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Motivation: Radon daughter like background source

238
@2
4.5e9
Years
a 1
27 Day

e Radon comes from the soils and rocks emanation
(contain U and Th)

Radon (2*2Rn) is a noble radioactive gas with t;,, = 3.8
d existing in air.

Radon daughter can deposit on the surface of the
detector components in contact with air

Main issues come from the accumulation on the
surface of:

Natural radioactive
chain of Uranium

+ 20ph >, =223y
+ 210pg > t,,=138d

Possible background source for rare events detection
at low masses
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Radon like source behaviour

222R n

218':)0
implanted

* First deposition of radon
or radon daughter is
triggered by chemical
properties

e >

 Study of implantation
using Geant4 to probe
nuclear recoil

21OP0
implanted

@decay 218Po decay 210po de%

—_—

Contains every

Contamination isotopes of the chain
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Radon implementation schematic

Implementation processes
@ =222Rn nucleus that decays

* It occurs on the surface and Copper
consists of the insertion of plate
Radon daughters into solid )
surface.

N @

* The implantation process
occurs because of nuclear
recoil of Radon and its
daughters.

* Radon daughters can be
extracted from the surface as

they can be implanted further.
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Radon implementation schematic

Implementation processes

* |t occurs on the surface and
consists of the insertion of
Radon daughters into solid
surface.

* The implantation process
occurs because of nuclear
recoil of Radon and its
daughters.

* Radon daughters can be
extracted from the surface as

they can be implanted further.
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@ =222Rn nucleus that decays

@® -2'%Po nucleus that goes into the plate
Copper

plate

N A

A ()

© = alpha particle emitted
@
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Radon implementation schematic

Implementation processes

* |t occurs on the surface and
consists of the insertion of
Radon daughters into solid
surface.

* The implantation process
occurs because of nuclear
recoil of Radon and its
daughters.

* Radon daughters can be
extracted from the surface as

they can be implanted further.
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@ =222Rn nucleus that decays

@® -=2'8Po nucleus that goes into the plate
Copper

plate

N A

A @

© = alpha particle emitted
@
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Radon implementation schematic

Implementation processes

* |t occurs on the surface and
consists of the insertion of
Radon daughters into solid
surface.

* The implantation process
occurs because of nuclear
recoil of Radon and its
daughters.

* Radon daughters can be
extracted from the surface as

they can be implanted further.
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@ =?22Rn nucleus that decays

@® -=2'%Po nucleus that goes into the plate

© = alpha particle emitted Copper
® plate

= 214Ph nucleus ®

N A

A @
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Simulation #1
Source placed on the surface of the plate at (0,0,0)

5000 = P0218_Cu 500291 events 8000 —— P0218_Ag 500301 events
M == Pb214_Cu 365725 events h - Pb214_Ag 363808 events
- === Bi214_Cu 351591 events 7000 = Bi214_Ag 345161 events
B 1nm depth P0214_Cu 317743 events - 0,7nm depth e P0214_Ag 302948 events
4000 Pb210_Cu 275332 events o Pb210_Ag 271500 events
B Bi210_Cu 273321 events 6000— Bi210_Ag 268745 events
B e P0210_Cu 260557 events - —— P0210_Ag 252636 events
- 5000—
3000{— -
- 4000(—
2000 3000
2000
1000
1000}
I I I I I 0 1 I | I I I B l I I Ll Ll I -
ol Ly Ly e bbbtk 0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10
[nm] [nm]
- 222 : A : ‘
Implantation depth on “““Rn daughters following 1076 Implantation depth on 222Rn daughters following 1076
decays on a copper surface decays on a silver surface
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Simulation #2

Source placed on the surface at 1nm over the plate

1600

llIIIIIl

1400

1200

olllllllllllllllllll

s

Po218_Cu 274893 events
Pb214_Cu 237820 events
Bi214_Cu 232861 events
Po214_Cu 218481 events
Pb210_Cu 197154 events
Bi210_Cu 196238 events
P0210_Cu 189315 events

0 1 2 3

implantation depth of 222Rn decay chain at a distance of
1 nm from the copper plate.

08/11/2022

EDSU 2022

Po218_PE 427530 events
Pb214_PE 331119 events
Bi214_PE 330873 events

Po214_PE 329626 events
Pb210_PE 257874 events
Bi210_PE 257836 events

P0o210_PE 257224 events

120

(nm]

implantation depth of 222Rn decay chain at a distance of

Ali DASTGHEIBI FARD

from the Polyethylene plate.

