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Direct Search for Dark Matter

WIMP
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Wave-like Particle-like Black holes

* Weakly Interacting Massive Particles (WIMPs)
> 10 GeV/c? high-mass;
subGeV ~ 10 GeV/c? low-mass.

* Light dark matter.

* Dark matter searches with liquid argon -> The Global Argon Dark Matter Collaboration.




* Global Argon Dark Matter Collaboration;
The GADMC e Established in 2017;
D~:‘EAI/’-3600 @SNOLAB DarkSide-50 @LNGS e >500 collaborators, >100 institutes, 14 countries.

DarkSide-20k (high-mass 200 ty)
DarkSide-LowMass (low-mass 1 ty)
L ARGO (high-mass 3000 ty)
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The ROadmap Of DarkSide Direct Dark Matter Search in the

DarkSide-20k Experiment

v'Dual-phase argon time projection chamber (DAr-TPC); B DEITE DRSS
Dark Matter session, July 18th, 09:55

v'Argon from underground source.

DarkSide-50 DarkSide-20k DarkSide-LowMass ARGO
46.4 kg active 49.7 tonnes active 1 tonne-year exposure 3000 tonne-year exposure
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DAr-TPC for High Mass

Scintillation (S1) + lonization (52);

A . . . . . E GAr 52
* 3D positioning using Tdrift and S2 distributions; -
* 128 nm -> wavelength shifter -> 420 nm; : o€
L, - e
* Pulse shape discrimination (PSD): | Egi
* De-excitation time: singlet 6 ns, triplet 1.5 us; l = T LAr
. . . & (ﬂ@ ™
* Electron recoil background rejection > 1x108; e = >X T
. . . . Sl & N\ »::__:.__-_-:_. 1
* f90: ratio of light in the first 90 ns (S1). . 7 h Ja Ty e |
wm—e |1 T
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DAr-TPC for Low Mass

* lonization (S2) signal only
GAr $2
® NO PSD; -
@ NO drift time for Z position. : e-g:
© Sensitive to single electron, g2 > 23 p.e./e’; l Edrit _ A
© Low threshold. =4 'r»x %
‘\-:_—_« 7 i = S1
% =T o \—=J 1P —
o - DS-50 DATA ’ 2 N
e T e e st VIS
o = Fit T b TS
';: - = — 1 Ext. e —
zl‘” 10 E_ o’*g""'... —— 2 Ext. e''s
B S0 T Xt t . :
s L N i i Scintillation signal (S1):
= : t* QB e\, threshold at ~2 keVee / 6 keVnr;
-1 O ™ + T . . .
2 107 L £/ & t ++++++ lonization signal (S2):
2 ff 1
7/ S/ DU VI A threshold < 0.1 keVee / 0.4 keVnr.
0 o ' § ]NS 2 L ) |
Phys. Rev. Lett. 121, 081307 (2018)
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Underground Argon (UAr)

» Atmospheric argon (AAr) has intrinsic 3°Ar radioactivity ~1 Bqg/kg;
* B decay with 565 keV endpoint, 269 years half-life;
39Ar activities set the threshold at low energies.

Phys. Rev. D 93, 081101 (2016)
~14OO — AAr Data

UAr Data

107t

39Ar is a cosmogenic isotope; 102

UAr MC Total

2140 s 60
Bi Co 85
609 keV 1.17 MeV °°Co MC “Kr

(C+P) (C+F) 1.33 MeV

39
\ (C+F) 40K MC Ar
1.46 MeV
(P) 2144

/ / 1.77 MeV

Argon from underground sources has
significantly lower 3°Ar concentration
than AAr;

1073

10°*

Events / [50 PE X kg X s]

_ . e 2 53 e
e CO2 well in Colorado, USA:; 10 E AP
) 6 L C: Cryostat
* 160 kg UAr extracted for DarkSide-50: e . PMTs
»39Ar reduction factor ~1400. 107 & F: Fused Silica
10—8_|||||| A T e e . ||
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S1 [PE]

Late g 3




DarkSide-50 Low-mass Results =52 55 s oz

* lonization only analysis (S2 only); Ne=4.

* 6.78 t-days results in 2018, 12 t-days results in 2023.
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= DS50 2022
PandaX-4T 2022
LUX 2021
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.......... DS50 2018

----- CDMSlite 2017
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LAr Neutrino Floor

The most stringent limit at
M, =[1.2, 3.6] GeV/c2




Lessons Learned from DarkSide-50

Intrinsic B from 8>Kr and 3°Ar;
y from detector materials;

Spurious electrons that set the
threshold limit;

LAr response in the low energy region.

