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Xenon TPCs
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• The Time Projection Chamber (TPC). Invented by Dave Nygren, is one of 
the most successful detectors in nuclear and particle physics.  

• It provides 3D image of tracks and if track contained also energy by 
calorimetric measurement. 



Xenon is a noble gas: one can build at Xenon TPC
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Introduction: Enriched Xenon Laboratory

● A multistage program to search for 

neutrinoless double beta-decay of Xe-136 

● Xenon is a good candidate for bb0n 

search

– Q-value larger than energy of gammas from 

most natural radionuclides

– Relatively easy to enrich in Xe-136 isotope

● (no chemistry, centrifuge eff ~ dm=4.7 a.m.u.)

– No need to grow high-purity crystals, 

continuous purification is possible (and 

relatively easy for a noble gas), more easily 

scalable   

– No long-lived cosmogenically activated 

isotopes

– Final state (Ba-136 ion) can, in principle, be 

tagged, greatly reducing backgrounds



EXO
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EXO-200

● First stage of the program

● 200 kg of Xe enriched to 80.6% Xe-136 total procured 

– 175 kg in liquid phase inside a cylindrical Time Projection Chamber

– ~100 kg current fiducial mass 

● Located at 1585 m.w.e. in the Waste Isolation Plant near Carlsbad, NM

– Muon rate reduced to the order of 10-7 Hz /cm2 /sr  

– Salt has inherently lower levels of U/Th (<100 ppb), compared to rock

– Low levels of Rn (~20 Bq/m3)

● Carefully selected radioactively clean materials used in construction, 
rigorous cleaning procedures, the detector installation is inside class 1000 
clean room

– Goal of 40 counts/2yrs in 2-sigma 0nu energy window (assuming 140 kg LXe, 1.6% resolution)

– M. Auger et al., JINST 7 (2012) P05010 and D.S. Leonard et al., NIM A 591 (2008) 490

Lisa Kaufman Rencontres de Blois 2014 12*
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EXO detection strategy
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EXO detection strategy

 136Xe → 136Ba++  +  2e-  (+ 2νe)

detect the 2 electrons 

(ionization + scintillation in xenon TPC)

Xe TPC

e-

e-

e- e-

e-

positively identify daughter via 

optical spectroscopy of Ba+

[M. Moe,  Phys. Rev. C 44 (1991) R931]

CCD observe 

single ion

ion “tip”

other Ba+ identification strategies are also being 

investigated within the EXO collaboration



EXO TPC
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EXO-200

● First stage of the program

● 200 kg of Xe enriched to 80.6% Xe-136 total procured 

– 175 kg in liquid phase inside a cylindrical Time Projection Chamber

– ~100 kg current fiducial mass 

● Located at 1585 m.w.e. in the Waste Isolation Plant near Carlsbad, NM

– Muon rate reduced to the order of 10-7 Hz /cm2 /sr  

– Salt has inherently lower levels of U/Th (<100 ppb), compared to rock

– Low levels of Rn (~20 Bq/m3)

● Carefully selected radioactively clean materials used in construction, 
rigorous cleaning procedures, the detector installation is inside class 1000 
clean room

– Goal of 40 counts/2yrs in 2-sigma 0nu energy window (assuming 140 kg LXe, 1.6% resolution)

– M. Auger et al., JINST 7 (2012) P05010 and D.S. Leonard et al., NIM A 591 (2008) 490
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EXO-200: TPC

● Common cathode + Two Anodes

– 376 V/cm drift field

● Each half records both charge and 
scintillation information with 

– 38 U (charge collection) + 38 V (charge 
induction) triplet wire channels, crossed at 
60 degrees

● Wire pitch 3 mm (9 mm / channel)

● Photo-etched Phosphor bronze

– 234 large area avalanche photo-diodes, in 
groups of 7 (178 nm Xe light)

x

z

y

40 cm

4
0
 c

m



APDs
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APDs are very clean and light, highly sensitive to VUV
Gain is set to ~200 with V~1.5kV
Characterization of APDs: NIM A608 68-75 (2009)



