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What is the nature of dark matter?
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Unknown matter and energy ～ 95%
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The dark matter candidate models

3

1904.07915，TASI lecture

HEP at a cross-road: explore all directions!
Today’s focus
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Ultralight Bosonic Dark Matter
• Ultralight: , ultralight due to shift symmetry (pseudo-Nambu 

Goldstone, e.g. Axion)


• Bosonic: Pauli-exclusion for fermonic DM


• Exits as classical fields ( )


• Typical models:


• Pseudo-scalar: Axion, Axion-like Particle


• Dark Scalar: dilaton-like coupling


• Vector: Kinetic Mixing Dark Photon,  dark photon etc

m ≲ keV

m ≲ 𝒪(1) eV

U(1)B−L
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超轻暗物质：赝标量轴⼦
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⽮量型超轻暗物质：暗光⼦

• Extra U(1) extension of Maxwell Equations
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• Two free parameters:  and mA′ 
ϵ

A proper low energy model from UV physics

Log dependence of UV scale
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超轻玻⾊型暗物质探寻
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超轻玻⾊型暗物质探寻
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超轻玻⾊型暗物质探寻

9https://cajohare.github.io/AxionLimits/
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Radio astronomy and ultralight bosonic dark matter
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太阳物理 Radio telescope at Earth

Dark photon dark matter 
resonant conversion at solar corona 

Dark photon dark matter 
conversion at radio telescope

An, Ge, Guo, Huang, JL, Lu, 2207.05767 (PRL 2023, Featured in Physics) 
reported by APS Physics, Phys.org, Physics Today

An, Huang, JL, Xue, 2010.15836 (PRL 2021)

An, Chen, Ge, Liu, Luo, 2301.03622 (NC 2024) 

Editor Highlights
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The dark photon dark matter conversion at solar corona

• The plasma frequency
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• Resonant conversion 


• When  

A′ → γ

mA′ 
= ωp

A′ γ

• For any A’ mass, it can happen at a radius 


• 


• Can set limits for mass range 

rc

mA′ 
= ωp(rc)

mA′ 
∈ [10−8,10−5] eV
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The dark photon dark matter conversion at solar corona

• The resonant conversion probability (QFT method)
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• Due to the forced 4-momentum conservation, it applies to resonant conversion only.


• The wave method can work and is in agreement with QFT calculation

ℳ = − ϵm2
A′ (ξ*γ (p) ⋅ ξA′ (p))

1
3 ∑

pol

|ℳ |2 =
2
3

ϵ2m4
A′ 

∫ dtδ(EA′ − Eγ) = 2ω−1 (
∂ ln ω2

p

∂t )
−1

A′ γ

ℒ ⊃ −
1
2

ϵF′ μνFμν



Jia Liu

Sensitivity of the radio telescope
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• The system equivalent flux density


• For solar observation, Sun is the largest bkg

SEFD = 2kB
Tsys + Tnos

⊙

Aeff

• The minimum detectable flux density

Smin =
SEFD

ηs npol ℬ tobs
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The sensitivity of DPDM from solar resonant conversion
• Attenuation of the mono-photon signal is considered, 

 


• 10 MHz lower end from LOFAR threshold


• 1 GHz higher end due to photon attenuation

Ssig × Ps = Smin

https://cajohare.github.io/AxionLimits/docs/dp.html
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The sensitivity of DPDM from LOFAR data

暗光⼦暗物质 轴⼦暗物质

Nature Communications 15 (2024) 915
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中⼦星观测与超轻轴⼦暗物质

•轴⼦在中⼦星(Magnetar)强磁场中转化为单频光⼦
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Radio astronomy and ultralight bosonic dark matter
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Solar Physics Radio telescope at Earth

Dark photon dark matter 
resonant conversion at solar corona 

Dark photon dark matter 
conversion at radio telescope

An, Ge, Guo, Huang, JL, Lu, 2207.05767 (PRL 2023, Featured in Physics) 
reported by APS Physics, Phys.org, Physics Today

An, Huang, JL, Xue, 2010.15836 (PRL 2021)

An, Chen, Ge, Liu, Luo, 2301.03622 (NC 2024) 

Editor’s highlights
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Direct detection of DPDM using dish antenna radio telescope 
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• Extended Maxwell Eqs 

• Lagrangian

• Perfect conductor
J = σ(E − ϵED)

∇ ⋅ J +
∂ρ
∂t

= 0
FAST radio telescope
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Up

In

Down

Direct detection of DPDM using dish antenna radio telescope 
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• The feature of current on a metal 
conductor plate induced by DPDM

• Solving the reflected EM field 


• (always perpendicular to the surface)


• Oscillating dipole unit

• Regular shapes of reflector can be solved


• General shapes need numerical integration

dp = 2ϵA′ ∥dS
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Direct detection of DPDM using dish antenna radio telescope 

• The signal feature for DPDM with different mirrors
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Constraints from FAST observation data
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• ‘Bump hunting’ in the frequency data


• Using likelihood-based statistical test
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The results for direct detection of DPDM using FAST radio telescope 

• The current constraints from FAST data 
using conversion at antenna dish


• The future sensitivities for dipole 
antenna array from LOFAR and SKA-low


• A comparison with other limits

https://cajohare.github.io/AxionLimits/docs/dp.html

Phys.Rev.Lett. 130 (2023) 18, 181001
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未来与展望：太阳物理观测与超轻暗物质探测
• “千眼天珠”稻城太阳射电望远 (Daocheng Solar Radio Telescope)


• 313 parabolic antennas of 6-meter diameter each


• Operational frequency: 150 MHz — 450 MHz
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https://en.wikipedia.org/wiki/Parabolic_antenna
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未来与展望：突破Radio Window
• How to detect the frequencies outside the Radio Window?
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未来与展望：空间天⽂射电探测

• How to 
detect the 
frequencies 
outside the 
Radio 
Window?


• Solar signal: 
Go Space

25 NASA
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Parker Solar Probe preliminary results
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Summary
•超轻玻⾊型暗物质探测与天⽂学望远镜观测可以交叉合作


•暗光⼦暗物质可以在太阳等离⼦体环境中转化为单频光⼦信号


•太阳物理观测数据可以探测超轻暗物质


• LOFAR、SKA、Daocheng Solar Radio Telescope


•暗光⼦暗物质可以在望远镜反射⾯或天线阵列转化为单频信号


•观测空⽩天区可以探测超轻暗物质


• FAST、LOFAR


•未来可以通过太空射电望远镜探测射电窗⼝以外的质量区间
27 Thank you!
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