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NEXT @next

What: time projection chamber with high-pressure (10-15 bar) 3¢Xe gas
Why: energy resolution and electron tracks reconstruction

Where: Laboratorio Subterraneo de Canfranc, LSC, Spain

NEXT

Collaboration
80 collaborators
« 17 institutions

* 5 countries
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NEXT COLLABORATION @mext
Co-Spokespersons:
Juan José Gomez-Cadena N EXT_
IFIC-Valencia, Espania Neutrino
gomez(@mail.cern.ch Experiment with a
Dave R Nygren * Xenon
TPC*

University of Texas
Arlingfon, USA

Neutrinoless double beta decay, Bp0v, with EL&TPC, filled with Xe 91% of

136Xe — two features of great value:
« excellent energy resolution: <1% FWHM at 2.5 MeV

 charged-particle tracking for the active suppression of
background


mailto:gomez@mail.cern.ch
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NEXT COLLABORATION @mext
Co-Spokespersons:
Juan José Gomez-Cadena N EXT_
IFIC-Valencia, Espania Neutrino
gomez(@mail.cern.ch Experiment with a
Dave R Nygren * Xenon
TPC*

University of Texas
Arlingfon, USA

Neutrinoless double beta decay, Bp0v, with EL&TPC, filled with Xe 91% of

136Xe — two features of great value:
« excellent energy resolution: <1% FWHM at 2.5 MeV

 charged-particle tracking for the active suppression of
background

Furthermore: extrapolable to large source masses, important for
present and future detectors ....NEXT-1Ton ANDESI!


mailto:gomez@mail.cern.ch
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NEXT MOTIVATION @next

Discovering Neutrinoless Double-Beta Decay, B30v:
remains a central focus in contemporary particle physics.

B wt allowed B[.:NN&

BBOv is an hypothetical second-order weak process:

Z—>7Z+2 andA—> A
2p — 2n+le”

neutrinoless pp = ©

Is the neutrino its own anti-particle?

Would have profound implications in our
understanding of nature!
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NEUTRINOLESS DOUBLE BETA DECAY @)next

BB: 35 isotopes

* BB2v:

2 electronsand 2 v
10'8 t0 10! years

L
195 o B~

LY 083454
136 L}
55C5 g

* BBOv (rare and hypothetical):
2 electronsand O v

1948, 1245n: > 3x10% years
2001, 7%Ge: > 1.9x10%° years
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EXPERIMENTAL CHALLENGE of B30v @mnext

To eventually detect BB0Ov events: T T T
*mass Vv <1eV - high energy Energy (keV)
resolution

* large life time - large isotope masses
* weak signals - high sensitivity

e abundant noise and background -
shielding and noise rejection

counts/cnannel;raay

SIGNAL IS IN THIS REGION/
There is not an ideal experiment

without conflicting requirements? Mt . g '

several experiments with different and channel
compromises between these aspects

ENERGY RESOLUTION: INDISPENSABLE
BUT NOT SUFFICIENT
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EXPERIMENTAL CHALLENGE of R0y =~ 2 "e>*

: : S .
X . Wy P
'u' Q.

10

NEXT sensitivity: Case Best

i N i
10 100 1000 10000
Exposure (kg year)

Resolution matters, but
isotope mass too!/

I?‘EO(JD ENERGY RESOLUTION
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:
|
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EXPERIMENTAL CHALLENGE of BB0v @next

Q = mass difference between the initial and final atoms of a
radiative process.

Detectors of BB: measure the energy of the radiation emitted
by a source.

—> BPOv: kinetic energies of the two released electrons is equal
to the Q value: Qg

The number of signal events N, in particular, can be related to the
half-life of the process:

N,: Avogadro constant,

N ¢ Mt W: atomic mass of the Bp0Ov isotope,
']‘{”"'-f, — log 2 : B 7 4 . g: signal detection efficiency,
o 4 \' M: source mass,

t: measuring time
N: the number of BB0Ov events observed in the
experiment.

