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Status of WIMP search

d Spin-independent (SI) WIMP-nucleon interaction
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[Xe/LAr dual phase TPCs lead the WIMP search from 1 GeV - 10 TeV ]
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Status WIMP search with LAr

From 2019 ESPP briefing book
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v' G1=DarkSide-50 : 2 runs 2013-14, 15-17 [low+high mass] -> Publications 2015, 2018, 2023
v G2=DEAP-3600 : 2 runs 2016-20, 24-26 [high mass] - Publications 2017, 2019
v' G3=DarkSide-20k: Started construction in 2022 —> Start data taking in 2027

CS IN2P3 (23-Oct 2023) Direct WIMP Search with DarkSide 3



Bright sides of DarkSide (1)

1 LAr Technology is scalable and mature
= One world-wide collaboration (GADMC): 300 people
= Funding: Italy (INFN), United States (DOE, NSF), Canada (CFl), UK (STFC)
» DarkSide-20k profit from best G1 and G2 technologies
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SS vessel

DarkSide-50

Lab (fid. data) LNGS (0.05 ton.year) SNOLab (10 ton.ye)?& LNGS (200 ton.year)

TPC target 50 kg purified Ar x70 » 3.6 t Aimosph. Ar =—— 50 t purified Ar

TPC wall Stainless Steel Acrylic Acrylic

TPCnbch.  38PMT XT__, 255 PMT X8, 200k SiPM > 2100 channels

TPC techno Dual Phase Single Phase Dual Phase

Veto Scint (30t) + Water (1000t) Water (250 t) LAr in vessel (50 t) + ProtoDUNE (650 t)
[inner] [outer] [inner] [outer]
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Bright sides of DarkSide (2)

O DS-20k can be optimized to be ER background free (at high WIMP mass)
= Combining two signals: prompt scintillation (s1) and delayed ionization (S2)

GeV WIMP

Eng=1-100 keV_—{—_
3 WIMP signal

Nuclear Recoil (NR):
- fast scintillation (6ns)

- few ionization electrons
- large quenching (loss in elastic nuclei collisions)

T Electrons
drifting in E

—_—

shifter (128->420 nm)

i o Outgoing Gammas / Electrons
” = Particle \ 1
= —. ER bkg # WIMP Signal
particle | (128 NMy) ( \‘g; ‘u v’ Single scatter

= \‘ _ v F|du0|al_\{olume (r, 2)

A \ v" Use purified argon
Electron recoil (ER): v S2/S1 (ER) >> S2/S1(NR)
- sl intillation (1600 ns >>NR TR

E,=200 V/cm [E,~3kV/cm] ] fn‘;"r;’ysgzl'z :ﬁ'g:électrogg (>NR)) v' S1 pulse shape discrimination

- no quenching (<NR) (PSD)

CS IN2P3 (23-Oct 2023) Direct WIMP Search with DarkSide



Bright sides of DarkSide (2)

d DS-20k: ER background removal strategy
= Fiducial volume, purified argon (depleted in 3°Ar cosmogenic argon), S2/S1, S1 PSD

r-30cm, z-70cm > 20 t Ar - <1 mBg/kg B, T,,=269 year, ~1 Bg/kg R..=103
. . i i 8 0
39Ar rejection measured R,q,,= 1.4£0.2 103 ER rejection measured Rgg>10° (90% &4;q)

107
NR (mainly fast scint.)

LAr

107 |} ER (mainly slow scint.)

107

. o foo = S1(90 ns) / S1tot
URANIA (USA)

Underground Ar extracted

10°* |-

from a CO2 well in ARIA (Italy)
exploitation Cryogenic distillation column 107 |-
Residual 3%Ar activity ~30 Hz in DS-20k TPC o 1 2 3 N 5 6 7

Ti
Y2 of the TPC ER background before PSD Unique discriminating power el

(intrinsic to Ar, not present for Xe)

[ER background < 0.1 evt in 10 years of running (200 ton.year) ]
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Bright sides of DarkSide (2)

1 DS-20k can be optimized to be NR background free (at high WIMP mass)
= Combining two signals: prompt scintillation (S1) and delayed ionization (s2)

GeV WIMP

Eng=1-100 keV_—{—_
3 WIMP signal

Nuclear Recoil (NR):
TElectmm - fast _sciptillgtion (6ns)
drifing in E, - few |on|zat|oq electron.s . . N
- large quenching (loss in elastic nuclei collisions)

MeV Ngutron

—_—

L Outgoing
= Particle

= S1

Neutron # WIMP Signal
v Deep Underground expt.

Ene=1-100 keV_—|—_

Incoming
Particle (128 nm Y)
iy \

g

—— v Material selection + assay
e T v' Single scatter
Nuclear Recoil (NR): v Neutron veto around TPC
E¢=200 V/cm [E,~3kV/cm] - fast scintillation

- few ionization electrons
- large quenching

CS IN2P3 (23-Oct 2023) Direct WIMP Search with DarkSide 7



Bright sides of DarkSide (2)

0 DS-20k: NR background removal strategy

» | NGS, material selection + cleaning + assay, single scatter, neutron veto
< mBg/kg, U+Th activity 222Rn daughters  O(500)
- 0(107) n / decay, E ~ MeV

Neutron moderated by acrylic
and captured by Gd (=<8 MeV vy)

UAT (TPC) Gd-PMMA

Visible photons
7 p

A 15cm ’i‘ 40 cm
LAr TPC  TPC Wall:  LAr Veto

[NR background ~0.1 evt in 10 years of running (200 ton.year) ]

Mainly Photo detectors electronics and cryostat
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Bright sides of DarkSide (2)

d DS-20k: overall background

= DS 50 results validates the strategy with 0.05 ton.year PRD 98 (2018) 102206
= Confirmed by DEAP3600 with 2.1 ton.year PRD 100 (2019) 022004

Energy [lr.-'!ru]

