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NEXT-100 detector: 100 kg of 136Xe gasat 15 bar

High-pressure Xe (HPXe) electroluminescense(EL) TPC

with separated readouts for calorimetryand tracking

Neutrino Experiment with 

a Xenon Time Projection 

Chamber (TPC) 

Introduction

1▄ :
1 blob

2▄ :
2 blobs

♫♫ς˄ ♫♫π˄

1. Neutrinosabsolute mass?
2. Majoranaparticles? (ʉ ʉ)

NEXT key features:

1) Excellent ἠἏҦ 0.5 ς0.7 % at ὗ (ςȢτυχMeV)

2) ScalabilityҦ ǘƻǿŀǊŘǎ ǘƘŜ ǘƻƴ ǎŎŀƭŜ

3) Topological signature Ҧbackground rejection
drift region 
όҭ мол ŎƳ
Ү млр ŎƳύ

EL region
όҭ лΦр ŎƳύ

¢t. Ҩ

Answer: neutrinolessdouble beta decay
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NEXT ïimproving the spatial resolution

Xe+ molecular

Electron cooling

Reduces ▄
diffusion

It also degrades:

ÅS1 and S2 yield 

ÅEnergy resolution 

Spatial
resolution

Energy
resolution

Compromise?

×LƳǇǊƻǾŜ ǘƻǇƻƭƻƎƛŎŀƭ ǎƛƎƴŀǘǳǊŜΧ

× reducing electron diffusion: 

background 
event

Ἥafter 1m drift in Xe
ς10mm Ҧfalse ♫♫

2mm - still 
background1. Longitudinal resolution:

Á$ 8Åͯ τȢυάάȾά

ÁEL gap (5mm) Ҧ мΦр ƳƳ

2. Transversal resolution:

Á$ 8Åͯ ρπÍÍȾÍ

ÁSiPMspitch + barycenter 
algorithm Ҧ м ƳƳ



Additive & concentration

1) Xe ςMx reduces ▄ diffusion: Ὡ cooled by vibrational excitation modes of Mx

2) Xe ςMx degrades S1, S2 and╡╔: 

Á▄ coolling Ҧlower Y at same E (S2)

Áquenchingby Mx  (S1, S2) 

Áattachment/recombination:                    
in drift or EL regions (S2)

Álower transparency to VUV (S1, S2)

3) Xe ςMx technical issues: 

Ástable & compatible (with 
detector and purification system)

Áof easy handling and cleaning
ἠἏ

data from C.D.R. 
Azevedo et al

C.D.R. Azevedo et al



Experimentalsetup

üXe ςCH4 XeςCO2 XeςCF4

ü Driftless Gas Scintillation Proportional Counter (GSPC) with ἏἘἯἩἸ ἵἵ

ÁEletroluminescence andὙ (@ ͯ 1.1 bar)

ü Gas Residual Analyzer (RGA) 

Áreal-time mixture concentration

ü Gas purified by SAES hot getters

ÁPure Xeat 250ЈC 

ÁXeςCH4 and CF4 at 120ЈC

ÁXe ςCO2 at 80ЈC

Volume 1 and 
volume 2used for 

RGA calibration



Energy resolution(Ὑ ϳ )

╡╔ Ȣ
╕

╝▄

╠

╝▄ ἳɇ╝▄ɇ╝╔╛

Ɑ╖
╖

ȟὔ
Ὁ

ύ

C.A.B. Oliveira et al

ὊȟὖὓὝḻὗ

ìn primary charge 
production
╝▄Ҧ ǇǊƛƳŀǊȅ Ὡ

ˋ in EL photon 
production

ìn PMT signal
kҦ ƭƛƎƘǘ ŎƻƭƭŜŎǘƛƻƴ ŜŦŦƛŎƛŜƴŎȅ 
Ɑ╖Ҧ ŦƭǳŎǘǳŀǘƛƻƴǎ ƛƴ ta¢ Ǝŀƛƴ
╝╔╛Ҧ 9[ ŜƳƛǘǘŜŘ ǇƘƻǘƻƴǎ

EL Yield (Y)&╡╔in a driftless GSPC (pure Xe)