9
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EXPERIMENTAL CHALLENGE of BB0v Pl

(@next
Half life | approx. signal rate
[yr] [cts/(ton yr)]
Present exp. sensitivities —>
1025 500
26
Goal next generation @ ——> 10 0
5x10% 1
- a0 e.g. GERDA >10%° <0.05
| == Mo background
% :m_:uuunmquav-y] Ove1l
E, B = e (T,) xég f,,MT  Backeround-free
- | = Clalm

) MT
yloe f I Background limited
2 ) % e ‘“’\/ BAE

16|

Large exposure (g, f, MT) of BB-isotope
Bgd-free operation in OvBR peak region

n
e

Best possible energy resolution to
I 1 1 discriminate OvBp from 2vBp

90% prob. lower limit T
=

=

0 50 100 150 200
Exnos=ure lkavear=]

Several isotopes
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DEVELOPING NEXT-100 @next

NEXT-DEMO
and

NEXT-DBDM

Prototypes (~1 kQ)

[2009 - 2014] NEXT-100 (~100 kg)

[2018 - 2020's]

-
Demonstration of “
detector concept Neutrinoless double
beta decay searches

NEXT-1Ton (~2000 kg)

NEXT-NEW (-5 kg)  Underground and radio-pure [future generation]

[20 15 - 201 8] operations, background, BR2v ANDES? 11




DEVELOPING NEXT

Demonstration prototypes ~1 kg natural Xe at
10-15:

NEXT-DEMO: best energy resolution 1.62% FWHM
at 511 keV — extrapolates 0.74% FWHM [13]; track

reconstruction possible with EL-based application
[14] . energy-deposition pattern used for the
identification of signal-like and background-like
event topologies [15]

NEXT-DBDM: best energy resolution 1% FWHM at
662 keV, extrapolates to 0.5% FWHM,;
measurement of Q value of 136Xe [12].

S2
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(Onext

LBNL (SOFT)

12



Counts per keV
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escape | 1000
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e e % 100 200 300 400 500800
Calibrated 52 Charge (keV) Energy (keV)
- 1.1% FWHM resolution for - 1.6% FWHM resolution for
662 keV electrons 511 keV electrons
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DEVELOPING NEXT-100 ANTONIO NARING
(@next

- NEXT- White* (NEW): data for optimization of calibration,
reconstruction methods and validation of background model.
Currently in commissioning phase: operating with 3°Xe-depleted
xenon since October 2016

LSC

14
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NEXT at Canfranc Underground Laboratory, LSC

Main hall Main entrance

1985 to 2010 increased from A 185m? to 1250m2 and V 10*m?3

* 850m deep providing 2500 meters water equivalent of shielding
from cosmic rays and offers a low background environment

214 scientific users from 15 Countries

15
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(@Dnext
NEXT at Canfranc Underground Laboratory, LSC

Main hall Main entrance

1985 to 2010 increased from A 185m? to 1250m2 and V 10*m?3

* 850m deep providing 2500 meters water equivalent of shielding
from cosmic rays and offers a low background environment

214 scientific users from 15 Countries

ANDES.... better conditions?

16



DEVELOPING NEXT-100 e

NEXT-100:compromise between collecting as much light as possible
and minimize sensors to reduce cost, technical complexity and
radioactivity

SiPM Plane
— 0.5cm EL gap

10 cm buffer region

PMT Plans

Field Cages
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DEVELOPING NEXT-100
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NEXT TECHNOLOGY: efficient and elegant for rare events

SOFT: Separated Optimization FuncTions
HPGXe: High Pressure Gaseous Xe
TPC: Time PrOJectlon Chamber

NEX T TECHNOLOGY

Readout
Plane B8
- energy
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DEVELOPING NEXT-100
(Mnext

SiPMs and/or PMT
are coated with TPB

70
60 (/ \(810362-11-100U o
.50 ,. \ /—S10362-11-050U E - (b)
) = o8|
Photon 40 = -
efficiency :30 g 08
*(%) g
20 ” 0.4 b b
10 i
0 G2 gt L
200 400 600 800 1000 [
P S O R N U SR SN SRR S IS R S
Wavelength (nm) %150 400 450 500 550

Wa L'r_'ln:nglh (i)
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DEVELOPING NEXT-100 ANTGNIS NARING
(Dnext

Gas System

To maintain 100 kg of Xe with

91% of 136Xe at high pressure
without leaks, clean and pure:

Valves structure with “buffer”,
vacuum pump, recuperation,
purification, recirculation
pump, purity monitoring,
equalization, etc.




