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sensitivity (e.g., B decay of 214Pb, daughter of 222Rn)

Radon background in rare event searches

* Rn-induce background are of great importance in many rare-event searches (e.g, dark matter)

* |ts reduction requires a well-planned radon mitigation strategy
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Radon progeny radioactive decay within the energy range of WIMP searches hampers detector

 Radon atoms are found naturally in the environment and in detector components as part of U/Th
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Radon requirement for future Xe-based detectors it

« DARWIN/XLZD (=40 t active LXe volume) aims for x10 reduction in the radon content to probe WIMP-
nucleon cross sections down to a few 1074 cm21l
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 The current technology and the volume dilution is not enough to reach ~0.1 uBg/kg
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Largest background reduction challenge:

1. Aggressive 222Rn assay campaign previous
detector construction

2. Improvement of current purification
techniques

3. Prevention of Rn emanation into the target
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222Rn concentration [uBg/kg]
o
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02/15 [1] Assuming a rejection of ERs at the 2x107* level at 30% NR acceptance


https://inspirehep.net/literature/2046565
https://inspirehep.net/literature/2046565

PhD thesis, Florian Joerg, Heidelberg University

Surface coating: novel mitigation strategy

IDEA - Reduce the radon released from a material by a thin coating layer which seals its surface

%’%% 222 ; 222
) e Fn Coating 8 R
% . O **°Ra Material O “**Ra
v W arenal recoil \ surface
surface range
recoil
range (? % O\O
............. Qt) C l O C%
< Bulk material Bulk material
2 REQUIREMENTS
£ .« Thick enough to contain the radon recoil (0(10 nm) for E22%Rn = 86.2 keV, E229R™ = 103.4 keV
o recoil recoil
; energy energy
_:Dé - Sufficiently tight to prevent radon diffusion

. Must feature a high degree of radio purity, especially regarding %?°Ra


https://inspirehep.net/literature/2140133

PhD thesis, Florian Joerg, Heidelberg University

Investigated techniques

[

 Radon reduction factor R was investigated for several techniques using thoriated welding rods

© R = Averore/ , o Where Alis 220Rn (%22Rn) the activity measured using electrostatic radon monitor
1 roportional counters
| rooion e
Coating : Reduction
Method Material Thickness [um] 20Rn 222Rn
Sputtering Titanium 0.4-0.8 4.5 ~ 2.1
Plasma spraying Copper 3 22 //
< Epoxy resin Stycast ~ 200 > /4 //
5 Chemical Vapor | Diamon like
(il A 1 3 ~ 14
2 deposition carbon
S Electrochemu:al Copper - 150 74
: plating
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https://inspirehep.net/literature/2140133

| Electrochemical plating (EPC) of copper

« ECP of copper performed with a local setup at MPIK laboratory

FUR KERNPHYSIK

« Motivated literature results on radiopure electro-formed copper
//7 * Electrolyte: 0.05 mol/l CuSQO, + 1 mol/I H,S0,

* Solution heated to ~45°C and continuously stirred
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Reduction at the metal workpiece:
Cathode Anode

Cu(aq) + 2e” - Cu(s)

Best results obtained (for 5 ym layer) with

50 mA/cm? — 10 mA/cm?
1um

==

| SO;~
Heating & Stirrer
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Va I i d at i O n With 224 Ra i m p I a nted S a m p I eS PhD thesis, Florian Joerg, Heidelberg University

- Reproducibility of ECP procedure on stainless stelll verified
using homemade 2%*Ra recoil implanted stainless steel
samples - Aimplanted:O(’I OBQ)
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Rather superficial implantation and widely spread
« Challenging due to the short half-life of #2Ra (T, = 3.6 days)

— 220Rn emanation
source

Filter

Giovanni Volta, 16 Feb 2024

Holder

Vacuum
gauge
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https://inspirehep.net/literature/2140133

! °Rn emanation measurements
KM
.+ Threeindividual radon emanation measurements (~ one week each): before coating, after coating,
i after decoating
%.,/  The 22)Rn emanation rate estimated based on the detected #'?Po activity, accounting for the full decay
8 . .
Y chain (e.g., Bateman equation)
[ After implantation [ After coating After decoating
M N R N A B A B B
07 i
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P y 21233 208p}, Q
11hrs p 212P 9.0 MeV. %
< 64% " 61 min © oons / O 1073
N —
5 o)
8 -+
B & 107
.T>j 103
s
(&} —
10 65 6 7 8 9 10

