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• Direct search for MeV scale dark matters
• New materials 
• Boosted dark matter

• Ultralight bosonic dark matter
• Using WIMP detectors to search for ultralight dark matters
• Resonant cavities
• Broad band searches
• Using radio telescopes to search for ultralight dark matters



Thermal freeze-out as a benchmark model

• Freeze-out
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Thermal freeze out
Γ) = 𝑛*+ < 𝜎𝑣 > ,
Γ) < H
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• Materials with lower threshold (Skipper CCD)

Lighter DM (𝑚!" < 50 MeV)

SENSEI, PRL 125 (2020) 171802, 48 gram-days DAMIC-M, PRL 130 (2023) 171003, 85 gram-days



New ideas for light dark matter search

• Superconducting detector O(meV) electron recoil, 
        Hochberg et al. PRL 116 (2016) 011301, Hochberg et al. JHEP 08 (2016) 057

• Superfluid helium4 detector O(meV) electron recoil,
            Katelin Schutz and Kathryn Zurek, PRL 117 (2016) 121302, 
            Knapen et al. PRD 95 (2017) 056019

• Superfluid helium3 detector sub eV nuclear recoil
            QUEST-DMC, 2310.11304

• ALETHEIA: Using liquid helium TPC to search for low mass dark matter 
(nuclear recoil) , 2209.02320

• All the works to use the Migdal effect to search for small nuclear recoils.
…



Re-examine the Skipper CCD

• The region 𝑚! < 1MeV is still hard to search.

Kinetic energy is too small.
Need a boost.



Solar reflection of dark matter

HA, Pospelov, Pradler, Ritz, PRL 120 (2018) 141801
HA, Nie, Pospelov, Pradler, Ritz, PRD 104 (2021) 103026



Cosmic ray boosted dark matter

Nuclear recoil



Cosmic ray boosted dark matter

Bringmann, Pospelov, PRL 122 (2019) 171801 Xia, Xu, Zhou, JCAP 02 (2022) 028

Rock attenuation effect is more carefully considered.



Cosmic ray boosted adrk matter

Ema, Sala, Sato, PRL 122 (2019) 181802 S.Ge, J.Liu, Q.Yuan, N.Zhou, PRL 126 (2021) 091804

Daily modulation



Light dark matter from black hole evaporation

CDEX, PRD 108 (2023) 052006

Calabrese et al, 2107.13001, 2203.17093



Self-boosting dark matter

• Down-scattering dark matter

A few keV gap, protected by symmetry

Freeze-out:
     K. Harigaya, Y. Nakai, M.Suzuki, 2006.11938
     J.Bramante, N. Song, 2006.14089
    M.Baryakhtar, A.Berlin, H.Liu, N.Weiner, 2006.13918
Freeze-in:
    HA, D.Yang, 2006.15672

XENON1T, PRD 102 (2020) 072004



Fermionic DM Absorption
Ge et al., 2201.11497
PandaX, PRL 129, 161804 (2022)



Other proposals and constraints

• Dark matter boosted by supernovae neutrinos
• Atmospheric resonant production
• Blazor boosted DM (by protons from SMBH accretion)
• Electron recoils from terrestrial upscattering of inelastic DM
• Terrestrial Probes of Electromagnetically Interacting Dark Radiation
• Millicharged cosmic rays and Low Recoil Detectors
• …

