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The dark matter candidate models

1904.07915, TASI lecture

QCD axion WDM limit unitarity limit
1022eV  SEvsy keV GeV 10wv My 10 M

“Ultrahght” DM “nght” DM WIMP Composite DM Primordial

(Q-balls, nuggets, etc) black hOlCS

non-thermal J dark sectors
bOSOIliC ﬁelds ,' sterile YV
- can be thermal

Today’s focus

HEP at a cross-road: explore all directions!
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Ultralight Bosonic Dark Matter

e Ultralight: m < keV, ultralight due to shift symmetry (pseudo-Nambu
Goldstone, e.g. Axion)

e Bosonic: Pauli-exclusion for fermonic DM

e Exits as classical fields (m < O(1) eV)

e Typical models:
e Pseudo-scalar: Axion, Axion-like Particle

e Dark Scalar: dilaton-like coupling

» Vector: Kinetic Mixing Dark Photon, U(1)5_; dark photon etc
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e Maxwell Equations: L = - ZF”‘”FW +0XA¥A, — €A, jom

e Extra U(1) extension of Maxwell Equations

]
L =——F, " +0XA'A, — €A j,

4
1 y 1 1 A proper low energy model from UV physics
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Radio astronomy and ultralight bosonic dark matter

X PHYDIE Radio telescope at Earth

Dark photon dark matter Dark photon dark matter
resonant conversion at solar corona conversion at radio telescope

An, Huang, JL, Xue, 2010.15836 (PRL 2021) An, Ge, Guo, Huang, JL, Lu, 2207.05767 (PRL 2023, Featured in Physics)

An, Chen, Ge, Llu.’ Luo,. 2391 03622 (NC 2024) reported by APS Physics, Phys.org, Physics Today
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The dark photon dark matter conversion at solar corona

 The plasma frequency
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e Resonant conversion A" — vy

e Whenmy = w,

A 7

AVAVAVAVAV,  \VAVAVAV,Y

e For any A’ mass, it can happen at a radius 7.,
o My = ()

e Can set limits for mass range

my € [1075,107°] eV



The dark photon dark matter conversion at solar corona

A/

~y

e The resonant conversion probability (QF T method) I\/\/\/\/\/"\/\/\/\/\,
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e Due to the forced 4-momentum conservation, it applies to resonant conversion only.

e The wave method can work and is in agreement with QFT calculation
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Sensitivity of the radio telescope

 The system equivalent flux density

';:'.;,\ //ASM'C

* For solar observation, Sun is the largest bkg ,:‘\C“D//g BACKGROUND
Ly + Ty —m———— 777N sUN
SEFD = 2k, I
At N
e The minimum detectable flux density cLouos

ATMOSPHERIC

SEFD GASES
Smin —
"o N\ A

Name f [MHz] |Bies [kHz]|(Thys) [K]|(Aeg) [m?] SURFACE
SKAl-Low |[(50, 350) 1 680 | 2.2 x 10° _ﬁ_ \\\ EMISSIONS
SKA1-Mid B1/|(350, 1050)| 3.9 28 2.7 x 10* GROUND

SKA1-Mid B2((950, 1760)| 3.9 20 3.5 x 10* RECEIVER

LOFAR (10, 80) 195 28,110 1,830

LOFAR (120, 240) 195 1,770 1,530
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The sensitivity of DPDM from solar resonant conversion
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The sensitivity of DPDM from LOFAR data
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Radio astronomy and ultralight bosonic dark matter

Solar Physics Radio telescope at Earth

Dark photon dark matter Dark photon dark matter
resonant conversion at solar corona conversion at radio telescope

An, Huang, JL, Xue, 2010.15836 (PRL 2021) An, Ge, Guo, Huang, JL, Lu, 2207.05767 (PRL 2023, Featured in Physics)

An, Chen, Ge, LlLf’ Ll,JO’ .230.1 03622 (NC 2024) reported by APS Physics, Phys.org, Physics Today
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Direct detection of DPDM using dish antenna radio telescope

e | agrangian

1 1 1 / /v 1 2 / /
EZ_ZF;U/F“ —ZF“VF“ +§mA/AMAM

—eeAl jb +eAujl,.

e Extended Maxwell Egs
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V-B'zO,
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V x B’ oE" _ —eJ —my A,

Ot
e Perfect conductor
J = o(E — eEp)

ap
V-JH =0
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FAST radio telescope




Direct detection of DPDM using dish antenna radio telescope

Z
e The feature of current on a metal 7 y

conductor plate induced by DPDM U
itot,w — 'l:'u,p,a: idown,a: ~ _QiemA’A;w Té ‘ ®y

. . . ~ . /
ltot,y — tup,y T ldown,y ~ —ZZGmA/Ay,

J = 0.
e Solving the reflected EM field

e (always perpendicular to the surface)

e Oscillating dipole unit

em>, eim A |r—r |
dp — 2€A|/|dS q B = 27;_4 /dSlAh X (I' — I'l) ‘I‘ — I‘1|2

 Reqgular shapes of reflector can be solved

e General shapes need numerical integration
19



Direct detection of DPDM using dish antenna radio telescope

* The signal feature for DPDM with different mirrors

: (o

DPDM Ik DPDM
Parabolic .},
Mirror

\ "

Spherical
Mirror
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Constraints from FAST observation data

e ‘Bump hunting’ in the frequency data

e Using likelihood-based statistical test
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The results for direct detection of DPDM using FAST radio telescope
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o “T-HARRER"TE A FHST R EE 1t (Daocheng Solar Radio Telescope)

e 313 parabolic antennas of 6-meter diameter each

e Operational frequency: 150 MHz — 450 MHz
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https://en.wikipedia.org/wiki/Parabolic_antenna

RKFESELE: 58iKRadio Window

e How to detect the frequencies outside the Radio Window?

Most of the
Visible light s e £ _ Long-wavelength
: observable B Radio waves observable radio waves

Gamma rays, X-rays and ultraviolet absorbed by R et
: from Earth, : : blocked.
light blocked by the upper atmosphere , atmospheric
(best observed from space). with some  jaqes (best

atmospheric

opserved

’ —_l- . T -,__n_llj P
distortion.

from space).
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e How to
detect the
frequencies
outside the

Radio

Window?

e Solar signal:
Go Space

Jia Liu
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Heliophysics Mission Fleet

Heliophysics missions are strategically placed throughout our solar system,
working together to provide a holistic view of our Sun and space weather, along
with their impacts on Earth, the other planets, and space in general.

NASA's heliophysics mission fleet includes 19 operating missions using 26
spacecraft, 13 missions in development, 1 mission under study, a robust
sounding rocket program and a variety of CubeSat missions.
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Parker Solar Probe preliminary results

Parker Solar Probe Distance from Sun
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e | OFAR. SKA. Daocheng Solar Radio Telescope

o BN FREMR AT AE BT R ST E S R A 5 (L N S S
o JLMZS B K X BT F B RS R

e FAST. LOFAR
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