Of course, the exposure is limited due
to the size of the detector ~ 46 kg
fiducial.

Events / (0.25 Ne x kg x day)
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DarkSide-L owMass s TR

/ Photosensors

* Dedicate to WIMP mass < 10 GeV/c?.

* A tonne-scale dual-phase Ar TPC,
* ~]1 tonne active mass.

TPC @110cm ——__ Clevios field

shaping rings

T TPC/Veto
Optical barrier

* Background mitigation: —

e Lower 3°Ar;

Ultra-pure photosensor;
Radiopure cryostat;

Radio-pure TPC material, e.g. acrylic from JUNO;
Buffer volume to suppress y backgrounds;
e Suppression of the spurious electrons.

Structural supports

TPC/Veto
_____—optical barrier

TPC photosensors
(same at bottom)

Acrylic vessel

Depleted argon
active(fiducial)
mass:1.5(1)t

* Additional strategy to lower the threshold:

* High electric field to increase g2;
e Xe doping.

PDM Buffer Veto
(same at top)

Bath Veto

Veto photosensors

Phys. Rev. D 107, 112006 (2023) pouble walled cryostat

®5) 07/18/2024 ICHEP 2024 11 &




De 1eted AI. on Production, Purification and Assay of
p g Underground Argon for DarkSide-20k
By Devidutta Gahan

Dark Matter session, July 19th, 11:57

e Further reduce the residual 3°Ar from
underground argon using the ARIA N
facility. é

* The ARIA facility:

* 350 m tall cryogenic distillation column in
Sardinia, ltaly;

* Chemical purification rate O (1 tonne/day),
e.g. for Kr removal,

e UAr purity after ARIA: 99.999%;

» Additional purification to separate 3°Ar
from 4OAr.

* Seruci-0 tested, Seruci-1 under
construction.

e
AL

350m

|I;V_!E-ll
AN L

R

4775727 P R AT
7PN

 Details about the cosmogenic £ By ,@;“MW\
activation: Astropart. Phys. 152 (2023) 102878 =4 \
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Threshold: 2 e

Depleted Argon

[y
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»

- omr e e o e oM e |

Kl . n:=2 -0

e |n DarkSide-50:

' DS-50 *°Ar measusigmienE il

Dark matter-nucleon Og; [cm?]

* 3%Ar ~0.73 mBq/kg; 10_45'5&33?03; s
° 85Kr ~1.9 mBq/kg : """" ST N SO

) 8 10 20 3040 D107 2x10? 10°
At least a factor of 10 reduction of 3°Ar per “Ar activity [uBq/kg]

pass is expected with ~10 kg/day. e s o e

e N R T NN N N S N —
m 10 E_ ..................................................................................................................................
[ . — : : ] ]
After ARIA: E\ - : : DS-50 ref.: y-rays _
e 39 ~ . 's 1072 e R (13021100 B/ v iz o
Ar 7'3 73 IJ'Bq/kg’ %’, = : +85Kr (1900+100 uBq/kg) g
* 8Kr negligible. 8 oo L2ar (13 LB
§ o , . : : —ra S .
10—5 _: ‘ .......................... So'lat.vDM{OsI.=10~44¢ T ..............
' Ci :
- 2.5 GeV 5 GeV I”Sé 10 GeV
PETETE N R | I I IR PTI IRTE
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Gamma Backgrounds

e SiPM developed for DarkSide-20k:
e Radiopure;
* Compact packaging;

DarkSide-20k Veto
PhotoDetector Units:
construction and
characterization

By Paolo Franchini
Poster session

* Cryostat: ultra-pure SS or Ti.

* Designed buffer volumes.

Structural supports
Photo Detector Module (PDM)

E PDM buffér veto E(Ethresh=i 50 keVi): TPC/Veto
= Fraction above threshold = 91% SEricelbantiet
<
>~ -1 I ____________________________ Bath veto (E = 100 keV): .| TPC photosensors
3' 10 —> . ( thresh ) o (same at bottom)
A Fraction above threshold = 51%
= : ‘ : ‘
- Acrylic vessel
C
n 10"
g Depleted argon
-1 active(fiducial)
mass:1.5(1)t
107
PDM Buffer Veto
(same at top)
i Bath Veto
10°
0 500 1000 1500 2000 2500 3000

Veto photosensors

S\\ Energy deposited in veto [keV]

/ 07/18/2024phys. Rev. D 107. 112006

ICHEP 2024

Double walled cryostat




Spurious Electron (SE)

Events < 4 e behave differently from the other S2-only events;

Determines the threshold, can we reach 2 e ?
SE study with DarkSide-50 data is ongoing.