- 8o 100 120 140 160 180 200
(‘,_) N N 0 I B L O
S 0. DS-50
> . e e
T .= NO g Signal Region -~~~
NR band - o. SR
: \
& ng=0.09+/-0.04
0.
ER band - o. :
0. E
0.
IIIIIIlIIIIIIIIIIIIIIlII

0 50 100 150 200 250 300 350 400 450
S1 (PE)

[ Expect ~0.1 bkg™* event in 10 years of running (200 ton.year) ]
* Note: expect ~3 irreducible evts from v NR
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Bright sides of DarkSide (3)

d Very good sensitivity at low and high mass WIMP

Low Mass WIMP sensitivity

1

High Mass WIMP discovery potential
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[DS-ZOk and Xenon experiments complementary]

APPEC 2017 recommendation : “strategy aimed at
realizing worldwide at least one ultimate Dark Matter
detector based on xenon (~50 tons) and one based on
argon (~300 tons), as advocated by DARWIN and Argo."
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Status of DS-20k

Beam structure completed in Hall C
(LNGS, Oct 2023)

TPC

[V ==
-
LLE 1=-‘r—

8 m

SS vessel

Construction started at LNGS
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Status of DS-20k (1/4)

O Inner detector design (TPC + veto)

= Compact and simple
v Only one passive material to lower the background : 11 tons of acrylic doped with Gd
(TPC walls, SiPM support structure) coated with Clevios for HV (TPC walls, anode+cathode plates)
v Add reflector foils (3M ESR) and TPB (128 nm = 420 nm)

B SiPM support structure

Acrylic
(top, bottom)

Anode plate
(ground)
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Reflector foils +
TPB on 43 cm?

coated with Clevios

Gd Acrylic TPC walls

Acrylic
Cathode plate
(-73 kV)
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Status of DS-20k (1/4)

O Inner detector design (TPC + veto)

= Compact and simple
v Only one passive material: 11 tons of acrylic
v TPC — SS vessel gap used for the veto: instrumented with SiPMs

TPC with SiPM Stainless Steel Vessel

3.5m
\

Veto SiPM

Reflector foils +
PEN on 174 m?
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Status of DS-20k (1/4)

O Inner detector validation
= with a mock-up (1/5) and final cryogenic system at LNGS in 2024

1ton Ar SS
cryostat
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Status of DS-20k (1/4)

O Inner detector will be integrated directly in protoDUNE cryostat

TPC

i 4
(e
11

ITH

SS vessel I

[ Inner detector integration should be completed by mid 2026 ]
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Status of DS-20k (2/4)

J Photo detectors

= Custom cryogenic SiPMs developed in collaboration with FBK (PDE >40%, SNR>8 @
87K, Low dark count rate < 0.1 HzZmm?2, Time resolution < 30 ns, Gain >105)

» Grouped in Photo detector unit (PDU) with ~400 SiPMs read by 4 channels
9

Acrylic
protection

Inner veto :
3.2% coverage .-~
~1 pe/keV .-~

1c

TPC + Inner veto
528 + 120 PDU
TPC R (~21 + 5 m?)
20% coverage " R ~2100 + 500 ch.

Electronic

= QOuter Veto : 8 arrays lowered from the proto-DUNE flanges (0.5% cov., ~1 pe/MeV)
>24 PDU, ~1 m2, 100 ch.
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Status of DS-20k (2/4)

d Photo detector production
= 270 000 SiPMs produced at Lfoundry in 2022
» TPC: started SiPM packaging inc. electronics at LNGS
= Veto: similar sites ready in UK/ Poland

A

<« =% " DS-20k SiPM electron &
DS-20k PDU assembled - S

[Photo detectors should be ready by 2025 ]
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Status of DS-20k (3/4)

d Underground Argon (UAr) extraction and purification

1- Clyll glneerlng eflned JINST 15 (2020) P02024

A e e

DART (Spain)
Measure 3°Ar depletion factor

£

S
N
S :
S
® — Boat
6-12 tonl/trip
2.5 month/trip §
Underground Ar extracted
from a CO2 well in ARIA (ltaly) v
i exploitation _ Cryogenic distillation column Demonstrator
0.25 ton/day during 1.3 yr 2 runs of 60 tons il tested in 2020
2- Extraction plant available, to Mine shaft EPJC 81 (2021) 359
| i i 24 40Ar. 38Ar. 36A
be assembled in spring cleaned r, “°Ar, “°Ar
- separated
EPJC 83 (2023) 453

[ UAr extraction should start early 2025 ]
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Status of DS-20k (4/4)

Aug. 2023 \
2022 2023 | 2024 2025 2026 2027 /
” E ' ! = ! !
a :;’Lﬁ * “ Proto DUNE ::ryostat + Cryogenlcs mstallétlon §
: . 5 ; ; - |— SS vessel productl-on | |
C . ‘ : : : | | | : 5 Cr\fostat + vess.el ready
...... E NOAI : I E ; ; = b 1 ; | ;
': ke s iee:;y* I i Photo Detecto: Unit prodUCtlon and test
no: | ‘ i : | | | | : -TPC Optf-cal planes assembly
: TPC Acrylic | j . . ‘
d : @GS | TPC assembly - | -
: : | | — Detector ready
. : - — SN | MU | (S S ‘ ‘
D | URANIA Jite | | URANIA £/ 120 t UAr exttactlon
S contract signed " i Plant ready- - |
5 ! ! - - I ARIA pfatforms M . ‘
” i sin mine shaft /' UAI‘ purlflcatlon
I = 1 ) ] '
k | Wi DS- 20k start

Largest TPC ever built for Dark Matter searches
Next 3 years crucial. First data expected for 2027
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DarkSide IN2P3

 History

= 2012 : APC joined
= 2014 : LPNHE joined
= 2016 : DarkSide IN2P3 Master Project

= 2018 : CS-IN2P3

CS-IN2P3
28.10.2018

DarkSide est base sur une technologie différente, compétitive également, et se positionne
sur un reel potentiel de découverte.

Aujourd’hui, parmi les projets de détection directe de matiére noire présentées, seuls
XENON et DarkSide-50 sont opérationnels et au niveau de la rude concurrence
internationale, dans des domaines de masse différents. La participation a ces projets est a
soutenir et a renforcer en developpant les equipes actuelles.