Apparatus at WIPP
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Copper vessel 1.37 mm thick

Copper conduits (6) for:
•APD bias and readout cables
•U+V wires bias and readout
•LXe supply and return

Epoxy feedthroughs at cold and warm 

doors

Dedicated HV bias line EXO-200 detector: JINST 7 (2012) P05010



Apparatus at WIPP
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Energy resolution
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Ionization alone:

σ(E)/E = 3.8% @ 570 keV

    or 1.8% @ Qββ

Ionization + Scintillation:

σ(E)/E = 3.0% @ 570 keV

    or 1.4% @ Qββ

Anti-correlated ionization and scintillation improves the energy 

resolution in LXe 

this 

Compilation

of Xe resolution 

results

[E. Conti et al., Phys. Rev. B: 68 (2003) 

�E

E
(FWHM) = 2.4⇥ �E

E
(rms) = 3.6%



EXO main backgrounds

11

A. Pocar - UMass - February 19, 2008 42

Main backgrounds
• γ (2449 keV) from 214Bi decay  (from 238U and 222Rn decay chains)

• γ (2615 keV) from 208Tl decay  (from 232Th decay chain)

• γ (1.4 MeV) from 40K  (a concern for the 2νββ)

• 60Co:  1173 + 1333 keV simultaneous γ’s  (from 63Cu(α,n)60Co)

• other γ’s in 238U and 232Th chains

• other cosmogenics of Cu  (a concern for the 2νββ)

•  in situ cosmogenics in Xe,  neutron capture de-excitations, ...

•222Rn anywhere  (Xe, HFE, air gaps inside lead shield)

~ 330 entries[EXO collaboration; D. Leonard et al., arXiv:0709.4524]

• TPC fiducialization (only events in the 
fiducial volume, away from surfaces), and 
good 3D location eliminates all alpha 
background (a concern for Ge, bolometers) 
leaving only high energy gammas.  

• However ~4% FWHM energy resolution does 
not allow to separate signal peak from 
leading Bi-214 and Tl-208 peaks

4% FWHM

Tl-208
Bi-214

bb0nu



Single site vs multiple site: separate signal from 
backgrounds
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EXO-200: Data. Single- vs. Multi-site

Very useful to identify gamma backgrounds!



EXO milestones
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EXO-200: Milestones

– First 0-nu analysis

● 09/11 – 04/12 “Run 2a”. PRL 109 (2012) 032505, 26.3 kg*yr Xe-136

● Median expected 90% C.L. U.L.: 0.7e25 yrs. Realized limit: 1.6e25 yrs

– Second 0nu-analysis

● Incorporates several analysis improvements tested in 2nu analysis, more than thrice as 
much data. Massive effort to assess systematics affecting 0nu search

● 09/11 – 09/13 “Run2abc”. Nature 510 (2014) 229, 100.0 kr*yr Xe-136



Systematic errors
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Ra-226 source shape agreement

● Ability to model PDF shapes is very good, as monitored for major 0nu 
backgrounds with dedicated calibration sources

● Still, discrepancies remain in both standoff and energy dimensions

Igor Ostrovskiy - PATRAS Workshop - 2014 19

“Beta-scale”

● Energy scales for beta and 
gammas may not exactly coincide

– gamma of 1 a.u. of energy deposits 
energy as several electrons of smaller 
amount of energy – hence different 
dE/dX, light/charge ratio, IR/recoil 
losses

– even after combining light and charge 
channels, the effect may not vanish 
completely due to imperfections of 
detector response/instrumental effects

– knowing beta-scale (defined as 
multiplicative factor B, Eb = B*Eg) is 
important to accurately define ROI

● Our data is a relatively clean 
source of beta events - use profile 
NLL scan to determine the beta-
scale



Fitting the data
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Fit set-up
● 3 observables 

– SS and MS energies

– Standoff distance

● couple dozens parameters

– Number of events and SS fractions (+ 
univariate variables for common and ROI 
specific normalization)

