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XENUN = DARWIN/XLZD

Operation period 2005-2007 2008-2016 2012-2013 2020-2026 2032
Xenon Mass 4 kg (active) B2 kg (active) 7 t (active) EB-FIEtt((EtT]ttI;IE;) 45D|]tt/ /Eﬂnﬂtt(?tfjttlzs)
Height la cm 30 cm g6 cm |48 cm 260 cm / 297 cm
Diameter 14 cm 30 cm d7 cm 133 cm 260 cm / 298 cm
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DLIEI"PhEISE 'H]E Une of the main challenges for next-generation

large-scale TPCs will be the development of
large electrodes with high optical transparency
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LN, Level Controller

Xe Bottle Load Cell

— Lab

Slow Control Hardware

Alphagaz Z Argon

x-y Levelling System

Nitrogen

rade a.0 Xenon

MiniRestoX
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D.ALE. - Initial design =~ @l ;

e Jesign not optima

 Many parts rusted, dirty

o Xenon puritier exposed to air

e fFully-welded design - no flexibility

* Kept the cryostat, redesigned
everything else

Initial design by D.A.T.E.

Fredéric Girard < tes = |L10.2024



Heat Exchanger

Copper belt

AAAAAAAAAA

Free Floating Vent

Degasser

Inner Vessel
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Lryostat

insulated, double-walled

e Main cooling mode: copper belt

o N, trom pressurized Dewar

e [vertlow prevention from free floating vent

« [emperature control from heating resistor

e Secondary cooling mode: Heat Exchanger

« [emperature control from heating resistor

e Multi-layer insulation to prevent radiative
losses (not shown)



Lryostat - Manual Polishing

- JIN

Be B

e Metal surfaces in contact with xenon must be
electropolished

e Better cleanliness

* |ess outgassing

* JALEL. forgot to do so.. ol

e
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e fully-welded geometry = manual polishing i ' .J;“ ‘

Neck of the inner flange
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We polish:

* Watches!
* Rings!

* Fine jewelry!

e [old, dilver, Stainless
Steel!

 We even sharpen
knives!

e [set your quote today
and help us buy xenon!
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bas Handling and Puritication

e [ransfer and purification of the xenon

* High-pressure side: Up to 200 bar p—

yax Op. Temp 0Ct065C {
cases Purified  H2,N2,Noble Gases 3

e Low-pressure side: Z bar nominal, max. d.abar | o

ions  READ MANUAL AND SDS
PRIOR TO INSTALLATION
M2D550646 002 =

Batch i
Date Mfr 5

APRIL 2022

e Recirculation with neoprene membrane
COMPressor

e Puritier; Nickel-based, self heating solid
« <| ppb of 0,, H,0, C0,, Ny, H, CH, N,

Entegris Xenon Purifier
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MiniReatoX

« Xenon recuperation and storage

 [hree nested vessels
e Vacuum insulation + MLI

e Liquid nitrogen (from 12 000 L reservair)
» Xenon (max 70 bar)

e Lan be kept cold at all time during
Xelab operation

* |mmediate xenon recuperation trigger, as
needed



Pressure el Xenon Valve
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MiniReatoX

« Xenon recuperation and storage

 [hree nested vessels

e Vacuum insulation + MLI
e liquid nitrogen (from la 000 L reservair)
e Xenon (max 70 bar)

e Lan be kept cold at all time during
Xelab operation

* |mmediate xenon recuperation trigger, as
needed
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Mow Lontrol

« Based on the Revolution Pi technology
* Home-made code (CODESYY)
* Home-made PTI00 readout board

\ | i I
O UL L Al L

P11 0.06 bar  PT02 0.003 bar P102 0.005bar P14 0.005bar P105 0.003 bar  P708 0.001 bar

e Python MQTT broker to pull the data
o Storage in InfluxDB database

e [ata Visualization with Gratana
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Xelab [PL

4x 1" PMTs

level Sensors !

- \I\

» Designed by Subatech %:\
1 |

e [Jual-phase TPL to test new T

|
electrode designs Field Shaping Rings |

+ PTFE body (reflector) Eathudg

o Stainless steel field-shaping rings 7" BT

e Liquid level monitoring and contral

e Hamamatsu Photosensors
o Top:4x|" PMT
e Bottom: Ix 72" multi-anode PMT

_—_—_—__J
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Xelab - Lommissioning Run |

e First conldown test of Xelab in May 2024  e— __Looling Status (IN/UITF)
e |nner vessel filled with Z bar argon \

e [heaper than xenon 4 |
e Conling underwhelmingly poor S o
* Upgrades:

» Exchange stainless steel tubing with copper [

tLIlJIFIg 140.000
¢ Apply miXturE Df SilVEP pDWEP (2 “m) and 05/14 16:00 05/15 00:00 05/15 08:00 05/15 16:00 05/16 00:00 05/16 08:00 05/16 16:00 05/17 00:00 05/17 08:00 05/17 16:00

- TTO2 == TTO3 TTO4 TTO5 TTO6 Time

Apiezon N cryogenic grease (thermal paste)
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Lommissioning Upgrades

e First cooldown test of Xelab in May 2024

e |nner vessel filled with 2 bar argon

e Looling underwhelmingly poor

e Upgrades:

* Exchange stainless steel tubing with copper
tubing

e Apply mixture of silver power (2 pm) and
Apiezon N cryogenic grease (thermal paste)

Copper tube Application of thermal paste
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Xelab - Lommissioning Run Z OQ@

Temperature Cryostat Cooling Status (ON/UFF)
» Second cooldown test of Xelab in July 2024 oo
(remotely because of the Olympic Games) ] ZZZZZ >
e Juration: o days j 725 000
* Looling still not great, barely good enough El 200.000 L_/