ϳὖὸέὶὶὔḙ
σȢπστρπ

╡╔ ᶿ ╝╔╛
for E/N: ὊȟὖὓὝḻὗ

Fand PMT contribution 
are determined using 
data from pure Xe

2 at z=0



Y/N ἠἏat z=0

Y/N ἠἏat z=0

EL threshold
increases and 
slope 
decreases

╡╔estimated for 
zero x-ray 

ǇŜƴŜǘǊŀǘƛƻƴ Ҧ

(driftless GSPC 
pulse-height 

distribution is left-
tailed, exp+ gauss)

StrongerE/N
Ҧ ōŜǘǘŜǊ2

favoured in CH4

3KV/cm/bar

3KV/cm/bar

3KV/cm/bar

3KV/cm/bar

ϳὖὸέὶὶὔḙ
σȢπστρπ



The C& case

Y/N

ἠἏreal

ÅEL Y well preserved if 
compared with ἠἏ

ÅLowerἠἏdependence on E/N 

Á Here, the real ἠἏis showed (because 
the CF4 high attachment resulted in 
some right-tailed spectrums)

Á But, in next slides previous z=0 
extrapolation adopted although ignoring 
right-tailed spectrums

3KV/cm/bar

3KV/cm/bar



Comparison:Y and 2 for the same $ = $ $ $ ςͯȢχυάάȾά

Å CO2 have a good ἠἏ(but it degrades abruptly for higher concentrations)

Å CH4 have the best ἠἏ, even with the worst Y

Å CF4 have the best Y, but a terrible ἠἏ



Concerning Q

1. Using F, k and ϳⱭ╖ ╖estimated wirh pure XeҦ

PMT and Fano contributions are subtracted to 2

2. TheQ (relative fluctuations in the number of EL 

photons) is estimated

Á CH4: Q negligible (ḺF)

Á CO2: Q ͯ ½ Fano (for conc. in ROI)

Á CF4: Q ḻFano (high attachment)

Ҩ Same method as in CO2 and CH4, but 
ignoring right-tailed pulse distributions

Fano
0.15 ± 0.02

Fano 



The compromise 2 vs $ ï#/ȟ#( ÁÎÄ#&

1. Q and ἚἏἘextrapolated to 10bar (1 ḙ2 1
& . scaling from simulated scintillation probabilities 
ςD. González-Díaz, C.D.R. Azevedo et al)

2. Optimist scenarioadopted for CF4(low 

Q, high . and high concentration)

3. Transparencyafter 2 m in CO2

(D. González-Díazet al)

NEXT conditions: 

k=0.01, ϳ„ Ὃ πȢφ, 

E=ςȢτυχMeV, F=0.15



. vs $ ï#/ȟ#( ÁÎÄ#&

9ͯ0%

8ͯ0% light loseexpected in CO2 and CH4 (almost 0% for CF4)from simulated 

scintillation probability (D. González-Díazet al, same simulations are in agreement 

with experimental data for S2 at 1bar)



[ƻǿ ǉǳŜƴŎƘƛƴƎΣ ƘƛƎƘ ǘǊŀƴǎǇŀǊŜƴŎȅ Ҧ S1 and S2slightly affected

IƛƎƘ ŀǘǘŀŎƘƳŜƴǘ Ҧ ἠἏextremely degraded (dominated by Q)

Stable, but concentrations (ͯ100ppm) too low to handle and measure 

S1 and S2 affected by quenching and transparency

Good ἠἏ(attachment still low) in concentration ROI

Absorbed by hot getters and transformed CO (CO2 specific cold getters)

S1 and S2 affected by the high quenching

ExcelenteἠἏ(Qͯ π), if E/N is increased (as EL threshold) S2 improved 
and ἠἏalmost the same as in pure Xe

Stable & high concentrations (ͯ4000ppm), easy to handle and measure

Conclusion:

Xe ςMx may improve spatial resolution in a EL optical TPC, keeping S1, S2 and ἠἏ



Thank you for your time
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Conclusion: mixture purification

× Purifying the Xe - Mx gas:

Specialized cold getters could be used to purify Xe+ CO2/CH4/CF4                            

This getters absorbs the main contaminants:  COΣ IнhΣ hнΣ ŀƴŘ IнΧ                       

IƻǿŜǾŜǊ ǘƘŜȅ ŘƻƴΩǘ ŀōǎƻǊō bн

Radon?