● Signals: bb2n, bb0n

● TPC vessel backgrounds: Co-60, K-40, 
U-238, Th-232, Mn-54, Zn-65

● LXe backgrounds: Xe-135, Xe-137, Rn 

● Remote backgrounds: Rn in the air 
gap, Th in cryostat 

● Neutron captures: H in HFE, Cu in 
cryostat, Xe136 in LXe

● Constraints

– Normalizations, Rn in LXe, SS fraction 
(correlated for gammas)

Th232 PDF. True Geant4 energy spectrum was  
smeared by resolution curve measured from the 

data



Fit results
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Fit results

Projections on energy axes

• Notice that EXO spectrum 
is in-between that 
KamLAND-ZEN (pekas not 
resolved) and that of 
GERDA (every peak 
resolved). Here the 
landscape presents broad 
peaks corresponding to  

• ~4% FWHM energy 
resolution.



Fit results close up
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Fit results: SS zoom

Events BI, 1e-3 /kg/yr/keV*

Th-232 16.0

U-238 8.1

Xe-137 7.0

Total 31.11.89(stat)3.3(syst) 1.70.2

2 sigma ROI breakdown for major backgrounds

*normalized to the total exposure (124 kr*yr). Xe136 exposure is 100. kr*yr

compare to p.6!
• BI ~4 x 10-3 ckky



Fit results
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Fit results

Background 31.1

0nu 9.9

Total 41.0

Fit in 2 sigma ROI

Data in 2 sigma ROI

Total 39

Result is consistent with “background only” hypothesis at ~1.2 sigma 
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Fit results

Median 90% C.L. U.L. limit assuming adequate “background-only” model: >1.9e25 yrs
Limit from the fit to the actual data: >1.1e25 yrs

Slightly more than 1 “sigma” away from the median (14% of signal-free toys have worse 
than this), similar to the first 0nu analysis, but in the unfortunate direction!• Bad  luck or hint of a discovery?



Expected: NEXT-100
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• 100 kg yr  
• ΔE=3.6 % FWHM at Qββ 
• B=5 x 10-3 ckky ⇒ 

• T0ν=2 x 1025⇒ 

• mββ = 125-352 meV 

Inverted 

Normal 
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Ymi (meV)

50

100

150
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``
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Figure 1. 1� allowed regions for two degrees of freedom in the observables space m�� and
P

m⌫ by
neutrino oscillation and cosmological data, assuming normal (green) and inverted (sky blue) mass
hierarchy.

• 28  m��  145 for the inverted hierarchy.

We find that, irrespectively of the (quasi-degenerated) hierarchy, the 1� range of m��

is [26, 145]. Therefore, a confirmation of the results presented in [2] are very important to
validate the 20-meV target sensitivity for neutrinoless double beta decay experiments, needed
to identify the nature of neutrinos irrespectively of the mass hierarchy.

4 The current generation of ��0⌫ experiments

The detectors used to search for ��0⌫ are designed, in general, to measure the energy of the
radiation emitted by a ��0⌫ source. In a neutrinoless double beta decay, the sum of the kinetic
energies of the two released electrons is always the same, and equal to the mass difference
between the parent and the daughter nuclei: Q�� ⌘ M(Z,A)�M(Z + 2, A). However, due
to the finite energy resolution of any detector, ��0⌫ events would be reconstructed within
a given energy range centred around Q�� and typically following a gaussian distribution.
Other processes occurring in the detector can fall in that region of energies, thus becoming a
background and compromising drastically the sensitivity of the experiment [6].

All double beta decay experiments have to deal with an intrinsic background, the standard
two-neutrino double beta decay (��2⌫), that can only be suppressed by means of good energy

– 5 –

3X

i=1

mi = 0.32± 0.11

• Similar result to that of KamLAND-ZEN.



Comming soon to an underground lab near you

20



Why NEXT? — Advantages of HPXe technology

T�1
1/2 / a · ✏ ·

r
Mt

�E ·B

NEXT and the race toward the ultimate ��0⇥ experiment 31

High Isotope Enrichment

!130Te has best natural isotopic abundance

!However, all next-generation experiments will be
isotopically-enriched! 