= 2020 : CPPM joined
= 2023 : Fiche Projet accepted. First IN2P3 budget
= 2024 : ANR FIDAR accepted (350 k€, 2 PhD students)

- )
Coherent program LAr response model Physics
towards first DS-20k signal/event reconstructions DeHal (Lo bk
] /' DS-20k sensitivity
L DS-20k physics  ps-20k TPC calibration )
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DS IN2P3: LAr model (1/5)

 DarkSide MC + define the LAr response model APC, LPNHE
= Model validated with data PRD 93 (2016) 081101
v Excellent Data-MC agreement with DS-50 JINST 12 (2017) P10015

v' Measurement of 3%Ar suppression factor in UAr (1400£200)

—~ 107!
© DS-50 —— AAr Data (2013-14)
X 10°2 Atmospheric Argon (AAr) — UAr Data (2015)
.g‘ —— UAr MC Total
2143- GOC
x 107 sgz}ev 1(.:;!1? MeV ;"c;»s Y MC *°Kr
A G @ tog —— MC **Ar
104 /‘ 1.46 MeV
o (P) 214g4
a Pt 1.77 Mev 208y
_ 10° I 2.62 Mev
~ = /(P)
0 =
'E' 10°° C: Cryostat
() = P: PMTs
@ IO_T_E F: Fused Silica

1 1 I L 1 I ] 1 1 I 1 1 L} I 1 L} L} l 1 L} | | 1 L} 1 | L} 1 ] I L} I I

-8 L1 i
10 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
S1 [PE]
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DS IN2P3: LAr model (2/5)

d ARIS: test the LAr response model APC, LPNHE, UCLA,
= Use neutron beam from ALTO facility at IPNO Princeton, Napoli,
= Most accurate measurement of the NR quenching effect (L) LNGS, UC Davis

v’ 2-3 more precise than the other experiments PRD 97 (2018) 112005
v first measurement below 10 keV JINST 16 (2021) P11026
ARIS 8 neutron detectors 72 g 0% Coms |
S outgoing 0.35 3
N SOt o
o nn l ' ﬂl }

n beam . 7Li bean

Il
o
w
T T T [ TT T T[T T T [ TT T [T T[T TTTT
fee=d
—a—3
e S
f——
HaH——

| e RIS
Single phase -
0.5 kg LAr 0.15—— '1'0 . L .1:)2

Energy [keV ]
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DS IN2P3: LAr model (3/5)

d Improve the LAr response model

= Special effort < 10 keV to measure ionization yield
v Using DS-50 data: 37Ar, 3°Ar, calibration with AmC, AmBe
v" lonization yield (Q) generic model with 2 free parameters:
Q ~ In(1+aE)/bE, Qc5,= a/b

lonization Yield Model for ER and NR

APC, CPPM, LPNHE

PRD 104 (2021) 082005

60 E
: { Ds50 ¥ar Ll-shell 1401
: ¢ Dss0 ¥ar C
50 1201
g l Custom model -
- | Thomas-Imel | 100~
RIS o L
2 ' ~ 8of
~ ~ L
's % 'E so;—
’gzo— . L0 5 4°F
(aggr, begr) fitted on DS-50 data Y0, & &
o - $50 d
Model: PR A36 (1987) 614 \= M S B00: S8 X
10 Ziegler et al .
—_ ' : o ]» Quenching models
l 61 5.3 1 " ) 3638
V I nocu'oc.\u Recoil Energy [keV,,)
60 eV (N,=3)

AmC calibration after bkg subtraction

(anrsbnr) fitted on DS-50 data
Model: AP 35 (2011) 119

- |

-

ﬁ Mol:l.ere 1R i

PY (8 . | [ F e owowy] ]
10 20 30 40 50 100 250

430 ev (Ne_3)Number of Reconstructed Electrons
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DS IN2P3: LAr model (4/5)

APC, CPPM, LPNHE

d Improve the LAr response model

= Special effort < 10 keV to measure ionization yield
v Using DS-50 data: 37Ar, 3°Ar, calibration with AmC, AmBe

v" At very low energy all primary electrons visible :
Q= (1-r) Ni/E, r, = e-ion recombination ~ 0

lonization Yield Model for ER and NR

PRD 104 (2021) 082005

“? { D850 ¥ar Ll-shell 2 == Fit of DS50 AmC+AmBe, ARIS, SCENE
: } Dsso Mar r I Fit of DS50 amc+amBd 2021 |b
Sop l — 1 iol Fit of ARIS and SCENE 2018
i Toal —_ r (*Assuming Ziegler quenching)
— tm.- L F:
RIS %‘ gl
2 - 2t
~ ~ L
', 3 {1,.
% .
*I" (agg, bgg) fitted on DS-50 data~ “¥¢s,_ .
Model: PR A36 (1987) 614 oy -
10 2~ 4 SCENE
/\ - i \ Joshi et al.
l 1 1 1 e | '....c’.slleall | IR | . P | .
\_J 0.1 0.5 1 2 3 S 10 (.4 J 1 2 3 5 10 20 50 100 250
Electronic Recoil Energy [keV,,) - Energy [keVp,]
60 eV (N_=3) 430 eV (N_=3) r

[Measurement of lonization Yield at low E central for low mass WIMP search
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DS IN2P3: LAr model (5/5)

d Improve the LAr response model APC, CPPM, VT,
= Special effort < O(1) keV to measure NR signal fluctuation UCDavis, GSSI,
v" No theory prediction exists ... Princeton, Astrocent

v’ Take data with 3 days of beam at ALTO (2024)

0(1) keV

10—39 _NQ -“"‘;‘\_\_‘7

\\\\ = Proton beam Neutron beam ’
RN R “ 7Li Target TPC ﬁ m
T = 2 s =
S L 90 keV \ Scattered

=
o
&
o

A . T, e T T
10 E neutrons

i

Dark Matter-Nucleon Og; [cmZ]

10—42;
New \
o neutron - § = *; .
e - . detector = = c‘gt [ £ 3y
10"“‘;—QF: Binomial fluctua (BLEND) - S —— ]
1 2.0 3.0 4.0 5.0 6.07.0 10.0 ‘ -— ——
12 cm

My [GeV/c?]