Possible sources: impurities, delayed electrons... R&D is ongoing.

: 1g
[ —— SZ-bnly —— Siigle-scatter —— S1-Only
[ —— Multi-scatter +Mu1ti—52 —— No Pulse —
1E sk, —— other x 10 - == Getter On 0
— —tet3 L y =23 2 S S e e s o msali s ezl o cesc s Zile T = E
N =S1+82 events| 5,
10t =
3 = o532
- K
(o] | |
)
b i 2 only %
10° 5
i NW\«MMW 102
.t : etter of i Pre iminary
10 59 100 150 200 250  30¢
Hours since getter-off dT [ms]

A dedicated paper regarding the DarkSide-50 SE analysis will be posted on arXiv soon!

% 07/18/2024 ICHEP 2024 15




Calibration of Low-Energy Nuclear Recoil

 Calibration of the low-energy (< ~7 keVnr)
nuclear recoil response in liquid argon is

still missing; Phys. Rev. D 104, 082005 (2021)
* Crucial for the low-mass dark matter search =} == Fit of DS50 AmC+AmBe, ARIS, SCENE
. i Fit of DS50 AmC+AmBe
analySIS; Lok Fit of ARIS and SCENE
* Several stand-alone calibration experiments & |
. . Q
are ongoing for this purpose: < |
. . (U]
* ReD and ReD+ in Italy, with >Cf and D- =
D gun, in operation: )
Eur. Phys. J. C(2021) 81:1014 2l 4 scEnE
Eur. Phys. J. C (2024) 84:24 i doshi et al. = | | | |

0.4 1 2 3 5 10 20 50 100 250
Energy [keVp,]

* A dual-phase argon TPC test with a
neutron beam is scheduled to operate
in early 2025 at IHEP in China.




Sensitivity Prediction

« Assumptions: Phys. Rev. D 107, 112006 (2023)

 85Kr expect to fully remove; “E 10276 | 90% C.L. Upper Limits
* 3°Ar ~73 pBa/ke; U O >
* y rate based on the assay of 103 bt \PS-50 w
DarkSide-20k materials; D WU N
0 \ | TR CRESST-III
* 1 tonne-year exposure. ABERNYy

Neutrino fog is reachable!

Candidate lab: CJPL.
R&D in progress;

Dark matter-nucleon Og;

10745 B ........ ...... ..... ..... ................... ’Vfog .......... ...... ..... ........... L
R EE (index nn) ;| . : : ibj

3x107t 1 2 3 4 567890 20

Construction is expected to start in
2027. m, [GeV/c’]

e 07/18/2024 ICHEP 2024 17 % )




China JinPing Underground Lab (CJPL)

Auxiliary
a gate no.2

* |In Sichuan Province of China, close to Chengdu;
 Overburden ~2400 m rock; ‘

* Lab construction is almost complete, ready for use .

No.1

> gateway
No. 2 auxiliary ’
tunnel | _

No. 2 gateway

N~
by the end of 2024 N
y . . Hall A Auxiliary gate no. 1
Connectllng
— ST LG Sy ) \ tunnel AB ; ) P
- : > = - OMNOGOVI B3 @ Service Middle j
- B1 - - .
=% 9 B b (B4 tunnelB . connecting tunnel
e > ‘ § B2 a i Service
s & tunnel C
XINJIANG UYGUR 5 3 # INNER MONGOLIA Hohl o,f - hallis . ‘ No. 1 auxiliary tunnel
e ) ), —X p)
b2 SERE! 0 Auxiliary tunnel Traff Drainage
% ) : raffic
i ! 7 Bl Traffic tunnel service ‘ socamc tunnel
p < Tja'n}in Bo Hai I Drainage tunnel tunnel D Traffic
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e Each experimental hall measures p2  tunnelCD
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DarkSide-20k, Low-Mass Sensitivity

arXiv:2407.05813

= DS-20k - 1 year
QF - Ne- =2

.. DS-20k - 1 year
QF - Ne- =4

........... DS-IM - QF - Ne=4

— DS-50 QF 2023
PandaX-4T 2023
XENONnT 2023
PandaX-4T 2023
LUX 2021

— XENONIT 2021

——— Pico-60 2019

— CDMSlite 2018
LUX 2017

===+ CDEX-50 - proj.

i DAMIC-1K - proj.
NEWS-G DarkSPHERE - proj.