Isotope Natural 
Abundance (%)

48Ca 0.2
76Ge 7.8
82Se 9.2
96Zr 2.8
100Mo 9.6
110Pd 11.8
116Cd 7.5
124Sn 5.6
130Te 34.5
136Xe 8.9
150Nd 5.6

T 1"2
#1

$ a%&'M%t "()E%B*

!Easiest to enrich are noble elements: 136Xe
        Xe TPCs (NEXT, EXO)

!Enrichment also provides purification against
radioactive contaminants

NEXT and the race toward the ultimate ��0⇥ experiment 37

High �� Detection Efficiency

Source � Detector Source = Detector

!��0⇥ events are so rare (if present at all) that you do not want to miss them!

!Homogeneous approach (source = detector) can provide close to 100% efficiency,
at least for purely calorimetric technique

!Not so for inhomogeneous approach (source � detector):
! geometric acceptance, absorption in foil, backscattering, tracking requirement,...

Xenon is the cheapest and easiest to 
enrich of all ββ isotopes. No long lived 
radioactive isotopes. There is already 
1 ton of enriched xenon in the World. 

Cost

Scalability 

Xenon is a noble gas suitable to 
build a TPC. No dead areas, S/N 
improves with L

∆E
HPXe TPC is the only 
xenon detector that 
provides good energy 
resolution (better 1% 
FWHM at Qbb)

X (mm)
0 50 100 150 200

Y
 (

m
m

)

-300

-250

-200

-150

Background

HPXe TPC is the only 
xenon detector that 
provides topological 
signal 21



Scalability

!

1kg 10 kg 100 kg

Majorana Baseline Concept

3-D model of baseline configuration

Segmentation (6x2) results in
2500 individual 200g segments

210 2.35 kg crystals

Example of a future large experiment with source = detector

Up to 500 kg of 85% enrichedGe76.

• high resolution ~0.2% at 2 MeV
• low bkgrd construction materials
• S/N improvement due to crystal

segmentation and PSD. 

Ultimate reach to perhaps 20 meVMajorana Baseline Concept

3-D model of baseline configuration

Segmentation (6x2) results in
2500 individual 200g segments

210 2.35 kg crystals

Example of a future large experiment with source = detector

Up to 500 kg of 85% enrichedGe76.

• high resolution ~0.2% at 2 MeV
• low bkgrd construction materials
• S/N improvement due to crystal

segmentation and PSD. 

Ultimate reach to perhaps 20 meV

Economy of scale: Double L, 
signal increases 8 (L3), 
background increases 4 (L2), S/N 
improves by a factor 2 

22



Energy resolution makes a difference 

Signal and background: 
•Signal: 50 events, T0ν = 5 1025 y and an exposure of 1 ton year. 
•Background 1 count/keV/ton/year. 

0,5 % FWHM 1,0 % FWHM

3.5 % FWHM 10 % FWHM
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Topological background reduction

•In xenon gas at 15 bar, a ββ event is a twisted track, 10 cm long, with two 
energy blobs at the two ends and no additional floating clusters. 
•Instead the backgrounds are single electrons, accompanied 85% of the 
time by X-rays (Xenon de-excitation).   
•HPXe TPC offers a signal that looks like a signal: two identified electrons 
with an energy within 10 keV of Qbb 

NEXT CONCEPTUAL IDEA, tracking  

reconstructed**tracks**from**
a*MC*simulated*ββ0ν*event**

The' signature' of' the'
electron' is' a' twisted' track'
with' a' strong' energy'
deposi9on'at'its'end'

Tracking'Plane'
of'NEXT>DEMO,'
with'256'SiPMs'
for'tracking'
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Cs-137 energy spectrum

Figure 36. A Monte Carlo electron simulated in the NEXT-DEMO detector.

