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Existence of DM at all scales



Searching for Dark Matter



Searching for GeV-TeV DM
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Searching for GeV-TeV DM



Searching for GeV-TeV DM



Ultralight dark photon DM

Dark photon dark maDer

• Dark photon can decay through the three-photon channel 
and neutrino channel. Both are highly suppressed!
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Photon Dark Photon Oscillation
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A ! A� V

𝑉! and 𝐴! are in mass eigenstate.
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The field configuration

!
<latexit sha1_base64="HHgaoUB+aU8pRYio7gdr8OUtAjM="></latexit>

ED (t, x) = E(0)
D cos(! D t ! kD áx)

<latexit sha1_base64="ie8UsoCZsBTnxSqhhfKw5dJueGs=">AAACGXicbVDLSsNAFJ3UV62vqks3g0UQhJIURZdFu3BZwT6giWEynbRDZzJhZiKWkN9w46+4caGIS135N07bLLT1wIXDOfdy7z1BzKjStv1tFZaWV1bXiuuljc2t7Z3y7l5biURi0sKCCdkNkCKMRqSlqWakG0uCeMBIJxhdTfzOPZGKiuhWj2PicTSIaEgx0kbyy7YrOBkgvwFdFMdSPEDut+EJdEOJcJq6QQhHmd+4q2VpbWJlfrliV+0p4CJxclIBOZp++dPtC5xwEmnMkFI9x461lyKpKWYkK7mJIjHCIzQgPUMjxIny0ulnGTwySh+GQpqKNJyqvydSxJUa88B0cqSHat6biP95vUSHF15KozjRJMKzRWHCoBZwEhPsU0mwZmNDEJbU3ArxEJlMtAmzZEJw5l9eJO1a1Tmr2jenlfplHkcRHIBDcAwccA7q4Bo0QQtg8AiewSt4s56sF+vd+pi1Fqx8Zh/8gfX1A9Vjn5A=</latexit>

! D ! mV +
k2

D

2mV

<latexit sha1_base64="bv8eI20mxImQlJMRcW78QSMHbgE=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqQpXwEIwVdGAsEn1ITYgc12mt2klkOxVVlF9g4VdYGECIlY2Nv8FtM0DLka50dM69uvceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vJ747RERkkbhnRrHxOWoH9KAYqS05JkVJxAIp0OvnqXca2XQQXEsogc48urQkZRD27pPj08zzyxbVWsKuEjsnJRBjoZnfjm9CCechAozJGXXtmLlpkgoihnJSk4iSYzwEPVJV9MQcSLddPpRBo+00oNBJHSFCk7V3xMp4lKOua87OVIDOe9NxP+8bqKCSzelYZwoEuLZoiBhUEVwEg/sUUGwYmNNEBZU3wrxAOmIlA6xpEOw519eJK2Tqn1etW7PyrWrPI4iOACHoAJscAFq4AY0QBNg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8gfH5A0n8nKI=</latexit>

kD

mV
! vD " 10! 3

<latexit sha1_base64="2Z8xwdhGBBV37yxmBP5ndD5In6Y="></latexit>

! D !
2"
kD

"
2"

mV vD
" 103 #

2"
mV



Photon Dark Photon Oscilla>on

𝑉! and 𝐴! are in mass eigenstate.

• In the vacuum, 𝑉 cannot be 
converted into 𝐴, no interac=on
• In the plasma, (1) a mixing 

between 𝑉 and 𝐴 is generated. 
(2) a mass for 𝐴 is also 
generated.
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Photon Dark Photon Oscillation
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Photon Dark Photon Oscilla>on

• Projecting onto the transverse modes

• One to one transition matrix element

𝑉 𝐴−𝜅𝑒 𝑒 𝐴 𝐴𝑒 𝑒
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Photon dark photon oscilla>on

• The transition probability
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If 𝑣! =0 the DM stays at the resonance region forever.

Resonant region
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Searching for ultralight DM with radio 
telescopes
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Dark photon dark matter converted at the 
Sun’s atmosphere

• Resonant conversion
• 𝜔( = 𝑚)

• Inside the dark maJer halo
• 𝑣*+~10,-

• The frequency of the converted photon
• 𝜔 ≈ 𝑚) with the dispersion ~10,..

• The signal is a sharp peak in the solar spectrum
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Absorp>on of the converted photon 
during propaga>on

• Inverse bremsstrahlung absorption

• Compton scattering
• Compton scattering can shift the frequency of the

converted photon.
• Γ/00 = Γ123 + Γ456
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Searching for the converted 
photon with radio telescopes
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Searching for DPDM with radio telescopes
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Searching for DPDM in LOFAR
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For dark photon dark matter with 
smaller mass
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Plasma in solar wind

𝜔#

2𝜋 = 20 kHz
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2𝜋 = 1 MHz
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For dark photon dark matter with 
even smaller mass
! HIG:G7"9JD
! C(*+,*"H%.(*"C*%5,

Work in progress with Jia Liu, Shuailiang Ge and Zheming Liu



Using solar probes to search for 
DPDM Work in progress with Shuailiang Ge, Jia Liu and Zheming Liu

κ



Using solar probes to search for 
DPDM Work in progress with Shuailiang Ge, Jia Liu and Zheming Liu

κ



Outlook: Hongmeng Project

Satellite array around the 
moon may give us the perfect 
opportunity to search for kHz-
MHz frequency DPDM.
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Dark photon in plasma
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Dipole antennas

! N-B(../"4 5
)

*

! 8%*"#$%&%'!"6 "
+

,

! 8%*")(*+"#$%&%'!"6- "
+

, . / !
7 +' 06

! GOB21(.,'&",.,0&*20"-2K'(.P
<latexit sha1_base64="BUPMbGzZV06HCp+7KAhHA2iq6zo="></latexit>

E eqv
EM = ! E (0)

D cos(2" f t )
<latexit sha1_base64="Kcntd++D2xUexCRuXGl4ARdgSlU="></latexit>

I eqv
dipole = C! 2" DM

Order one parameter, determined by the 
detailed shape of the antenna
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Dish antennas

! 8%*")2-$"('&,''(-!"&$,"%-02..(&2%'"%>"&$,")(*+"
#$%&%'">2,.)"2')B0,-"&$,"%-02..(&2%'"%>"&$,",.,0&*%'-"
2'"&$,"*,>.,0&%*"#.(&,!"(')"#*%)B0,-"G;"F(1,-!"
F$20$"0('"5,"),&,0&,)"5/"&$,">,,)3"



Dish antennas

! I$,"-2=,"%>"&$,">,,)8 6
Feed ∼ 𝜆$
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Antenna arrays

! 6- 8 +' 06
• 𝜆* ≈ 4 km for 𝑓 = 70 MHz
• 𝜆* ≈ 150m for 𝑓 = 2 GHz
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Limits from antenna arrays
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FAST data

! @U@3?"E<=!"D(')"F2)&$"V"W3XY"+<=!")(&("%5-,*1,)"
%'"Z,0"@[!"\]\]3"

! I$,"-2K'(."2-"0%'-&('&!"F,"*,A%1,")(&("F2&$".(*K,"
1(*2(&2%'"2'"&2A,3"



FAST data
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FAST data
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Constraint FAST data
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Constraint FAST data
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Direct detection of dark photon 
dark matter with radio telescopes
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Summary

• We convert all photon detectors to dark photon detectors.
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