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Existence of DM at all scales
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Searching for Dark Matter
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Searching for GeV-TeV DM
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Searching for GeV-TeV DM

QCD axion WDM limit itari
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Searching for GeV-TeV DM

QCD axion WDM limit
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Ultralight dark photon DM

Dark photon dark matter
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e 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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V, and 4, are in mass eigenstate.



The field configuration

. Ep(t,x) = Eg) cos(wpt — kp - x)
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Photon Dark Photon Oscillation
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V, and A, are in mass eigenstate.
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Photon Dark Photon Oscillation
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* When w, = my , photon and dark photon
resonantly convert into each other.



Photon Dark Photon Oscillation

* Projecting onto the transverse modes
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Photon dark photon oscillation
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Searching for ultralight DM with radio
telescopes

* For dark photon:

w? —k?=mi
* For photon in plasma:
w? —k* = w} -
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Dark photon dark matter converted at the
Sun’s atmosphere

* Resonant conversion
* Wy =My

* |nside the dark matter halo
* vpy~1073

* The frequency of the converted photon
* w = my with the dispersion ~107°.

* The signal is a sharp peak in the solar spectrum



Absorption of the converted photon

during propagation

* Inverse bremsstrahlung absorption
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Photon converted in
chromosphere cannot fly
out.

* Compton scattering
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 Compton scattering can shift the frequency of the

converted photon.
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Searching for the converted
photon with radio telescopes

The minimal detectable flux S 2 SEFD 2k, T T5”
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e al detectable flu i por B fone A
Name f [MHz] | Bures [kHz] [(Thys) [K]|(Ae) [m?] o |
SKAl-Low |(50, 350) 1 680 | 2.2 x 10° and il West Australia
SKA1-Mid B1/(350, 1050)| 3.9 28 2.7 x 10* ' =
SKA1-Mid B2|(950, 1760)| 3.9 20 3.5 x 10*

LOFAR (10, 80) 195 28,110 1,830
LOFAR (120, 240) 195 1,770 1,530
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Searching for DPDM with radio telescopes

frequency [MHz]
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Searching for DPDM in LOFAR

Work in progress with Xingyao Chen, Shuailiang Ge, Jia Liu and Yan Luo

* We obtain LOFAR real data f ~30 — 80 MHz in total
of 51 minute observation.
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For dark photon dark matter with
smaller mass

* Because of the ionosphere, no terrestrial
telescopes can cover f < 10 MHz.

* Go to outer space.



Plasma in solar wind

* Free electrons between Earth and Sun
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For dark photon dark matter with
even smaller mass

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

* STEREO A/B
* Parker Solar Probe T el

First Min Perihelion
at 8.86 R




Jsing solar probes to search for
DPDM

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

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

10—9§
10—10;
10-11;_
k 1012}

10714 K

10-15' . T R e IR L s cenee e coaw oo
1 10 100 1000 104 105
f [kHZ]

PSP constraint



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

Plasma effect
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Searching for dark photon dark
matter directly with radio telescopes

* Large scale radio telescopes




Searching for dark photon dark
matter directly with radio telescopes

* The dark photon dark matter has an interaction
with the electric current, kel/,J* (although
suppressed)




Dipole antennas

e Usually £ < =

* For photon, A1 =
1
fXvp

* Equivalent electric signal:

~ 1037

* For dark photon, A, =

Erap = /ng)) cos(2m ft)

quv

2
dipole = CK PDM — 0.4 GeV/cm?

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



Dish antennas

e For dish antennas, the oscillation of the dark
photon field induces the oscillation of the electrons
in the reflector plate, and produces EM waves,
which can be detected by the feed.




Dish antennas

* The size of the feed ~ A
Feed ~ A2
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Antenna arrays

.AD ~ 1032,
* Ap = 4 km for f = 70 MHz
* Ap = 150m for f = 2 GHz

* Interferometry techniques
can be used.

* Correlation suppressed
when the distance of two
antennas is larger than 4.

Spn = exp(—m%,02d?, /4)

vTmn




Limits from antenna arrays

* The signal is a peak,

fsignal — mV/27T Afsignal ~ 10_6f

* Minimum detectable spectral flux

SEFD %k T
Smin = SEFD = —“2-%s
s \/npolBtobs Aef—f

* We require 1% /B> S, to calculate the

array

sensitivities of the antenna arrays.



FAST data

e 1- 1.5 GHz, Band width = 7.63 kHz, data observed
on Dec 14, 2020.

* The signal is constant, we remove data with large
variation in time.
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FAST data

e Spectrum after data cleasing

spectral flux density [W/m2/Hz]
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FAST data

 We calculate the uncertainties from the
fluctuations of the data.
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Constraint FAST data
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Constraint FAST data

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

frequency [GHZz]
10 107 107" 10° 10’
107°
1010

K 10"

10712¢

10-13.

1071

HALOSCOPES

10715,

1—16- e e e e
0 1078 1077 1078 107° 1074

my [eV]
HA, S Ge, W-Q Guo, X Huang, J Liu, Z Lu, 2207.05767



Summary

AI

* We convert all photon detectors to dark photon detectors.