Notice that in the time (or z) coordinate: a) each slice represents an ordered time frame in
the track trajectory; and b) the resolution of the sampling itself is much better than the smearing
imposed by diffusion (in NEXT-DEMO we use a sampling of 1 µs, corresponding to a resolution
of 1 mm). This, in turn, implies that: a) the electron “blob” can be found by simply walking
through the time slices, finding the one with higher energy and adding neighbor slices as dictated
by diffusion and b) x-rays are well separated from the electron in the z coordinate and can be very
often tagged directly by identifying a smaller S2 of the appropriate energy separated from the main
S2 signal. Notice that all this is done using the cathode, and therefore one benefits of the good
resolution of the energy plane.

Figure ?? shows the number of time-slices (refer hereafter simply as “slices”) in the S2 signal
as a function of the energy of S2. Notice that for energies below 600 pes (100 keV) the number of
slices is roughly constant with an average value of about 10. Since each slice has a width of 1µs, we
conclude that below some 100 keV, we are observing point–like objects whose width is of the order
of 10 µs. This width comes about by the combination of two factors. The longitudinal diffusion,
which is of the order of 3 µs rms for blobs produced near the port where most of the signal is
concentrated (thus the energy of point–like blob will be spread in about 9 µs, corresponding to a

– 36 –
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•It is a High Pressure Xenon 
(HPXe) TPC operating in EL 
mode.   
•It is filled with 100 kg of Xenon 
enriched at 90% in Xe-136 (in 
stock) at a pressure of 15 bar. 
•The event energy is integrated 
by a plane of radiopure PMTs 
located behind a transparent 
cathode (energy plane), which 
also provide t0. 
•The event topology is 
reconstructed by a plane of 
radiopure silicon pixels (MPPCs) 
(tracking plane). 

NEXT: A light TPC
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scintillation (S1)

e-

e- e-

e-

e-
e-

electroluminescence (S2)

xenon 
gas

TPB coated surfaces

ionization

EL mode is essential to get lineal 
gain, therefore avoiding avalanche 
fluctuations and fully exploiting the 
excellent Fano factor in gas
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NEXT-DEMO

HHV modules

DAQ

Hot Getter Gas System

PMTs FEE SiPMs FEE
26
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Anatomy of NEXT-DEMO



NEXT R&D: detector performance achievements

•1.8% FWHM energy resolution for 
511 keV electrons over large fiducial 
volume  
!

•Extrapolates to 0.75% FWHM at 
Qββ energy of 136Xe decay 

•The DBDM prototype at LBNL 
extrapolates to 0.5 % FWHM at Qββ 
using 660 Cs-137 electrons

511 keV gammas in NEXT-DEMO 
[NEXT Coll., JINST 8 (2013) P09011]

X-ray escape

Compton

X-ray

Photoelectric

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.
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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

DBDM

28



Pisameet 2012  13 

How was this 1% result obtained? 

 

Data from 
LBNL-TAMU 
HP Xe TPC 

 

This result is 
important for 
both 0-νββ & 
WIMP searches 

 

 

662 keV, 
ionization 
signal only 

The beauty of resolution

29

!
•Extrapolates to 0.5 % at Qββ 



Topological background reduction
NEXT CONCEPTUAL IDEA, tracking  

reconstructed**tracks**from**
a*MC*simulated*ββ0ν*event**

The' signature' of' the'
electron' is' a' twisted' track'
with' a' strong' energy'
deposi9on'at'its'end'

Tracking'Plane'
of'NEXT>DEMO,'
with'256'SiPMs'
for'tracking'
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Figure 36. A Monte Carlo electron simulated in the NEXT-DEMO detector.

Notice that in the time (or z) coordinate: a) each slice represents an ordered time frame in
the track trajectory; and b) the resolution of the sampling itself is much better than the smearing
imposed by diffusion (in NEXT-DEMO we use a sampling of 1 µs, corresponding to a resolution
of 1 mm). This, in turn, implies that: a) the electron “blob” can be found by simply walking
through the time slices, finding the one with higher energy and adding neighbor slices as dictated
by diffusion and b) x-rays are well separated from the electron in the z coordinate and can be very
often tagged directly by identifying a smaller S2 of the appropriate energy separated from the main
S2 signal. Notice that all this is done using the cathode, and therefore one benefits of the good
resolution of the energy plane.