1 nm



Simulation #3

Maximum implantation depth

The maximum implantation depth (nm) of the different isotopes

140 Further simulations were
Source placed at (0,0,0) performed for other materials in
order to compare the maximum

=
£ 100 implantation depth results for
= different densities.
QL
©
S
+
S
S 4 Pag > Pcu > Psi > PpE
£
And
— ———— *  —— $ :
218Po 214Pb 2148Bi 210Po 214Po 210pb 210Bi ZAg > Zeu > Zsi > Zpg

«Copper surface »Silver surface Silicon surface polyethylene surface

Maximum implantation depth for each isotope from the 222Rn decay chain
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Experiment: Samples “radonisation” @ CPPM

PARTICULES DE MARSEILLE

222Rn
nucleus

The 226Ra source (rock); produces a
222Rn activity of 32 kBg/ m? at the
equilibrium.
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Experiment: Samples “radonisation” @ CPPM

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

222Rn
nucleus

32 kBg/ m3 at the
equilibrium.

The #?°Ra source (rock);
produces a 222Rn activity of

a) Support of the samples b) Radonisation chamber
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Experiment: Samples “radonisation” @ CPPM

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

The experiment is carried out at the particle physics center of the Marseille University (CPPM)
with Pr. José Busto.

1) Covered Copper sample with 1 plastic bag.
2) Covered Copper sample with 2 plastic bags.
3) Covered Copper sample with 3 plastic bags.
—_— 4) Bare silver sample.

5) Bare copper sample.

6) Bare polyethylene sample.
7) Bare scintillator sample.

—
batch Temperature °C Humidity %
A 18 59
B 18 100
C 45 59
D 45 100
The samples used for the measurements with a size of Temperature and humidity conditions during
3x3 cm measurements
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Experiment: Samples “radonisation” @ CPPM

222Rn activity evolution over time The results

222Rn activity (kBq /m3 ) as a function of time

* The results from our measurement are
under analysis

3,00E+04
2,50E+04

2,00E+04

* Other experiment was done for DARK SIDE.

The results: using the several layers of
plastic show:

1 foil layer decrease by factor 3.6

1,50E+04

Activity kBg/m3

1,00E+04

5,00E+03

0,00E+00

e « 2 foil layers decrease by factor > 160
« 3 foil layers decrease by factor > 160 (detection
limit)

illustrates the evolution of 222Rn activity as a function
of time in the measurement chamber.
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Summary

 The Radon is a noble radioactive gas, from soils and rocks out-gasing

* The Radon daughters deposition can become a source of background, mainly
: 210Pp and %1%Po

* The simulations are ongoing to modelized the Radon implementation

* The experimentation measurement are ongoing with variation of humidity
and temperature

How to avoid
* Reducing the exposure time with air

 After production/cleaning, storge the detector component in the adapted
plastic bag and/or under the inert gas (Or anti-radon tent)
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Back up
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Radon implantation model #1

Modelisation Radon daughters: s
* On the surface ’

* In the bulk (z tbd)

e Define a function for each
isotope according the |
obtained curve | n

22Rn that decays

218Pg that goes away of the plate

218po that goes in the plate °

Copper
plate

Y<

An internal new contamination |
Which impact for detector ? |

These information will be an
input for DAMICM background
simulation
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Simulation

Geometry

* Deposition of an ion on the surface of
material

 Position (0,0,0)on the surface and
material below

 Full decay

* Record of the position of each nucleus
daughter

* Plot projection on z axis

e Code Given by A Brossard on behalf of
News-g collaboration

Green track : photons

Blue track : ions (radioactive or not), alphas

Red track : electrons

Zoom 1




First results source on the surface

Position of decays following 106 decays of ?Rn on surface of Cu Position of decays following 106 decays of *?Rn on surface of Si

8000 - m— P0218 500242 events m— P0218 500242 events .

APy —— Pb214 365090 events —— Pb214 369740 events A:gmerI;tatu;n

C ——— Bi214 351281 events 5000— ——— Bi214 365585 events 2\/2:{“ ero
7000 — e P0214 317335 events B e P0214 352608 events :

= - “l theoreticaly

= Pb210 274563 events C Pb210 281375 events / impossible
6000— Bi210 272532 events 4000— Bi210 281494 events

C m— P0210 259637 events ~ — P0210 275934 events
5000 -

- 3000—
4000— C
3000( 2000

1000%.
VlllllLJIllll ollllllllllllll 1 llllll
6 7 8 0 5 10 15 20 25 30 35
[nm] [nm]

Recoil penetration is Z and density dependent
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Depth improbably low

Histograms of the implantation depth are drawn without the condition :
“if z> 1E-6 ” allowing to see unexpected surface event.

