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Mass, in electron volts (eV)

ULTRALIGHT | Mass range .’: y

DARK MATTER f : ~1to ~30 " - 5

solar masses
Mass range
~10-22 gV to ~10-6 eV f Experiments
: LIGO/Virgo
Experiments :
CASPEr, MAGIS-100
AXIONS

Mass range
~1GeV to ~1 TeV

Experiments
XENONNT,
PandaX-4T,

LZ, CRESST, DAMA,
COSINE-100

N

@ AXIONS = \ SUB-GeV COMPOSITE DARK MATTER
] DARK MATTER
Mass range Z > = »
~10-¢ eV to ~10-3 eV 7 ] Mass range (
‘.

Experiments 7 g I ~1 keV to ~1 GeV
ADMX, MADMAX, Experiments
QUAX, CAPP-8TB SENSEI, TESSERACT

Artwork by Sandbox Studio, Chicago/Symmetry Magazine

Samuel Velasco/Quanta Magazine
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Dark Maker seavch stvategices
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Indivect Method
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FH

Frats I 3E8a =R AR 5 5
o ZHMRNEZIZA "BIETh"
o B%E: BEEANE. B

Directional Light+Charge Detectors Superheated Liquids

Targets: CF, Targets: Two-Phase Noble Gas Targets: CF;I, C/Fy,

DRIFT, NEWAGE, XENON, LUX, PandaX, DarkSide- PICASSO, COUPP,
MIMAC, DMTPC 50 PICO

Pure Ionization
Targets: Ge, Si, CdTe
IGEX, HDMS, CDEX,
CoGeNT, COSME

Pure scintillation (Scintillators)
Targets: Nal, Xe, Ar, Ne, CF,
ZEPLIN-I, NATAD, DAMA,
XMASS, DEAP, CLEAN

i Light+Heat Bolometers
cm&‘sr gSel:i)g‘eC,g;VIS LUOORS Targets: CaWO,, BGO, AL,O,
9! 'y e y
EDELWEISS BF CRESST-II, ROSEBUD

y

Pure phonons (Bolometers)
Targets: AL,O;, TeO,, LiF
CUORE, CRESST-I

BT E RN

HE., BN

SAia
SNOLAB
DEAP
CLEAN
PICO
NEWS-G

Lo ¢
*

United's

: Soudan
Wi COMSII
& CoGENT

e
1 0—38

1 0—40 L

107

1 0—50

Boulby
NalAD
ZEPLIN I/11/Ill
DRIFT I/ll

Frejus
EDELWEISS

CanFranc
IGEX

ROSEBUD g

ANAIS
ArDM

FRT AR

YangYang
KIMS, COSINE
g Turkey 1

e . i Soutn Roresk-

namioka

FO Gran sasso ; Y IS

NEWAGE

Thaang PICOLON
JINPING

PANDA-X
CDEX

1 ¥ nge XENON
DarkSide
NEWS

South Pole -
DM:-Ice Masaki Yamashita, TAUP19

ESST=H

10 100
m, (GeV/c?)
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SuperCDMS
Edelweiss
CRESST
CDEX

SuperCDMS

e CaWo0, iSticks

- reflective and
scintillating housing

light detector (with TES)

—— block-shaped target crystal ——

(with TES)

(with holding clamps & TES)

CRESST

10 100 1000
m, (GeV/c?)

dark matter (~GeV)

Recoil energy
(~keVnr)

dead layer~Imm, HV~3000-5000V

CDEX



SuperCDMS3LEG

e SLIE=E: Soudan > SNOLAB

o IRNzS: S4EGe, Si
o‘_1"|5,m§: ~15 mK

o IZIP: F='¥+ R, E_,%@EPZIKFEE&%U

Interleaved Z-sensitive lonization
and Phonon (iZIP) detectors

b Ad Dark Matter

Germanium

recoil energy

(tens of keV)

12 phonon channels, 4 charge channels
Low bias voltage (~ 6 V)
ER/NR discrimination