Ene=0(1) keV

[ Strong IN2P3 leadership (under APC responsability) ]
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DS IN2P3: Reconstruction

1 DS-20k signal processing and event reconstruction APC, CPPM

= Fast online signal processing (inc. SiPM elec. description adjusted with proto data)
v Matched filter + custom hit finder applied on time slot with activity
v" Emulate the DAQ (inc. pile-up) = meet data output rate (< 60 MB/s)

1 Channel
O 6001 L ZLE _ Data rate in 100 ms slices (M=23.5 MB/s)
2 I~ “  Noise filter not applied F a
]
500 - -
60 MB/s| , _
400 4 50 - " L] o i L] [ ]
o @
300 4 ~ - L ® ]
T Gof o T e s g oae
= ° o © [ ®
200 LI "'""."l"t' _____ ...._.;__.‘_ ______ B, LY I -
[ . s ® D
© 30 e e o oo o © L) ‘ L .
S 00®® o %y #0000 N i.
100 A s [ Seeet & e oP o0 " © e p, 0’ °
[ ® 5
0 8201 ‘.“”".' IR o ‘.~°..:'.o. % .: v’ .l.'.h:o
[ %e o of ° o ° L3 o%s, O
[ ___ﬁe‘.___‘._\-___...n._.n:__.__oi,-_;_p.-__:.____w_
-100 10~ oo ‘. o % 8o % ° To o ®
Time over threshold L ° f.. L]
Pre-trigger Post-trigger N R (PR IS AT (I S B
' 1 0 5 10 15 20 25 30

250 500 750 1000 1250 1500 1750 2000 2250 i <
slice time [s]

Nsamples (8ns)

= Offline pulse reconstruction and event builder
v" 81 and S2 identification and association, 3D position, energy reconstruction... at work

[ Strong IN2P3 contribution (APC responsible for the Offline) ]
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DS IN2P3: Calibration (1/5)

0 DS-20k guide tube calibration system
= Two complementary approaches : injected and external sources

B endpoint
at 565 keV
T =269 yr

Injected sources
(electron recoil only)

Natural internal source
(3%Ar)

Limited number of sources

Injected gaseous sources
(SSmKr! 220Rn)
Direct measurement

Limited number of sources

1 i| 5
Raf | [N
K K K

k

Guide tube sources

(electron + nuclear recoil)

External gamma sources
(5°Co. 137Cs, 133Ba, ...)
rl'--Lé'-\:'u 11 )

0(10) em TPC penetration

External neutron sources
(AmBe, AmC)
racisely positioned

Non monochromatic

0.1-1 MeV v

1-10 MeV n

:

Designing and building
nder CPPM responsibility

CS IN2P3 (23-Oct 2023)
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DS IN2P3: Calibration (2/5)

d DS-20k guide tube calibration system

= Designing and building the TPC calibration system
v Simulation studies: established a first tentative calibration program of O(1) month,
studied impact on veto light yield, bkg induced by calibration tubes, ...

18 kBq °’Co source (122 keV y) at the TPC side
FIA P ERd b R RE [ G0 RE T Ed BE [ RA b [ Fa G4 [ kEd

= C O
- . , . I Single scatter
7)) Source 57Co 1'2Ba | ¥Na | Y705 | ¥Co £ L ng ]
9 Encrgy (keV) 122 | 356 | 511 | 662 | 1173 e .
5 Activity (side) (kBq) 18 1.9 | 036 | 2.2 | 0.36 - ]
(o) Activity (bottom) (kBq) 100 50 | 0.67 | 4.6 0.6 - ‘ n
n Time per position (side) (h) | 2.5¢-2 | 14 5 gl 73 F = — 1
X | Time per position (bottom) (h) | 3.4e-2 [ 2.2 2.5 17 | 91 e s S
L Duration of calibration (h) 3.84 | 18.72 | 2352 | 36 | 744 c —3
Source AmBe | AmC E Single scatter pile-up bkg E
o Initial energy (MeV) [0.2, 12] | 2, 7] e B
o Activity (side) (kBq) 0.14 0.15 T e e
g Activity (bottom) (kBq) 0.18 0.18 Eistgy V]
» Time per position (side) (h) 19 28
% Time per position (bottom) (h) 23 25
Duration of calibration (day) 8 10
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DS IN2P3: Calibration (3/5)

1 DS-20k guide tube calibration system CPPM, QU, LNGS

= Designing and building the TPC calibration system
v Simulation studies
v Conceived the guide tube system (now included in the DS-20k CAD)

Motor (4) I:
Glove box (4) [

l Bending radius

(R=40cm)

Guide
tubes
(2 x 20m)

LT T T a1 T [ Teel T T/7 Teel T T 1 | L T T T - -

8.5m
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DS IN2P3: Calibration (4/5)

1 DS-20k guide tube calibration system

= Designing and building the TPC calibration system
v" Simulation studies
v Conceived the guide tube system
v Realized 3 Mock-Ups (7 tube, 2 motor system) to validate the concept

Scale 1 MU at warm
(CPPM, 2023)

l'j -
© B =
Motor b‘-c) |
Calvin R i
e F ; I : ~
]

CERN cryolab (B159) 30-May 2023 (19:00)
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DS IN2P3: Calibration (5/5)

1 DS-20k guide tube calibration system
= Designing and building the TPC calibration system

v" Simulation studies
v Conceived the guide tube system

v Realized 3 Mock-Ups (7 tube, 2 motor system) to validate the concept

CAr [N2 | L[N2 [LAr
| DS-20k || MU_CS | MU_CL | MUW
Requirements / Performance
Speed of the source (cm/s) > 1 3 |
Position accuracy (cm) - o | +] |
Tension (N) < 150 25-40) 5-30) 60-90
Ice formation (block) No No ut No NA
...... LLC NA
Total distance for all sources (m) | 160 (/yr) 100 300 1 0 100
Total nb of back&forth / tube 4 (/yr) 14 8() 35 6