175.000

* [nly o days of test until the LN, was depleted [EE=Ere:

125.000

e Reached LXe temperature in Z days

07/16 07/18 07/20 07/22
= TT02 == TTO3 TTO4 TTO5 TTO6 Time
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Xelab - Lommissioning Run o

Temperature Cryostat

|.a barg
160.000
e Reduced pressure in Dewar

150.000

e Slower LN, filling -
_ o 140.000

e free floating vent bypassed, acts 5
only as an overtlow prevention 2 130,000
e [ontinuous cooling 120,000

* ncreased cooling power 110.000

14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:0C
- TTO6
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Xelab - Lommissioning Run o

Temperature Cryostat EI]D“FIQ StEItLIS ([IN/ )
. . 325.000 T —— E—"—
e Run 3 still with argon 15 barg 05 barg
300.000 g -
e Juration: 4 days 275,000

250.000

o After the Dewar pressure change.
we had plenty of cooling power

225.000

200.000

» We went for liguid argon! e e N ||
150.000 k '\& f

e At 2 bar: o
¢ “LAP = 5425 K 100.000

¢ 1Xe = |7788 K 09/03 09/05 09/07 09/09 09/15
7702 == TTO3 TT04 TT05 TT06
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Temperature Cryostat

Xelab - Lommissioning Run et I Soor et
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e As the vessel cools down, the pressure drops
(noble gas)

Temperature [K]

140.000

135.000

o Some fluctuations in the temperature are hints G g D GAD GRTD W

e TTO02 e= TTO!

of the production of the first drops of liquid

e [hey evaporate, cooling down the bottom flange

Pressure Cryostat

pecumulatio,, oF
//.
Q@
(4

01:00 02:00 03:00 04:00 05:00 06:00 07:00
PTO4 PTOS5 PTO6

e The pressure drops sharply, with no drastic
change in temperature at the start of liquid
accumulation

Pressure [bar]

e Argon filled continuously for ~ Zh
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What's next?

e First LXe fill

« Waiting for xenon bottle load cell components

e |nstallation of the dual-phase TPC

e Parts production at Subatech
o [Lompletion by the end of 2024
e First tests in XeLab expected early 2025

e Jevelopment of new electrodes

e dubject of the next internships + theses

* Looking for candidates!
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DARWIN = XLZD

e As of september 2024, the XLZD consortium is now
the XLZD collaboration

e 77 institutions

I
nl‘

e |63 senior scientists

o XLZD detector; bU t LXe active target

o JARWIN will continue as an R&D collaboration,
working towards XLZD

. —— “
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= - -
- e - o -
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S < 5
\.'--..C- >
-- - ,'
— == -

Conceptual drawing of XLZD, F. Girard, LFNHE
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DARWIN = XLZD

e Multiple sites considered:
o |aboratori Nazionali del bran Sasso, Italy
e Boulby Underground Laboratory, United Kingdom
o Sanford Underground Research Facility, USA

 XLZD endorsement:
o APPEC Mid-Term Roadmap
e Helmholtz Roadmap
e Pareport
o KRl infrastructure funds allocated for design study
e Several national roadmaps in Europe

Conceptual drawing of XLZD at LNGS, Adrian Schwenck, KIT
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Ihank you!

Frédéric Girard

LPNHE-Paris
GOR DUPhy - Lyon
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| N (PTY (PN (PTY
A NEW AN Legend
XENON group - L. Scotto-Lavina Ve AC Accumulator
e AV Angle Valve
B Bottle
e— Lab RV BP Backing Pump
Drawn by Version X MV MV MV J 05 CP Compressor
04 X 05 X 06 AV Ccv Check Valve
F. Girard 3.3 RV 01 FC Flow Controller
Date Page 04 GV Gas Vent
g i 1
g ﬁ _______________ 3 0 l____ ____________ i HC Heating Capsule
08.04.2024 11 = Pt By HPMV |  High-Pressure Manual Valve
T @ FC -1 l T \‘\ | LM Level Meter
HPMV PV N /02 - | cv LNV | BaNE LNV 5 LNPV LNV Liguid Nitrogen Valve
X 10 (]%ig 01 03 02 : T | 03 = 01 LNPV | Liquid Nitrogen Pneumatic Valve
- « B LT | ; MV Manual Valve
N oY D | cv PF Particulate Filter
A > > > 04 PG Pressure Gauge
N MV MV PR HPMV HPMV Y - 5 | l T i PR Pressure Reducer
FC 02 01 01 02 1 03 Z e AC PT Pressure Transducer
o1 sV ; § 01 = B PV Pneumatic Valve
N <] TN 02 © s T . £ 3 RV Relief Valve
HPMV HPMV - 1 2 2 SV Solenoid Valve
ﬁ% 01 03 X HPMV bt | . | D ° TP Turbo Pump
' RV 09 - TT Temperature Transducer
/PT 03 ><]
2/ P Oy Ok _
. 04 Lines Legend
>
' HPMV
05

Gas Port

PE Compressed air
T or | | b \—// _— High-Pressure

Zl Zl fffffffff Liquid Nitrogen
[ Low-Pressure

)

5

o

Vacuum

X
=
&

\ /
HPMV Setpoints
06 t;<j oPV oPV P
<02 Z 04 TP
01 HC HC CV-02 N/A

HPMV SV
07 03 01 02 RV-03 70 barg
RV-04 3 bar

GNz2 Exhaust

—| > m m RV-05 4 bar
MiniReStoX T HPMV AT F 4.
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