M. Wilson, IDM 2022
C M. Albakry et al. arXiv:2203.08463
UTE

N /SUPER

~100V (eg. CDMSLite, 1. SGeV/CZ) \

iZIP

si Ge High Voltage (HV) detectors
Oph 19 eV 33 eV k2
Och 180 eV 160 eV

Thresholdg, | 175 eV 350 eV

-
-

HV

Si Ge

>IIIDIDT

Oph 13 eV 34 eV

12 phonon channels
High bias voltage (~ 100 V)
Low threshold

Thresholdy, | 100 eV 100 eV

arXiv:2203.08463



S. Zatschler, TAUP 2023

SuperCDMS3LEG

o IXMEE@SNOLAB(initial payload)
o ®100x33.3 mm, 1.39(0.61)kg Ge(Si)
o Ge: BAIBY=E
o Si: B{ERFE(100eViZsNIE rrL 737, 091801, 2023)
o ~30kg, 6X4 det, 12 iZIP(10+2), 12 HV(8+4)

0ot

o STIGTTX
o Infrastructure at SNOLAB under construction
o Full-tower testing underway at CUTE and SLAC
o First science run with initial payload - early 2024
o First results - 2025

— 1
=

v Seismic.platfor-/’ 10

Detector tower




SuperCDMS3LEG

o {JiE

[y

o WIMPs (incl. AM, Migdal...)
0 1043~10-44cm?

o BBy, T

o Pk

o fEARETH4aH

o BRIARZYR:

o FETMHEARNER:

ANA =Ky

Z N\
Ebinlz AR

~ eV:;l-EI-,=

dl]

o ETHMIFEFTCF RN EERIER

o lB/ImBERRAEENE, B
S=N[=3

BHERIUTS

B#=E

“Traditional” NR

B Low Threshold NR

B HV Mode

B Electron recoil

. Absorption (Dark Photons, ALPs) HV, no discrimination

leVv

—

Dark Matter-nucleon og [cm2

1 keV

10740

1074

-t

<
S
N

1074

o ~ . -
Uty - —_10 7

055~ - . .
ity - - - Projected Goals
—— \ . .-l
Veutrip o R \ 1078
),LU(_\ b

iZIP, "background free” 2 5GeV
iZIP, limited discrimination > 1 GeV
HV, no discrimination ~0.3-10 GeV

~0.5MeV - 10 GeV
~1eV-500 keV

HV, no discrimination

“Traditional”

1 GeV

1 MeV

1TeV

1074

1075

1075

Dark Matter-nucleon ag, [pb]

arXiv:2203.08463 \°'

Dark Matter Mass [GeV/c?]



. H. Lattaud, IDM 2022
: SRl17AN J. Gascon, IDM 2018; TAUP 2019
Ed e IWe I SS*E‘—‘L E. Armengaud et al, JINST 2017

o HRMEs: S2EGe e 28

shield (internal)

1 AL — B
o SLIS=: Modane e

o TYERE: 18 mK
o ®70x40 mm, ~870g/det, ~20 kg
o XWHH: EBE+EH

detector chamber

-

internal PE shield at 1 K

lonization yield

internal lead shield at 1 K

o
©

06 | FET boxes at 100 K

Bolometer boxes at 300 K

0.2 . .AmBe source _|
[ EDELWEISS FID

I I | | Lol )
0 20 40 60 80 100 120 140 160 180 200
Recoil energy (keV)

12



EdelweisssCLg

o Ak
o FRMIZE: ~1kg
o BB HEER: 20 eVee
o mFHEER: 20>10eV
o FET(100K)>HEMT(1K)
o @E (FFIK) =BT
o 33+200giz{T@Modane

Inner NbSi Outer NbSi half

Top Al grid
t electrode

half

Bottom Al grid
electrode

BEE DR, 4.46 eVee
SHTE{E: 30 eVee

10732

o 200g: NbSi Transistor Edge Sensor (TES) 102

o FELERMIEE/RCRYOSEL

o 40g Ge detector, o= = 20 eV, 200 V bias

o [&{EHeat-onlyZAJE

o YIEBR
o MeV—GeV, %?&;EF\ *Z}i;q]
o XWHH: 0(1043)cm2 @ 1GeV/c?

1073
1073
1073
107%7
10738
107%°
10740
1041
10742
107
10~

WIMP-nucleon Sl cross section (cm?)