(CPPM responsible of the calibration system)

[ FDR passed successfully in Sep. 2023
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DS IN2P3: Radon

1 Reduction of radon contamination in DS-20k CPPM, JU
[210Pb’210|:)0] . .
= Radon progeny plates-out on detector material surfaces exposed to air 2 n bkg
v Limit the exposure time by using hermetic plastic bags [ 5, & MeV]

= Radio purity assay program developed
v Plateau Radon at CPPM participates to this effort with its radonisation chamber
v" Test and validate special plastic bags use for transport and storage

Radonisation Chamber

ideH diffusion setup

Radon Eye &
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IN2P3: DS-50 physics (1/5)

1 Low mass (<10 GeV) WIMP search APC, Princeton, USP

= First analysis (S2-only) in 2018 PRL 121 (2018) 081307
v" Very good signal / background separation at low N, PRL 121 (2018) 111303
v Good background description for N, = 7
v" Break the paradigm that only solid-state techno. is sensitive to this range

E [ keVnr]

1 2 3 4 5 6 7 8 9 101112131415 107 S

— 102 = i 0 ™~

= : : 1 T
%‘ Fa 3 : E [keVee] o 1073 F 2,? :
o M 10° E - 0 '

= - : DM spectra 6x=1°-llo cm? —— Data ol (%:;)‘;; ¥ s.‘z

i (] . 4 =8
X 10 @ X ——— G4DS MC All > o %, A

= - : M,=2.5 GeV/c - w 10 Yo T B o
™ - . ' Mm5.0 Cay/c —— Cryostat y-rays L0FX © % WY N
-4 < . { ¢ ——— PMTs Yy-rays o g

L] ] o
X 1B M,=10.0 GeV/c —— *Ar + ®Kr ': LN R
0 ¥y S
‘o B S 2 (I

z — - 10 g | 10—42 ....... DarkSide-50 Binomial ~50 : O
e 10—1 | = - — ) bt :’; = = DarkSide-50 No Quenching Fluctuation {78} ﬁ

= : _ R . = - I —— NEWS-G 2018 swns LUX 2017

= - K e - ] ] —— XENONIT 2017 —— PIC0-60 2017
~ - u

- - . — \__ b} 8 109 PICASSO 2017 == CDMSLite 2017

- : 1 — 1 2 2 —— CRESST-III 2017 -=-- PandaX-II 2016
n _2 '_. 3 » M = XENON100 2016 -~ DAMIC 2016
L 10T : ~ = = H |- == CDEX 2016 CRESST-II 2015
= = . _ g (44 |-+ - - SuperCDMS 2014 CDMSlite 2014
Q = ’ S COGENT 2013 CDMS 2013
[ ~ . . —10? }’— CRESST 2012 {777 DAMA/LIBRA 2008

: = = Neutrino F1
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N_- M, [GeV/c’]

N.=7 e M, (GeV)
| DarkSide-50 world leading in 1-5 GeV WIMP in 2018 (IN2P3 leading the effort) |
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IN2P3: DS-50 physics (2/5)

d Low mass (<10 GeV) WIMP search
= Re-analysed DS-50 data

v Various improvements (enlarging Ne range, improve selection + syst.)

APC, CPPM, GSSI

PRD 107 (2023) 063001

v Use improved ionisation yield models (S/.22-23)
v Very good description of the bkg down to Ne>4

Electron Recoil Energy [keVg,]

0.04 0.13 0.20 0.55 1.10 3.10 11 21
= | | | | =
2 ;
'U -
,4 Residuals
U‘ 2
A 102 70: Pre-fit pulls X“/ndf = 30.0 / 24
: Rt r e =0.03 * 0.03
" ++ + F + Post-fit pulls M
° + + t - 60: —— Gaussian fit o=1.1+ 0.03
z | -
A r
o 10°Emr
= ~+ DarkSide-50 Data —— PMTs ol
% === Fitted Model 85ky i
0 10f
L 397, r
5 i
5 104 | | Clryostat 3 ! ! | 5 L
H 0.25E I | I I — | I I E— (data - model) /error
0 . 00 Ermmmmmtetmasttr gty "«ewm.wwww
_0‘25;_ 1 | 1 1 |' |' .’I .l th | | 1 | 1 1 1 1 |
3 \_/ 7 10 20 30 50 100 170
- Number of Electrons
N.=4
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IN2P3: DS-50 physics (3/5)

1 Low mass (<10 GeV) WIMP search APC, CPPM, GSSI

= Re-analysed DS-50 data PRD 107 (2023) 063001
v Improve separation between NR signal and ER background
v World best limit 1.2-3.6 GeV (x10 gain wrt 2018)

Nuclear Recoil Energy [keVp,]

0.4 1.0 1.5 3.2 54 12 55 393 -39l NQ \\\ ] —— Ds50 2022
I I I I I I E N PandaX-4T 2022
0.08 ~+ Data LUX 2021
r ——- DAMIC 2020
= Background M 1 -40
ckg ode 107%e —— XenonlT 2020

—— Cresst-III 2019

s —-41 2
Ox=2x10 cem N —— Pico-60 2019
— M,=1.6 GeV/cz 10_41% —— XenonlT Migdal 2019
o - DS50 2018

***** CDMSlite 2017
PICASSO 2017
CDMS 2013
Cogent 2013
DAMA/LIBRA 2008
LAr Neutrino Floor

—— M,=3 Gev/c? r
10—42:

—— M,=5 Gev/c? g
M,=10 cev/c?

0.005 :

Dark Matter-Nucleon Og; [cmz]

Events / (0.25 N, x kg x day)

E 0 |
3 : I I 7 ‘ I10 20 30 I 50 — I100 170

Number of Electrons 1.2 2.0 3.0 4.0 5.0 6.07.0  10.0
M, [GeV/c?]