Energy [MeV]

07/15



IR ~
H<H
—~ [l

AX-PLANCK-INSTITUT
FUR KERNPHYSIK

M
\\\\\

@K €© M HrIDELBERG
AN

Giovanni Volta, 16 Feb 2024

08/15

Rate [cts/sec]

Residual [o]

=
o
o

[
9
'—I

1072

[
<
w

o
o

2.5
0.0
—2.5
-5.0

212Pg activity evolution

— 212pg eyolution

e
¢ o
L b g
i ’ ’-. A

[ \ e it -
= I'1| [ _:-." ... 4 4 3
F S Ay J t "‘- LAY ]

O } '“ N * +
[ 15 AL A o 4. -. i

-Irg (@)] M :l;'l".ll illl T E e LM
5 i "

= c T |"'”]H 1]+

© L= i rIRed) | ©
3 = i S E
 E S 3 :
- = (@] () 4
| L L L L | L L L | L L ] L L L L ] L L L | L L L ] ]
T T T T T | T T T | T T T | T T T T | T T T | T T T | T
C . . ]
- PR R T . * . ’ * ] . . . b - =]
- o sa, "haggme . . . . LI
B .‘.. .‘I".~.‘ ;‘osol. .o‘ :...o :.”‘ ."O - . :..:m... L *e . . ® . . . . @ - . ...: y o . .’0 * L™ :;$ " -
- ) . . - . -
R -i'-',,uw"' PHRE t';;a RS .i\"‘é" ?‘_,..":‘;:.;- A A R A NP 2 S LT e e O Tele e ]
— -ty . o .® . . —
B t“ :'i:".'::‘“ v Se, CA NN .#- *““‘ cmmet ‘:. ‘:‘a“‘ ‘a': e Ty e * .“ “ ;“ fe et ‘¢ & t ]
: 1 l‘: ? .:.. e ‘ L * * - * L .. - * st " .o . * * :
L -.?o . . - . . _
B '...‘.o.' .. i
LAy ]
- L -
C | L L L L ] L L L | L L L L ] L L L L ] L L L | L L L ] Ll

Elapsed time [day]



K B

AX-PLANCK-INSTITUT
FUR KERNPHYSIK

M
\\\\\

@K €© M HrIDELBERG
AN

Giovanni Volta, 16 Feb 2024

08/15

212Pg activity evolution

— 212pg eyolution
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Test on 22°Ra implanted sample SR prr i Py e

stainless steel source, Joerg, F. and others
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- Two stainless steellV 222Rn sources produced at ISOLDE facility in 2017 via implantation of 226Ra

- ~ 8Bgimplanted in 1 cm x 1 cm area at the center, with mean depth of 7.9 nm with a 044 of 2.3 nm
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 Unexpected large 222Rn reduction factor!
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https://inspirehep.net/literature/2140133
https://inspirehep.net/literature/2089733
https://inspirehep.net/literature/2089733

Short term goals:

Verify ISOLDE #22Rn reduction
 Investigate deeply coating morphology
« Scale up ECP setup

«  Characterize further ECP procedure



. New ISOLDE implantation campaign

« New 2%Ra implantation campaign performed last November

E

« Not only stainless steel but also other metals (copper, titanium, lead) as well as insulators (PTFE,
acrylic, glass) and semiconductors (germanium and silicon)
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- 30 keV %26Ra ion beams guided into 2 cm x 2 cm samples hosted in vacuum chamber

; target - ion source
electrostatic lens 9

analyzing magnet

proton beam(1l GeV)

Giovanni Volta, 16 Feb 2024
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= Available radon sources
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Sample . **Raions **Ra expected
implanted [x10"]  activity [Bq]
SS #11 1.5 205
Ti #04 3.0 L1
3S #10 0.03 0.04
Cu #02 35 18
< | SS#07 3.0 4
S| ss#02 3.0 4
S | PTFE #01 0.26 036
S | Ti#o1 31 19
5 SS #07 2.2 307
S | ss#08 / 7
e | Pb#0T 015 09

Rate [counts/(sec x keV)]

0.8

0.6

0.4

0.2

0.0

« Eleven new radon source with up to ~4 Bg of ?2Ra activity (verified w/ in-situ y-spectroscopy)

 Sample arrived in February 2024 at MPIK: full characterization started (e.g., a- and y- spectroscopy,
and Rn emanation measurements)

