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Why do we care apout racdon 7

Radon background in liquid xenon detectors
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Why do we care apout racdon 7

Radon background in liquid xenon detectors

* | ow signal expectations require
extremely low background rates "
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e “““Rn and the subsequent low energy

f decay of ?'*Pb is a significant
background tor WIMP search
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e 22°Rn distributes homogeneously in

detector: No suppression via
fiducialization!
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ow do we reduce radon 7 By

Methods to reduce radon emanation
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e ER/NR separation Coating
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ow do we reduce radon 7 By

Methods to reduce radon emanation
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How do we reduce racdon ?

Basic concept of coating

Requirements:
& Thick f O \ Recoil emanation
& Tight O O

& Radiopure

Bulk material

Sophie Armbruster LRT 2026 6



Explored coating methods

Reduction factor
Method Material Thickness
220Rn 222Rn
Sputtering Titanium 0.4-0.8 4.5 2.1+ 0.7
Plasma spraying Copper 3 22
Epoxy resin Stycast ~ 200 > /4
Chem. \./épor Carbon 1 3 1.4+0.4
deposition
Electrochemical
, Copper 5 130 1500x= 70
plating

%
,/Application of surface coating for radon mitigation in rare-event
[
# Best results for ECP ! searches” by Jérg, et al (2026)
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Electrochemical

Principle
Cu*t +2¢~ - Cu Sample
Counter Cu’* Cu*'—>
electrode Cu*t

~ 45°C
Electrolyte: 0.05 mol/I CuSOy4 + 1 mol/l H,SOy4 i

Heater and Stirrer G
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Electrochemical plating (ECP)

-

. 2-step procedure

Recipe:

e 1 um at
50 mA/cm?

Larger Grains !

e 4 ym at
10 mA/cm?
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Bulk material

Jorg, F., Eurin, G. & Simgen, H. (2026). Application of surface coating for radon mitigation in rare-event searches. arXiv:2606.26190.
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lectrochemical plating (ECP)
Annealing Wy
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oy Rn’** reduction |
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Jorg, F., Eurin, G. & Simgen, H. (2026). Application of surface coating for radon mitigation in rare-event searches. arXiv:2606.26190.
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Upscaling

% 500 X 4

~ 2.8 cm? ~ 0.14 m? — ~ 0.56 m?

§mall setup Medium setup
[ & F
;f.l ",

Large setup

| Can we reduce | L s the ECP Iayer ¥ Can we ECP even

f Rn’** ? stable ? larger vessels?

\
f ’,r\.
LAY Y
P
1 /’ -
- —/ .

Sophie Armbruster LRT 2026



@_ Uo

+. - Counter

Upscaﬂqg ® @ II electrode

Medium setup at MPIK

e SS foil with a thickness of 50 um 0o

1000 O O O 000
0000 O O O 00

e ECP on both sides 000 0. O 0000

000 O O O O 0 0f
1000 O O O O 00
100 O O O O 0O 0l
1000 O O O 000

e High mechanical resistance and stability 0000 O O O 00

)00 0 O O O 000

under extreme temperatures, from heating

M 2k

to liquid nitrogen
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Performance test
The Heldelberg Xenon detector (HeXe)

* | ocal liquid xenon (LXe) detector at
MPIK

e Dual phase xenon time projection
chamber (TPC) containing 345 g of LXe

o Getter continuously removes impurities ¢

in gaseous xenon (GXe)

Sophie Armbruster LRT 2026



Performance test

G
The sample L <=

e Sample: Dual-sided copper-coated SS foil
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E 4 & Vo
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R L P
<473
D Sﬁ

ifetime

o 7 vessels: One blank SS and one coated
SS foil
o Perf | ith el |
erformance evaluated with electron drift Coated SS
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Performance test

The test
0 v
& e mmm—-
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Open to blank SS Open to coated SS Time
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Der:OTm dllCE tESt Plateau drops due to

Re SUlt S ®  Measured lifetime == == = [nitial Recovery == == = (Coated SS Recovery new su rfa ces | N Cl U d e d

Systematic uncertainty == == = Blank SS Recovery

450 )
Prelimary

400 -

{ ft
| e i b s

' ; f Blank S foil

N

| Start of purification
100 -

) L
) -
- S

Electron lifetime, 7 (us)
(N
S

Coated sample
Fit: performs similar to
T = Tjr— (Tinf — TO) . e_t/T SS Sample !

Coated SS introduced

1 Blank SS introduced

50

1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1
0) 2 4 6 8 10 12 14
Time (days)
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Outlook

e Can we reduce Rn?*? ? — Yes, ECP of copper leads to a reduction factor of 1500

Paperin

e Can we upscale ECP? — Yes | ,
preparation!

e |sthe ECP layer stable ? — Yes, also under GXe !

/

Current goal: Can we ECP even larger vessels ? — Yes |

Test in LXe with
University of Zirich See M. Noia's talk on Wednesday:

\_' .Jesting radon mitigating surface coatings in
Xenoscope - a 2.6 meter long liquid xenon TPC”

Sophie Armbruster LRT 2026
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OW Can we sa

.

