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e DarkSide-20k
e Radiopurity requirements for WIMP searches with LAr

® The assay campaign:
€ Tools & organization

€ Results so far

® Conclusions and outlook
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The Global Argon Dark Matter Collaboration

Joint effort of all former DM experiments using Liquid Ar targets: Combined expertise
from four LAr experiments to explore dark matter to the neutrino floor and beyond

e > 500 scientists
e > 100institutions
e 14 counties

DEAP-3600 @SNOLAB DarkSide-50 @LNGS

ArDM @LSC

DS-20k: 200 t-y ARGO: ~ 3000 t-y
20 t fd. (50 t active) 300 t fd. (400 t active)
[ops 2027-] [early 2030’s]
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The DarkSide-20k experiment

AAr Cryogenics ProtoDUNE Cryostat  UAr Cryogenics UAr Transportation Skid and Storage

3 Chimney DSS DAQ Manhole Titanium Vessel
Cryogenics Support Structure

UAr Compressor
.

Optical Plane

VPDU+

Calibration

Gd PMMA

TPC/Veto

Optical Plane

VPDU+

Cold Structure

Warm Structure

e Nested detector with
®m  ProtoDUNE-like cryostat: 8 x 8 x 8 m® hosting 650 t of atm Ar
m  SSvessel+structure hosting 99 t underground Ar.
m  UAr + acrylic Veto for neutrons and y.
]

Central Dual-phase Ar TPC:
m 50t UAr (20t fiducial)

u 348 cm drift

m Cathode @ -73.4 kV
e 21 m?of SiPM + 5 m?in veto.

m  Coverage in TPC Optical plane > 90%




Radiopurity requirements for WIMP searches with liquid Ar

Exclusion 90% C.L.

PMSSM11 [EPJ C 78 256 2018]
B Ar v-fog [PRL127 251802 2021]

5 Complex WIMP [EPJ C 8 992 2022]
10-45 ' Real WIMP [EPJ C 82 1 2022]

10744

n

XENONnT 90% CL excl. [2303.14729]

. LZ 90% CL excl. [2207.03764]

1048 === XENONnT 5 y (20.2 t yr)

—— L2z 2.7 y (15.3 t yr)

DarkSide-20k Fid. 5 y (100 t yr)
* DarkSide-20k Fid. 10 y (200 t yr)

10—49 ----- DarkSide-20k Ext. 10 y (460 t yr)

== ARGO Fid. (3000 t yr)

== XLZD (1000 t yr)

10 100 500

M, [Tev/c?]

m neutrons after cuts < 0.1 in 10 y
B < 0.05 from B and y
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Radiopurity requirements for WIMP searches with liquid Ar

Exclusion 90% C.L.

PMSSM11 [EPJ C 78 256 2018]
B Ar v-fog [PRL127 251802 2021]

[E50 Complex WIMP [EPJ C 8 992 2022)
Real WIMP [EPJ C 82 1 2022]

10744

10-45

i T —

Max dt >
(2x)Max dt “clean” time windows — Good Event

'.:‘ B s XENONnT 90% CL excl. [2303.14729]
k% E LZ 90% CL excl. [2207.03764]
10—18 e === XENONnT 5 y (20.2 t yr)
- y —— L2z 2.7 y (15.3 t yr)
- DarkSide-20k Fid. 5 y (100 t yr) A_LMM__L.“A - F;L U S5, SRR T,

==+ DarkSide-20k Fid. 10 y (200 t yr)

1040 R~ ——-"" = I DarkSide-20k Ext. 10 y (460 t yr) Max dt e
=—=: ARGO Fid. (3000 t yr) L2
~=. XLZD (1000 t yr)

- e - > dtvs rate

M, [Tev/c?]

m neutrons after cuts < 0.1 in 10 y
B < 0.05 from B and y
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Radiopurity requirements for WIMP searches with liquid Ar

Exclusion 90% C.L.