Migdal effect analysis

1028

—_~
E
o 10—28 i
N
c -
.9 30 =
2 30 &
5 10
(O]
i
& 10—32 i
o
(©] Lo

-34 | e
g 10 LUX migdal Sl
Q — CcRESTANSI T EOSSSEE
) _36 | — Edelweiss migdal RED20 T~ TS=~o_
3 107°° ' — coexmigaai 2021 Rl b e
CIL —— nu-cleus 2017

XenonlT migdal

—-38 |
= 10 ——- Cdex migdal Sl
= = This work, NbSi209 Poisson 90 % CL

102 10°

WIMP mass MeV-c2

107 T

1012

0.1

CDMSLite

EDELWEISS-Surf

-
_____

WIMP Mass (GeV/c?)



CRESSTSLES

o SCIHZE: LNGS

o IFMEE: CaWO,FRE:

o TYERE: 15 mK
o ~24g/det, ~240g
o XWHH: MR+ 2%

Main absorber: (2x2x1) cm3
e.g. CawO, (24 9)
Al,O;-sapphire (16 g)
LIAIO, (109)

Si(99)

iy

€— light detector (with TES)

- reflective and
scintillating housing

- %

e CaWo0, iSticks

—— block-shaped target crystal
(with TES)

H. Kluck, TAUP 2019
J. Cooley, IDM 2020
C. Strandhagen IDM 2022

Liquid Nitrogen

Liquid Helium

SQUIDs

Cryostat

Gas-Tight Box

Ii 5
I

|54

1

*

Light Yield

(with holding clamps & TES)

Cold Finger

Thermal Shields

TER || [ — Detectors

Polyethylen
- Water
Il Muon veto
T External Lead
== Internal Lead
Copper

[
40 50

Energy (keV)

I
100

150

14



CRESSTSLEG

Name Material Holding Foil Mass Threshold
Comm2  CawWo, bronze clamps no 245¢ 29eV
e CRESST-III phasez TUM93A CaWO, 2Cu+1CaWO, vyes 245g 54 eV
Sappl AlLO, Cu sticks no 15.9¢ 157 eV
o Run3: 2020.11-2021.8 Sapp?2 AlO, Cu sticks yes 15.9g 52 eV
o SD results from Li1 detector Lil LIAIO, Cu sticks yes 11.2g 84 eV
Si2 Si Cu sticks no 0.35¢g 10 eV
Proton-only Neutron-only
» -lIIL|112022 T CRESST-III Lit 2022
© 9~2 kg(1 OOdet) g:gw “zg: EJSW
o DAQFt#, 2023 <1 B idivmmrem
.—.: A ~ LS @ 107 § g 107 A\
\— 5 b= c 5 ... N i
o BEEIE R B SN
= & § 100F i .
o EUEIE.. g0 3R B 58 e e
o (RBEX AR £ ' 5 & 9F  bestbetween TN
o 200eVIATagaF §0 PP A0 L o SOReRALR GRS
/6T 02 03 2 3 456 O
SRR Dark matte1r particle mass (GeV/c?) sl Dark matte1r particle%'nass:s(G:V/cz)
EXCESS Workshops

Dark matter particle-nucleon cross section (cmz)

BN
6]

arXiv:2207.07640



CDEXSE (£EritHl)

o SCI=: CJPL
o RRNIZS: S4ktE
o TYREE: 77K
o >10 kg PPC Ge (EBfH: BE, ~1kg/det)
o IEHEIIZ +ERFEHR>RERE (Fi% +5Fik)

dark matter (~GeV)

dead layer~Imm, HV~3000-5000V

CDEX-1A/B (2011-2018) CDEX-10 (201¢-)
2 x PPC(~1 kg) 10kg EZ=HRES]
BREERS




CDEX results
FEAE. FK

O

H(E
~2 cts/(keV-kg-day), 160 eV,

SYEEE

O

O

O

O

SI/SD (PRL 120, 2018)
Migdal&sz (PRL 123, 2019-1)
FEIEHIN (PRL 123, 2019-2)

KBR4F / shFEEIR (PRD 101, 2020)
KBARESE T / BECFHEYIE (PRL 124, 2020)
EBFRzth (PRL 129, 2022-1)

SFEEZI0E (PRD 106, 2022)
Z2rEMIE(PRL 129, 2022-2)

XA SIREYIREBEF /% (PRL 132, 2024)

DM-electron recoil

L

e

1072

1073F

]U—Iil

1(]—30 '[

10-%F Foum(g) < g~

1 ~——————

10!

