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Double beta decay motivation

(in one slide)

/ \ [P. Vogel, arXiv:hep-ph/0611243]
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EXO-200 and nEXO

EXO200:

e ~175kg LXe

* Final Sensitivity:
T,/, 5e25yr

(rougwg to 's-caye)

nEXO
* ~5000 kg LXe
* Sensitivity goal:

0 =
Ty, 1628yr @90% C.L. -



Scintillation energy [keV]

[ Xe TPC

Readout prompt light and drifted charge
Combine both signals with correct
anticorrelation coefficient to get best
energy estimate

Charge/Light ratio allow B/a discrimination
Determine multiplicity with charge
clustering (B/y discrimination)

EXO200 Th228 Calibration Data
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NnEXO PAPErS describing the detector, sensitivity, and R&D

“Simulation of charge readout with segmented tiles in nEXQO”
arXiv:1907.07512 (July 2019)

“nEXO pCDR” arXiv:1805.11142 (May 2018)

"Sensitivity and Discovery Potential of nEXO to Ovf3 decay” Phys.
Rev. C 97 (2018) 065503.

"Characterization of the Hamamatsu VUV4 MPPCs for nEXO”
arXiv:1903.03663, to appear in Nucl Inst Meth A

"Study of Silicon Photomultiplier Performance in External Electric
Fields” JINST 13 (2018) T09006

“VUV-sensitive Silicon Photomultipliers for Xe Scintillation Light
Detection in nEXO” IEEE Trans NS 65 (2018) 2823

"Characterization of an lonization Readout Tile for nEXO“ J.Inst. 13
P01006 (2018)

"Characterization of Silicon Photomultipliers for nEXO“ IEEE Trans.
NS 62, 1825 (2015)

“Imaging individual Ba atoms in solid xenon for barium tagging in
nEXO” Nature 569 (2019) 203 (#st nEX0 faseline)

arXiv:1805.11142 [physics.ins-det] 28 May 2018

nEXO Pre-Conceptual Design Report

nEX®

Abstract

The projected performance and dotector configuration of nEXO are described in this pre-Conceptual
Tlesign Report (pCIIRY, nEXQ) is a tonne-scale neutrinoless double beta (U521 decay search in
1*Xe, based on Ihe ullra-low background liquid xenon lechnology validated by EXO-200, With
~ 5000 kg of xenon enriched to 90% in the isotope 136, nTIXC) has a projected hall-life sensitivity
of approximately 10" years. This represents an improvement in sensitivity of about two orders
of magnitude with respest to current resnlts, Based on the experience gained from EX0-200 and
the effectivencss of xenon purification techniques, we expect the background to be dominated
by cxlernal sources of radiation. The sensilivity increase is, therefore, entirely derived from the
inerease of aclive mass in a monolilhic and homogeneous deteclor, along with some lechnical ad-
vances perfected in the course of a dedicated R&D program. Hence the risk which is inherent to
the construction of a large, ultra-low background detector is reduced, as the intrinsic radioactive
comtamination requirements e generally not bevond thoss demonstrated with the present gener-
ation (33 decay experiments. Indeed, most of the required materials have been already assayed
or reasonable estimates of their propertics ane at hand. The details desoribed berein represent the
base design of the deteclor conliguration as of carly 2018, Where polential design improvemenls
are possible, alternatives are discussed.

This design for nEXC presents a compelling path towards a next generation search for Du37,
with a substantial possibility to discover physics bevond the Standard Modal.

May 25, 2015




Main technical changes on the Prototype charge collection tile
EXO-200 theme " |

* One drift region

e Silica substrate charge collection tiles

VUV SiPMs (~4.5m?)

e ASIC electronics in LXe

* Minimize plastics in the TPC (>10ms purity)

Goal 1% energy resolution @Qgg

Array of
Charge Tiles

Field Shaping
Rings

~6cm —>



Self-shielding:

The power of a monolithic detector
2.5MeVy 7

attenuation EX0-200
. out _ back q length
uter region measures packgroun (8.5cm)