DEVELOPING NEXT-100

Simulation and Analysis
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(@next

21
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NEXT-NEW AND RESULTS: Simulation  @next

Topology: numerical reconstruction of a BBOv
event trajectory AL B B B

50-80 \ -150- .
keV/c i s :

Electrons travel on average 2001

15 cm each (a few ns). £
More sophisticated algorithms for ?250‘
the discrimination of signal and I
background are under development

-300
Fiducial volume: excluding a region of b | | 1 1 i
2 cm around the boundaries of the o 50 100 150 200
active volume. S X (mm) "
Events with energy between 2.4 and Topology: 30cm continuous
2.5 MeV. trajectory with one blob in each

extreme — Qbbx2.47MeV 23



NEXT-NEW AND RESULTS: Background

Energy region around Q value of 13¢Xe:
* charged particles elimination efficiency > 99% by fiducial volume
* neutral particles suppressed by distinctive energy-deposition pattern

Y (mm)

B0

20}
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%y

0_

g0

L SIGNAL
40

v

20F

[ BACKGROUND

_10[}_||||||||||||

40 60 80
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-

gral afbciancy
L=
° -
i
]
F |

JHEF 8 1607 (2078} 104 i
.

e
§ =k
s
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IIIIIIIIIlIII_
100 120 140 160
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(@next

Below critical energy ~12 MeV
in gaseous Xe, electrons dE/dx
relatively constant until they
become non-relativistic then,
mostly due to the occurrence
of strong multiple scattering
the particles lose the remaining
£in a blob:
* BBOv two blobs at both ends
« Background one end-of-track
blob.

24
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NEXT-NEW AND RESULTS: Background #sews sasize

Detectar subsystem Materinl Qranntity b B 11
(mBg)  (mBq)

FPresswre vessel

Total Steel JETE 1410 kg < 197 « GOE
Erergy plane

PMTs Rild10-10 Gl units 113 21(n)

FMT enclosares Copper CuAl  Glbedd kg oz (136 o 1

Enclosare windows  Sapphire G014 kg 0.34( &) < 6
Traciang plans

SiPhls SENSL 1 mm®  107x64 units o (1.2 o (LG

Boards Kapton FPC 107 umits 1 11[12) T.500]
Fusld mge

Barrel Polyethyleme 128 kg < 1 < B

Shaping rings Copper CuAl  1¥«3 kg < {5 <

Electrode nings Steel J1ETE 2xb kg < 1.5 < G

Ancde plate Fosed silien 9.5 kg 032(4) 20(0]

Resistor chain 1-Gi1 resistors 240 umits S IR LF. H o [L02
Shinelding

Inner shaeid Copper CuAl 9620 kg o 13 o 120

Chuter shield Lzl GUTO0 kg 200430 300] 4300

Table 3. Radioactivity budget of the NEXT-1M detecior. The fAigures in panent heses afier the
megsurements give the 1-sigma uncertainties in the last digits. The wpper limits m the activity of
mosl srhsysioms ariginate in the 95% Cl. limfis sot on the speafic wtivity of the cormesponding
material quoied oo Teble 2.

(@next

Campaign of material
screening and selection:
gamma-ray and mass
spectroscopy techniques
(international assistance).

NEXT and all ppov
experiments, the main
source of background:
high-energy gammas
from decays of 2!4Bi
and 298T]|

Muons and neutrinos
are the only surviving
radiation from the
atmosphere and outer
space at the depths of
the underground
laboratories. 23



T, (10* years)
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NEXT-NEW AND RESULTS: SeNSItIVILYy #w-euia wanias
(@next

- T1/2 = Bx 1025 yr sensitivity
expected in 3 yr (90% CL)

..._SDEI
14 Y —r—rrry —— 500 ‘ 400
- \ \ ] B .
i \ JHEP 1605 (2016 rsgl 5 Y003
12 \ ] 2 1 3
[ k 1400 , :2055
ok \, ISM _
;. \ 1 100
'k \I 4
8 \ 4300 g 1000
6 <
i <1200
ar
s —
2 ~2100
D . paaal .I-_-.-‘.‘.u--'
10 100 1000
exposure (kg year) BaCkgrouNG rats (104 keV-1 kg yr)

The NEXT-NEW data will provide in the near future a

guantitative assessment of this question. ”
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PRESENT GENERATION EXPERIMENTS FOR
BBOv

w;’”' ‘ ": 4 ";\ ;
KOREA - YangYang |
AMoRe (‘°°Mo)
ASIA v
JAPAN - Kamloka
Kamland-ZEN ('*¢Xe)
, .| CANDLES (Ca)
) ATLANTIC A /| DCBA("™Nd)
. OCEAN LN o =
PACIFIC " { south - 1’ Yui_'_g.’*u) N
0CEAN AMERICA > INDIAN 7 L )
e ‘AUSTRALIA
o il ¥
4"’ ” v &
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PRESENT GENERATION AND FUTURE

