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Detector Concept
Energy Resolution



Background events in the ROI limit sensitivity 
of the experiment



Good energy resolution is essential



Tracking


Topological Signature of 2e- reduce background
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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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Detector Concept
βs produce electron recoils and excite 
and ionise Xe



Xe de-excites producing scintillation light 
S1



Electric drift field prevents recombination 
and moves ionised tracks towards EL 
region



Ionised tracks excite Xe in the EL region 
producing secondary scintillation S2



S1 and S2 light is read by the PMTs in the 
energy plane to obtain the energy of the 
event



S2 light is read by the MPPC (SiPMTs) in 
the tracking plane to obtain topological 
information about the eventEN
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The NEXTs
NEXT-DEMO (@IFIC) NEXT-DBDM (@LBNL)



Non-radiopure, above ground and unshielded


1-2 kg of normal Xe gas prototypes


Set proof of principle


Demonstrated near intrinsic energy resolution


Demonstrated tracking


19-1” PMTs, 4 DB @64 MPPC



NEXT-NEW


First phase of NEXT 100 up to the end 2014


Radiopure, at LSC and shielded in a lead castle


10-15 kg of 90% isotopically enriched 136Xe gas


Sensitive to 2β2νdecay-topological signature


12 ultra low background PMTs, 23 DB @64 MPPC (20% of sensors of NEXT 100)


Full validation of background model


Field Cage 1:2 NEXT 100



NEXT 100


Commence 2015


Radiopure, at LSC and shielded in a lead castle


100-150 kg of 90% isotopically enriched 136Xe gas


Money shot  2β0νdecay


65 ultra low background PMTs, 111 DB @64 MPPC
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Labaratorio Subterráneo de Canfranc LSC
•Located in the Spanish Pyrenees on the Spanish-
French Border



•Excavated in the rock 850m (2,450mwe) deep under 
the Mount Tobazo



•Total area 1,250 m2

Address 22888 Canfranc
Huesca

canfrac spain - Google Maps https://maps.google.es/maps?f=q&source=s_q&hl=en&geocode...

1 of 1 30/10/2013 11:07
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Cage Mounted on CF300 endcap



PTFE PMT Support for 19 Hamamatsu 
R7378A rated to 20bar



Energy plane 100mm from Cathode 
protected by a screen grid



PEEK supports for Al field rings



ID 160mm Field Rings



Hexagonal light pipe made of TPB coated 
PTFE 9mm panels



Drift length 300mm



Drift voltage 350-500V/cm



EL region 5mm made of 88% transparent 
stainless meshes with 30μm wires



E/P in the EL region 2-3 kV cm-1/bar



Tracking plane located 2mm behind anode 
grid made of 4 DB @64 Hamamatsu 
S10362-11-050P MPPC in a 10mm square 
pitch patten



Continuous re-circulation through SASE hot 
getter ～100 slpm
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NEXT-DEMO

HHV modules

DAQ

Hot Getter Gas System

PMTs FEE SiPMs FEE
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CATHODE

ANODE
GATE

DRIFT REGION (300 mm)

EL REGION (5 mm)

SHIELD
BUFFER REGION (100 mm)

NEXT-DEMO
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22Na corrected spectrum

NEXT-DEMO Energy resolution

22Na raw spectrum

z-correction


lifetime 20 ms

S1 & S2 PMT signal

XY correction 


(photo-peak value vs x,y 
position computed using 
the barycenter of 
MPPCs signals)

0.8 % FWHM extrapolated 
@ Qββ (E-1/2 dependence)

arXiv:1211.4838 0.8%



arXiv:1211.4474v1 0.5%

1.82% FWHM
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NEXT-DEMO Topology

Topology reconstruction:


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


Energy of each slice given by the Energy plane

‘blob’ of the electron clearly visible!

ZY projection - barycentre 3D splines - ZY projection 

XY projection 3D splines - 3D view SiPM signal vs 
time
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NEXT-DEMO Topology
22Na (511 keV) 137Cs (662 keV)

Cosmic µ All
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60mm

630mm

510mm
480mm

70mm

120mm
120mm

Ac#ve	
  Volume	
  Radius	
  240	
  mm	
  

Active Volume Length 510 mm



Buffer Region 70 mm



Maximum Allowable Working pressure 30 bar



4-Inner diameter 640 mm



Outer Diameter, Vessel 664mm



Outer Diameter, Flanges 820 mm



Total PMTCANS: 12



Total DB 28 @64 MPPC  (total 1,904)

Vessel Material, Austenitic Stainless Steel, Alloy 316Ti



Shielding Copper Material : CuA1-CuC1



Cylindrical Vessel Wall thickness 12 mm



Torispheric Head Wall thickness 12,5 mm



Flange thickness, head to vessel (each) 50mm
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NEXT-NEW Energy Plane
Hamamatsu R11410-10 Ultra Low background PMT


Run in differential mode


Protected for pressure in copper enclosures with brazed sapphire 
windows


Enclosures are continuously vacuum pumped and RGA sensed for 
Xe leaks

1 mV

0.5 nVs
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NEXT-NEW Tracking
S10362-11-050P MPPC

Pedestal

Pedestal
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NEXT 100
100-150 136Xe (90% enriched) 
High Pressure Gas TPC



Explore ββ 0ν  to 100 meV 
effective ν   masses



Will use same ancillary 
systems as NEXT-NEW



Energy and tracking larger 
version of NEXT NEW



Full size Field Cage
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Low Background 
Measurements Facilities at LSC

Ge Counters at LSC GeOroel

Text

arXiv:1211.3961v3
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Low Background 
Measurements
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Comparing NEXT 
EXO200 and KamLAND-Zen set current best limits 
on 136Xe ββ0ν 



Assume same background and energy resolution that 
currently measured



NEXT-100 reach on mββ 


Using estimation of background contamination and 
measurements of energy resolution with prototypes 

Experiment M  
(kg)

enrichment 
(%)

efficiency 
(%)

ỎE 
(% FWHM)

Ỉ  
(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 30 0.7 0.5
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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,


 over 80 people, 5 countries

Grants: Consolider-2008 (Spain), ERC-ADG 2013 (EU)

NEXT-Collaboration
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NEXT Collaboration
Always ready to welcome new collaborators willing:



To bring technical expertise



To bring resources



To contribute to the project



To work in hardware



To do software and analysis, if you really must
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Concluding Remarks
NEXT-DEMO has demonstrated:



Energy resolution < 1% FWHM


Tracking Capabilities



Facilities and Infrastructure at LSC


Laboratory Space is ready


100 kg of 90% enriched 136Xe is at LSC


Ge counters for radiopurity testing



NEXT-NEW


Under Construction Presently


Gas system at LSC


Electronics at LSC


10 kg at LSC by end of 2014


Able to measure ββ2ν (～600 expected detected events in half year) and validate background 
modelling and reconstruction



NEXT 100 at LSC by 2016


Use same ancillary systems as NEXT-NEW


Explore ββ 0ν  to 100 meV effectiveν   masses


Can be a solution to multi tonne Next generation of detectors to explore down to 20 meV 
effectiveνmasses
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The End
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