10744
PMSSM11 [EPJ C 78 256 2018]
B Ar v-fog [PRL127 251802 2021]

Complex WIMP [EPJ C 8 992 2022]

10-45 Real WIMP [EPJ C 82 1 2022)
. ; MaX dt »
-46 - “ . .
- £ ? — (2%)Max dt “clean” time windows — Good Event
~N k - ’ . .
e 10-47 g .‘
& ) e
o o il XENONnT 90% CL excl. [2303.14729]
el LZ 90% CL excl. [2207.03764]
10-48 \/ === XENONnT 5 y (20.2 t yr)
o = LZ 2.7 y (15.3 t yr)
=~ DarkSide-20k Fid. 5 y (100 t yr) " AL.._.A_A._AMMJ...A. . L L—" RURDRY T

==+ DarkSide-20k Fid. 10 y (200 t yr)

10-09 L RS~ ———— " -+- DarkSide-20k Ext. 10 y (460 t yr) Max dt =
=—=: ARGO Fid. (3000 t yr) L

e > dtvs rate

10 100 500 S

M, [Tev/c?]

e GOAL: Complete control over every component that
goes into the detector (Down to the resistor level)

¢ To investigate the secular equilibrium of the U-Th
decay chains

e Knowledge on the chemical composition of the
components in order to calculate the n-yield via
X(a,xn)Y



Radiopurity requirements for WIMP searches with liquid Ar

Max dt

Exclusion 90% C.L.

10744

pMSSM11 [EPJ C 78 256 2018]
BN Ar v-fog [PRL127 251802 2021]

Complex WIMP [EPJ C 8 992 2022]
Real WIMP [EPJ C 82 1 2022]

10-45

-46 o . .
W s’ (2x)Max dt “clean” time windows — Good Event
b 10-47
&
o XENONnT 90% CL excl. [2303.14729]
LZ 90% CL excl. [2207.03764]
10—48 === XENONnT 5 y (20.2 t yr)
— Lz 2.7 y (15.3 t yr) f Ul
DarkSide-20k Fid. 5 y (100 t yr) . Al_....‘.__A._.J.‘,...,.“. . e L L IR kbl TN
5 — DarkSide-20k Fid. 10 y (200 t yr)

10-49 = -+ DarkSide-20k Ext. 10 y (460 t yr) Max dt -
=—=: ARGO Fid. (3000 t yr) L o
== XLZD (1000 t yr) Ij dt Vs rate

0. 1 10 100 500 e ————

M, [Tev/c?]

e GOAL: Complete control over every component that e Full Monte Carlo simulations for the (a,xn)
goes into the detector (Down to the resistor level) calculation with the detailed detector geometry

¢ To investigate the secular equilibrium of the U-Th e Control on the surface exposure to air for the
decay chains 210pp /219 surface contamination, Cosmogenics...

e Knowledge on the chemical composition of the ¢ Handling, transportation, recontamination QA/QC...
components in order to calculate the n-yield via
X(a,xn)Y



Equilibrium in the U-238 chain

T,/,= 25105y
E = 4.8 MeV
30Th Poean

l234U IJ_ I Zadealiln“Th |L|238U |

(04
Tyz=7.510%y Tyjp = 1.17 min Typ=24.1d Ty)p=4.510%y
o - E, = 2.3 MaV E, = 0.108 MoV E = 4.2 MoV
P=04% P-69% P-75%

BREAKING OF THE
226
SECULAR EQUILIBRIUM AT

— [ — ]

210pp
Ty2=1622y Ty2=26.8 m 12" 2 Stabl
26Ra Bl s (1] B -
222Rn 214Bj 210Bj
Ty2=3.8d T:2=19.8 m T,2=5.0d
o l E = 5.5 MeV B l E,, = 1.5 MeV l Ep= 1.2 MeV
P=99.9 % P=-40% P-100%
218po 214po Zlopo
Ty;=3.1m T, = 164 ps Ty,=1384d
E = 6.0 MeV E = 7.7 MeV E = 5.3 Mev
& | p. 100% O | p.100% O | 5. 100%
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Equilibrium in the U-238 chain

ICPMS

B zaampal p |234Th| o |238U |

=1622y
o l E= 431.1v

222Rn

T.,2=38d
oL l E = 5.5 MeV
P=99.9%

Very little mass needed
Relatively fast
Digestion

Destructive

Only U-238 (Th-232)