1 10 10% 10% 10*

Zhang et al., PRL 129, 2022 "MeV/]

10! 1 10 107 103 10
my[MeV/c?|
Fermionic DM absorptlon
10*43
LHC (2018)
]0744 i
a0 4.
g 10 This work
§107% \’MJ/\’
f=1
3
g 10" W
=
Z 107 MJD (2022)
10 49 | PandaX-4T (2022)
e >
10 10°
m, [MeV/c?] .
Dai et al.,

PRL 129, 2022

DM-nucleus 3 — 2 scattering

m—— £=0 (¢p=Dark photon) C10-B1 (This work)

—— £=0 (¢=Dark photon) MID (2022)
—— £=1.87 (¢=Bound state) MID (2022)

10 10
m, [MeV/c?]

17




“OEEE

¢ CDEX-SO LN, tank

1725m?3

O CJ PL‘” I} j(ﬂ'uﬂ_ﬁ%’rﬁfﬂn Sr?ac;etector
> ~50 kgBE5|PPC/BEGe

@ C1 hall, CJPL-lI

— -

o REYIEIRNRBE
o ANJEE < 0.01 cts/(keV-kg-day) e AN

o [B}{& 100-200 eV 10 A\

5 CDEX-10
= = =) B :
o BFt= ~50 kg-year b =
“e . 107* = 'pef% .
o Sl Sensitivity ~1044 cm? . Wi
* CDEX-50
1072 . Projected
“.‘(~ 100 eV, 0.01 keVee'Kg 'day™, 50 kg-year )
10—44 | T |- --------------------




FE faTs

e DAMIC
e SENSEI
e OSCURA

>

11111

11111

..........
10 1

Saeft (CCD) IRUFZA

19



DAMICZLLS (Dark Matter In CCDs)

=<

¢ =L

o IRMZF: CCD
o/ CCDs, ~40¢g

o TRRE:

o (RN ERERA BE

o IEE{RRYIREFIRSE
o < 0.001 e/pixel/d
o 2x10-22 A/cm?

~100 K

©Z: SNOLAB

A.E. Chavarria, TAUP 2019
P. Privitera, TAUP 2019

D. Norcini, IDM 2022

P. Privitera, TAUP 2023

y ) CCD Box
Pixel array "
/~__ pixel 1 ! “x

N —

S

Kapton
signal cable

Copper
module

15 pym

Pixel charge distribution -
= Low-energy Electron
[ candidates
10 i
10 L

o]
»
16x15 pm2
pixels

26
Energy / eV 5 10 15 20




DAMICSLES

e DAMIC-Modane
o 200 CCDs, ~3.5 g/det, 6k x 1.5k pixels
o SkipperizEd], 0.2e- (< 1eV) at 650 skips
o JREYZ \gﬁ 10%
o 24 6k x 4k CCDs, ~17g#E[RE

o EBF5% (PRL 130, 2023)
o BIYEHIRIAL (arXiv:2307.07251)

|. Arnquist et al, PRL 130, 2023

= DAMIC-M, this work Fou = (o m/q)?

- = = DAMIC-SNOLAB (2018) —— SENSEI {2020, recasted) ultra-light mediator

= = EDELWEISS (20200 - SupsGOMS (2019)
= GDEX-10 (2022) —— DarkSiga-50 (2023

. == = BENONTT (2022) e Pandak-ll (2021)
A " meme XEMOMN10 (2017)

