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W& Xenon Time Projection Chambers

RARE EVENT SEARCHES - BIGGER, QUIETER

XENUN 1 8 XENnN 1 T WIMP Dark Matter Extended Dark Matter

* Spin-independent . * Dark photons

* Spin-dependent = * Axion-like particles
¢ Sub-GeV Ll -+ Planck mass

* Inelastic " -

Neutrino Nature

* Neutrinoless
double beta decay

* Double electron
capture

* Magnetic moment

« pp neutrinos A%

* Solar -
metallicity

* "Be, B, hep

Supernova

« Early alert

* Supernova neutrinos

* Multi-messenger astrophysics

Cosmic Rays
* Atmospheric
neutrinos




O XLZD - Upscaling challenges

SIZE MATTERS - 2X DRIFT HEIGHT & 2X DIAMETER
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To optimise the performance

* Liquid xenon ultra-purity

* Optical transparency

* Electron extraction efficiency

* High S2 gain

* Uniformity on x,y position

« No electrical discharges [hot spots]
* Photosensor performance

* High voltage delivery

« Background mitigation




O XLZD - Upscaling challenges

SIZE MATTERS - 2X DRIFT HEIGHT & 2X DIAMETER

Large Electrodes-Development
(«  Optical transparency
* Electron extraction efficiency
* High 52 gain
* Uniformity on x,y position
« No electrical discharges [hot spots] )
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W& R&T on electrodes with the XeLab Proiect

SPACER-ASSISTED FLOATING ELECTRODE (SAFE

PARIS

high optical transparency

\ \ . : Challenge: Large electrodes with

Our Idea: “floating” electrodes with
supporting pillars

L

........III EmEm lllﬂl.--"‘
Electrostatic '. Gravitational . .
: e Floating electrodes with
attraction sagging

supporting pillars




V& Xelab facility @ LPNHE

FIRST (&UNIQUE) SITE IN FRANCE WORKING WITH A XE DUAL-PHASE TPC




V% Main cryogenic systems

FOR XENON OPERATION AND SAFE

Floating
: Heat
) Vacuum insulated, double-walled - Vent
exchanger
3 Main coaling mode: copper belt Degasser
O ° LNZfrom pressurized dewar Inner
3 « QOverflow prevention from free floating vent Vessel
I Secondary cooling mode: heat exchanger
=1 Temperature control from heating resistor
Copper Outer
t cooling tests: |y belt Vessel

h the copper belt.
| First cooling tests with




V% Main cryogenic systems

FOR XENON OPERATION AND SAFE

Pressure . C Lol ) Xenon Valve
Gauge Eve M " Inlet/Outlet
Meter L

Pressure
Transducer
Check Valve ~

— O —

[N, Inlet
GN, Dutlet

Pressure
Relief Valve
(200 mbar)

4

Pressure Relief
Valve (70 bar)

Solencid Valve

MiniReStoX

Xenon recovery and starage
Three nested & vacuum-insulated vessels
cooled by LN, (from 15,000 L reservoir]

Up to 70 bar Xe
Cold during operation with instant
recovery trigger
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V2 Slow Control & Monitoring

01
17.79 °c

PTO1
0.32 bar

MULTI-INTERFACE R&D

Based on the Revolution Pi technology
Home-made code (CODESYS)
Home-made PT100 readout board
Python MQTT broker to pull the data
Storage in InfluxDB database

Data Visualization with Grafana

FTH/WWT

103 TToa TT0s TT06. A Belt Heater

Fcor
6 K 29113k | 291.00k 29216k  292.07K  290.97K 0.0% 0.03 slpr

PT02 PT03 PT04 LNPYOT-setpoint LXe Mass.
0.005bar  0.005bar  0.006 bar 0.003 bar 0.001 bar 0.00% [oX 05 lpm 100 54/ 90.00g

aKu

NBUE brand .[}

CODESYS




w PRE-COMMISSIONING

FILLING AND OPERATING WITH ARGON

Plot from our slow control system
Temperature Cryostat Eﬂﬂlmg Status (DN/ )

Jewar Pressure: 1.5 barg 0.5 barg

September 2024

Run with 2 bar argon

e Duration: 9 days

« First liquefaction of argon

* Demonstration of
continuous, stable
operation

At 2 bar:
e TLAr=94.29K
e TLXe=17788K




VD Status Update | Milestones

RELOCATION OF WORK CENTER FROM CRYOGENY 10 TPC

First LXe fill
Nov. - Dec. 2024

Successful completed

TPC commissioning |
Feb. - Apr. 2025 i

Checklist accomplished

PMT testing
May. - July. 2025

Two M2 Internships

TPC devlivery
27-28 Jan. 2025

Subatech Engineers
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@ A STATUS UPDATE
X<l

Liquid xenon commissioning
CORRELATION WITH SLEEP QUALITY LOL...