[DarkSide-SO world leading in 1-4 GeV WIMP in 2023 (IN2P3 leading the effort)]
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IN2P3: DS-50 physics (4/5)

O Low mass (<10 GeV) WIMP search APC, CPPM, UCDavis,
= WIMP scattering could come with extra ionization (few Ne) Romal, GSSI, Astrocent
v Interpretation accounting for a possible ER Migdal effect PRL 130 (2023) 101001

v" Add extra sensitivity to lower mass WIMP

Mass range down to 40 MeV

Puc-aes Jeaar. TRengy Deal, covered thanks to Migdal effect
0.5 1.1 1.6 3.5 5.7 12 49 288 10734,
Elelctron Recolil Enelrgy [ke\‘?er] l :-T
0,04 0.13 0.20 0.55 1.10 3.10 11 21 E 10735
3 LI B | T : T iz
:%'1 i oy = 10 cm » 10-36
[ [ O W
d 100 ¢ NQ +  Dpata 5 —_—
x E: ‘p === Background Model a
2 i QF — m,, = 1.0 Gev/e’ © 1073 |{—-- Dpsso u1c =R (2022)
x 2
. 1¢ —— my = 0.5 Gev/e o 10-3 [|— PSSO ¥ (2022) -
:: o T . — my = 0.1 Gev/e’ é’ S e O 10RT) ) e
™ -1 ) 1040 PandaX-4T 2022
10 E
S " 8 jg-a [/~ ¥emonir 2020
~ o —— Cresst-III 20189
42: 107 E 10742 H—— xanonlT ME 2019
g ® o™ D350 NQ 2018
S - Ty , ] o —— DS50 QF 2018
10 7 10 20 30 50 100 170 nlﬂ"“ —T : P i i
sumlsar oF Flesteons 0.030.05 0.1 0.3 05 1 3 5 10
myy [GeV/c*]

[Assuming ER Migdal effect, DS-50 world leading down to 40 MeV WIMP]
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IN2P3: DS-50 physics (5/5)

 (very) low mass Dark Matter search

-Like Particle gae

ion

Ax

= Can create an ionization signal (few Ne) ...
= ... to which this analysis can be sensitive

Axion Like Particle Dark Photon
Absorption by electrons of Ar atom - Monoenergetic signal
WA ) ol | I g | ' T
1041; {1012
E SuperCDMS (2020) ?10_13 L
10-12L 4 g‘
: '.‘"'. / -~ I 10—11 "é
e s &
10'135— " 1p-15 'i‘j
F 4 1]
13,1\0“} :ﬂ =
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£ o | o !x,;l & )I I_I‘ >I::IZ‘I:‘ ;a.‘. E r I I I - I )
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Sterile Neutrino |U.|?2

103F

[
o
&

APC, CPPM, UCDavis,
Romal, GSSI, Astrocent

PRL 130 (2023) 101002

Sterile Neutrino

Inelastic scattering Vs+€ — IV.+¢€
1072>| i LR

S s o) T R

s
B Spectryum (1903)

| Darkside-50 (2022)

NuSTAR (2020)

Mot et Bttty ittt et Vo ettt ol ottt i tnitul P et e
10 15 20 25 30 35

m, (keV/c?)

[ DS-50 also sensitive to galactic ALP, DP, sterile v in the (sub-)keV regime ]

Light Dark Matter in back-up
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IN2P3: DS-20k physics (1/3)

O Sensitivity to low mass WIMP (<10 GeV) CPPM, APC
= | argely inspired by DS50 analysis
v'Strong reduction of TPC external background - 3°Ar “only” bkg
v'Fully benefit from the LAr volume increase (x1000)
v Improve also sensitivity to ALP, DP, Sterile v, LDM
» [mpact from the galactic halo assumptions
v’ Dedicated studies with LAM (INSU), CPT (INP) and LUPM (IN2P3)

Paper in preparation

90% CL exclusion 90% CL exclusion
1 Work in\progress —— 1 Year, 56% Lifetime - qf § Work in progress — SHM
4 ] —— 1 Year, 56% Lifetime - nq 10-41 5 —-- Halo B
107" 3 —— DS 50 - gf - expected === Mochima halo
—— DS 50 - nq - expected
~ 10742
10—41 _i 5
o]
= 10~43
§ 10423
5 DS-50 (2023) |
1044 4
-43 J | .
- T 3- Ratio
S
g 21
1044 ) g
3 bz 14
B ' T T 1 T T T - y r T 0 T T T T T T T T
08 1.0 12 2 3 2 5 10 0.8 10 12 2 3 4 5 10
My (GeV) M, (GeV/c?)
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IN2P3: DS-20k physics (2/3)

d Sensitivity to Supernovae v in the milky way APC, Cagliari

= Benefit also from low mass WIMP analysis
v E\r = 1-10 keV: coherent elastic v-nucleus scattering
v'Insensitive to v flavor and higher cross-section wrt water Cerenkov, scintillator O(10) MeV

JCAP 03 (2021) 043
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IN2P3: DS-20k physics (3/3)

d Sensitivity to high mass WIMP APC, GSSI

= Very large improvement in the >50 GeV mass range
v'Assumes detector background free in fiducial volume (20 t)
v’ After 1 month: robust cut and count should be the most sensitive LAr expt Full volume
v’ After 5 years : discovery potential beyond Xenon-nT (5 years, 250 ton.year)

Paper in preparation

[

Fiducial volume = [

(5 years, 100 ton.year) I
\ 4

DS20k - Fiducial Volume - exclusion (90% CL) 50 discovery

10746,
al —— DS50 - 2018 o
1077 —— DEAP 3600 - 2019
-l | —.— DEAP 3600 - proj.
i \ I:-— DS-20k - 1 month |
10-431 ' 1077 R
- : \\. --- DS-20k - 10 years -
N I \ N
£ 10-24 i
10744 \ 3
U = . d
Soab A yea|
LA N VL == 3
F N e i 10-48 —— Lz 2.7 y (15.3 t-y)
1046 i P e ’ —— XENONnT 5 y (20.2 t-y)
10471 i -
Sl e PMSSM11 [EPJ C 78 87 (2018)]
10_48 5 ‘-———I—-‘——'" | B v-fog for Ar [PRL 127, 251802]
= . Loy L bt . . 10-49
10t 102 103 104 0.01 10
M, [GeV/c?] M, [Tev/c?]
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DS IN2P3: Physics Summary