Lin et al. 2206.06864

Darme et al. 2205.09773
Granelli et al. 
2111.13644, 2202.07598 

Emken et al., 2112.08957

Kuo et al., 2102.08409

Harnik et al., 2010.11190



Ultralight dark matters

• Axion and axion-like particles

• Dark photons
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µ�5e

<latexit sha1_base64="p3wILomNhclIPpKkMb2wbL+muaA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCuCiJWHRZdOOqVLAXaGI4mU7boTNJmJkIJfQd3Pgqblwo4taNO9/GSduFtv4w8PGfczhz/jDhTGnH+baWlldW19YLG8XNre2dXXtvv6niVBLaIDGPZTsERTmLaEMzzWk7kRREyGkrHF7n9dYDlYrF0Z0eJdQX0I9YjxHQxgrsUy8BqRnwwBMpBuyFIHHN64MQcJ9bUwwquBbYJafsTIQXwZ1BCc1UD+wvrxuTVNBIEw5KdVwn0X6W7yOcjoteqmgCZAh92jEYgaDKzyY3jfGxcbq4F0vzIo0n7u+JDIRSIxGaTgF6oOZruflfrZPq3qWfsShJNY3IdFEv5VjHOA8Id5mkRPORASCSmb9iMgAJRJsYiyYEd/7kRWield1K2bk9L1WvZnEU0CE6QifIRReoim5QHTUQQY/oGb2iN+vJerHerY9p65I1mzlAf2R9/gCaop1V</latexit>

@µaN̄�µ�5N

<latexit sha1_base64="BIkJaCo/114rRp2y2xWXmVuVhTo=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRbAkRdFlUSguK9gLNDFMppN26GQSZiZCCXkHN76KGxeKuHXjzrdx2kbQ1h8GPv5zDmfO78eMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h1fjevueCEkjfqtGMXFD1Oc0oBgpbXnm8Ql0AoFw6pBYUhbxLK1msO6lTpg4PMnqh3c/6Jllq2JNBOfBzqEMcjU889PpRTgJCVeYISm7thUrN0VCUcxIVnISSWKEh6hPuho5Col008lNGTzQTg8GkdCPKzhxf0+kKJRyFPq6M0RqIGdrY/O/WjdRwYWbUh4ninA8XRQkDKoIjgOCPSoIVmykAWFB9V8hHiAdkdIxlnQI9uzJ89CqVuyzinVzWq5d5nEUwR7YB0fABuegBq5BAzQBBg/gCbyAV+PReDbejPdpa8HIZ3bBHxkf33Mxnoo=</latexit>

� ✏

2
Fµ⌫F

0µ⌫ <latexit sha1_base64="EK4w1y9ideUooRnkFt3h1lhA71E=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFrAvLjCi6rHUj4qKCvUA7Dpk0bUOTzJBkhDIU3Pgqblwo4taXcOfbmLaz0NYDIR//fw7J+YOIUaUd59vKzM0vLC5ll3Mrq2vrG/bmVk2FscSkikMWykaAFGFUkKqmmpFGJAniASP1oH858usPRCoaijs9iIjHUVfQDsVIG8m3dy4O/BaPYeH63lx+GR7BCd0c+nbeKTrjgrPgppAHaVV8+6vVDnHMidCYIaWarhNpL0FSU8zIMNeKFYkQ7qMuaRoUiBPlJeMdhnDfKG3YCaU5QsOx+nsiQVypAQ9MJ0e6p6a9kfif14x159xLqIhiTQSePNSJGdQhHAUC21QSrNnAAMKSmr9C3EMSYW1iy5kQ3OmVZ6F2XHRPi87tSb5UTuPIgl2wBwrABWegBK5ABVQBBo/gGbyCN+vJerHerY9Ja8ZKZ7bBn7I+fwDDu5Wu</latexit>

A0
µ(J

µ
B � Jµ

L)
<latexit sha1_base64="5vSYsZqTY97/ZD33GMILP9tnEBg=">AAACCHicbZC7TsMwFIadcivlFmBkwKJClIEqQSAYCyyIqUj0IrUhcly3tWo7ke0gVVFHFl6FhQGEWHkENt4GN80ALUey/On/z5F9/iBiVGnH+bZyc/MLi0v55cLK6tr6hr25VVdhLDGp4ZCFshkgRRgVpKapZqQZSYJ4wEgjGFyN/cYDkYqG4k4PI+Jx1BO0SzHSRvLt3YsDv81jWLq5N1eKRzBjjeJD3y46ZSctOAtuBkWQVdW3v9qdEMecCI0ZUqrlOpH2EiQ1xYyMCu1YkQjhAeqRlkGBOFFeki4ygvtG6cBuKM0RGqbq74kEcaWGPDCdHOm+mvbG4n9eK9bdcy+hIoo1EXjyUDdmUIdwnArsUEmwZkMDCEtq/gpxH0mEtcmuYEJwp1eehfpx2T0tO7cnxcplFkce7IA9UAIuOAMVcA2qoAYweATP4BW8WU/Wi/VufUxac1Y2sw3+lPX5AzrVmDY=</latexit>

