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Rotation curve of plantes orbiting the Sun
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Why we need dark matter?
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Why we need dark matter?
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‘Why we need dark matter?

Gravitational lensing
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0.5 h 'Mpc

Millennium simulation

Dark matter m the Umverse : .

> DM interacts very weakly. It does

not affect-phenomena at small
scales, but governs the dynamics
of galaxies and Universe at large

‘scales

DM distributes inhomogeneously
in the Universe, forming
hierarchical structures

The local density (around the
solar system) of DM is 0.3
hydrogen mass per cm3

Overall DM is 5 times more than

ordinary matter, but its mass

density is diverse everywhere



Dark matter-in physics

Crystal Atomic Elementary
Molecule Nucleus Particles

Hadrons

>

Leptons

e, T, Ve, Vi Ve

Mesons

.
- iy
- 2

Pointlike

&=
-

Nuclei

ﬂ@\ ' F@UG

Quarks (N [N ()

u,c,d,s,b,(t) K] ®n ot heaV)’

Neutron O A [}] enou gh
_ t Y,

Fundamental particles (quarks and leptons) are bricks of matter. But none of the
particle in the standard model can account for dark matter.




Dark matter-in physics

Garrett & Duta (2011)

c~1035cm2 mmm) weak interaction

WIMP miracle: weakly interacting
massive particles (WIMPs) as the most
natural candidate of dark matter

Testable for many high-energy physics
experiments




Detection of WIMP

(a) Direct detection (b) Collider detection

Dark matter . Direct detection: scattering
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Status of WIMP direct detection
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No convincing DM signal has been found in all these experiments, stringent
constraints on the DM-SM interaction cross section are placed.




Boost DM to high energies

Multi-component DM models
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DM scattered by energetic particles
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Cosmic rays and other -boosters of light DM

Pandax-1l 2022 - CDEX 2022 Xia+ 2021
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Status of WIMP mdlrect detection
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Smokmg gun: gamma-ray line
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Extending to heavy-DM with LHAASO

LHAASO Sky @ >100 TeV

LHAASO, 2021, N@Iure 2021, Scienc
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Extending to broad DM mass window with
precise astronomical observations

Sterile neutrinos Black holes (MACHOs):

Neutrino oscillation Astrophysical detection
X-ray astronomy T
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4 WIMPs:

Veljy light dark matter direct detection,
Axion, ALP, dark photon ... indirect detection,

collider detection




Axion-photon conversion: Primorkoff effect
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LHAASO observations of GRB 221009A
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Ax10n photon conversion around neutron stars

NS with strong B-field and surrounding plasma ﬁ-,l- 1‘:}3 s— %ﬁ, E,J Iflﬁ % _:t_J. uﬁ

g SR ,%i’éﬁﬁ,\?}fzﬂﬁ SIS X

axions
gy

B 5t propagates
- ' to Earth
' Narrow radio line detectable at

DM axions resonantly convert to radio waves Earth with J = 1a /(7).

when m,

PRD 2018; Hook+ PRL 2018

radio power

*> Can extend to mass range

Mg,

frequency 1077 0= . s T i

Pshirkov+ JETP 2009; Huang+
> Narrow line in radio frequency

--* beyond the cavity experiment
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Axion-photon conversion around neutron stars
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Spectroscopic observations of neutron stars
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~.» GBT and Effelsberg
observations of Galactic
center magnetar PSR J1745-
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MeerKAT observation of RX J0806.4-4123

LV I3

Helioscopes

Target: neutron star RX J0806.4-4123
frequency range: 544-1088 MHz

Axion mass range: 2.5-5 eV

Frequency resolution: 16 kHz

Area observed: 19 arcmin x 14.9 arcmin
Time resolution: 8 seconds
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MeerKAT observation of RX J0806.4-4123
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MeerKAT 2022 call for proposals

Searching for dark matter with MeerKAT
observations of dwarf spheroidal galaxies
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Magnetic white dwarfs
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Axion induced birefringence

> Faraday rotation in the magnetic field 3 1 1
g =i Eru gl E.‘?i’a‘:.-‘;r";r’ akFyy 4 ETH aV,a—V(a)

LA, = £2ig,, [E‘]q__.{?f;xi — ad. A,

AB® = ﬂcr;ﬂﬁ'ﬂ [._ [obs s Xobs* lemits Xemit )
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. PR ¥ i <
= Gy dsntd,a
J emit

= Yay [ﬂ (Tobss Xobs) — @l Temit> Xemit ” s

> The equation of motion of photons get
modified in the axion background,
resulting in periodic oscillation of position
angle of linearly polarized photons

> A large axion field is important!
Carroll et al., 1990, PRD, 41, 1231
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Pulsar polarization constraints

Liu et al., 1901.10981 ' Caputo et al., 1902.02695
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" EHT high-precision imaging of BHs

Event Horizon Telescope Array - April 11, 2017 Sgr A* April 7, 2017
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EHT polarimetric-imaging of BHs

EHT, 2021, ApJL, 910, L12
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'Probing axionlike particles with EHT
polarimetric imaging of BHs

CAST g
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> 'Axidnlike particle density may get significantly enhanced around a Kerr black
hole through the superradiance mechanism

> Usmg the polarimetric imaging observations of BHs by EHT, one can probe
axionlike particles with spec1f1c mass to a previously unreached region

Chen et al., 2020, PRL, 124, 061102; Chen et al., 2022, Nature Astronomy, 6, 59231



FAST detection of dark:-photon dark matter

A novel method to probe dark photons with direct conversion at the mirror
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Pulsar timing array (PTA)
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PTA detection of ultralight DM

> Gravitational effect > Fifth-force effect
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Gravitational lensing
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Rubin observatory (LSST)

@ Cornell University

ad I & 1V > astro-ph > arXiv:1902.01055

Astrophysics > Cosmology and Nongalactic Astrophysics
[Submitted on 4 Feb 2019 (v1), last revised 24 Apr 2019 (this version, v2)]
Probing the Fundamental Nature of Dark Matter with the Large Synoptic Survey Telescope
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Astrophysical and cosmological observations currently provide the only robust, empirical measurements of dark matter Future observations with Large Synoptic Survey Telescope (LSST) will provide
necessary guidance for the experimental dark matter program. This white paper represents a community effort to summarize the science case for studying the fundamental physics of dark matter with
LSST We discuss how LSST will inform our understanding of the fundamental properties of dark matter, such as particle mass, self-interaction strength, non-gravitational couplings to the Standard

Model_and compact obiect abundances Additionally, we discuss the ways that LSST will complement other experiments to strengthen our understanding of the fundamental characteristics of dark matter.
More information on the LSST dark matter effort can be found at this hitps URL
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WFST (2023)
R T Exploring Mirror Twin Higgs Cosmology with Present
and Future Weak Lensing Surveys
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Summary

. > Experimental detection of DM is
Peer and Tain (2007) physugally very important, but is
o5 - technically very challenging
It is very important to develop hew
technologies, new methods, and new
ideas to enhance the sensitivity and
mass coverage

neutrinos WIMPs :
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