Va

2. Flip vessel = coat second half

~CP large vessels 7

Coated Layer

. -5 I/ 4 n
)27 gt
“ Wy

” Ny

Mantle Coating sequence:
Stirrer ' |
1. First halt of cylinder
Electrode
\ 60 cm
33 cm
Plug for
-—
outlet
——p

Sophie Armbruster

DPE Mask for bottom
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SS potwftom
Upscaling A

Medium setup at MPIK () Vo

SS cylinder

—— _-------

20 cm

f : 000 O O O O 0 0f :
i..‘...'..J
: ﬁ‘o.o‘o‘o.o‘o‘o‘o.o‘ :
Warm water . pooo o o000l Cold water
: 000 O O O O 0 Of :
; 1000 0 O O 000 ,
1 0000 O O 000§ ,
000 O O O 000 |
1 1000 O O 000§ |
' Counter J00 O O O O O 00 )
\‘y' ———————————— o
electrode Sample ~45°C

Qo
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Flectrode connections

Upscaling

Dual-sided copper-coated SS-foll

e 68 x 20 cm SS foil with a thickness of 50 um

e Coated on both sides

 High mechanical resistance and stability under extreme
temperatures, from heating to liquid nitrogen

Sophie Armbruster LRT 2026



Why do we care apout radon 7

Radon background in liquid xenon detectors

e WIMP are expected to transfer small recoil

energies via elastic scattering of the Xenon
nuclei (NR)

e Gamma and beta particles scatter elastically
on electrons producing electronic recoils (ER)

e Distinguished in LXe TPC due to their dE/dx
resulting in different scintillation anc

lonisation signal

ionisation yields

Scintillation signal

Sophie Armbruster LRT 2026




Why do we care apout racdon 7

Radon background in liquid xenon detectors

0

* | ow signal expectations require 214Pb‘m 218pg
extremely low background rates efm Ny e
¢ 22Rn and the subsequent low energy g %1??' f
f decay of ?'*Pb is a significant W
background for WIMP search 210p, ‘73;+ev 214PO
22.3 a \ 1.64 - 10™*s
e 22°Rn distributes homogeneously in D 210R;
detector: No suppression via o 4 I p
fiducialization! N
206|:>b <541a_Mev ZIOPO
S5l 138.4 d
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Why do we care apout racdon 7

Requirement for future Xe-pased detectors
| Q
— > O
. . . . O
e Radon concentration is proportional to its < 1 00- ~|f<§ <<§O$\/
internal surface area — o« m~!" ﬂi; e.___T $. 56’\
- | *~\’0 TT =< *ﬁ 1/3
~_T .
e |n XLZD mass scaling will be insufficient to '4(_:90 10 N g\/« ° "‘~6~\’1:,$<6
reach required radon concentration = Qg.(\@@*\lfﬁg P \g&o T
8 Qj\ Q’b(\ ®
e Radon mitigation strategies must be o n
improved Z 0.1 9 O]
g o R\
Challenge Ogﬁﬂp
01 1 10 100

Liquid xenon mass [tons]

PhD thesis, Florian Joerg, Heidelberg University
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Why do we care about radon 7
xample: XENONNT Cryoptat

(27%)

Cable Pipe 2
& Feedthrough 2
(7%)
Cooling-Towers
(5%)
Cable Pipe 1
& Feedthrough 1
(13%)
LXe-PUR
| CRY _PTR_ Heat Exchanger | (10%)
éLNz 4 > N Cryostat Pipe /
: A
C
T\L H > GXe-PUR
— Cable Feedthrough 2 (5%)
, : 3 TPC
Cable Pipe 2 . (26%)

GXe
Filter

GXe-PUR

,Prices” in mBqg of 222Rn

|
LXe LXe -
Filter Pump Water Tank/Muon Veto

emanation

XENON collaboration Material radiopurity control in the XENONNT experiment. Eur. Phys. J. C 82, 599 (2022)
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Measurement of racon

1. **2Rn trapped in carbon trap cooled with liquid nitrogen

2. Transter and purification of the sample

3. ??’Rn emanation measured with proportional counter

Sophie Armbruster LRT 2026



Cleaning

Performance test

Blank SS

US bath with 5% Deconex
20ns

Coated SS

US bath with 5% Deconex
20ns

After coating

US bath in 5% ELMA acid
iIntense +3% citric acid

After coiling

US bath in 5% Deconex 20ns

Dip cleaned 10% ELMA 65, +
3% citric acid

After first HeXe runs

US bath in 99.8% ethanol

US bath in 99.8% ethanol

Baking

10 days

10 days

Flushing at 2.75 slpm GXe

26 days

27 days

Sophie Armbruster
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Performance test

The Heldelberg Xenon detector (HeXe)

* | ocal liquid xenon (LXe) detector at
MPIK

e Dual phase xenon time projection
chamber (TPC)

