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Mass, in electron volts (eV)

ULTRALIGHT | Mass range .’: g

DARK MATTER / 5 ~1to ~30 = i s

solar masses
Mass range
~10-22 gV to ~10-% 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 ™ 8
~10-¢ eV to ~10-3 eV / Mass range aget
/ 0w

Experiments 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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CLEAN
PICO
NEWS-G

= Erejus - e e 4 YangYang
B i-m %n \ ﬁ Y . ; SOELEEDS . 2y S : & & KIMS, COSINE
ll\ | W 1\\\/\\\ b, LJS | ] L8 Soudan o = oo S ramioka

Wowe | COMSII XMASS

FH

Canfranc (0% Gransasso | 2

\
A}

DarkSide
NEWS

CDEX

W CoGENT 551 ; 107 . NEWAGE
IGEX % DAMA/LIBRA | :
N Y7 —,—_H_ 17 - ROSE %’ : Thaisnd PICOLON
OSEBUD Ml CRESST INPING
y 71 ANAIS JN e XENON SARDAK
Colombia ArDM i

. i‘z’l_%%“: EJEEZIKFEE

South Pole B
DM-Ice Masaki Yamashita, TAUP19

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, NATIAD, DAMA,
XMASS, DEAP, CLEAN

Heat+Charge Bolometers

Target: Ge. Si Light+Heat Bolometers 10748 q:ﬁ%zk}ﬁ 10-12
Bty s Phonons Targets: CaWO,, BGO, ALO,
S ) - CRESST-II, ROSEBUD
EDELWEISS FA 2 10-50
1 10 100 1000
2
; m, (GeV/c*)

Pure phonons (Bolometers)

Targets: ALO,, TeO,, LiF Dark Matter Limit Plotter,
CUORE, CRESST-1 ..
https://supercdms.slac.stanford.edu/dark-matter-limit-plotter
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SuperCDMS
Edelweiss
CRESST
CDEX

SuperCDMS

NFN

- reflective and
scintillating housing

light detector (with TES)

(with TES)
~————— CaWO0, iSticks

—— block-shaped target crystal ——

(with holding clamps & TES)

CRESST

10 100 1000
m, (GeV/c?)

dark matter (~GeV)
x

Al
Recoil energy
(~keVnr)

dead layer~Imm, HV~3000-5000V

CDEX



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

SuperCDMS3LLSG Gire i

e SLIS=": Soudan > SNOLAB

o IRNZE: S4EGe, Si
@ _1’|E,ﬂm§: ~15 mK < Ak
(iZIP: AT +FER, AT RMARES

i ~100V (eg. CDMSlLite, 1 SGeV/CZ)

Interleaved Z-sensitive lonization izIP
and Phonon (iZIP) detectors si Ge High Voltage (HV) detectors
A ph 19 eV 33eV %
Germanium Och 180 eV 160 eV

Thresholdgh | 175 eV 350 eV
recoil energy
(tens of keV)

pppppp HV
Si Ge
Oon 13 eV 34 eV
12 phonon channels, 4 charge channels Thresholdgs| 100V | 100 eV 12 phonon channels
Low bias voltage (~ 6 V) High bias voltage (~ 100 V)

arXiv:2203.08463

ER/NR discrimination Low threshold



S. Zatschler, TAUP 2023

SuperCDMSELCEE

o IFMEZE@SNOLAB(initial payload)
o ®100x33.3 mm, 1.39(0.61)kg Ge(Si)
o Ge: Ej(ﬂé?‘é\ /%
o Si: E{EKERE(100eVZNIE PR 737, 091807, 2023)
o ~30kg, 6X4 det,12iZIP(10+2), 12 HV(8+4)

o SCIwITXl
o Infrastructure at SNOLAB under construction
o Full-tower testing underway at CUTE and SLAC
o Commissioning of the full experiment- mid of 2025
o First science data-taking- the end of 2025

0acacd

T
& Seismic.platform " 10

Det'ector tower




SuperCDMSELCEE

o YIIEHER
o WIMPs (incl. AM, Migdal...)
o 1043~104 cm?
o BEYEF. HHT
o Bk
o ERAZRIR: BEERBD IR
o BEIMATR: ~ eViBE
o AIMIEESNF RN EEARIR
O HE‘/?FEE_Juwmjjm%ZIKFE, H#=
X FEXNK