Equilibrium in the U-238 chain

T,/,= 25105y
230Th § e

| 234 |.i | zaampalilzaq-h |.L|238U |

a
Ty2=7.510%y Tys2= 1.17 min Tya=24.1d Ty 2= 4510y
A | E-a.7Mev Ep = 2.3 MoV Ep = 0.198 MeV E=4.2 MeV
P=73% P-94% P=69% P-75%
226Ra 214pb - 210pb 206pb
Ty2=1622y Ty2=268 m Tya=223y Stable
o I E =48 MeV B l E, = 0.7 MeV l E. = 0.06 MeV
P-94% P-48% P=81%
H PGe 222Rp, 214 210
Ty2=38d T;2=19.8 m Typ=5.0d
0.1 E = 5.5 MeV B lE‘=1.SMeV BlEm:”“"-’V
P=99.9% P-40% P-100%
218po 214p0 ZIOPO
Ty;=3.1m Ty = 164 ps Ty,= 1384 d
E = 6.0 MeV E = 7.7 MeV E = 5.3 Mev
& | p.100% O | p.100% O | p.100%

2
€
3
Q

(&]

<

o

=

~
"

2

=
=
5

F*

Pb-214, 351.9 keV.

Bi-214, 6093 keV

Bi-214,1764.5 keV.

Bi-214,2204.2 keV
T1-208, 2614.5 keV

Larger mass needed

Slow

Bi-214,1120.3 keV

Non-destructive
Gamma activity (*°K+...)

.I....l....l..
3000 4000 5000 600(

L
1000 2000




Equilibrium in the U-238 chain

T, .= 25108y
E = 4.8 MeV

P~690%

| 234 |.i I 234mpa|<__B_|234Th |.L|238U |

12

a
Tyz=7.510%y Tys2= 1.17 min Tya=24.1d Typ=4.5100y
a E= 4.7 MeV En=2.3 MV E, = 0.198 MeV" E=4.2MeV
P=-73% P=94% P=69% P=75%
226Ra 214pb il N 210pb 206pb
Tyz=1622y Ty2=26.8 m Ty2=223y Stable
o l E =4.8 MeV l E, = 0.7 MeV B 1 E. = 0.06 MeV
P-94% P-48% P=81%
222Rn ZldBi ZIOBi
Ty2=3.8d Tyz=19.8m T,2=5.0d
o l EC55Mev B l :-‘1: 1.5 MeV l Ep = 1.2 MeV
P=99.9% P=40% P-100%
218po 214P0 210p0
Ty;=3.1m Ty = 164 ps Ty,= 1384 d
E = 6.0 MeV E = 7.7 MeV E = 5.3 Mev
& | p.100% O | p.100% o ‘ P~ 100 %
= 3
C 2 3
10* s 2 " 3
€ 3 g
S Ll = g
3] 1 H
§OF : 3 2
N i3
s b3
= 2 ]
Rl 3 3 3
#* H a g
I H
105 e
1
oo v v b b b Lo
0 1000 2000 3000 4000 5000 6000
Energy [MCA Counts]

Radiochemical
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Equilibrium in the U-238 chain

2 3:U‘v
230Th 3
I 234 I " | 234mpy | P |23"Th I o |238U |
(04
Tia o'y = 1.17 min P ld T
O | E-a.7Mev E,-:Jr..e\ E,,- 8 MoV E=- z\
P- P-94% F'-r}'“.n P-
226Ra 214Pb ams ZlOpb 206Pb
Ty = 1622 Ty = 26.8 Tys=223y Stable
o l E = 4.8 MeV l = 0.7 Me \' B l E,, = 0.06 MeV
P-94% P=81%
222Rn 214B| ZIOBi
T, Typ,=50d
U.l:-: SM\ B JE 1.5 uI\l' Bli,”:l.E}deV
P=99.99 P=409 P- 100 %
218PO 214p0 210P0
1' =3.1m = 164 s Ty,=138.4d
ﬁ 0 MeVv 7 MeV E = 5.3 MeV
a P 100 9 o LP 100% | O | 5. 100%

XIA surface (and not so surface) screening

Monitor the history of exposure of materials to cosmogenic radiation.

Worldwide effort involving

o underground facilities: LSC (Sp), Gran Sasso (It), Boulby (UK), SNOLAB (Ca)
o + CIEMAT (Sp), Jagiellonian Univ. (Pl), Aix-Marseille U. (Fr), Mendeleev U. (Ru), Temple (US)...