- -
- a=
- - =
s —— -
== L

-
-
-------

|
]
' gy
e Ly
Vacuum system JESNEd A 4
o 'l

TS BB 7 5 JRBUSLEG R4

electro formed
copper at PNNL

Box with two CCDs




L. Barak et al, PRL 2020
Lauren Hsu, ICHEP 2020

7 A o
SENSEIZCES 3 ol 011 202
affold, IDM 2022/TAUP2023
e SCIE=: MINOS Hall @Fermilab l l l A EEEEI00K

— il (v 2.5e>0.14e

o IXMZE: skipper CCD s
o =R, 675 umE
01.59 x 942 cm?, ~2 ¢ -

o ~5.5 Mpixels of 15x15x675 ym3 each

: 10727 e
= = E
[=1= ek
o MVR3—flge /= 1020
10729é_ -
10—3();_ “\‘
10731
copper 1 - 3 F
base 10_325-
(inside) o F
£ 1073
=2 wuf E
w1077 PSS = 1
10_35 i_ < -"‘.-\'pmmSEN{?}EI@MINOS —|
E o T
10736 ™ NI A ;
;br \"’O\_ "'.'
107 T 3
F L ezl
copper " = -38f ez
cover _quadrant2 | quadrant4 107" _ N L
(inside) I | quadrantl | quadrant 3 1 0739;_ DM-—e scattering Benchmark g
D& [ ) £ Fou= Models < _ KENONIT
107405y 0 R
10 10 22

m, [MeV]



SENSEIZCIE@SNOLAB

o IPRSITX!
o 12 skipper CCDs (~259g) deployed
o IRTEHIIL, 125-145K
o 248 skipper CCDs (100g) in total

arXiv:2312.13342

—

=
W
w

BELL JAR

_

<
L")
2

481 - i
sehlie! — i COPPER
S LY y =1 SHIELD

—

=
W
wn

SERVICES Solar—reflected DM

Dark Matter — Electron Cross Section [cm?]
Dark Matter — Electron Cross Section [cm?]

» L. y (dark—photon mediator) 2=
(8 —- .| VOLUME = -37 - Lo .
- SILICON SUBSTRATE : / s 1036 10 s L
i ELECTR) Fypont’s N
! Sl 103 \ i
(O
10737 sl
]0—39: 2 . _,-"' |
f Benchmark S 77
: e — — D' ; Fou=(am,/q) [ Fpy=1 o T xeno TS
. < . = - 3 1073SL A ul ]0740.; 1 N~ — —
COPPER TRAY BASE . : 1072 0.1 1 10 10? 103 10 102 103
DM mass [MeV] DM mass [MeV]

SENSEI@SNOLAB DM-e interaction 23



OSCURASZLLG

ZEECCDLISHERSHK

->10 kg skipper CCDs, & 8E/KRE
okg reduction
FHf, 30kg-y

- 2-order

v’ Evaluation of new sensors

v" Demonstration of MCM readout

v Decision on cold-end electronics
SM full backgrounds simulation

|

R&D Design

Sensor packaging facility
Integration test (10%)

|

Construction

Sensors, cryostat and

electronics at SNOLAB
for assembly

v

7 Operati&n\

/ﬁ

Sensor preproduction
Operation of SM in LN2
Project Execution Plan

1

Full DAQ
Shield at Snolab

Vv

7, [em?]

3m

LN, pressure vessel @ ~450 psi

arXiv:2202.10518
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RSH A MRLIES

o {[LERTUIRNFA
o XENONNT
o LZ
o PandaX

o {MEREIRNFIA
o DarkSide-20k

o {LEBRZTIRNIZA

o
1 0—38
1o=+*

££10—42 slde\—SO ESST=M
&
5510-44

for=e

10—48

1000

44 Ar purification by

&8l 350m high

B8l cryogenic distillation
Gy COlLMN

2002110000
110

Dual phase TPC 25



ARmMTPCHRNISEIS (G2)

PandaX-4T @CJPL LZ @SURF
3.7t LXe target 7t LXe target
Running 2020- Running 2021-

XENONNT @LNGS
ot LXe target
Running 2021 -

26



WIMP-Nucleon S| Exclusion Limits from PandaX From N. Zhou

Stable data running period: 95.0 calendar days (0.63 ton-yr exposure)
Sensitivity improved from PandaX-Il final analysis by 2.6 times at 40 GeV/c?

Dived into previously unexplored territory, Approaching the "low E”
neutrino floor.

® After tritium removal, expecting another order improvement with a 6 ton-yr
exposure. 10

—
|
N
=S

—
|
S
($)]

—
|
o
(o)}

eon cross section (sz)

—k
|
19
~

10 10° , 10° 10°
WIMP mass (GeV/c?) 27



Low mass DM limits from PandaX

e Lower S1 selection threshold to 2 hits (2=0.3 PE)
e Strongest constraints on WIMP in 3-10 GeV region

]

2
—
=

I

[~

m—— this Letter
Sensitivity (£10)
v floor

[— —
i =
I Y
= L

[—
=
|
I
()]

.