' “Traditional” NR

B Low Threshold NR

B HV Mode
B Electron recoil

iZIP, "background free”
iZIP, limited discrimination
HV, no discrimination

HV, no discrimination

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

leV

1 MeV 1 GeV

> 5 GeV

21 GeV

~0.3-10 GeV
~0.5MeV - 10 GeV
~1eV-500 keV

“Traditional”

107

1075

arXiv:2203.08463 ||
10

Dark Matter Mass [GeV/c?]

/
=
4
Dark Matter-nucleon gy, [pb]

1TeVv



H. Lattaud, IDM 2022
J. Gascon, IDM 2018; TAUP 2019
E. Armengaud et al, JINST 2017

EdelweisssCL

Polyethylene
shield (external)

=i

e SLIG=E: Modane
o RMIES: =2EGe s 8

shield (internal)

O __ﬂziﬂ?ljg: 18 mK
o ®70x40 mm, ~870g/det, ~20 kg T
o WHE: BHE+EH

EDELWEISS-II (860 g Ge)

14+ -+ Nuclear recoil calibration
500-day exposure, low-radioactivity detector chamber

=~ 12f XS internal PE shield at 1 K
S 100
< internal lead shield at 1 K
= & i
o 8t 23
g FET boxes at 100 K
w 6t A:g;_‘..
c A
S "\ eat R€ Bolometer boxes at 300 K
S af W™
2 45
=

PR 1

Heat-Only events
0 : R

o

2 4 6 8 10 12 14
Heat Energy (keVee)

12



EdelweissSCLg

o FAHELX
o IRMBE: ~1kg
o BEDHEER: 20 eVee
o EFOHEER: 17>10 eV

Outer NbSi half

Top Al grid
t electrode

Bottom Al grid
electrode

o FET(100K)>HEMT(1K) 8 I b oVee

o BE (FFHK) BRIB1T
o 33+200giz{T@Modane
o 200g: NbSi Transistor Edge Sensor (TES)
o FrEdRNIEEARCRYOSEL
o 40g Ge detector, o= = 20 eV, 200 V bias
o fE{KHeat-onlyZANJE
o YIEBTR

o MeV-GeV, BFRH., &/
o XFB: ¢(10-43)cm2 @ 1GeV/c?

WIMP-nucleon Sl cross section (cm?)

-t
S
W

10742

Migdal effect analysis

10—36 .

10—38 .

R
~
~
N
Sao

LUX migdal SI
— cresTmst N
—— Edelweiss migdal RED20 = T~ TT~~__
— CDEX Migdal 2021  ~_ ——— T~
— nu-cleus 2017
XenonlT migdal
—=- Cdex migdal SI
= This work, NbSi209 Poisson 90 % CL

102 103
WIMP mass MeV-c2

WIMP Mass (GeV/c?) 13



H. Kluck, TAUP 2019
J. Cooley, IDM 2020

CRESSTLis CRE SST

Liquid Nitrogen

SCISEE: LNGS

IRMSE: CaWO, GRS
o T/EEE: 15 mK

Liquid Helium

SQUIDs

Cryostat

Gas-Tight Box

©) ~24g/det, ~240g - Z - Cold Finger

o XUB: RMRE+E=H |- | [Sim——

CRESST-IIl phase2 3| 1= —
B water

= I'r Hl I Muon Veto
T External Lead
I ! £ Internal Lead
Copper

o Run3:2020.11-2021.8
o SD results from Li1 detector

oE —=—
o >~2 kg(1 OOdet)
o DAQFZK

o IRIEEBATL e ot o T -
o E{E\El\nj]{g e.g. CaWO4 (24 g) scintillating housing s%
o E@E%M_{ AI203—Sapphire (16 g) <— light detector (with TES) EO
O {EEﬁEEZIKJEEH% LIAIOZ (10 9) —— block-shaped target crystal —

H (with TES)
o 200eVLIREEIIATH SIO0) R s

4 2 '
1‘__’_%747:$:F (with holding clamps & TES)