A0
µ(J

µ
µ � Jµ

⌧ )



Helioscopes for axions



Helioscopes for dark photon

HA, Pospelov, Pradler, PLB 725 (2013) 190, 
& PRL 111 (2013) 041302

HA, Pospelov, Pradler, Ritz, PRD 102 (2020) 115022
XENON1T, PRD 106 (2021) 022001

𝑚!" (eV)



Searching for ultralight dark matter directly 
with WIMP detectors

HA, Pospelov, Pradler, Ritz, PLB 747 (2015) 190-195

𝑚!" (eV)



Resonant cavities

• Axion: 𝑎, 𝐄 mixing,
• Dark photon: 𝐀 , 𝐀′ mixing,
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Resonant cavities for axions



Resonant cavities for dark photon dark matter



Searching for high frequency axions and dark 
photons with di-electric layers
• Dark photon dark matter oscillate to on-shell photons

A stack of dielectric layers, with 
alternating indices of refraction, 
provide a non-zero momentum for 
the photon to propagate.

Baryakhar, Huang, Lasenby, PRD 98 (2018) 035006
LAMPOST, PRL 128 (2022) 231802



Broad band searches

• Axion induced alternative current

ABRACADABRA

𝑔 𝑎 𝐄 - 𝐁 𝐉/00 = 𝑔𝑎̇ 𝐁
Sikivie, PRL 51 (1983) 1415



Broad band searches

• Axion induced alternative current

𝑔 𝑎 𝐄 - 𝐁 𝐉/00 = 𝑔𝑎̇ 𝐁

Induced
Magnetic
field

ABRACADABRA, Phys. Rev. Lett. 127, 081801 (2021)

Sikivie, PRL 51 (1983) 1415



Searching for ultralight DM with radio telescopes

• For axion or dark photon:
              𝜔" − 𝑘" = 𝑚"

• For photon in plasma:
𝜔" − 𝑘" = 𝜔#"

• For axions: 
        plasma + magnetic field
• For dark photon: 
        plasma
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Ultralight axions dark matter

• Strong magnetic field to make the mixing larger.
• Electrons trapped by the magnetic field provide a plasma mass for photons.

Pshirkov, Popov, 0711.1264
F.P.Huang et al. PRD 97 (2018) 123001
Hook, Kahn, Safdi, Sun, PRL 121 (2018) 241102

10#$~10#% Gauss



Result from Green Bank Telescope

100 meter diameter

Foster et al., Phys.Rev.Lett. 125 (2020) 171301



What about white dwarves?
Neutron Star White Dwarf

Magnetic field ~10#$ − 10#% Gauss ~10& Gauss

Radius 10 km 10% km

• 𝑆&'(~𝑅)𝐵*"

• The signal from white 
dwarves can be as 
strong as from neutron 
stars. 

Wang, Bi, Yao, Yin, 2101.02585



Searching for dark photon dark matter 
resonant conversion in the Sun’s atmosphere

𝑓 = 1 GHz

𝑓 = 10 MHz



Radiofrequency Dark Photon DM

HA, F.P. Huang, J.Liu, W.Xue, Phys.Rev.Lett. 126 (2021) 181102



Radiofrequency Dark Photon DM

• Searching for dark photon DM in LOFAR data

HA, X. Chen, S. Ge, J. Liu, Y. Luo, 2301.03622



Searching for dark photon dark matter 
directly with radio telescopes 
• The metal plate converts 𝐴′ to 𝐴
• The dark photon dark matter has an interaction with the electric 

current, 𝜖𝑒𝐴′+𝐽+.
A’

A
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Searching for dark photon dark matter 
directly with radio telescopes 

HA, S. Ge, W.-Q. Guo, X. Huang, J. Liu, Z Lu, 2207.05767, PRL 130 (2023) 181001



Summary

We need more ideas to search for dark matter.