EXPERIMENTS FOR BBOv
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COMPARISONS WITH LEADING @next
BROv EXPERIMENTS

NEXT main technique advantages over the competing experiments:

1. Excellent energy resolution:~ 0.3% FWHM (Full Width High Medium)
intrinsic, 0.5% extrapolated with prototypes
2. Topological signature: background rejection factor ~100%

T, ,, < a-e VM.t/AEB
Parameter EXO KZEN NEXT
a: isotopic abundance a 0.8 0.9 0.9
e: overall efficiency g 0.34 0.33 0.33
AE: resolution AE (FWHM in keV at QBB) 100 250 18
B: Background rate B (in counts/(keV - kg - y)) 8 x 1074 2x10% 2x10*
M (total, in kg) 200 330 100

M.t: total exposure

29
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LAST RESULTS NEXT-NEW
(Dnext

Energy resolution-low energies:

- 5.5% FWHM energy resolution measured with Kr-83 conversion electrons at
41.5 keV — 1/A\E extrapolation yields 0.7% FWHM resolution at Qgg

- Sufficient to separate 29.7 and 33.8 keV Xenon x-rays

Kr-83 conversion electrons Xenon x-rays
10000 | 41.5 keV 29.7 keV
250 -
8000
u=12144.9 200 -
o =285.35
60001 R =5.52% @ 41.5 keV n
Rbb = 0.717% @ Qbb *E 150 -
4000 - w=7114 + 4.1
1 100{ 0=2357=+44
x’Indof = 2.58 33.8 keV
2000 301 Res=7.80 %

Res(Qbb)=0.86%

0 T T T D T T T
9000 10000 11000 12000 13000 14000 2000 3000 4000 5000 6000 7000 8000 9000
E (pes) S2 integral (pes)

30
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Energy resolution-higher energies

- Good energy resolution maintained at higher energies (511 keV from

Full spectrum Select 22Na photo-peak events
400 - % 300 -
X-rays o
o o 250 -
o | o
300 - < <
N 200 -
¢ g
e E
200 S l:|I> 5 150
D u=125775.4
Compton edge R=2.45%
100 - Rbb = 1.12%
50 -
0 - 0 T T T T
0 20000 40000 60000 80000 100000120000 140000 10000@0500A1000A1500@2000A25003000A3500A40000
52 energy (pes) 52 energy (pes)
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Topological reconstruction

- Observe the two stopping electron tracks emitted from common vertex,
characteristic of double beta decays

- Powerful handle for single-electron background suppression

200 h¥Z_weight
>1.02 MeV y-ray from ’é\ C Entries 29857
_ i i = Mean x -53.12
Co-56 calibration source S Lk Meany 1485 |5
~— - RMS x 28.24
> - RMS y 25.77
180 — —
C —0.25
160 —
C .0.2
140 —
q - —0.15
etector 120l
- 0.1
- 100[—
Two 0.51 MeV annihilation N 0.05
-ra S eSCa e L L1 I 11 1 1 | L1 1 | I L1 11 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 | I 111
¥ y P &0 -200 -150 -100 -50 [§] 50 100 150 200
Z (mm)
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Radon-induced backgrounds .~

Alpha production rate measured in NEW during normal (hot getter)
operations point to very low ??2Rn-induced backgrounds for NEXT-100

< 10 counts / (keV kg -yr)

J-b-q.'" I |||||| I ||||| .l I |||||| I |'. ||||| I |||||| I |||||| I
= ' e -’ ' . r—
E ].{} — : '_’__r,l_—-—--—| : ., . 7}/9 - =
o - ) -
= B -‘.\v_ "901 -
m i * *a % /)7 n
- . ° .

|[-:Il,;¢'l.‘ll.'r| 5 ot . 99/?/7

1 " =
— i . =
[ ' » —
].D_] E_ =
N (?%2Rn source)i ]
i ! " 6 mHz E |'T'-"='.il:m.—- E Hot getier |
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(@next
Summary and Conclusions

*NEXT is a new-generation experiment for 0V

*NEXT marries TPC and EL in a novel approach: very good energy
resolution and tracking for background rejection with relatively low cost
and easily scalable for future B0V generation detection.