* Inner region is shielded and nearly background free
* Fit exploits distributions of backgrounds and signals
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Charge collection tiles oo ——_|

Max metallization cover with min
capacitance:

« 80 fF at crossings i
* 0.86 pF between adjacent strips

Pulse shape is unusual, because of the
absence of a shielding grid.
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SiPM VUV devices

After the first round of R&D, some 1cm? VUV devices how
match our desired properties, with a bias of ~30V

nEXO Scintillation Light Detection Goals:

* 20% Photon Transport Efficiency (ret a prop of SiPM)
* 15% Photon Detection Efficiency

* <20% additional avalanches within 1us
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C}warge T_{]e w/ i . : Readout Chi

AS'CS |n Lxe ASIC Concept

X Strips

* Cryogenic ASIC for nEXO (and DUNE)

* Shapes and digitizes 64 channels

* Goal: <200e- noise

* Analog input has in-situ programmable
shaper and gain on each channel

* First batch of ASICs being characterized
now, including cryogenic tests

T}wough Vwas
Digital Domain (Isolated)
X -
s Sz
T = 5 § LVDS Transmitter Out0
o N C
8 ~u 896Mbps
SubBank | 1

l LVDS Transmitter Out1

896Mbps

= PLL SACI - x4
CLK (LVDS)

Digital MUX
|
12b/14b
Encoder

filter

|||—||—-\ ¢

Control Unit Global Control Register 10




State of Backgrounds

TPC Vessel

Charge Module Cables

FR Support Spacers

Field Rings

SiPM Cables

LXe (13" Xe, 2v313)

LXe outside TPC (°?°Rn)

SiPM Support

SiPM Electronics

HFE

FR Support Legs

Charge Module Glue

Charge Module Chip

Outer Cryostat

SiPM Glue

Inner Cryostat

L Xe inside TPC (°22Rn
SiP

SiPM Cables

Charge Module Support

Inner Cryostat Liner

SiPM Module Backing

Cathode Ring

Charge Module Backing

Copper
Kapton (2°8U)

Xenon
* Actual materials available and assayed Sapphire
ASICs
* some from EXO-200, some new Epoxy
 nEXO geometry simulated in Geant4 HFE-7000
. .. Carbon Composite
to determine energy depositions SiPM
* Reconstruction algorithms based on Kapton SSET?)
uariz
EXO200 and R&D (and continve to improve) Titanum
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NEXO Sensitivity Projections
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- Band is the envelope of NME:

EDF: T.R. Rodriguez and G. Martinez-Pinedo, PRL 105, 252503 (2010)
ISM: J. Menendez et al., Nucl Phys A 818, 139 (2009)

IBM-2: J. Barea, J. Kotila, and F. lachello, PRC 91, 034304 (2015)
QRPA: F. Simkovic et al., PRC 87 045501 (2013)

SkyrmeQRPA: M.T. Mustonen and J. Engel PRC 87 064362.(2013)




NEXO Barium Tagging

- _ ot nEXO0 haselire, but possiH\j a future upgrade

€ €

200-mm camera lens cch

= T Faraday cup Filter

/\ 136 Yo 13685+ 4 D"
N N’ I'ﬂ'%"

Xe gas 50-mm camera

—lens
Astigmatism
corrf]pensator

Cold window

Ind t Aéphere
Removes backgrounds other than 2vBp plates W fens
Vacuum chamber
Ba getter J{J Faraday cup

Demonstrated single Ba atom detection in SXe!
Grabbing from detector and detecting on a probe somewhere still work in progress

150s
Scan #2 Scan #3 bleaching Scan #4

Xe only

Scan #1 Add Xe+Ba

Integrated counts per milliwatt-second
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Sensitivity vs backgrounds

Asymptotic sensitivity
for a potential upgrade
«10%7 using Ba tagging
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Signal efficiency

Charge collection tile studies

* Studying pitch effect on sensitivity
* Also, using new DNN/BDT reconstruction shows improved
sensitivity over traditional reconstruction
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“Simulation of charge readout with segmented tiles in
NEXO” arXiv:1907.07512 (July 2019)
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Sensitivity paper BG fit
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