Dark Matter (since 2018 CS)

WIMP (Spin Independent)

Paper in preparation

Low Mass WIMP

PRD 107 (2023) 063001
PRL 130 (2023) 101001

NR

Paper in preparation

ER

ALPs, DP, v,

PRL 130 (2023) 101002 ]
Paper in preparation

High Mass WIMP —

vV

TeV DS-50 o Supernovae neutrino
< JCAP 03 (2021) 043
Solar neutrinos
GeV ﬁ (need 3x300 kton.year exposure)
JCAP 08 (2016) 017
MeV
© DS-20k .
ANR X-ArT
keV LabEx BLEND

[ IN2P3 strong implication in physics]
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DarkSide IN2P3 responsabilities

] Responsibilities in DarkSide

Name Date Task
P. Barrillon 2023- Technical coordinator of DarkSide-France
D. Franco 2016- L1 manager of “Science, simulation and computing”
2016- | Member of the Institute, Executive and Management boards
2016-20 | Coordinator of DarkSide-France, National contact physicist
: F. Hubaut 2020- Member of the Institute Board
: " b | E. Le Guirriec 2020- Czar of the group at CC-IN2P3
: E P. Pralavorio 2021-23 Member of the Editorial Board
\é 2023-25 Member of the Financial and Advisory Board
e 2023- Coordinator of DarkSide-France, National contact physicist
[. Wingerter-Seez™ | 2021-22 Member of the Review Office, Executive
Retired in 2023 » and Management boards
2021-22 | Coordinator of DarkSide-France, National contact physicist

O Implications in many Working Packages (WP)

= Coordination the WP activity of GDR DUPHY
v WP2 (Low radioactivity techniques)
v" WP3 (Detection of rare-events)
v' WP4 (Simulation & Analysis)

= Coordination of ECFA Noble Liquid WP (3.2) in DRD2 Liquid detector
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Phycisists

M. Jérédme Royon

Engineers

M. Olivier Dadoun __[R__| 20%| 0% 0%l 0%l |

Nom des personnes Statut| 2021 | 2022 | 2023 | 2024 | 2025 | 2026
APC 230%| 350%| 300%| 335%| 335%| 310%
M. D. Franco DR2 100%| 100% 100%| 100% 100%| 100%
Mme A. Tonazzo Prof. 10% 10% 10% 10% 10%| 10%
M. T. Hessel PhD 25%| 100% 100% 75%

M. T. Hugues (cot. ASTROCENT) |PhD 25% 50% 40%

Mme E. Nikoloudaki PhD 25%| 100% 100%| 75%
Mme . Rode (cot. LPNHE) PhD 50% 40%

Theése ANR PhD 25% 100%| 100%
Stagiaires M2 20% 50% 25% 25% 25%| 25%
CPPM 295%| 345%| 295%| 345% 345%| 345%
M. J. Busto Prof. 20% 20% 20% 20% 20% 20%
M. Y. Coadou CR 50%| 100% 100%| 100%
M. F. Hubaut DR1 50% 50% 50% 50% 50% 50%
M. P. Pralavorio DR2 50% 50% 50% 50% 50% 50%
Mme |. Wingerter-Seez DRCE 100%| 100%

Mme M. van Uffelen PhD 25%| 100%| 100% 75%

Thése ANR PhD 25% 100%]| 100%
Stagiaires M2 50% 25% 25% 25% 25%| 25%
Laboratoire LPNHE 70% 55% 0% 0% 0% 0%
M. C. Giganti CR 20% 15% 0% 0%

Mme I. Rode (cot. APC) PhD 50% 40%

TOTAL (FTE) 5.95| 7.50 5.95| 6.80 6.80|] 6.55
M. Pierre Barrillon IR 20% 20% 20% 20% 20%| 20%
M. Emmanuel Le Guirriec IR 40% 40% 50% 50% 50%| 50%

in 2023

2 labs (APC, CPPM)
v'LPNHE stopped in 2023

9 permanent staff )

v’ 2 professors
v'4 researchers
v 3 engineers

3 PhD students / year

—{ 5% of DS-20K]

2 internships of master 1 or 2 / year
at APC, CPPM or CERN

7-8 FTE / year since 2020
(3 Phys. + 3 PhD + 1 Eng.)

[ = Request a postdoc for 2024 ]
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DarkSide IN2P3 Funding

Type Financements 2021 2022 2023 2024 2025 2026
Equipements - £ - €| 9,000€ 9,000 € - £ - £ .
Calibration mock-up @ CERN IN2P3 - € - €| ©5,000€| 3,000€ - ¢ = FU nded by |N2P3 since 2023
Tubes DS20k IN2P3 - €| a4000€| 6,000€
Fonctionnement - £ - £ - £ 8,000 € 8,000 € 8,000 €
MoU - Fond Commun Constr. IN2P3 8,000€| 8000¢€ 8,000 £ [= Still under discussion
Missions 1,750€| 1,750€| 14,750€| 26,000€| 31,000€| 28,000€
Collaboration (CPPM) IN2P3 N - €| 4000€| 10,000€| 10,000€| 10,000€
Opération (CPPM) IN2P3 4,000 €| 10,000€| 15000€| 10,000€ 0 _
Collaboration (APC) IN2P3 5000€| 6,000€| 6,000¢€ 8,000 € 0.2 /o Of DS 20k total
COPIN-IN2P3 IN2P3 1,750 €| 1,750€| 1,750¢€ budget (110 M€ consolidated)
TOTAL 1,750€| 1,750€| 23,750 €| 43,000€| 39,000€| 36,000€

provided by IN2P3

Neutron detector & RD Labex APC 15,000 €

Calibration mockup RP CPPM 1,000 €

Calibration mockup IPhU@AMU | 10,100 €| 5,000€| 5,000€ ( _ )* .