Conclusion:remove Mx from the Xe

Xevapour pressure

LN2 based 
bath

Xeboiling point
-108 ЈC (1bar)

CH4 vapour pressure

CH4 boiling point
-161.5 ЈC (1bar)

CH4 boiling point
-161.5 ЈC (1bar)

TPC 

(Xe+CH4)

Temp. 
(ЈC)Cooling baths

CH4 
pumped 

out

Hot 

getters

To remove 
remaining CH4 

(small 
concentration 

will not saturate 
getters)



The pulse height distribution,of a driftless GSPC

ҥ pulse height distribution of
5.9-keV ( &Å) x-rays 
absorbed in a driftlessGPSC
filled with pure Xe(at ͯ ψππ
torr)

ҥ Different depth (z) absorbed 
x-Ǌŀȅǎ Ҧ left-tailed pulse-
height distribution(gaussian
& exponential absorption)

ἠἏis estimated for zero x-ray 
penetration (FWHM/E of the 

first gauss)

ἠἏ(z=0) = 6.2 %
(first gauss)

2 (real) = 8.7 %



R(z=0): 7%
Attachment: 35 Ὡ /cm
E/N: ͯ ρς
CF4: 0.002%

R(z=0): 22%
Att: 95 Ὡ /cm
E/N: ͯ ρς
CF4: 0.023%

R(z=0): 35%
Att: 140 Ὡ /cm

E/N: ͯ ρς
CF4: 0.09%

The C& case

Y/N

ἠἏreal

Huge uncertainty in low 
wD!Ωǎ ƳŜŀǎǳǊŜƳŜƴǘǎΥ

Initial/max values from P-V 
calculation are also shown

! There is not a systematic 
error ςwD!Ωǎ ŎŀƭƛōǊŀǘƛƻƴ 
was successfully tested 
after taking data ! 

ÅEL Y well preserved if 
compared with ἠἏ

ÅLowerἠἏ
dependence on E/N 

With 1 more free fitting 
parameter (attachment), ἠἏ
(z=0)extrapolation could be 
not reliable:

ҥ Here, the real driftless
GSPC ἠἏ

Ҩ Next, previous z=0 
extrapolation used but 
ignoring right-tailed 
spectrums

3KV/cm/bar

3KV/cm/bar



WhataboutNEXT -ὗ at 10 bar, %, = 5mm

1. Q(10bar) ḙ2 Q(1bar) since ,                                          

ƛŦ ŘƻƳƛƴŀǘŜŘ ōȅ ŀǘǘŀŎƘƳŜƴǘ Ҧ in CH4 Q(1bar) = Q(10bar)

2. ἚἏἘ(10 bar) ḙἚἏἘ(1 bar) ἜἻἫἱἶἼ ἪἩἺȾἜἻἫἱἶἼἪἩἺ

from simulations (Diego-Azevedo), when reduction in Y is                     

due to Å cooling (threshold) and quenching, ie. in CH4and CO2

3. ForCF4the more optimist scenario is adopted: Q for max(E/N), 

max/initial concentrations adopted,                                                   

and ╝╔╛(10 bar) ḙ╝╔╛(1 bar) ς20% lower at 10bar in ROI (2 att)

4. Transparencyto EL photons after 2 m in CO2

100% in CH4 and CF4

Expected features in NEXT-100:

ÅEL photon collection efficiency (k) = 0.01

ÅwŜƭŀǘƛǾŜ ŦƭǳŎǘǳŀǘƛƻƴǎ ƛƴ ta¢Ωǎ Ǝŀƛƴ (Ɑ╖Ⱦ╖) = 0.6 

╡╔ Ȣ
╕

╝▄

Ἕ

╝▄ ╝▄▬

„

╝▄▬╖ ἚἭἸ Ëɇ. ɇ.
ἚἭ

%

×

ςȢτυχ-Å6

ςςÅ6
ȟ
ἐͯ πȢρυᴜ πȢπς

data from D. 
González-Díazet al

data from D. 
González-Díazet al



The compromise . vs $ ï#/ȟ#( ÁÎÄ#&



Preliminary results:#/ and #(

Ἆ╛@Ἆ╣(ÍÍȾÍ) ἍἛ Ἅἒ

ͯσςψϷ@ ςȢψχχϷ πͯȢρρϷ πͯȢυυϷ

ςͯȢς τχϷϪ ςͯȢφχψϷ πͯȢρχϷ ρͯȢπτϷ

×Which mixture is best for NEXT?