Figure ?? shows the number of time-slices (refer hereafter simply as “slices”) in the S2 signal
as a function of the energy of S2. Notice that for energies below 600 pes (100 keV) the number of
slices is roughly constant with an average value of about 10. Since each slice has a width of 1µs, we
conclude that below some 100 keV, we are observing point–like objects whose width is of the order
of 10 µs. This width comes about by the combination of two factors. The longitudinal diffusion,
which is of the order of 3 µs rms for blobs produced near the port where most of the signal is
concentrated (thus the energy of point–like blob will be spread in about 9 µs, corresponding to a

– 36 –
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NEXT 100 kg detector at LSC: main features
Pressure vessel:


stainless steel,15 bar max pressure

Inner shield:

copper, 12 cm thick

Time Projection Chamber:

100 kg active region, 130 cm drift length

Outer shield:

lead, 20 cm thick

Energy plane:

60 PMTs,  

30% coverage
Tracking plane:

7,000 SiPMs,  

1 cm pitch
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NEXT 100 kg radioactive budget

Activity shielded by ICS

Vessel!
• Stainless steel 316Ti; 1121 kg 
• Activity Tl-208: <0.150 mBq/kg 
• Activity Bi-214: <0.460 mBq/kg

Shielding!
• Lead; 13000 kg 
• Activity Tl-208: <0.031 mBq/kg 
• Activity Bi-214: <0.35 mBq/kg

Lead Castle and Pressure Vessel:

Activity shielded by ICS.



NEXT 100 kg radioactive budget

Sensors:

Activity level ~3 mBq per plane. Actual measurements. Not 

shielded.

Kapton Dice boards!
• Kapton and copper;107 units 
• Activity Tl-208: —0.040 mBq/unit 
• Activity Bi-214: —0.030 mBq/unit

PMTs!
• Hamamatsu R11410-10; 60 units 
• Activity Tl-208: —0.140 mBq/unit 
• Activity Bi-214: —0.500 mBq/unit



NEXT 100 kg radioactive budget

Residual 
radioactivity of ICS 
partially shielded 
(self-shielding)

ICS, and support plates!
• Copper (CuA1); ~9500 kg 
• Activity Tl-208: <0.001 mBq/kg 
• Activity Bi-214: <0.012 mBq/kg

Copper

Electroformed commercial copper. 
Current measurements show our 

stock to be very radio pure, but only 
limits so far. 



NEXT100 rejection of backgrounds

A transparent target, away from surfaces 
• Veto of effectively all charged backgrounds entering the detector 
(left). High-energy gammas have a long interaction length (>3 m) in 

HPXe.
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NEXT100 rejection of backgrounds

The 2-electron signature 
• Interaction of high-energy gammas (from Tl-208 and Bi-214) in the 
HPXe can generate electron tracks with energies around the Q value 
of Xe-136. However, electron often accompanied of satellite clusters 

and single blob deposit
36



NEXT100 rejection of backgrounds

The 2-electron analysis 
•Effect of the filters (cuts) defining an event with 2 electrons and energy in a ROI of 
2σ around Qββ.  
•Efficiency for signal ~35% for suppression factors 4-8 x 10-7 
•Topology rejection is the product of 1 track x 2 blobs conditions 

0νββ Tl-208 Bi-214

Fiducial  
E>2 MeV 67.86% 0.25% 0.01%

ROI 95.52% 8.99% 64.66%

1 track 74.60% 1.86% 12.54%

2 blobs 73.76% 9.60% 9.89%
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NEXT 100 expected background

Activity (Bq) Rejection Factors Final rate (ckky) 

