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XENON Dark Matter Project Eur. Phys. J. 8, 784(2024
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ell = XENONnRNExperiment
Pl Bl &8 A | ocated @LNGS in ltaly
= A Depth 0f3600m water equivalent
A Muon Veto and Neutron Veto
(~700t ultrapure water,

| prepared for Geloading)

8 A Time Projection Chamber with
5.9t of LXe in the active region and
8.6t in total in the system
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XENONNT: JCAP031(2020

#z@rc LowRad
R XENONNT: Eur. Phys. 84C784(2024)

Dualphase LXe TPC

A 1.3m()x1.5m L ALV prrE wal

A 8.5t LXe irtotal (2.5x XENOIT) " Anode Jig__._______gll | Outerarray

A 5.9t LXe instrumented3x XENOIT) Gate 1" . —

A 494 3inch PMTg2x XENOT) b

e Guard Rings E : o

HV Feedthrough i 182.8 cm i
Cathode Grid ] : ﬂ
potom Soreening Gt (Cathede 48 Bl| daner avay
Photomultiplier Tube (PMT)  PMTe _-W

Muon Veto (MV)

A Water Cherenkov detector
A 700 t ultrapure water
A 84 8inch PMTs

Neutron Veto (NV)

A Gdloaded waterCherenkov detecto
A 120 8inch PMTs
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Recovery and Storage for Xenon (ReStoX)

ReStoX 1 ReStoX2

A 2.1 m diameter sphere, 73 bar maximum pressure A 1.45m diameter,5.5m height,71.5bar maximum pressure

A Build for XENON1T and used for XENONNT A Build for XENONNT to enable fast recovery

A Capacity of 7.6 tonnes (LN\B5 kg/d) A Capacity ofilOtonnes (LM 0 kg/d)

A Recovery speed of 50 kg/h (1125 kg/h) A Recovery speed dftonne/h (Ll\é 8tonne)

LXe pipes

LN2 pipes -
[ . \ (Xe in/Xe out)

l ,,‘fﬂ | el
i e |

LN2 cooling pipes

~ Outer sphere 11

Work platform

) // 44 P)/ \

L - o / Condenser
Stainless steel fins
| Heater
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XENONNT: Eur. Phys. 84C784(2024)
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HE .
@ﬂ Cable feedthrough 1&2
Cable pipe 2
\}T\
Cryogenic pipe Cable pipe'1

&

Cryostat

Neutron Veto

. . . Water Tank/Muon Veto
Cooling/Liquefaction

A Heat load <200 W (including purification systems)

A Redundantwatani PC150 pulse tube refrigerators
with 250 W @ 177 K (LXe temperature)

A One PTR can be serviced while the other is in oper
A Backup LNcooling systenwith custom LILXe heat

exchanger reaching >500 W /
8



> sssse
|||||||||
-----------

= " —— Universitit x E N o N

Miinster R
L. Althiiser 25.11.25

;;;'1‘515'-'"erc LowRad

--------

Illustration: M. Murra

Electronegativelmpurities in XENON

lonization Electrons attach to electronegatives

A Drifting electrons attach to impurities along the drift
A S2 size is reduced, lower sensitivity for small signals
A Distorted S2 signals from deep interactions

/"L\k | l ” " Deep &

Xenon purity is expressed as electron lifeting

A Time over which the number of drifting electrous IS
reduced by a factor 1/e due to attachment

A Attachment depends on specific rate constéddand
concentrationo
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Removal Model for Electronegatives

O, mole fraction

Electron Lifetime [us]

\

E— ¥

Removal term

(total mass, removal efficiency, flow rate)

O+

Source term
(surface desorption)

1o 100 SLPM ~
60 SLPM
35 SLPM
20 SLPM ) .
1] Final purity
Startup depends on
dominated by source ratevs
101 removal rate FG_movaI rate

0 10 20

30 40 (

Purification Time [days]

Purification

System

Illustration: M. Murra
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GXe Pumps: Eur. Phys. 2@ 8 78: 604
XENONNT: Eur. Phys. 84C784(2024)

t """" N I 4
%l Cable feedthrough: &2
Cable pipe 2
Cryogenic pipe ‘ Cable pipe'1
Upgraded XENON Purification
2X SAES heated gett€P3-MT50-R) with |
Hydrogen Removal Units (HRUS) (tritium removal) e
2x Customdeveloped magneticallycoupled piston Coyostet
pumps(radonfree, 1.9barkP at100slpm) & Neutren Veto
Water Tank/Muon Veto

Limited by the GXe pump flow 60 ¢ 100slpm
Handles the injection of radioactive sources for calibration
Developed for aurn-around time of 7 days for3.2tonne

o To T T> T>
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LXePUR Developmeifiur. Phys. J.&2, 860(2022
XENONNT: Eur. Phys. 84C784(2024)

Liquid Xenon Purificatior;cry PR )

HE

INn XENONNT =

B

Cryogenic pipe Cable pipe’]

H || (R

GXe-PUR

A Goal:<0.1ppb O-equivalent conc. i days |

A LXe extracted from the bottom of the cryostat s B {(—'

A Subcooled by a LXEN, heat exchanger 0 - S | TPC

A Pumped using two redundant LXe pumps ] <Y Cryostal 8

A Purified by customdesigned purifier L>1e. X 5.-..:.‘.“!?!.‘1.'. nVeto .
P i Water Tank/Muon Veto

A Volumetric flow rate ofl-4 LPM

A Turnaround time of0.9days for8.6tonne /
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Liquid Xenon Purification in XENONNT

Pumped using two redundant LXe pumps

A Barber Nichols Pump (BNGBG000)

A Magnetically-coupled shaft partial emission centrifugal
cryogenic liquid pump

A Satisfies requirements of cleanliness, efficiency, low heat

A

Influx, and liquid flow rate
Minimal down time during annual pump maintenance

Two customdesigned redundant LXe purifiers

A Independent vacuum insulation enclosures

A In-situ regenerationwhile other unit is in operation

A High efficiencyEngelhard @ purifier (high Rn)at low purity
A Lower efficiency8AES 307filter (low Rn)normal operation
A Purity can be keptByear without regeneration
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LXePUR Developmeifiur. Phys. J.&2, 860(2022
XENONNT: Eur. Phys. 84C784(2024)

Liquid Xenon Purification in XENONNT

Purification Strategy Performance during science data taking
A Initial purification with higkefficiency purifier (8) to clean A Flow rate of 2 LPM
xenon bulk, but with high radon emanation A Turnaround time of 0.9 days for 8.6 tonne

A Switch to lower efficiency purifier (B27) to maintain purity A Achieved electron lifetime up to 20 ms
with low radon emanation during science data taking A About 90% of the electrons survive the full drift (1.5 m)
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