

bck 

bck 

signal 

signal 

II. operation under magnetic field III. Ba-Tagging 

pioneered by EXO! 

NEXT will focus on in-situ tagging 

(hence, we will make different mistakes) 
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Several HP-Xenon (1kg) TPCs successfully developed over last years and presently 

operational. 

 

EL-technique consolidated. 

 

The first stage of NEXT-100, NEW, will be deployed early 2015 at LSC. It will contain 

10-15kg of  136Xe and it will validate the background model and topological algorithms 

by surveying the ββ2ν region. 

 

With present background estimates and reconstruction algorithms, NEXT-100, seems 

capable of exploring ββ0ν down to 100 meV effective ν masses for a exposure of about 

300 kg year, starting in 2016. 

  

With the energy resolution well under control (at the 0.5-0.7% level, Qββ0) the main 

focus in the near future will be to improve the topological handles, by optimizing gas 

diffusion and event reconstruction. 

 

Ba-Tagging and B-field opportunities will be also studied. 

conclusions and outlook 



Texto 

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

Madrid 

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

JINR (Dubna) U. Antonio Nariño (Bogotá) 

Collaboration members at Canfranc Underground Laboratory (LSC), 

 80 people, 5 countries 

The NEXT collaboration 
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appendix 



• EXO200 and KamLAND-Zen set current best 

limits on 136Xe ββ0ν  

– Assume same background and energy 

resolution that currently measured 

• NEXT-100 sensitivity to mββ  

– Using estimation of background contamination 

and measurements of energy resolution with 

prototypes  

Experiment 
M  

(kg) 
enrichment (%) 

efficiency 

(%) 

resolution 

(% FWHM) 

b  

(10-3 ckky) 

EXO-200 110 81 52 3.9 1.5 

KamLAND-Zen 330 91 62 9.9 1.0 

NEXT-100 100 91 31 0.5–1.0 0.4–0.9 

NEXT-100 into the future  
NEXT-100 
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NEXT-100 
NEXT-100. Simulation 

214Bi (1 electron and extra activity) ββ0ν  (2 electrons) 
Energy in second blob candidate 

Bi, ββ0ν 

  Complete Geant-4 MC simulation of detector and physics 

 

• Main contamination (from Th, U chains): 208Tl (γ,2615 keV), 214Bi (γ,2448 keV). 

• Simple cut analysis for recognizing a blob (more detailed analysis work soon). 

214Bi, ββ0ν 
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NEXT-stage I 
NEXT-stage I (NEWhite). Radiopurity 

V. Alvarez et al., ‘Radiopurity control in the NEXT-100 double beta decay 

experiment: procedures and initial measurements’, JINST 8 T01002(2013). 

Most of the needed elements already screened for radiopurity: 

PTFE, high-density polyethylene, copper, steel, lead, tracking plane (board, resistors, capacitors, solder 

paste, connectors), and PMTs. 

Missing (already partially shielded): 

Cables, bolts, PMT cans 

12/16/2014 34 



total SiPM signal vs time 

demonstrator 
NEXT-DEMO (track reconstruction) 

all SiPM signals vs calibrated time slice-barycenter + 3D-spline (yz-plane) 
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slice-barycenter + 3D-spline (xy-plane) 

3D track 

‘blob’ of the electron 

clearly visible! 
22Na (511keV) 

137Cs (662keV) 

cosmic ray 



demonstrator 
NEXT-DEMO (energy correction) 

V. Alvarez et al., ‘Initial results of NEXT-DEMO, a large-scale prototype of the NEXT-100 experiment’, JINST 8, P04002(2013) 

V. Alvarez et al., ‘Operation and first results of the NEXT-DEMO prototype using a silicon photomultiplier tracking array’, 

arXiv:1306.0471 [physics.ins-det] 

1 2 3 

before correction after correction 

12/16/2014 36 

• σE/E = 0.83% FWHM@Qββ! 

• 40% fiducial volume 

(extrapolates to 88% for NEXT-100) 



NEXT-DEMO (sensor calibration) 
demonstrator 

minimum bias PMT spectrum SiPM spectrum (for the SiPM with highest charge) 

energy plane tracking plane 
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