. 1 . 1 .
0 40 50 100 150

Energy (keV)
14



CDEXsLEa (Zhitkl)

o ILIHZ: CJPL
o IRNZE: Sabs
O __1/E;EJ§: 77K
o >10 kg PPC Ge (E#8: BE, ~1kg/det)
o iIZtEHS +EARRER > RERE (H2+BFiR)

dark matter (~GeV)

dead layer~Imm, HV~3000-5000V

CDEX-TA/B (2011-2018) CDEX-10 (2016-)

2 x PPC(~1 kg) 10 kg E=H KBS |,

RREERE



CDEX results

o HEARK. BREE
o ~2 cts/(keV-kg-day), 160 eV,

o ZYWIREE
> SI/SD (PRL 120, 2018)
> Migdal&sz (PRL 123, 2019-1)
o HEEEESIRS (PRL 123, 2019-2)
o APREHF / FHEYs (PRD 101, 2020)

o XNPHEESEF / REYEFREYIRR (PRL 124, 2020)

o E3FM (PRL 129, 2022-1)

o FEELINE (PRD 106, 2022)

o ETREEYIR(PRL 129, 2022-2)
APRREIEARETRT (PRL 132, 2024)

@)

DM-electron recoil

1028

1073F

5 '
5107
(N

1(]—30 '[

1 f—

107k Fom(g) o< g™

1 10 102
my[MeV/c?|

Fermionic DM absorption

10 10 101 1 10 102 10° 10*

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

DM-nucleus 3 — 2 scattering

DM - nucleon ayc [cm?]

LHC (2018)

This work

W

MJD (2022)
-47
PandaX-4T (2022) 10 "
-49

= £=0 (¢p=Dark photon) C10-B1 (This work)
39 | — £=1.87 (¢=Bound state) C10-B1 (This work)
—— =0 (¢=Dark photon) MJD (2022)
—— ¢=1.87 (¢=Bound state) MID (2022)

m, [MeV/c?]

10° 10 10

Daietal., PRL 129, 2022 ™™
16



CDEXSLCES

e CDEX-50 e

1725m3

O CJPL‘” / kﬁ”ﬂ_‘ﬁgll‘ﬁiﬂn Sr?ac;etector
> ~50 kgP%%IPPC/BEGe

@ C1 hall, CJPL-II

® H%#@JE*%IH'\UNEK&JE
o ZNJiE < 0.01 cts/(keV-kg-day)
o [B{E 100-200 eV
o BEYtE ~50 kg-year
o Sl Sensitivity ~10-44 cm?

.
L Y
% CDEX-50
N Projected
‘s, (100 eV, 0.01 keVee ke 'day™, 50 kg-year
R g day gy

~.
~
-
----------
---------------------




Ffafaaesit (CCD) HMFEA

e DAMIC
e SENSEI
e OSCURA

11111

11111

.......
10 1



A.E. Chavarria, TAUP 2019

DAMICELEES (Dark Matter In CCDs) o e o 208

® gg—?'{\ﬁﬁ SNOLAB Pixel array )
® j: ;)Jﬁg CCD /~ pixel s\l/xY

o/ CCDs, ~40¢g !
@) _1’E1m1§: ~1 OO K z
O {ILZISFE EUJUE\E \ Sopper Kapton

©) ElE.%{EEEgUEEFE *DHE‘E%;}E ) 15 pm > module signal cable
o < 0.001 e/pixel/d
o 2x10-22 A/cm?

Pixel charge distribution

CCD Box

Pixel Y

muon piercing a
DAMIC-M CCD

50 pixi

Plxel X

16x15 pm2

e pixels

26
Energy / ev



DAMICSLEES

e DAMIC-Modane
o 200 CCDs, ~3.5 g/det, 6k x 1.5k pixels
o SkipperizEt, 0.2e- (< 1eV) at 650 skips

|. Arnquist et al, PRL 130, 2023

© J?\;_—ﬂ, \zfﬁ 1077
o 24 6k x 4k CCDs, ~17g3E[HRE
o BBFRz% (PRL 130, 2023)
o BiIEHEIRN (arXiv:2307.07251)