DarkSide materials DB structure

Online database that centralizes the full assay process

New material or component? Assay request!

Sample allocation depending on available mass and needs

Information on sample/assay status

Storage and organization of results.

Assay request from Working Group

~

‘ assay request
J

-
L material samples JJJ

L (detailed information)

.
'

r
additional information =
1 document i

(procedures, comments)
\

Sample evaluation and dispatch

assigned institutional
queues

J

screening methods
(general characteristics)

“~

assay status history
J

Screening

[

assay results |
(numerical results) )

r

assay reports
(written documentation))

_(

N
contacts (people and
institutions involved) J

document
cloud

Evaluation

RA budget update

decision on material
application

J

A

r

N

feedback to the Working Group W

Roberto Santorelli - IDM2%4
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DarkSide materials Web interface

D Report

2124 ‘7‘

2121 ‘- ‘

2112 ‘7‘

2105 ‘7‘

2119 (287 |

Online database that centralizes the full assay process

Name Reference

Gadolinium sulfate  DarkSide-20k

Decision pending

opAg38| 25 | PDM module
More assays needed

Harwin clips (clamp) PDM module
(2] oI

opag38| 2s | PDM module

Silver loaded epoxy PDM module
E32189) 294 |
Decision pending

e New material or component? Assay request!
e Sample allocation depending on available mass and needs
e Information on sample/assay status
e Storage and organization of results.
DB: Web-interface

2]0po,

gross

alpha
Method Sample Date 227pc 28p¢ 21%pg activity  2?°Ra 225Ra 220Rn 222Rn 46Sc Th 225Th 232Th 234Th 44Ti
SNULAB),
HPGe complete  2019-08-27 38724 94214 274214
GeOroel [mBg/kg] (1 [mBg/kg] (1 [mBg/kg]
(lulian Catalin sigma) sigma) (1 sigma)
Bandac, LSC
CANFRANC),
Polonium-210 complete 2019-08-27 5.64+0.69
chemical [Bg/kg] (1
extraction sigma)
(Grzegorz Zuzel
IFU),
HPGe GeMPI complete 2019-08-13 309 [mBg/kg] <36 <27 <0.95
(Matthias (1 sigma) [mBa/kg] [mBg/kg] [Bg/kg] (2
Laubenstein. (2 sigma) (2 sigma) sigma)
LNGS, INFN),
HPGe GeMPI complete 2019-08-13 77+8 [mBg/kg] 2510 196 <0.95
(Matthias (1 sigma) [mBag/kg] [mBg/kg] [Ba/kg] (2
Laubenstein. (1 sigma) (1 sigma) sigma)
LNGS, INFN),
HR-ICP-MS  complete 2019-08-13 850+300
(Stefano Nisi [Ppt] (30 %) 15
LNGS, INFN),



Neutron vield calculation

. g or o (F)
Yl'(Ea):ﬂ/ (a,Xn) dE
n Jo

E , is the initial energy of the a particle; \ >
7; is the number density of nuclide i; \‘# . %3
n is the number density of the material;

o'(a,Xn)(E) is the neutron production x-sec for the nuclide i
is the stopping power of the material

3¢(0,Xn) "*N(at,Xn)
= azan) T 10T T
§0.45* JENDL/AN-2005 5 8 JENDL/AN-2005
S 0.4f TENDL-2014 o 4 TENDL-2014 ]
0:35F = VENDL:2015 ] | ——- TENDL-2015 S ]
DarkSide is the first experiment with

the (a,n) neutron background fully

calculated with Geant4

0.25[ -
0.15 . 100
0.05|
% 1 23 45 6.7 8 910 b
LMD AL 0 2 4 6 B R haEnergy (Mev)

10%F

SaG4n: Simple and versatile tool provided ® Exploiting evaluated libraries (JENDL)

to the community SaGé4n
(http://win.ciemat.es/SaG4n/)

e Detailed geometries (actual geometry and border
effects)

Neutron transport, precise tracking

“Neutron production induced by a-decay with Geant4”, ® Biasing techniques

Nucl. Instrum. Methods A 960, 163659 (2020)

Roberto Santorelli - IDM24
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White paper on («,n) neutron yield calculations
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Understanding the radiogenic neutron production rate through the («,n) reaction is essential in
many fields of physics like dark matter searches, neutrino studies, nuclear astrophysics and medical
physics. This white paper provides a review of the current landscape of («,n) yields, neutron spectra
and correlated y-rays calculations, and describes the existing tools and the available cross sections. The
uncertainties that contribute to (, n) yield calculations are also discussed with plans for a program to
improve the accuracy of these estimates. Novel ideas to measure (e, n) cross sections for a variety of
materials of interest are presented. The goal of this study is to reduce the uncertainty in the expected

itivity of ion physics i in the keV-MeV regime.

