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Dark Matter and its Gravitational Evidence
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https://youtu.be/sI23cwbbNqs
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Direct Search Overview

Baudis & Profumo, PDG2023
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Direct Search Overview
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Noble Liquid
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Evolution of Noble Liquid Sensitivities
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Dark matter: nuclear recoil Y background: electron
(NR) recoil (ER)
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Touching neutrino fog
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Future LXeTPC

2nd-geperation LXe-TPCs continue taking data! XLZD (XENON-LZ-DARWIN); > 60t
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LAr-TPC work force

From G. Giovanetti
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DarkSide-20k
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Ultra-low temperature: Bolometer
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Counts / [keV kg days]
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Understanding the LEE

Stress due to holders!
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DAMA/LIBRA (Scintillator)

A

» Nal crystal coupled with PMT at both
ends.

» Crystal array embedded in copper cage,

then shielded by PE and lead.
» No PID, bkg high;

v' Annual Modulation Signal

‘December

Credit : - James Josephides

Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)

Full exposure 13.70¢

1-3 keV
DAMAILIBRA-phaseZ =250 kg (1.53 tonxyr)

Time (day)

1-6 keV ‘
DAMA/LIBRA-phaseZ =250 kg (L.53 tonxyr) — 5

2-6 keV

DAMA/LIBRA-phasel (1.04 tonxyr)——> <«———— DAMA/LIBRA-phase2 (1.53 tonxyr)

Time (day)
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Annual modulation validation working force
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@ LNGS
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| | N N
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In Data-taking @ Stawell \
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Same Nal(Tl) technology, different DM-Ice @ South Pole .\Ll-)
locations, even south/north hemisphere l '
(seasonal variation) *

Hyun Su Lee,
GRC Particle Physics 2019

4lr[
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Joint analysis between COSINE and ANAIS
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Summary
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Thank you for your attention!! .






Detection Techniques

_outesy of APPEC report
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Directional Detector: Gaseous TPC

SE. Vahsen et al., arXiv:2008.12587
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CDEX @ CJPL

From Q. Yue PRL120, 241301 (2018)
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S2-only in Noble Liquid Detectors
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Noble Liquid TPCs;

Combine with large exposures,
can reach leading sensitivities
for ~100 MeV LDM (WIMP-e
scattering);
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ANAIS-112

112.5-kg mass Phys. Rev. D 103, 102005 (2021)

o [1-6] keV mod hyp: Sm = (-0.0045 + 0.0044) (cpd/kg/keV) 0.02
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COSINUS Experiment @ LNGS

Water tank

Courtesy to F. Reindl, IDM2024
\~

Buildings finished

Absorber

Neutron calibration

2022
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Au-pad \ Au-pad
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0.0 § e
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-—— n-scattering

Cryostat delivered
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| | COSINUS Inauguration
RS Laboratori Nazionali del Gran Sasso

Cryostat installed
and cooled to 9mK

2024

» Start data taking in 2025;
» Cryogenic Nal detector with
light and phonon readout;

» Event-by-event discrimination;

» Counting & Modulation
searches;
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m / DM direct search
m / >GeV Searches
m / ~(;eV Searches

m / <GeV Searches

**Disclaimer: Apology for omittance!**

** Most materials are borrowed from public talks, especially from Prof J. Liu, Prof. Q. Yue’s, and
talks from IDM2024 **

Lomonosov Conference @ Moscow, 2025-08-22



Low energy regimes

Heavy Mediator
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S2-only in Noble Liquid Detectors

s 5 6 TN 5 10 XENONIT, PRL 123, 251801 (2019)
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Solar reflected and cosmic ray boosted DMs
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CCD detectors

» 0.01 g Si Skipper CCD;

» Reduce noise through non-
destructively measure charge
multiple times;

» Single electron sensitivity with
resolution to 6.7%.

https://news.fnal
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Superfluid Helium Detector

Phys. Rev. D 100, 092007 (2019)
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» Very low W value for roton and phonon; » Background dominated by gamma and
» Quasiparticle propagate ballistically, including neutrino coherent scattering;
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Bubble Chamber: PICO
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DM-e scattering and Migdal
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Diurnal Modulation

FromJ. Liu
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Skipper CCD technique: SENSEI

» 0.01 g Si Skipper CCD;

» Reduce noise through non-
destructively measure charge
multiple times;

» Single electron sensitivity with
resolution to 6.7%.

https://news.fnal
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Helium Detector

Phys. Rev. D 100, 092007 (2019)
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Quantum sensors
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