ADC counts
0 2500 5000 7500 10000 12500 15000

22Ra y @ 186.21 keV (BR ~ 6.16 %) |
?25Ra y @ 40.09 keV (BR ~ 68.8 %)

225A¢ y @ 38.53 keV and 36.66 keV
(BRs ~ 8.6 % and 18.1 %)

Energy [keV]



i Scaling up ECP setup

. First ECP test with hollow stainless-steel cylinders
f  Good mechanical adhesion obtained in all tests (e.g, survived tape test)
%/7 « Main limitation: current power supply (Delta Elektronika SM1540-D, I,,,,=40 A)
L and bulky setup
§ . 'l-(lieea:;(iicneg o 4 / =
E - Positive g; A/ ' » yNR :
:‘ ter / — o Coating e CI\;/Caut:: -
= . ‘ -‘ beaker
= e}
(&)
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Scaling up ECP setup

* First ECP test with hollow stainless-steel cylinders

 Good mechanical adhesion obtained in all tests (e.g, survived tape test)

* Main limitation: current power supply (Delta Elektronika SM1540-D, |

and bulky setup

Heating
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Scaling up ECP setup

* First ECP test with hollow stainless-steel cylinders

 Good mechanical adhesion obtained in all tests (e.g, survived tape test)

* Main limitation: current power supply (Delta Elektronika SM1540-D, |
and bulky setup
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i Scaling up ECP setup

. First ECP test with hollow stainless-steel cylinders
f  Good mechanical adhesion obtained in all tests (e.g, survived tape test)
%5/7 « Main limitation: current power supply (Delta Elektronika SM1540-D, I,.=40 A)

and bulky setup
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- New ECP setup

. * New setup in construction at MPIK: ~15-liter double-walled HDPE vessel

 New power supply (EA-PS 8080-510) with current (voltage) output up to 510 A (80 V)

MAX-PLANCK-INSTITUT

N\
@Gl €© M HEIDELBERG

A

« Perform coating of vessel-like geometry up to 1 m?

Ultimate goal is to
electroplate a radon
emanation vessel

Giovanni Volta, 16 Feb 2024
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Radio purity of the coating layer evaluation

* 222Rn emanation measurements w/ and w/o coating to assert the radio purity of the layer

K M
1 VP

« Measured performed with proportional counter setup at MPIK
 No evidence of additional Radium: UL at 90% of the Ra introduced is 80 uBg/m?
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Activities and average of sample 55 cylinders

T T
S Used for average —%—
Activity: 6.82+=-8.82 nBq
a,1

T 8.85 "
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L Summary

« Surface coating is a promising technology for Radon background reduction
in future dark matter detector
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i» « EPC showed the best reduction results
(®)
i

.\

« New sources available for radon emanation studies

 Proved the scaling up of the setup to reasonable geometries

.. what next?
« (Characterization of new radon sources and
validation of previous reduction results

« Commissioning of new coating setup and coating of
vessel-like geometry

* Investigate further coating morphology and EPC
procedure

Giovanni Volta, 16 Feb 2024
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Radon background in XENONNT

* 222Rn is dominant electronic recoil background in XENONNT (A222g, ~ 1 uBg/kg in SR0)
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« Radon emanation measurements indicate a various sources distributed over entire experimental
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Column : ’
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805
https://link.springer.com/article/10.1140/epjc/s10052-022-10345-6
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MPIK 222Rn infrastructure:

« >20 ultralow background miniaturized
proportional counters

 Sensitivity: ~10 atoms.

« 8 parallel counting lines.

« Fully automated %2?Rn concentration system
(AutoEma).

« ~15sample vessels(0.1 =80 lit.).

« 3 electro-static #22Rn monitors.

-1 kV

EIN —

Diode

detection
volume (41)

Giovanni Volta, 16 Feb 2024




" Radon emanation reduction factor

M
« Performed Ge spectroscopy of the electrolyte after coating and decoating: monitor 28T| y line

7]

» True reduction factor € [Ryy,er, Rypper] > 50 < R < 250 !
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x10—4 Electrolyte y-spectroscopy
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0 Coating morphology

« Secondary Electron Microscopy (SEM) investigation of coating

E

Rough surface with
spherlcal structures
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“"Tigh cover layer
 with large grains
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WD= 650 mm Widgth = 25 00 ym Signal A= InLens File Name = A230301_19.tif

Giovanni Volta, 16 Feb 2024

wwaw.nmi.de EMT = 3.00 kV Stage at T= 540 Tilt Corm. = On 161443-imp-SS60




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27