5
i
) ~
' M
s I«‘ o - * f .. .
Vacuum system JEENLS N x

»

: Support structure BN

electro formed
copper at PNNL

Box with two CCDs

W i mem SEMONTO (2017}

Fou = (o mJq)?

ultra-light mediator

= DAMIC-M, this work

= = = DAMIC-SNOLAB [2018) —— SENSEI {2020, recastod)
= = EDELWEISS (2020) o GuparGOMS (2015)
- CDEX-10 (2023) —— DarkSide-50 (2023)
- = NENONTT (2022) e Papdak-l (2021)

-
il T L

-
-
--------
''''''''

-
-
-------

T~ B 5 JRBISLIG R




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

SIA ’
SENSEISCES - Cosle Iow 202
N. Saffold, IDM 2022/TAUP2023
e ILIH=: MINOS Hall @Fermilab

o IKMIEE: skipper CCD
o SFEMRE, 675 umE
01.59 x 942 cm?, ~2 g
o ~5.5 Mpixels of 15x15x675 um3 each

1077 e

= —— E T
M/ E H I]l:l =] P ie
O 5 SR 107r ks iz
10—29&_ \‘ 3 | %
10—3[) ._ “\\ :
:
10—3 1 r
copper 1 - 5 F
base 10732 3
(inside) a0 E
= 10733 S N\ N S ST B
[&] E N M\ T == e
lb\‘ 1()—34 2 ) » 8 et
1 0_35 i_ e B \pmtoSENEEl@MINOS —|
: aat ¥ ! ‘C/o“\?- " \ -+ 15,
—36F oo o0t .
10 36 3 ° u\&‘(‘ ‘f;lf%;o‘\ . -3
Fooeon” WO
10737 - = ..,:_:-‘ -
- o
copper e S~ 10—38 L \\ T L 3
cover [| quadrant 2 quadrant 4 ) \
(inside) | quadrant1 | quadrant 3 1039k DM-e scattering Benchmark ¥, 5
oe [ ) 0 4[)? FDMTI | Models \\"| XENOI_*_\I..
1 10 2 3
10 10 21

m, [MeV]



SENSEIZLIG@SNOLAB

o IRSITX
o 12 skipper CCDs (~259) deployed
o 12tEHIE, 125-145K
o 248 skipper CCDs (100g) in total

arXiv:2312.13342

. BELL JAR — —
- = ol o
b g § 1072
4 - = = =2 :
| = —— r % 2 .5
ey Q D 5 10°%
('t 2 .
L —[; 0 “n %3]
— ar o ol
SPRIN i = COPPER 2] g 10736
Rl 0 | SHIELD S &)
L — = = Solar—reflected DM
= SERVICES 8 2 37' (dark—photon mediator) _ - = T T
VOLUME = E 0 - ) ]
(CRYO & ) o I AT 810, - [
ELECTR) m M [ f)
| | _
o o ]0 38 \\ N
2 a8 \
E H v -595“
= Z 10 o]
. ™ E N - =" q
= T I Benchmark % 5|
: o 3 Models N
“ a Fpm=(am,/q)* A Fpy=1 A XENONT:SEG’
. COPPER TRAY/BASE 10*3SL Y. ul ]0—40_ 1 e~ —.
107 0.1 1 10 10° 10° 1 10 10° 10°
DM mass [MeV] DM mass [MeV]

SENSEI@SNOLAB DM-e interaction 22



O S C U RA;Q@ __ LN; pressure vessel @ ~450 psi

2 =TA S A >
o =[ECCDICIGHEASZHR ]
o™
L4 \E > Nt \_'
e >10 kg skipper CCDs, ;Z@E®KRET
e - 2-order bkg reduction
\
e EBFH, 30 kg-y .
arXiv:2202.10518
10—277 .
v~ Evaluation of new sensors 10—28; .
v" Demonstration of MCM readout Sensors, cryostat and 10:13% L N\
v Decision on cold-end electronics Sensor packaging facility  electronics at SNOLAB ig—ﬂi
SM full backgrounds simulation Integration test (10%) for assembly 1020
103
'L l ‘L ’E 10734}
-350
R&D Design Construction Operation = 10,363
+ , O iy
A ’ A V 0!
10740;
Sensor preproduction Full DAQ 10::;?
Operation of SM in LN2 Shield at Snolab 13743:

