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“Interaction Strength”

G)
Z

Dark Matter today

Classic WIMP

» Direct detection (18).

classic
thermal DM~ WIMP > Indirect detection (2).
» Astronomy (1).
v, DM » Grand theory (1).

self-interactions, dark radiation, light relics, etc

bosons >

<

A. Chou, Snowmass 2021
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wave-like DM

fermions >
particle-like DM
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Cross Section at 200GeV [cm?]
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» Several tons LXe targets.

» Now at background rates of 15 events/
kev/ton/year (XENONNT).

> A million (108) improvement in
sensitivity in 25 years.
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S1-S2 relative
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event-type
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Tagged (radon-rich) Untagged (radon-poor)
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124X e double EC

> [ ton liquid xenon.
» ~280 live days.

oSl= 2.2 x 108 cm? @ 43 GeV/c2



Liquid Argon D. Huff

Property of DarkSide DarkSide-20K

» 50 ton UAr TPC.
» Under construction.
» First data in 2028.

Praperty of DarkSide

DEAP-3600

» Single phase with PSD.
» Construction completed in 2016.

» Undergoing third fill.
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LAr for lower DM
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Scintillating Bubble

CHILLAX
J. Qi

2x2 Wi | VUV
imioved v S s
SiPM (S13371)

.....................................

Windowless VUV
SiPM (S13371)

» Introduce Xe in LAr up to 4%.
» Xe scintillation and

electroluminescence properties.

Chamber (SBC)

» 10 kg target.

» Low threshold.

» Insensitive to B/y.

» Scintillation vetoes
high-E NR.

» Higher S2 gain observed.



Neutrinos with Noble
Liquid DM detectors

XENONNT detects éB v via CEVNS!
D. Wenz
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PRL 133, 191002 (2024)
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OvBR prospects with XLZD

» Future >50 ton natural LXe TPC for
DM and other physics.

» Joint between XENON and LZ
Collaborations.

» Will have >5 ton of 136Xe.

» Search for energy peak at Qgg.

T{)/Vf 7 exclusion limit (90% CL) [yr]
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Dark Matter Mass
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Ultralight Dark Matter  (Light Dark Matter>  WIMP Primordial
Black Holes
o Light mediator
i v mK calorimeters
. 10731 Noble liquids
» Searches for DM-e scattering have cops: | oo
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> 104 Improvement in sensitivity in 5 pus|. Freeze-in
the past six years! | TR

Year



. Heavy mediator Light mediator arXiv:2503.14617
DAM IC'M P. Privitera 0P C10 -
ST U —— DAMIC-M, this work E . —— DAMIC-M, this work

S, Foy = 1 G - v Fpy=(0 m/q)?
=10 30 | DM - - - - DAMIC-, this work (QEDark) = g » DM (- m/q) - = = . DAMIC-M, this work (QEDark)
N A == GG S0 = GAIC Mt
0%\, - oS ) : \ - gpecties B
E arkolde- B arKkolae-
Two CCD Modules E o\ ' - XENON-1T/nT (2019,2025) - . - - - XENONNT (2025) )
: 10732 . N “imia PandaX-4T (20 3?\/' 10732\ » N “imia PandaX-4T (202 ?vl .-
sy c (_! he LBC copper bOX g \ . - = = . Solar-Reflected D E 1 ', . - = = . Solar-Reflected DM _ -~
Pl ~ ) . > - 1 - -
e SR 10733 " | '

- 1073 —

10-%5 N\ N e 10‘34;— ,‘
1073 -

37 10_35 §_
10 -
10738 10736 —
10_39 L ~ / f

40 OUSNG e 107
0% T TsgmetTT S
10—41:11111 1 1 1 1 lllll 1 1 1 1 lll.lll ''''''' lI I-;-l-ll-l 111 10—38_11111 1 1 1 1 lllll 1 1 1 1 lllll

1 10 102 103 1 10 107 103
m, (MeV/c®) m, (MeV/c®)

z”z: 1 > Two prototype DAMIC-M CCD modules at Modane Underground Lab.

z: > 1.3 kg-day exposure, significant improvement in single e rate.

d jjzéj » Results exclude benchmark hidden-sector models for sub-GeV DM.
s00f- 0=007e. Freeze-in models strongly constrained.
w: » Deployment of 26 modules in large detector scheduled by the end of
ZOZ:JJL“LJJ : ILA_._ 2025
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Energy [keV|

Other CCD efforts NR/ER discrimination in CCDs

» By spatial correlation with defects.