GXe Cleaning

e TPC contains 345 g of LXe

e GGetter continuously removes impurities
in gaseous xenon (GXe)

|3

PC + Cryostat

MFC: Mass flow controller
RD: Rupture disc

LRT 2026

P:. Pregsure gensor
R
7 RD || MFC PR
X, X%
X > {><}—~—{><ll>@
| X .
— >t < <
v XX oIl
X DTy
® ., .,
><] —D<—
R ti
oot X Xé e % | iz
Bufrer RP | | volume
volume ;
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Performancetest s e

i o S 23250
Detector conditions
% 22750
o . 22500 | | : ] ] | | ] |
* HeXe was kept at stable conditions during i
measurement é‘moo |
z
. . é 2200
e Stable liquid level 2000
= 1800 | » | |
£ I
e Stable GXe flow at 2.3 slpm T ITR T
g 1.750
ol
e Stable TPC and GS pressure § ms! L
= 2.3 ' '
e Stable TPC temperature 5 -
& 2.1
~
e Drift field was 50 V/cm — Dirift time of 45/45 G 20 05.06 07.06 09.06 11.06 13.06 15.06 17.06

Date

Sophie Armbruster LRT 2026



Capture Py ele_cjtronegative PMT array
Impurities

Performance test oxe o 2

Electron drift lifetime

r

Impurity
( e

e Comparing the number of electrons betore N (0) and after drift N (7)

e Xenon contains trace impurities ot O,,N,,H,0O...

e We used the internal calibration source of 3Kr

provides an indirect measurement of the electronegative purity

concentration in the LXe

1 PMT array

_ —1tlT T
Ne(t) — Ne(O) € = NS . kS With impurity concentration N

and kg the impurity attachment
rate

Sophie Armbruster LRT 2026
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Performance test

Electron drift lifetime

101/.

—

O
—
@

e Xenon contains trace impurities ot O,,N,,H,0O...

——

(-
anmdh
~Na

k{e +S) [M s

BRI

1

e We used the internal calibration source of 3Kr

0" =
e Comparing the number of electrons betore N (0) and after drift N (7) 0 ; -
. . . ] . 101 oy g gl il
provides an indirect measurement of the electronegative purity " 02 0 o
concentration in the LXe electric field strength [vem™)
1 With i | |

_ ith impurity concentration N

N,(t) = N,(0) - e " T=— T °

N - kS and k¢ the impurity attachment

rate

Bakale et al., J. Phys. Chem. 80 (1976) 2556
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Performance test LT

Electron drift lifetime

(-
o
-

Number of entries

e Xenon contains trace impurities ot O,,N,,H,0O...

e We used the internal calibration source of 3Kr

10°

. : drift time le—>
e Comparing the number of electrons betore N (0) and after drift N (7)
provides an indirect measurement of the electronegative purity
concentration in the LXe
1 With i | |
_ ith impurity concentration N
N.(t) = N,(0) - e~ T=—— P .
N - kS and k¢ the impurity attachment

rate

Sophie Armbruster LRT 2026



Performance test

10"
Results _
:.Iw 10"
E-lite can be translated into a O, outgassing rate R :z:
1;‘ 102
V 0, (4 =
Ny (ppb) = Motxe Vitoixey = 0.046 [liter/mol]
Tinf(ﬂS) ' k()2 i~
271 [ppb liter] k, = 1.7-10° [/mol/us]
NOQ(ppb) — 02 //t 1010 Cooalnd o ool gl pa il
Tin(HS) 10 10 10° 10 10°

electric field strength [vVem™)
R . FM . N02

5.894 [g/lit
F,,=F- foxe _ 2.270 [slpm] - g/liter = 0.1019 [mol/liter/minute]
M, 131.29 [g/mol]

271 [ppb liter]

R [mol O,] = 0.1019 [mol/liter/minute] -

T; S
inf ('M ) Bakale et al., J. Phys. Chem. 80 (1976) 2556
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Results

Performance test

i Measured lifetime

== == = [nitial Recovery

Systematic uncertainty == == = Blank SS Recover y

450

«J Prelimary |

o e
¢

(O8]
-
S

Electron lifetime, 7 (us)

,hﬁﬁ+*+§¥#+ ﬁ:# gﬁwﬁ%ﬂ %{ﬁ%ﬁ #

f Blank i

501 4
200 i 2 5
150 H g SS fOiI g
Prelimary results | ’ ’
100 E - g T
: . . . U= Tipg— (Tinf o TO) €
E-life Tjpr CAN be translated into a O, outgassingrate: *r————>7 7 7 7 &» & .
Time (days)
: Outgassing Rate R [e-11 (mol
Type Tinf lus] Impurity Conc.NO2 [ppb] 02)/min]
Start 350+3 (stat.) J_r5 (syst.) 0.772%0.007 (stat.) fg-g%g (syst.) 7.87%0.07 (stat.) fg-%% (syst.)
Blank SS 333+3 (stat.) ﬂg (syst.) 0.812%+0.007 (stat.) fg-ggj (syst.) 8.27x0.07 (stat.) fg:gj (syst.)
Coated SS 331+£2 (stat.) 73 (syst.) 0.817+0.006 (stat.) +)0> (syst.) 8.3220.06 (stat.) +0.2! (syst.)
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