DM-nucleon SI cross section [cm

—
=

7 8 9 10
DM mass [GeV] PRL 130, 021802 (2023)

%
B
Lh
N
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LZ results

Outer Detector

acrylic vessels...

17 tonnes Gd-loaded|
liquid scintillator in

A. Fan, IDM 2022
B. Boxer, TAUP 2023

10 44

SR1 data taking 23 Dec 2021
to 18 Apr 2022

60 live days exposure usinga g 10
fiducial mass of 5.5 t E
Highest sensitivity to SI S 107}
WIMP-nucleon scattering for 2
masses greater than 9 GeV/cc £
Planning for a total 1000 live i
days (x 17 more exposure

than SR1 T

9.2 x 10-48 cm?
at 36 GeV/c?
! PO S B U P 1A ) P [ [ ot T by

PRL 131, 041002 (2023) -

4

10° 10° 10

WIMP Mass [GeV/c?]

The green and yellow bands are the 10 and 20 sensitivity bands.

The dotted line shows the median of the sensitivity projection. 29



XENONRNT results

e 1.16 ton-yr exposure (~2 times XENON1T ER search)

Knut Dundas Mord, IDM 2022
F. Gao, private communication
Z. Xu, TAUP 2023

July 6th-Nov 11th 2021

e Bkg rate: (16.1 £ 0.3) events/(ton-yr-keV) (~20% XENON1T)

XENONLT observed a peak in its ER spectrum below ~7 keV

120

Events/(t-y-keV)

1005
80 f
605
40}

20}

XENONI1T

(H-I'H—T"I II}I;I{ }I{; IHH%
S0 15 20 25 30

Energy [keV]

Most likely explanation of XENONI1T
excess is a small 3H contamination.
XENONNT, taking steps to reduce
tritium outgassing sees No excess.

3H control

Two months of outgassing, and purification of gaseous
xenon with Zr getters and 3 weeks of gaseous xenon
cleaning reduces possible hydrogen contamination.

30



XENONRNT results

1 o sensitivity 2 o sensitivity

10—43

o WIMP%#7(SRO)
0 1.09+£0.03 ton yr
02.58x10-4" cm? @ 28 GeV/c?

PRL 131, 041003 (2023)

10—44 :

10—45

e SRT

10—46
> Lower 214Pb background rate |

WIMP-nucleon cross-section o5 [cm?]

(~ 50% SRO level) 1077 F

o Insert Gd into neutron veto b |
to further improve tagging 10 10 102
efficiency WIMP Mass Mpy [GeV/c?]

o More exposure Upper limit on spin-independent WIMP-nucleon

cross section at 90% confidence level
31



F—UR@LEE(G3)

® PandaX-30T: EHF AT

® DARWIN: DARK matter Wimp search with liquid xenoN

O

O

O

Two-phase LXe/GXe TPC
50 t total LXe (40 t target)

Top and bottom photosensors (~1800 3" XENON PMTs)
PTFE reflectors and Cu field-shaping rings
In-situ purification plus krypton and radon distillation (background

mitigation)

Veto detectors: water Cerenkov for muons with Gd doping for

neutrons

WIMP-nucleon 05! [cm?]

10—44

10~47k
=

10—48 ‘

1 0—49

10—50

M. Galloway, IDM 2022

......

arXiv:2203.02309

Estimated neutrino fog

1 __J=Siig sy

IIIII 1 1
102 103

WIMP mass [GeV/c?] 32



M. Galloway, IDM 2022

_F_,f-%}ﬁ'zﬁggg{ﬁ(ca 3) XLZD Consortium (Xenon LUX Zeplin DARWIN)

e World leading researchers with more than twenty years of successfully building
liquid xenon Dark Matter detectors unite forces in the XLZD Consortium

e MOU signed July 6, 2021 by 106 research group leaders from 16 countries

e Community whitepaper with combined science goals, background
considerations, priorities - posted March 2022, arXiv:2203.02309

A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics
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Exclusion 90% C.L.
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DarkSide-20k (20t fiducial mass) |
o DS50+DEAP-3600+ArDM+MiniCLEAN oo
o 50t UAr dual-phase-TPC in 700t AAr cryostat i
o Fill the detector by the end of 2026

o 200 t-yr exposure

o5 [cm?]