CONTENTS

L. Introduction

* alphan@ciemat.es

Roberto Santorelli - IDM24

J
Jy\@/ﬁ?
Multidisciplinar WG on (a,n) neutron yield studies
alphan@ciemat.es

Members of several DM experiments + Neutrino +
Nuclear + IAEA:

o DarkSide-20k
« XENON

e LZ

o CRESST ...

Understanding the radiogenic neutron production rate through the (x,n) reaction is essential in
many fields of physics like dark matter searches, neutrino studies, nuclear astrophysics and medical
physics. This white paper provides a review of the current landscape of («,n) yields, neutron spectra
and correlated y-rays calculations, and describes the existing tools and the available cross sections. The
uncertainties that contribute to («, n) yield calculations are also discussed with plans for a program to
improve the accuracy of these estimates. Novel ideas to measure (x,n) cross sections for a variety of
materials of interest are presented. The goal of this study is to reduce the uncertainty in the expected
sensitivity of next-generation physics experiments in the keV-MeV regime.
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Background budget spreadsheet

R.A. budget spreadsheet

Storing the results of the samples, materials composition, contribution to the bkg

(a,n) neutron background

& v- o - [

[0 5
g oo méq Kiopo) 40K ppt)
2 FECT] 1]0.7430340557 216
f 2 2] 40K (mafie)
] [ 0 5572755418
s fr 789602
0 |
; Description (Miaterisi/Process] 2350 fotai n ity natterauts Total Mass
0 [nfdecay]  n/(200tyr) n/(200tyr) | measured? (y/iall and good? ( kg
0 TomaL Py g
' Generic materisls — Assayinfo__ Composition
W /oo darkside ol 69u ]
= | 10 00c:0 00c0f 000E00 [
=[Sl lnss‘- 120603 @
| 3curce o 0c0 | Eo— Q00e+00 >
4 Culivers Soery v 1206403 Rep 2488258
0 s onbn 00E0ln " 0.00E200 Rep 208 & 258
B 00c10 00Ex0ln n 000k
325y n 200801 2264/ 100%, o= 27 glema
48E7. 00540 00840 0.00£+00 (C0.15% Cr 175 Ni 1256 Vin 25 Fe 68.85%, \rho = 7.9 g/em?3.
n 0.00E+00 (CO.15% Cr 175% Ni 125 Min 2% Fe 68.85%, \tho = 7.9 g/em"3
n 0006400 Rep36 | C0.15% Cr 175 Ni 1256 in 2% Fe 68.85%, \rho = 7.9 g/eme3
n 0.00E+00 (C0.15% Cr 175 Ni 125 Min 25 Fe 68.85%, \rho = 7.9 gfem"3
n 4.57E+03 rep 53 €0.15% Cr 17% Ni 125 M 2% Fe 68.85%, \rho = 7.9 g/cm*3.
y 2236405 Rep 35 'C0.15% Cr 179% Ni 125 Mn 2% Fe 68.85%, \rho = 7.9 g/em3
n 000E+00 Fe 58.93%, Ni 29.4%, Co 10.0%, C17%
n 000E400 i
n 000E+00 5i100%,\rho =232
n 000E+00 pzn//cumm/;cesmzsomm yro-13sg/ons
n
n
n
n
n
n
n
25 Fused s dirter n
26 Aeryic 1 n
27 Acryic 1pst n
28 Acrylc 10ppt n
| 29 Aayica n
30 Acrylic Donchamp old n 00E+00
£ 31 Acrylic Donchamp. 1.42E404 Rep 280299 (CSHSO2)n // C59.984% O 31.962% H 8.054%, \rho = 1.18 g/em*3
|32 AcrylicDonchamp L1 n 000E+00[ ____(CSHB02)n // C59.984% O 31.9625% H 8.0545%, \o = 118 g/em*3
33 Acrylic housing 235U upper n 0.00E=00] Piexigias 8n frd (CSH802]n // € 53.9849% O 31.962% H 8.0545%, \rho = 118 g/em?3.
34 Acryic housing n ‘0006400 Upperimit 23 (CSHBOZIn // C 59.984% 0 319625 H 80545, o = 118 g/em3
= | 35 Vi n 103602 PET, Lavsan, (CIOHBO4)n /] C 62.505% H 4.20% 0 33.30%, \tho = 1.38 g/em3
=3 n 0.00E+00 mass{H 4.2 C 6 PET, Lavsan, (CLOWBOS)n // C 62.50% H 4.20% 0 33.30%, \tho = 1.38 g/em"3
7 n 000600 mass 435 Co
38 6a203 (17 Superk) n 0.00E+00 203 /] Gd 86.76% 0 13.24%, \tho = 7407 gfem”
39 Ga203 (17 Superk) on Acrylic n 0.00E+00 1csnsaz)n~c¢zo;(zum) //mmcssmansznm 2.00%, \rho = 1203 g/em*3
) Superk) n 0.00E+00 (G203 // Gd 86.76% 0 13.245%, \rho = 7.407 gJem:
41 GA203 (20 Superk] on Acryic n 0.00E+00 ICOHB0R» GA203 (255 47.57K CS860% 031534 G4 200K, o= 1253 glem's
642032 n 0.00E+00 4203 ] G4 86.76% 013.24%, ho = 7407 gl
43 Gd203 on Acrylc2 n 000e400 (csHs02) 3% Gd 2.00%, \rho = 1203 g/em?3
44 Ga2(sos) " 0.00E+00
45 GA2(S04]2 on Acrylic n 0008400
46 Gazisos)32 n 000£400 g
47 GeDISOAT2 o Aeri > " mesn
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Y event rate(VETO+TPC)