Calibration mockup MITI 5,000 € 5,000 € - I P H U 202 1 24 - 1 Ph D + 30 k€
Calibration DS20k + info ANR FIDAR so00€| 2000€| 2000¢| ®m | gbex APC (2 022_) - 25 k€

[wissions || 1700€] 15000€| 16000¢| 7000€| s000€| 25000¢] :

Collaboration (APC) Labex APC 5,000 € 5,000 € u CN RS-M ITI (2022-23)**: 20 k€
Collaboration (CPPM) iPhU@AMU+MITI 700€| 9,000€| 11,000€ 2,000 €

Collaboration (LPNHE) RP LPNHE 1,000€| 1,000 € u AN R (2024-2 7) . 2 P h DS + 58 k€
Collaboration + opération ANR FIDAR 5,000 € 8,000 € 25,000 €

[Personnels [ [ 1a300¢] a3000€[ as500¢| ss000€| sa000¢| 84,000¢]

Thése Marie van Uffelen iPhU@AMU 10,000 €| 40,000€| 40,000€| 30,000 €

2 Theses ANR FIDAR 2s000€| sroooe| s1000€l * with |AM (INSU), LUPM (IN2P3) and CPT (INP)
Visiteurs étrangers IPhU@AMU 2,300 € 2,100 € 4,500 € % .

S IPhU@AMU 2,000 € with LAM (INSU) and LUPM (IN2P3)

Stages RP CPPM 900 €
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Conclusions

1 DS-20k: next generation of LAr dual phase TPC

» Start installation @ LNGS in Sep. 2022. First physics run foreseen in 2027
d IN2P3 coherent program to prepare first physics with DS-20k

» | eadership in DS-50 physics analysis and DS-20k sensitivity

= Simulation tools for calibration strategy and signal/evt reconstruction

= Calibration data to validate in-situ reconstruction and first physics strategy

|
> 2019-2022 2023 l 2024 2025 2026 2027 >
I Pipes fabrication
CPcP|!\t{I I;ead Mock-up tests (CPPM, CERN) - > i Installation i calib.
alibration : i- Glove/motor boxes | H M
system : | | : § @ LNGS i " Program
fabrication :
MC develop:ment I
APC Lead : P ; ;
Software § I TDR MCdata i Fjrgt Data Offline
reconstruction Signal and evént Reconstruction I ;computlng production offiine rel. challénge computing
: : E commissioned
development I
APC+CPPM ; . : : :
i Finalize DS-50 : DS-20k sensitivity i Analysis tools developments for DS-20k : First
Physics : : < - : :
Preparation analyses studies

Physics
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DS-20k Calibration

DarkSide-20k

N2
idi - hon/Labview
1 = Hau™ —— Humidity sensors
¢ § DI_,—‘—_) ! “I-Polystyrene cap
PT100 = ,
E cE ppe
8 = < 100 >MaxLArlevel
A B TR
\ j NI rack ,:3-,;?
. JQ‘ LN2 ng::i:T
SR e
Stain gauges | 3 N2 S
Cold tank
LAr LN2 LN2 TJLAr
| DS-20k || MU_CS MU_CL MUW |
Requirements / Performance
Speed of the source (cm/s) - | 3 | 2
Position accuracy (cm) +1 }
Tension (N) < 150 25-4() 5-30) 60-90
Ice formation (block) No No Yes but \ NA
limated NA
Total distance for all sources (m) | 160 (/yr) 100 30 10 100
Total nb of back&forth / tube 4 (/yr) A 35 6

A

(Option A)
-
L=12m
15 bends
Option B
ey L=9m

111 bendsT

e
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DS-20k Calibration

Tensionl (N)

Mock-up Run
November 2022

At cold without adding LN2
(flushing gN2)
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Light Dark Matter

d Low mass (<10 GeV) WIMP search APC, CPPM, UCDavis,

= Re-analysed DS-50 data, published in 2023 Romal, GSSI, Astrocent
v Improve analysis = describe bkg Ne>4 PRL 130 (2023) 101002
v Interpretations with light dark matter

New Mediator X (y +e > X >y +e)

Electron Recoil Energy (keVear)

= 0.06 0.130.20 0.55 1.10 3.10 11 21 ;-.10‘35_ —TT 510“32;‘
{%1 i I | | I I I 5 4 5
o 3 + DarkSide-50 Data — A =
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2 | D =y 107331
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x a 10 AT~ O
2 g-2-t b y s
F : + .:.; -I;
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o LDM: Fow = 1, & = 5%107% om? £ 10-3¢ “10 =
= — m = 50 MeV/c? v i P
bt M M
—— my = 500 MeV/c? o i o

~ - 10-39
LDM: Fiu = (ome/q)?, & = 5x10°% cm? [a] o

o =35
3 o i 27 THeavy X . = 1107 3
.07 A, P R o : B 10-40f Fou = 1 wonre 0191 [ 9 Fou = (ame/q)? B
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[ DarkSide-50 world leading in 20-50 (100-1000) MeV for heavy (light) X ]
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Solar Neutrino

O Sensitivity studies APC
= Solar neutrinos via elastic scattering JCAP 08 (2016) 017
v"Need >1 kton.year exposure to be competitive with Bx
v E > 600 keV (%°Ar): 7Be (2%), pep (9%), CNO (15%)
E - =—f— MC Data 0.8 - ! . ! LR : " . L N | —
' = il - CNO 1 kton.year
S s 07F  pp | E
_8 B — By — 7 1 ]
s 105 Mt . ol 0.6 Be o =
% - e ? 0.5 +’__‘ s 8 —
; 10 'iulv::""i";":g”; 3>_— E Bx Bx y E
< B % M B SNO+SK]
0 ] . - X I I ]
R e . . e Ranitii 0.3 B =
g B ~ X Bx ]
S : ’ Ene3r9Y [MGV? L Energy [MeV] L
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