* With DarkSide-20k detector, a study [
on low-mass sensitivity has recently f
been conducted.

arXiv:2407.05813

[
o
|
H
(=]
il

>4, 35 tonneé=
* 50 tonnes active Mass,

10 -42 5 o:

* UAr with no further purification.

=
o
|

S

w

- SuperCDMS Ge HV- proj.

Lt LZ - 3 yr - proj. (HM)
B XENONnT - 5 yr - proj. (HM)
CDMS 2013
Cogent 2013
DAMA/LIBRA 2008

Dark Matter-Nucleon os,[cm 1
1

Fy

=Y

See Daria Santone’s upcoming talk for
more details on the DarkSide-20k detector.

10

Excluded region

LAr Neutrino fog n=2

3.0 4.0 6.0 10.0
[GeV/c2]

10~45

1.2 2.0
my

DarkSide-LowMass, Ne->4, 1 tonne-year

@ 07/18/2024 ICHEP 2024 19 %




Summary

DarkSide-50 demonstrates the capability of searching low-mass WIMPs with a dual-

phase TPC;

DarkSide-LowMass is proposed to have a clear path to the v-fog in low-mass regions;
* Depleted argon with further reduced 3°Ar concentration;

* Significant y background reduction due to radiopure materials and the veto
system;

e Other effort to reach lower threshold.

Many R&Ds regarding DarkSide-LowMass are underway.

Construction of the DarkSide-LowMass detector is expected to start in 2027.




Backups




S DarkSide-20k sensitivity to low mass WIMPs

90% C.L. limits
. New
Assuming 10 years of|  1¢-3 — . DS20k - 10 years

data ta king —— DS-50 - QF - 2023

PandaX-4T 2023
XENONnT 2023
PandaX-4T 2023
LUX 2021
— XENONI1T 2021
— Pico-60 2019
— CDMSlite 2018

10-40

[
o
|
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[

= Scales with \/ exposure

LUX 2017
¢, CDMS 2013
S\Feb Cogent 2013
\ O DAMA/LIBRA 2008
10743 N\ ® .
= \ /(; Excluded region
N \\% LAr Neutrino fog n=2

Dark Matter-Nucleon Oyg; [cmz]
o
A
N

=
o
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DarkSide-20k will reach
the neutrino fog around
m, x5 GeV/c? after 10
years of data collection

T IIIIIIII
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experiments

07/18/2024 DarkSide-20k sensitivity to light dark matter particles, Marie van Uffelen, iDM 2024



DArT in ArDM (Radiopurity assay)

UAI‘ PrOduCtiOn Chain At Canfranc Lab, Spain (LCS);

A single-phase detector to measure the 3°Ar depletion factor;
Sensitive to measure UAr depletion factors in excess of 1000;
DArT will soon be installed inside ArDM.

First result in
2020 JINST 15 P02024

URANIA (Extraction)
An industrial scale extraction plant in Cortez, CO, USA;

Extraction rate: 250~330 kg/day; UAr purity: 99.99%;
Plant assembly in progress.

AVA\74

Y

A

D

ARIA (Purification)

350 m tall cryogenic distillation column in Sardinia, Italy;

Chemical purification rate O (1 tonne/day);

UAr purity after ARIA: 99.999%;

Capable to separate 3°Ar from 4%Ar at O (10 kg/day). =f’

Seruci-0 tested, Seruci-1 under construction. N

Eur. Phys. J. C(2021) 81:359, Eur. Phys.J. C(2023) 83:453 Y
(7
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Details about the cosmogenic

activation:
Astropart. Phys. 152 (2023) 102878

350m




Optical Plane with 1056 channels

Photodetectors

* Cryogenic SiPMs developed with
Fondazione Bruno Kessler (FBK):

* PDE>40% @ 420 nm;
* DCR<0.01 Hz/mm? @ 77K (7 VoV);
e SNR > 8 (TPC);

* Need 27 m? for both TPC and veto.

|

C

l "”‘" —AS A - |
Pixels

SiPMs Photo Detection Unit (PDU)
. Tile (24 SiPMs
Each chip: 8 x 12 mm? ( ) (16 tiles) 20 x 20 cm?

5x 5 cm? _
with 4 readout channels

\\\\
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