November — December 2024

2 Buns completed with liquid Xenon
« TstRun:7.45 kg, run time 7 days
* 2rRun:10.95 kg, run time 5 days

ing

Sleep quality

Filling

Yajing XING | GDR DUPhy 2025

Operation

Run

Recuperati

Re

Updates on XelLab

e Xenon bottle




@ A STATUS UPDATE
X<t

Commissioning completed: first operations

System very predictable and responsive

9
/

Run from Nov 29th — Dec bth

N
o
1

Liquefy xenon
/>

. . 0 te Fill
Fill system with whole xenon < parate 1

Operate

XenonMass

Mass [kg]
—
o

:

Recuperation 4
« cryostat - storage bottle s ' '

Recuperate Operat =

e cryostat -» MiniReStox

* MiniReStox —» storage bottle

Stable operation 7

N
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o
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Temperature [K]

—

o

o
1

TT02
— TT03 §

A TT04

/ — TTO5

TT06

2
No xenon losses %

14

Pressure [bar]

Temperature stability £ 5 mK
Xe rate: fill ~2kg/h | recup. ~ kg/h 2

z‘lw\//_“(u%w—/_w_ Pros
PTO5
Intervention @9PM

N, Dewar thermalised

—— PTO06

|
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@ N\ STATUS UPDATE
XL
TPC delivery and installation

27-28 Jan. 2025

Subatech engineers
* Eric MORTEAU

* Patrick LE RAY
Visite LPNHE
Installation on site




bSTATUS UPDATE

XelLab TPC

—La

Designed by Subatech ‘_ y -
Dual-phase TPC to test new electrodes }; - g U
PTFE body (reflector) | : i |
Stainless steel field-shaping rings g J{ . E
Ligquid level monitoring and control TN s

Hamamatsu photosensors

’
w . Level meter Filler
Ensambled [@RRx) 3D drawing




A bSTATUS UPDATE

JM ° ° °
TPC commissioning

v Vacuum and Leak Testing (~10-8 mbar]
v Cooling Down and Liquefaction (Run@April)

v High Voltage ramp-up
v Cathode HV (up 2kV]
v" Anode HV (up to 5 kV]

v' DAQ and Trigger System
v' PMT signal readout

v’ Electronics & digitizers




@ A STATUS UPDATE
X<t
Photosensors & DAQ

Hamamatsu
Blue =
light &
LED Ip
l ¥ R8520-406
‘ 'l‘ 1" single-anode PMT
{ XENON10 | XENON100 —
Puls

Generat

! R12699-406-M4

A | 2" multi-anode PMT

A4 Low profile [fast)

| 75% pho. cath. coverage
i High QE @ 175 nm: 33%

1wy,

arXiv:2506.04844
UZH and Nikhef




N STATUS UPDATE ¥
) -
e
Photomultiplier Testing  Analysis engoing
* (ain calibration
M2 INTERNSHIP STUDY « Dark counts
Veronica CAZZOLA (XeLab] . Afterpulses
Christopher WINTERSTEIN [(XeLab/XENONNT)
Gain vs PMT Voltage - TOP PMTs 104 SPE Area - BOTTOM PMT
{ PMTO i ' Voltage [V]
$ PMT1 800V
t PMT2 o 850 V
10° PMT3 900 V
A ’ 1950V
i s " f 1000 V
c i £ 1050 V
3 e .+ Initial Tests and,Results: 1100V
DAQ and Data Frocessing
> 2 . 4.
107 — e Using an Amplifier
& O T S S s s s s PP
- Not yet in single photon regime
600 650 700 750 800 850 900 Lo* ) 1000 2000 3000 4000
Voltage [V] Area (ADC x ns)




| x4 Summary and Next

XelLab Project

®

Cryogenic facility

e LAr|pre-commissioning
LXe | commissioning
e Runs with TPC installation

VS
v

@

TPC with standard electrodes

PMT characterisation
Extraction efficiency
Optical tansperency

6
v

Main cryogenic work has been done
Ready for TPC and Electrodes RED

@

Novel electrode R&D

e Simulation COMSOL
e Design optimisation
e Production & Testing




Thanks for
your attention!
Questions?