Project Execution Plan




RSB SRS

o [BRABTIRNFIA
o XENONNT
oLZ

o PandaX

o {LEREIHRMFA
o DarkSide-20k

o {RARIIRNIA

SVUES

10—38 ¥
10°*°

Q4 -42 N ARessTH
10 =

1000

244 Ar purification by

81 350m high

B8 cryogenic distillation
ey COlUMN

Dual phase TPC 24



AR@mMTPCERNELIE (G2)

H AT
¥ RS A '
~1 ps width I‘J FE*&
ey pza (WIMP)

s T | '|~| T ~2 mm/ps Ea

S1 S2

= |

~29 ns width v
Y PR B I ]
5T 1 -

(%4h~178 nm) e { (o {—
NSHRET | , TR (y, B)




W TPCIRNIEEES (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 Sl Exclusion Limits from PandaX

® Stable data running period: 1.54 ton-yr exposure
® The most stringent constraint for a dark matter mass above 100 GeV/c?

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

—43
N - - arXiv:2408.00664v1
PandaX-4T 2021 ]
XENONnNT 2023
10~44 L —— LZ 2023 i
=== PandaX-4T 2024 (this work) ettt

1079

10—46 .

ST WIMP-nucleon cross-section [cm?]

10747 &

10! 102 103 10#
WIMP mass [GeV/c?]



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

Outer Detector |
17 tonnes Gd-loaded
I—Z resu ItS liquid scintillator in |
acrylic vessels...

e SR1 data taking 23 Dec 2021 107
to 18 Apr 2022

e 60 live days exposure usinga “t 10"

=
fiducial mass of 5.5 t E

e Highest sensitivity to S| 10
WIMP-nucleon scattering for 2
masses greater than 9 GeV/c? £

= 10

e Planning for a total 1000 live
days (x 17 more exposure _
than SR1 10—48 ll] — : l il shes == 4

10 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.

9.2 x 10-48 cm?
at 36 GeV/c?

PRL 131, 041002 (2023) A

28



XENONNRNT results

1 o sensitivity 2 0 sensitivity

10—43

o WIMP%#7(SRO)
0 1.09+£0.03 ton yr

PRL 131, 041003 (2023)

£
S
mb 10—44
47 2 2 8 :
0 2.58x10~%" cm* @ 28 GeV/c> g i
% 10—45
W s
¢
e SRT S 10740 |
o Lower 214Pb background rate  § i
Q -
(~ 50% SRO level) 5 1077 F
o Insert Gd into neutronveto  §  f |
to further improve tagging z 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
29



_F_1-%i&/m=bggg<‘_—>(6 3) M. Galloway, DM 2022

® PandaX-30T: XEHF AT

® DARWIN: DARK matter WIimp search with liquid xenoN

o Two-phase LXe/GXe TPC
o 50 t total LXe (40 t target) 10~%
o Top and bottom photosensors (~1800 3” XENON PMTs)

arXiv:2203.02309

o PTFE reflectors and Cu field-shaping rings %‘
o In-situ purification plus krypton and radon distillation (background <
mitigation) %

o Veto detectors: water Cerenkov for muons with Gd doping for §
neutrons E

o

Al

2

=

9 Estimated neutrino fog

L1l l L 1 1L ) e e ]
102 103
WIMP mass [GeV/c?]

30




s T. Thorpe, IDM 2022
B TPC " Wang, TAUP2023
DarkSide-20k (20t fiducial mass) |
o DS50+DEAP-3600+ArDM+MiniCLEAN
o 50t UAr dual-phase-TPC in 700t AAr cryostat

o Fill the detector by the end of 2026 i
o 200 t-yr exposure e

10-46 C

“x Projected Sensitivity DS-20K

\Y

10—47 .