Tl-208 Bi-214 Tl-208 Bi-214 Tl-208 Bi-214

Dice Boards 4,28E-03 3,21E-03 7,90E-07 8,85E-07 3,047E-05 2,560E-05

PMTs 8,40E-03 3,00E-02 3,30E-07 2,68E-07 2,498E-05 7,244E-05

Field Cage 4,38E-03 1,53E-02 5,30E-07 8,02E-07 2,091E-05 1,107E-04

ICS 1,326E-02 1,105E-01 1,100E-07 8,400E-08 1,315E-05 8,365E-05

Vessel 1,66E-01 5,16E-01 1,10E-08 2,80E-09 1,644E-05 1,301E-05

Shielding Lead 6,266E-01 1,084E+00 2,000E-09 1,000E-10 1,129E-05 9,763E-07

SUBTOTAL 8,23E-01 1,76E+00 1,172E-04 3,063E-04

TOTAL BKGND 2,58E+00 4,24E-04
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NEW (NEXT-WHITE) at glance
Pressure vessel:


316-Ti steel, 30 bar max pressure

Inner shield:

copper, 6 cm thick

Time Projection Chamber:

10 kg active region, 50 cm drift length

Energy plane:

12 PMTs,  

30% coverage

Tracking plane:

1,800 SiPMs,  

1 cm pitch



Goals of NEW
•Measure the expected backgrounds from 
the different isotopes, but specially Bi-214 
and Tl-208.  
•Validate NEXT background model using 
measurement. 
•Identify any unexpected source of 
background (correct if needed) 
•Observe ββ2ν signal.  
•Demonstrate energy resolution: our goal is 
to reach 0.5 % FWHM in the large detector. 
•Demonstrate topological signature from 
data (ββ2ν and Tl-208 double escape peak). 
•Certify technology and underground 
operation with enriched xenon. 
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Anatomy of NEXT-DEMO
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NEW

El detector NEW
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NEXT-100 

Operación: 2016-2020



NEXT at LSC

Infrastructures: platform, lead castle, gas 
system, emergency recovery system, 
completed. First phase of experiment starts 
in 2015. In stock, 100 kg of enriched xenon 
and 100 kg of depleted xenon.

AMADE University of Girona!DRAFT NEXT-100!
!

(2)!

1-Infrastructures at Canfranc Laboratory.!
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Second phase: the 600 kg run 

45

• 300 kg yr in 5 years 
• ΔE=0.7 % FWHM at Qββ 
• B=5 x 10-4 ckky ⇒ 

• T0ν=6 x 1025⇒ 

• mββ = 70-196 meV 
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Figure 1. 1� allowed regions for two degrees of freedom in the observables space m�� and
P

m⌫ by
neutrino oscillation and cosmological data, assuming normal (green) and inverted (sky blue) mass
hierarchy.

• 28  m��  145 for the inverted hierarchy.

We find that, irrespectively of the (quasi-degenerated) hierarchy, the 1� range of m��

is [26, 145]. Therefore, a confirmation of the results presented in [2] are very important to
validate the 20-meV target sensitivity for neutrinoless double beta decay experiments, needed
to identify the nature of neutrinos irrespectively of the mass hierarchy.

4 The current generation of ��0⌫ experiments

The detectors used to search for ��0⌫ are designed, in general, to measure the energy of the
radiation emitted by a ��0⌫ source. In a neutrinoless double beta decay, the sum of the kinetic
energies of the two released electrons is always the same, and equal to the mass difference
between the parent and the daughter nuclei: Q�� ⌘ M(Z,A)�M(Z + 2, A). However, due
to the finite energy resolution of any detector, ��0⌫ events would be reconstructed within
a given energy range centred around Q�� and typically following a gaussian distribution.
Other processes occurring in the detector can fall in that region of energies, thus becoming a
background and compromising drastically the sensitivity of the experiment [6].

All double beta decay experiments have to deal with an intrinsic background, the standard
two-neutrino double beta decay (��2⌫), that can only be suppressed by means of good energy

– 5 –

3X

i=1

mi = 0.32± 0.11

• Will Cover a significant fraction of cosmological region. 