*The next decade will provide further experimental results to pin
down neutrino properties and all its consequences for modern physics.

« ANDES: right moment for NEXT-1Ton, last generation experiment of
BBROv towards the complete determination of the v
» fast commissioning
* R&D ready and proved
» possible outstanding contribution to modern
physics in LA at relatively low cost

34
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STANDARD MODEL

Basic constituents of matter

neutrinos dre s@ pe
—
U+e ol t®
e o ue Te
|
3 ® A = @) ==
D < ® ) ® ®
< < < < <

Accounts for three of the four fundamental forcgg

SU(3)xSU(2)xU(1)



Effective Majorana mass

| (sl
— GUU(Q, Z)IMUVIQ
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FUL’ L
o TP;’z U is the neutrino mixing matrix
mpg| = [mi|Uei|? + ma|Ue|?€* ~%2) 4 myg|Ues|?e*(~2172%)
1000 _ S Elliott, IhT.T.DI:f.-"EI-lr)I{I'-.FI.CEIrF].-"Pde12'5]3. 1IOTID"..-:1 .Ddlf
 Am2, <0 These experiments
I are sensitive to:
Inverted

Effective pp Mass (meV)

—_

0.1

-
[

3 4 567

Am3; >0

il L et aaa
& I 4 587
100

Minimum Neutrino Mass (meV)

T -1
& 3 435

B,,=33.58 am’ = 75.8 meV’|
B3=833 sm°_ = 2350 meV|

B

-FII—I
1000

the absolute mass
scale, the mass
hierarchy, and the
nature of neutrinos.



Radioactive background in Xe. Signal versus background

Bi-214

:i o
&booo[-

70000|

If T12~10%"y

60000

50000

6:10%-10%(g) - 1(3) _

N3s(Xel3%) = log 2 .
83(Xe™®) = log 0 1

0.1

40000}

30000

20000

==> Need 100 kg y for signal

10000:
ubll

.

T IR PR PR .
2.1 2.2 2.3 24 2.5 2.6 2.7 2.8 2.9
Energy (MeV)

Main
background are B/S ~ 1
high energy
gammas
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NEUTRINOLESS DOUBLE BETA DECAY, 30v @mnext

Developing NEXT-100  wewenasie
. @next -
[
. sog  PMTs plane (cap) Photodetectors (Q? Z)‘M |
) fr o =
‘Sﬁ .!m'}du
l;‘:j -..l..tu
> o SiPM plane (cap)
L] L] ..
el e
400 pixels
per sensor
About 10 iSC.cpec vurar 1500 2000
Energy [keV]
A~ 70-150
Qbb ~ 2-3.5MeV Q=E,+E,+E, +E,-2m,

T12~101-10%1y
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Developing NEXT-100 (@next

Three main components

DAQ & Electronics

Il -The CERN ADC add-in card.
PMT readout

Il - CDTCI6 - The dual function add-in card.
Tracking and trigger interface
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EcorrZXY

2500 A

* Krypton: at 10 Hz,
(lifetime in excess of
7004): resolution 5.9 %
extrapolated t0 0.767 %
at Qbb. improvement
with more statistics and
better lifetime.

« Krypton lifetime and
alphas lifetime are o
ConSiSTenT. 8000 9000 10000 é]fggg}

* Next steps:

a) Running with Na-22 in the axial port, triggering in S1 for 511 keV
gammas and then in S2 for 1.275 MeV gammas (June-July 2017).

b) Running with Cs-137 (July 2017).

c) Co-56 source (starting 1st July 2017).

2000

1500 1

Entries

1000

500

12000 13000 14000
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DETECTING BBOv WITH NEXT

(@next

TPB cuated %qgﬁés

FLAME= 5 Pz

i
r-’

jon i__z__éfiﬁrj

: . =
R U TPy T = F Pl =]

[ RACkIMNG

Y CATHRDE AMODE -

*NEXT: High Pressure Xenon (HPXe) TPC
operating in electroluminescent (EL) mode.

*NEXT-100: 100 kg of Xenon enriched at 90%
in Xe-136 (in stock) at a pressure of 15 bar.

*Excellent energy resolution in gas phase:
* BE/E = 5 x10° FWHM possible
*Topology available for background rejection

D A D



