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The nEXO Concept



Conceptual Design for nEXO

charge in-xenon cold
readout electronics
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Conceptual Design for nEXO

nEXO TPC System




nEXO Sensitivity
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Intensity
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LXe mass (kg) Diameter or length (cm)
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Discovery Probability

Ton scale
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Additional Features of LXe TPC

Excellent TPC medium (Good electron transport, Bright
scintillator, good attenuation length for 175nm)

Non-toxic, non-reactive (easy to purify, fewer safety issues)
Commercially available natural xenon at the quantities needed
Straight forward enrichment (8.9%)

The xenon can easily be recovered for other experiments

Depleted xenon can easily be introduced to nEXO for
confirmation.
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nEXO: to first order, just a scale up of EXO-200
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Parameter Value

Total instrumented area ~4.5m?
Overall light detection efficiency € >3%
SiPM PDE (175 nm, normal incidence) epp > 15 %
Overvoltage >3V
Dark noise rate < 50 Hz/mm?
sapphire (o fused Correlated avalanche rate <0.2
silica) spacers with
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g 25 .
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Conclusion

@ Discovery of a majorana neutrino would be an exciting event,
and a ~100X improvement in experimental sensitivity for this
search is within reach

@ A liquid xenon TPC has a number of advantages

o A full analysis of a realistic/conservative tonne scale LXe TPC
has shown that this technology will meet the physics goals.

e Technology was " prototyped” and returned results over 6 years

ago (EX0-200)

No miracles required

Cost may be lower than other technologies

Xenon TPCs are likely extendable beyond the tonne scale

Upgrades are possible

Xenon can be moved between experiments and swapped for

depleted in the case of a discovery

@ nEXO is a US led collaboration with scientists around the
globe that is rapidly making R&D progress on the LXe TPC
technology
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nEXO Requires Stable High Voltage

High voltage in noble liquids... ,2014 JINST 9 T08004

Indeed, a common element among the successful experiments is
that the high voltage system was treated as a major focus of the
design from the beginning.

@ HV moves charge to collection electrodes
@ Detector performance is tied to electric field

tau= 5ms
I tau = 10ms

40

20 |-

Mean correction [%]

i i i i i i
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Accessible Lifetime is Limited by Exposure

Event Rate for a 10%° Year Lifetime

136
Radioactive Decay Atoms per Tonne “*>Xe

dN _ In(2) 136g/mole
Ty 6.022x10%% atoms/mole
4V — 30 events/tonne/year 27
dt y N = 4.4x10%" atoms/Tonne

lifetime events/tonne/yr

10%° 30
10%7 3
1028 0.3
10%° 0.03

10%0 0.003



Photon Interaction in Xenon

Xenon

@ From the NIST website
http://physics.nist.gov/cgi-
bin/Xcom /xcom3_1

@ ratio of Compton to PE at
2.5MeV is 35. This is the

most gain one can get from
T i SS/MS differentiation.

| | |
10 10" 10° 10' 10
Photon Energy (MeV)

——  Total Attenuation with Conarent Scatteting
- = ToulAt without Coherent Scattering
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Elements that can decay via 0v23
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Experimental techniques

Liquid (organic) scintillators:
- KamLAND-ZEN ('36Xe)
- SNO+ (13%Te)

Pros: “simple”, large detectors
exist, self-shielding

Crystals:
- GERDA,

Majorana Demonstrator (76Ge)
- CUORE, CUPID ('3°Te)

Pros: Superb energy resolution,
possibly 2-parameter

Cons: Not very specific, 2v measurement
background Cons: Intrinsically fragmented
Low density trackers: Liquid TPC:

- NEXT, PandaX (36Xe gas
TPC)

- SuperNEMO (foils and gas
tracking, 82Se)

Pros: Superb topological
information
Cons: Very large size

- EXO-200, nEXO ('36Xe)

Pros: Homogeneous with good
E resolution and topology
Cons: Does not excel in any
single parameter
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Xenon Experiments
3 technologies
o Gas TPC T2 < 3x10% yrs
e Liquid TPC Tf/yzzﬁ < 1.8x10%yrs

o Loaded Liquid Scintillator 777" < 1.1x10% yrs

PRESSURE VESSEL  MESH PLANES.
BUFFER CATHODE GATE ANODE BUFFER

ELECTROLUMINESCENT REGION

> al

PYA Inner Balloon
- 8 m diameter)
Xe-LS o
383kg | |
Xe loaded | Bl
EA) A
Outer-LS [ b
1 kton 5
BUFFER REGION DRIFT REGION, 8CM



EXO-200

2028 Ty )p = 2.11x10% yrs

0028 Ty 5 > 1.6x10%° yrs
Phys. Rev. Lett. 109
(July2012)
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Radiopurity and Background Discrimination are Essential

Astatine

Polonium

Bismuth

Lead

Thallium

Mercury

Uranium

Protactinium

Thorium

Radium

Radon

A cartoon (at 10%8yr) to illustrate...

Background — from 214B;j (?38U)

238 o
T1/2U =4.5-10° yrs, so the required
0v23
. . . . 18
rejection ratio is % ~22-10
1/2
Item Rejection
Natural abundance 10°
Selection of material 107

Copper to xenon number ratio | 5.8

Solid angle 2
Energy Resolution ~0
S=vB 15
SS/MS (cross section ratio) 35
Self shielding ~ 55
Total 3-10"
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Critical HV region

Surface: Electric field norm (kKwvfcm) (]
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High Voltage R&D — Testing Ideas at a Small Scale




High Voltage R&D — 1/2 Scale Model of EXO200
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High Voltage R&D — Full nEXO Scale




High Voltage R&D — Full nEXO Scale
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Section of KETEK SiPM Microcell

Quenching

Requirements
e Radiopurity
o Efficiency
@ Dark Noise Trench
o Correlated avalanches
o Total Power

°

And others (gain, pulse shape, dynamic range, capacitance,
speed...)
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