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The @next motivation

n
—_—
Demonstrate neutrino is a Majorana particle
(= neutrinos are their own antiparticle)
by detecting the neutrinoless double beta decay process
Search for Ovp[3 requires:
e Great energy resolution I
e Extremely low background =
e Scalability
[source mass x
l ! ZVBB signal detectiorr:1ea$uring time}
Re -~ . efficiency
(Mnext = . T _loga NA €M ¢
= ' 1/2 — Og W N |
High Pressure Gaseous Xenon S % |
Time Projection Chamber with = N A
Electroluminescent Amplification O | N OvBR events
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification



The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification
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136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection
technology (TPC)
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification

Fully active and

v

homogenous detector
— source = detector
Great intrinsic energy

resolution in gas

136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection

technology (TPC)
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Energy Resolution, %

Bolotnikov and Ramsey, NIM A 396 (1997) 360
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Xe Gas density:
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification

|

More isotope In the
same volume

Fully active and
homogenous detector
— source = detector
Great intrinsic energy
resolution in gas

v

136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection
technology (TPC)
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification

l

More isotope in the
same volume

Cathode Anode

Fully active and
homogenous detector
— source = detector
Great intrinsic energy
resolution in gas

v

136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection
technology (TPC)

ENERGY PLANE (PMTs)
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification
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More isotope In the
same volume

Cathode Anode

Fully active and
homogenous detector
— source = detector
Great intrinsic energy
resolution in gas

v

136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection
technology (TPC)
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification

l

More isotope In the
same volume

Fully active and
homogenous detector
— source = detector
Great intrinsic energy
resolution in gas

v

136Xe Isotope: High enough abundance
Qpp = 2.5 MeV
Noble gas — ideally suited to detection
technology (TPC)
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The @next detector concept

High Pressure Gaseous Xenon Time Projection Chamber with Electroluminescent Amplification

SIGNAL BACKGROUND Cathode Anode TPC
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TPC allows 3D event reconstruction — I
improvement signal over background I
|
Search for Ov3(3 requires:
. —_——
e Great energy resolution / oo
e Extremely low background % 600
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The NEXT-100 detector
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« Currently:
construction and assembly
* End of 2022: commissioning

EXT-100 detector:
° I;nergy resolution <1% FWHM

e |Mprove radioactive pudget
e Competitive search Of ovpP
e Prepare for the ton-scale




(Mnext

The NEXT-100 detector

Pressure Vessel
100kg fiducial mass @
~15bar
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Copper Shielding
Thicker (12cm) ultra-pure copper shielding
Big machinery for production
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The NEXT-100 detector
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PMTs coupled
to xenon gas
through
sapphire
windows
welded to a
radio pure
copper frame

Windows are
coated with PEDOT

Hamamatsu SiPMs:

easier to mount,
more robust,
larger area.
Better for
dynamic range

Coated with TPB
for better light
detection
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Tracking Plane
3584 Hamamatsu SiPMs
1.3x1.3 mMm2 - 15.55 mm pitch
(60% more photons)
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The NEXT-100 detector , (@next

High Voltage Feedthrough (HVFT)
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Field Cage
Abandon solid HDPE structure:
reduction of outgassing




The NEXT-100 detector (@next

EL and cathode
constructed from tensioned

hexagonal meshes
(~100 um thickness)
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Electrostatic deflection of
the EL measured
(important for energy

resolution)
NEXT-100
1 Dist. from Centre
00 ¢ Ocm ¢ 30cm
¢ 10cm ¢ 35cm
E‘400- ¢ 15cm $ 40cm
3 ¢ 20cm ¢ 45cm
5300' ${ 25cm { 48cm
= Solid lines - prediction
2 200-
v
O
100 -

Voltage [kV]

Anode-EL region using meshes



Summary

« Currently: construction and assembly
- End of 2022/beginning 2023: commissioning

- Target background rate 4 - 10~ counts/(keV - kg yn),

or ~1 count/(ROI -yr) (majority coming from PMs)

EXT-100 detector:
° ‘Energy resolution <1% FWHM

e |Mmprove radioactive pudget
e Competitive search Of ovpPl
e Prepare for the ton-scale
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NEXT-100 EL deflection

500
E 400
Determine electrostatic deflection at different radii with optical = 300
method by bringing EL mesh in/out of focus for a given voltage, %
5 um sensitivity 2 200
Q
a
ELgate ll M ELanode 100
: : flashlight in-focus
objective camera : ’,
lens ‘ e
[ I . out-of |
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‘ 500
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Optical Method E 400
=
. . ¢ 300
Insert insulating HDPE post (ED post) between EL 2
meshes 1o reduce electrostatic deflection @ 200-
A
100 -
O -
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NEXT-100
Dist. from Centre
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NEXT-100

JHEP 1605 (2016) 159
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(3 years of data)
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effective Majorana mass

BBOv lifetime
Na e Mt
T1/2 = log 2 N

Relative atomic mass

135.907219(8) [24]

Q value 36Xe — 136Ba,

2457.83(37) keV [25]
2458.7(6) keV [26]
2458.1(3) keV (average)

G% (1071° year™1) 14.58 [27]
14.54 [28]
OvBB decay NME 2.19 (ISM) [29]

(
3.05 (IBM-2) [30
2.46 (QRPA) [31
2.91 (QRPA) [32
(
(

4.12 (EDF) [33]
4.32 (EDF) [34]
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NEXT-100
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NEXT-100
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Tonne-scale detectors

. KamLAND-Zen upper limits
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Aim to explore the Inverted Ordering (10) region
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BBOV lifetime

Sensitivity of 10 region requires tonne-scale detectors