NR ionization efficiency Vijay Azad
Eee = A-EE +C
0% B 134007
i C: =003 £ 0.01
Dark BeaT$S B. Cervantes
101;
" » 100-gram skipper-CCD multi-layer
% detector to search for milli-
- 4[_ charged particles from NuMI
=Wk beam at Fermilab.
T SeCOMS 202 » Coincidences between hits in
- ——~= Lindhard, k=0.15 mu|t|p|e |ayers_
10 3 i“ll L 1 PUR TR T 1160 1 A | | | .
Eneray [keV,, » Commissioning started in

February.

» Similar detectors deployed at
other sites (e.g., Moskita at LHC).

» Previous measurement by
Chavarria et al. confirmed.

» Relevant for WIMP searches
and CEVNS.




Directionality

Low-pressure gas TPCs |D. Loomba

C. Blanco

Single-photon Fluorescence from Trans-
Stilbene crystals read out by skipper CCDs

Holder Skipper CCD

Top-Down View
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< —  Read out different crystals
Ice cube
Tray Side View

» Anisotropic response of the crystal results » Directionality and particle ID for keV-scale NR.

in daily modulation (10s of %) of sub-GeV » Allows to separate DM from v signals into the v fog.

DM signal.
. . , » Proposal for 1000 m3 He detector to look for 10
> ML to identify molecules with the best GeV WIMPs.

response.



DM-nucleon cross section [cm?]

Migdal Effect
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» Migdal effect provides ionization detectors with
sensitivity to very low energy nuclear recoils (and
low-mass DM).

» The process has not been observed at these low
energies.

Measurement of the Migdal effect in CF4

ith an optical TPC
W P D. Loomba

» Optical TPC with 3D
reconstruction
performing well.

» TwWO science runs
acquired (problems
with DD gun).

» Third science run to
start.




Lower mass particle DM | T Trickle']

DM Mass Threshold

GeV keV

MeV eV

Collective
Excitations

meV
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» Active R&D by several groups.
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- Proposal: Sikivie (1983) | J. Sinnis
AXIOnS v > 300 MHz

Cavity-based searches (ADMX, HAYSTAC,...)

1078

10 existing bounds

~ ‘Amplifier  » DFSZ sensitivity.
B > Scanning, moving up in

10—10

10—11

1070 frequency.
?‘5 ey » R&D to extend frequency
= 10‘1: range.
¢ 10
5 1D+
10—1/
1018 Proposal: Cabrera, Thomas (2010) |M. Simanovskaia
i v < 300 MHz
- Lumped element searches (DMRadio,...)
10~
\ b 4
o >
Ma [eV] é J_ Demongtrator
O s L C DMRadio-50L under
. | construction at SLAC.

» Large superconducting magnets.

» High Q resonators. 3 j(w) B(w)
» Quantum sensors. Jax ~ GaryV/ 20DM cOS(M,t)B




Indirect detection with IceCube

WIMP annihilation in the Sun
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M. Nisa

» [ceCube has searched for neutrinos from different
possible DM sources: Sun, Earth, Dwarf Galaxies,
Galactic Center. No signal yet.

» Sensitivity to neutrino signals from GeV to PeV.
> Uniquely sensitive to neutrino annihilation channel.

» Deployment of seven additional strings for upgrade
will improve sensitivity.

» Sensitivity to spin-dependent scattering looks very
promising.

F. Vassallo




More interesting ideas!

G. Paz

» Sensitivity of nuclear clocks to hidden-sector dark matter through time variation of agwm.

> |s there evidence for a dark disk around the sun from different measurements of the gravitational
quadrupole moment of the Sun (helioseismology vs. inner solar system probes)?

S. Gardner