10481 SSe L

UAr source and purification 10y
o Extraction of 250 kg/day, with 99.9% purity in Colorado

o 350-m tall cryogenic distillation column in Sardinia

o O(1 tonne/day) with 103 reduction of all chemical impurities

o Isotopically separate 39Ar from 4%Ar (at the rate of 10 kg/day in Seruci-I)

GADMC: Global Argon Dark Matter Collaboration

o Multi-national collaboration, >500 scientists from >100 institutions
o ARGO, ~300t TPC, 3000 t-yr exposure for high mass WIMPs
o Darkside-LowMass, 1 t-yr

Projected Sensitivity DS-20K

DS-20k
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Dark current between LHe detector's anode and cathode, 3 mm liquid nitrogen.
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o FEFHIRUNIRN
> DAMA/LIBRA
> ANAIS-112

o COSINE-100

WIMP Wind
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https://indico.cern.ch/event/1188759/contributions/5230561/attachments/2622519/4534672/belli_DM2023_web.pdf

Annual modulation from DAMA results



— A Astroparticle Physics European Consortium (APPEC)
\ ’HT - ET Recommendation: “The long-standing claim from
DAMAEI’J WSk DAMA/LIBRA [...] needs to be independently verified
using the same target material.”

e ANAIS-112@LSC

o9 Nal(Tl) crystals (1125 kg) @ COSINE-100@Y2L
o No modulation and discard DAMA
with ~3c sensitivity

o 56 sensitivity in late 2025

Active vetoes

o 106 kg Nal(TI) crystals, ended in Mar. 2023

o ~7o negative modulation (opposite phase)
from the COSINE-100 data using
DAMA/LIBRA’s method

o Upgrade and move to Yemilab

1-6 keV modulation amplitude

COSINE-100 0.0067 + 0.0042
| . / LA DAMA/LIBRA 0.0105 + 0.0011
20 cm lead ;
D ey ANAIS-112 —0.0034 + 0.0042
40 cm neutron shielding

Ivan Coarasa, TAUP 2023
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COSINUS | 77
@ LNGS

DAMA IS
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E. Baracchini, IDM 2022

e — S N - 1N I - J. Billard et al 2022 Rep. Prog. Phys. 85 056201
E: j:'/_\l‘r”Jj: ° ? | O I}/'_'\\I-”J N g/‘—\ Jean-Marie Coquillat, TAUP 2023
S l:’ 7kl e } 7kl — \_L Valeri Tioukov, TAUP 2023
e NEWS-G

o Spherical proportional counters
o Tested in LSM and operated in SNOLAB

e CYGNUS

o 1000 m3 gaseous NITPC detector for WIMP
searches through nuclear recoils low-P— £ 0 '~ 000

o Helium/Fluorine gas mixtures at 1 bar
o Multiple underground sites and staged X"; - 2-dim
expansion(Boulby, Kamioka, LNGS, Stawell) R

o NEWSdm @LNGS ey ANV

o Directional dark matter search with
nuclear emulsions

o Nano imaging tracker

Directional detection helps to
penetrate neutrino fog

DM and solar neutrinos event rate as a
function of some angle ¢ on a two-
dimensional readout plane at 12 h time
distance or 180 degree of longitude 39




Cross Section [cm?]
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spin-independent WIMP-nucleon interactions
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Report of the 2023 Particle Physics
Project Prioritization Panel (P5)

EXplonng It:JltérT1i|'1ate
the Hidden
Quantum Universe

Universe Determine the Nature
of Dark Matter

A comprehensive program that includes a
Generation 3 (G3) Dark Matter experiment
will probe the enigmatic nature of dark matter...
The recommended program also invests in
multi-messenger observatories with dark
matter sensitivity, including lceCube Gen-2,
and small-scale dark matter experiments
using innovative technologies.

https://www.usparticlephysics.org/2023-p5-report/
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