Total
used measuredcp goodcp  count material Sum 280 2z
o [ o 0080 0010
o ] o 01 1882
o ] o 0.0E00 00840
7 1 1 01 1262
o ] o 0.0E00 00840
1 [} o 0.0E%0 00840
o 1 ] 81600 12681

else
M tles

Total n after cuts

4563
6263
6,663

cryostat

cables + fib

wimp-like n i Substrate relative weights

Finger B

frer cuts
1662
1082
6763
o

20.89% 5.35E:02
1273%  67.83%
8.50%

Rest
254802

o noen aoea aoea
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Operation protocols

Protocols that account for all steps in the manipulation of every component that
makes it into the detector:

Storage upon arrival

Storage during any intermediate step

Every time that things need to be unbagged and rebagged
Manufacturing

Assembly

Cleaning

Testing

Final storing

O O o O O O O O O

Final assembly

Roberto Santorelli - IDM24 19



Operation protocols

Written procedures for each step,
including radio-purity control

Storage of wafers

# | Step Details

1 Receipt of wafers
e Wafer shipments arrive at Liverpool containing

wafers for both STFC and Liverpool. Typically half
the quantity received will be forwarded to STFC in
the original NOA packaging. Half will be retained
at Liverpool.

e Upon receipt of wafers they (all wafers, including
ones forwarded to STFC) are tagged in the
database as being located at Liverpool using
ds20k_veto_location_gui.

e For the wafers retained, these are typically
vacuum-bagged in batches of 5 in Reber food
bags. These are then transferred to the cleanroom
and moved to nitrogen storage for picking later.

Roberto Santorelli - IDM24

PCB
shipping

vPDU
testing,
Initial
steps

10 | Preparing 1. Place PCBs into a 3D Shipping fixture
for shipping printed PLA shipping secure and stal
fixture. Shipping fixtures are Vacuum holds
ultrasonically cleaned in bag.
ethanol every time they arer
used.
2. Secure lid of shipping
fixture using m4 bolts and
3D printed 4x3 shipping nuts.
fixture for PCBAs.
3. Place the fixture into an
ESD bag.
4. Vacuum seal the bag.
5. Place the vacuum sealed
bag into another ESD bag
and seal the outer bag at
atmospheric pressure. In
this way the inner bag is
surrounded by low Rn
cleanroom air to avoid
contamination in the case of
vacuum loss. *
No. Step Description Remarks
1 vPDU received Move the vPDU in
the clean room,
Remove the vPDU
from PeliCase in the
clean room lobby
Environment check Particle counter 1ISO7:
measurement before | 352,000 particles per
un-bagged the vDPU | cubic meter or less
20.5 ym sized
particles, 83,200
particles per cubic
meter or less 21 ym
sized particles, and
2,930 particles per
cubic meter or less
25 pym sized particles
3. Un-bagged vDPU for | Remove vPDU from