2
Os; [cm”]

— LZ 2.7 y (15.3 t-y)

—— XENONnT 5 y (20.2 t-y)

----- DS-20k Fid. 5 y (100 t-y)
----- DS-20k Full 5 y (250 t-y)
== DS-20k Full 10 y (500 t-y)
= DS-20k Full 20 y (1000 t-y)
T . | 1 L 1 L L 111

1 10

UAr source and purification

o Extraction of 250 kg/day, with 99.9% purity in Colorado oo
o 350-m tall cryogenic distillation column in Sardinia

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

o Isotopically separate 3%Ar from 4%Ar (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

My [TeV/c?]

2on

. -
&z 3
I X ;
ﬂ AT and filler bl

DS-20k DEAP-3600
31




HEBRUEA: ZimIANEK

o FREIEHIIMERN
- DAMA/LIBRA
o ANAIS-112
> COSINE-100

\
/I

WIMP Wind
L

December

‘ 2-6keV Acos[w( t-ta)]

-
~ 0.1 — —————— .
N Crystal Target S on BT DA el P | | DA-\lA/ilBRA_wll.llmtmxm —_ ¢—|—¢A-\MIBﬂA_Dh"il S towy =
’ Bl I [ | | T S IR B A | I | [ | T B I I |
i 0.06 i 1 : | : [ : I | I I [ (M | 1 | 1 [ | \ : | ! | N | |
= o oo d | | I T | [ R | I I (N A | | |
i 0.04 ¢ 1 ‘P : : L}‘ | | .| I || I 1 I | 1 | I 1 | |
R ] i1+ 7 [ [T | | | || | I I (I | 1 I |
g 0oz g d : I,", Pk 1ol | : P R T YR AR A - SR AR P I S N S A e A
) 0 B A IING TP L DTN N N S IR NP RS 1 N o WY n ) SRR, ~.._ T W Nk T N i
& o7 NG LA N \ AL N P . N LN . Ly NG 2! ol NG W AL NS R N
= e | ] | ‘ 1] L LY I3 - S 1 I I g 1 ! S I 1) I [N S 1
E -0.02 1 .{4 (B o I (I PR T 1 [ e L N T I Lol I |
'5—0-04':=:%I:::1:'1:=:=1::=:2"'::1:I=:::
:‘Z -0.06 [ [ | 1 I I 1 [ 1 [ 6 kev 1 I [ I [ I I
| I [ | 1 | | 1 oL 1 [ N R | N I I 1 [ | |
—0.08 [ II | 1 |l [ 1 | | 1 I ': I [ | I [ N T i ' [ l I ; 1 | | |
-0.1 | N T T TN | Y N 1T I N S I Y | 11 IT | I I (T I M S RN | L Ll 1
PMT “ X 1000 2000 3000 4000 S000 6000 7000 B80CO 9000

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

Annual modulation from DAMA results



N Astroparticle Physics European Consortium (APPEC)

DAMAE’JE&—\IIE%_@@ Recommendation: “The long-standing claim from
DAMAJ/LIBRA[...] needs to be independently verified
using the same target material.”

e ANAIS-112@LSC

o 9 Nal(TI) crystals (112.5 kg) e COSINE-100@Y2L

> No modulation and discard DAMA ;106 kg Nal(TI) crystals, ended in Mar. 2023

with ~3.0.S§n5i.tiVitY o ~7c negative modulation (opposite phase)
o 5o sensitivity in late 2025 from the COSINE-100 data using

o DAMA/LIBRA’s method
-“ 1 o Upgrade and move to Yemilab

1-6 keV modulation amplitude

COSINE-100 0.0067 + 0.0042
f“[‘*’ | DAMA/LIBRA 0.0105 + 0.0011
cm lead :
” 10 cm ancient lead Anti-Rn box ANAIS'112 —00034 i 0004‘2
40 cm neutron shielding
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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 i 000

o Helium/Fluorine gas mixtures at 1 bar
o Multiple underground sites and staged X’% ~2-dim
expansion(Boulby, Kamioka, LNGS, Stawell) R 1200

o v
e NEWSdm @LNGS Vi /\M

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 34
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spin-independent WIMP-nucleon interactions
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Report of the 2023 Particle Physics
Project Prioritization Panel (P5)

EXplormg 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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Credit: NASA’s Goddard Space Flight Center |