Y/N

ἠἏ

× Subtracting Fanoand PMT 
contributions (preliminary) using estimated 

Fand k in   
pure Xe

for E/N ḙ12 

ϳὖὸέὶὶὔḙ
σȢπστρπ



Neutrino mass and ɼɼπʉrate

╣ϳ
ⱨ ╖ ⱨ╜ ⱨ□♫♫

Nuclear Matrix of 
Elements (NME)

□♫♫
░

╤▄░□░&

Å♫♫ⱨdecay rate Å□♫♫ Å□ⱨ , □ⱨ , □ⱨ

□■░▌▐◄

experiments combined 
results : < 130-310 meV
(different systematic error)

High source of 
uncertainty

♫♫ⱨdecay rate □♫♫ □ⱨ , □ⱨ , □ⱨ

NH

IH



NEXT ïconcept

1. 136·Ŝ ŘŜŎŀȅǎ Ҧ ςὩ

2. Primary electrons (0 ) + 
Primary scintillation (S1) 

3. {м ŀǘ ǘƘŜ ŜƴŜǊƎȅ ǇƭŀƴŜ Ҧ ὸ

4. 0Ådrift towards EL region  
( ρͯάάȾ‘ί@ ͯ πȢυ ϳὑὠ ϳὧάὦὥὶ)

5. 0 accelerated in EL region   
Ҧ ŜƭŜŎǘǊƻƭǳƳƛƴŜǎŎŜƴŎŜ ό{нύ 
( τͯ ϳὑὠ ϳὧάὦὥὶ) (3ςͯς‘ί)

6. S2 by tracking plane + ὸ
Ҧ о5 ŜǾŜƴǘ ǘƻǇƻƭƻƎȅ

7. S2 by energy plane                    
Ҧ ǇǊŜŎƛǎŜ ŜƴŜǊƎȅ ƻŦ ŜǾŜƴǘ

Reflective walls

Ҩ Topology signature όǎƛƳǳƭŀǘƛƻƴύ Ҩ

Single gamma 
(1Å):
ҥ м ōƭƻō

‍‍decay 
(2Å):

н ōƭƻōǎ Ҧ

EL region
drift 

region

HPXe



NEXT ïprototypes

NEXT-DEMO ͯ Ȣ▓▌ͽ ╫╪►

üDemonstrate NEXT technology

NEXT phase I ςNEW ͯ ▓▌of 136Xe

ÅNEXT-100 at scale 1:2 @ 20% of photosensors

Å1º radiopureunderground detector

Currently              
installed at the LSC 

NEXT-DBDM ͯ ▓▌ͽ ╫╪►

üStudy Ὑ in HPXe

Double 
scape 208Tl 

topological signature

22Na gamma 
track

ҥ╡╔ͯ Ȣ Ϸ

at ╠♫♫

╡╔ͯ ȢϷҦ

at ╠♫♫



RGAôs Calibration

For CO2 background 
estimation after 
mixing

CO2 added here, 
then CO2 + Xe
are liquefied

Background measurement ï
CO2 reading after V2 is filled 
with pure Xe

ҧ wD!Ωǎ ŜȄŀƳǇƭŜ ǎǇŜŎǘǊǳƳ ƻŦ ŀ ŎŀƭƛōǊŀǘƛƻƴ Ǉƻƛƴǘ όлΦлуу ҈ύ



RGAôs Calibration

╡╡╖═ Ȣ ╡╪▀▀▄▀╒ͅ╞ Ȣ

╡ Ȣ

ü Calibration line:  