6000

5000

4000

3000

2000

1000

Position of decays following 1E6 decays of 2*Rn at the surface of Si

PRI AR

— Pb214_Si 371511 events

= P0214_Si 360957 events

= P0210_Si 279860 events

Po218_Si 500438 events

Bi214_Si 368872 events

Pb210_Si 283333 events.
Bi210_Si 282901 events

| SRR R

5

10

15

30 3 . 40

Position of decays following 1E6 decays of 2Rn at the surface of Si

9x10°

8x10° -

7x10° -

6x10° —

5x10° -

P0218_Si 500438 events
Pb214_8Si 371511 events
Bi214_Si 368872 events
Po214_Si 360957 events
Pb210_Si 283333 events
Bi210_Si 282901 events
P0210_Si 279860 events

4x10° -

3x10° [~
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if (2 >

) h_Amplitude->Fill(2/ )

Phenomenon enhanced by using high Z material
First position of nuclei are improbable , below 0,1 nm meaning less than 1 atom

Position of decays following 1E6 decays of *?Rn at the surface of Hg

ZOOOOE’ —— P0218 Hg 500242 events
[ = Pb214 Hg 361135 events
18000|— ——— Bi214_Hg 327067 events
- = P0214_Hg 280503 events
16000 - Pb210_Hg 258425 events
14000 - Bi210_Hg 254696 events
I~ = P0210_Hg 231930 events
12000
10000 —
8000 [ng
6000 —
4000 _{
2000
o) s . Firn L [P B RN E AR
0 1 2 4 5 6 7 8
[nm]
Position of decays following 1E6 decays of 2*Rn at the surface of Hg
5x10*
—— P0210_Hg 231930 events
4x10* E
X 04 = Bi210_Hg 254696 events
3x10° ~ ——— Pb210_Hg 258425 events
2x10% — == P0214_Hg 280503 events
Bi214_Hg 327067 events
Pb214_Hg 361135 events
10* —
5x10° =
4x10° -
3x10° -
2x10° =

10° =1
o]

P
0.005
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Interaction with surface

* Changing decay position to (0,0,1) nm
* New shape of the curve

Position of decays following 1E6 decays of 22Rn at 1nm from the surface of water

Po218_Water 433955 events
Pb214_Water 343840 events
Bi214_Water 343202 events
Po214_Water 340954 events
Pb210_Water 269580 events
Bi210_Water 269425 events
Po210_Water 268555 events
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Step 1 : Transport in vacuum

Step 2 : Transportation process

Step 3 : bounce back or
go through the surface

Step 4 : Multiple Coulomb Scattering (MSC)
processes

Copper
plate

ZISPO
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Imperfection in the shape

* Discontinuity for higher Z
* Independant from density

Copper

iti i 222,
Position of decays following 1E6 decays of 2230 at 1nm from the surface of Cu F3 CO p p e r W | t h Position of decays following 1E6 decays of *“Rn at 1nm from the surface of Cu
Po218_Ci if 284!
Po218_Cu 275214 events =1.0 e.cm -3 2500 P::':,cu,m: m::: events
2500 Pb214_Cu 237610 events p . g . _Cu_me events

8214_Cu_mock 243618 events

Bi214_Cu 235020 events
Po214_Cu 226457 events 2000
Pb210_Cu 196331 events
Bi210_Cu 195741 events
Po210_Cu 192081 events

Po214_Cu_modit 234435 events

IIIIII

P1210_Cu_modit 202898 events

2000

8:210_Cu_moif 202293 events

III|IIII|

Po210_Cu_modt 198293 events

1500

0 1 2 3 4 5 7 8
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Forcing G4step

e Using a step max (any) will reproduce (0,0,z) decay point

* Console shows that Compton scatering process is used instead of
MSC process producing smoother but not continuous curves

B Po218_Cu 275862 events
B — Pb214_Cu 238228 events
3000 -
- Bi214_Cu 235677 events G 4Ste p m a X
Po214_Cu 227180 events
2500 Pb210_Cu 197337 events fo rced to 1“m
Bi210_Cu 196784 events
m— P0210_Cu 193168 events
2000
1500
1000
500
1 .l | A TR
00 7 9 10
[nm]
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Comparison GEANT4 vs Srim

Position of decays following 1E6 decays of *Rn at 1nm from the surface of Cu I ON R AN GE S
L m— P0218_Cu 275214 events
2500[— — Pb214_Cu 237610 events —_ Ion Range = 154A Skewness =0,3522
N ~— Bi214_Cu 235020 events o Straggle = 49A Kurtosis =2.7135
- Po214_Cu 226457 events 5]
20001 Pb210_Cu 196331 events o | 8x10°
Bi210_Cu 195741 events ™~
e P0210_Cu 192081 events g 7510 s
Q
1500
s
= 6x10°
St
1000 ~ 5x10°
b s
'-'E 4x10°
500 v 3x10°
Py )
= s §
0IIII|IIII|IIIIIIIII|II R e z leo
0 1 2 3 4 5 6 7 8 E
s
[nm] - 1x10°
St
e
DA - Target Depth - 300A

218pg depth range in copper — SRIM 2013
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