testing

the bags and update
the status on the
database
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Operation protocols

ESD bag

Reber bag for radon protection

Desiccant and humidity control inside Reber bags
Second Reber bag for radon protection
Protective cases

Roberto Santorelli - IDM24
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Exposure and tracking Database

23062913000210001

timestamp location state comment =
2023-12-12 11:30:00 Oxford tested NaN

Bl

Timestamp:

2023-12-12

Select Date
11:30:00

Select Time

Check

Sul

Roberto Santorelli - IDM24

Status:

received
unbagged

— |tested

bagged
shipped
produced
stored
integrated
scrapped

Every relevant action on a
vPDU is registered in a DB
with an identifying code
and a time stamp.

Save the timing when
the status is changed
on DB

Each facility has an
appointed person
responsible for the
interaction with the
Materials WG.
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vTile populated vs sum of the components

Summing components

vTile fully assembled

[mBq] after testing
[mBq]
1.3 1.1
0.8 0.8
31.7 58.6
0.7 0.34
0.1 0.05
7.8 4.7

“Populated” tile radioactivity in very good

agreement with the sum of the components
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Passive (PCB, Resistors,
Capacitors) and active el.
components.

Copper pillars,
connectors,

soldering paste...

Relatively small difference in 21°Pb

under study (not a show stopper)
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Other relevant topics

e C(Cleaning protocols
e Control on the surface exposure to air:
- 222Rn decay daughters on surfaces (*°Pb 22 y)
e Monitor the history of exposure of materials to cosmogenic radiation

- “Study of cosmogenic activation above ground for the DarkSide-20k experiment”
Astropart.Phys. 152 (2023) 102878

e Evaluation of the systematic uncertainty from the material composition and cross-sections

e Knowledge on the chemical composition of the components in order to calculate the n yield via
X(a,xn)Y with Geant4

e MANY (Measurement of Alpha Neutron Yields) collaboration
-> (a,n) cross-section measurement with a thick target and a beam
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Events /10 h/ 10 keV

0

Talk by V. Pesudo (Monday, July 8th)

500

e
1000

DJIr

— AAr data (44.5 h)

—— UAr data (41.0 h)
t *Ardata

[ 1 *Ar simulation

PRy

! A
1500 2000 2500
Energy [keV]
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Conclusions and outlook:

e DarkSide-20k has developed a very detailed material assay campaign for the full
control / mitigation of the backgrounds

® Three assays per sample for the full control of the U-238 decay chain
e New tools for neutron yield calculation
e Control of cosmogenics, Rn, surface exposure..

e C(leaning and surface protocols

® Pushing the state-of-the-art in many fronts in this field

Roberto Santorelli - IDM24
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The decision making process

Y

Potential
sample
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Th-232 equilibrium

— 228Th

P

-

228 A

B

| 228Rg

T,,=6.15h

04

232Th

Ty2=5.75y T;2=14.0510°%y
Ol Ty2=191y E,=1.173 MeV E., = 0.039 MeV E = 4.0 MeV
E = 5.423 MeV P=31% P= 60 % P=77%
P=71%
[
24Rq - [2Bi
Ty2 = 10.6 h Tyj2 = 60.6 m

Taja” 880 ¢ e eV 64.1 % aa 35.9 %
o l E = 5.7 MeV o ey i l e

P=95% =825%

Eq =2.25 MeV E = 6.05 MeV
220Rn B |Fises6e P=69.9 % a
212Pb

Typ=556s
oL l E = 6.3 MeV
P=99.9%

212Po

216 E = 8.8 MeV 1
Po a P =100 % pP=
Ly 208
= 6.8 MeV 2
er | Eo Pb

Stable
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