ҥ !ǎ ŜȄǇŜŎǘŜŘ wD!Ωǎ 
response is linear, at least 
within ROI

ÅSeveral methods were used 

to extrapolate the 

background of CO2 after 

mixing, this one showed the 

best Ὑ

ÅThis background estimation 

method will be also used in 

main mixtures



Results ïRGAôs example spectrum Ÿ  ϳὅὕςὢὩ ὅὕς πȢττϷ

CO2 percentage in relation to 
Xe+ CO2 Ҧcorrected using 
wD!Ωǎ ŎŀƭƛōǊŀǘƛƻƴ ƭƛƴŜ
ÅEL measure was done in 

the last hour (44h ς45h)

Partial pressure at mass 28 
rises in time after adding 
CO2  Ҧ28 is the main peak 
of N2 and CO, and a 
secondary peak of CO2 
( υͯ% Ҧobtained in 
calibration)

A typical non-explained 
perturbation Ҧusually, these 
perturbations are stronger in 
H2O and Xe, and often 
periodic (T=24h)

1) Pure XeǿƛǘƘ ƎŜǘǘŜǊǎ ŀǘ нрлꜛ / ƛǎ ǊŜŎƻǊŘŜŘ 
for background quantification at the 
beginning of each mixture Ҧ 
ϳὅὕςὢὩ ὅὕς πȢρϷchanging at 

each mixture

2)DŜǘǘŜǊǎ ŀǊŜ ǎŜǘ ǘƻ улꜛ / ƻƴŜ ƘƻǳǊ ōŜŦƻǊŜ /hн ƛǎ 
introduced Ҧ ŦƻǊ ŀ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ƳƛȄƛƴƎΣ Xe+ CO2 
are liquefied after adding the CO2. 

üπȢττϷ introduced (estimated from volume-pressure 

calculation) ï0,33 % @ after 21h (estimated from RGA data)

Most of this water is 
probably not directly coming 

from the detector



Results ïCO production

ütǊŜǎǎǳǊŜ ŀǘ Ƴŀǎǎ ну ǊƛǎŜǎ ŀŦǘŜǊ ŀŘŘƛƴƎ /hн    ҦMass 28 is a combination of:

Á Nitrogen (major fragmentation peak)

Á CO (major fragmentation peak)

Á CO2 (secondary fragmentation peak) 

If the growth at 28 was just coming from 
CO2, it would not be continually rising

Is this due to CO production?

Assuming:

ÅN2 keeps constant after 
adding CO2 

ÅExperimental cracking 
pattern of CO2 obtained 
during calibration

ÅCO is zero before CO2

We can:

Estimate CO pressure at 
mass 28 by subtracting 
CO2 and N2 contributions 



Results ïGettersô temperature & CO

ü Two different mixtures became stable at 0.18 % Ҧ ƛƴ ǘƘŜ ƭŀǎǘ ƻƴŜ ǿŜ raised up the temperature of  
getters in order to absorb CO2 Ҧ ƘƻǿŜǾŜǊ /h ƘŀǾŜ ǊŀƛǎŜŘ ŜǾŜƴ ƳƻǊŜ ŀǎ ǘƘŜ ƎŜǘǘŜǊǎΩ ǘŜƳǇŜǊŀǘǳǊŜ 
was increased. 

Temperatures were raised up just for some time, then they are cooled down to 80ꜛ / ŀƎŀƛƴ

мнлꜛ / ŦƻǊ мΦрƘ 
мплꜛ / ŦƻǊ мƘ 

мулꜛ / ŦƻǊ лΦрƘ 

Periodic unknown perturbations

CO increases as CO2 
decreases



NEXT ïtowards the inverted hierarchy

ɼɼл˄ unlikely with current 
experiments 

Ton scale + background 

reduction/rejection 

Next-100:

╣ϳ
ⱨ yr

(2018-2020)  
□♫♫ͯ - meV 



R (3KV), Dt, Dl and v in #(



R (3KV) vs D3d and concentration in #(



R (3KV), Dt, Dl and v in #&



R (3KV), Dt, Dl and v in #(



R (3KV), Dt, Dl and v in #/



R (3KV), Dt, Dl and v in #/



#& right-left real R 


