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Inkroduccion

Standard model of particles can only explain the baryonic content

of the universe /—\
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There is enough evidence that dark matter exists, from rotation qo
galaxies ot lower scale to sktructure formation ab larger scale
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Inkroduccion

There is large variety of dark matter candidates, whose masses
rainging along more than ¥0 orders of magnitude

{2QQ§‘632§4J 80 orders of magnitude
1036y |10-2eV eVl  keV GeV M, Mo e
----- pageeoeeeee o S i — | :
DE Ultra-light DM “Light” DM WIMP g?\?l“l’%‘te Primordial BHs
Not DM B . Limit
thermal relic

this is my preferred range

This range includes: © axions
o axion-like particles
oldark photons

e millicharged bosons
o others




7 NNU - B FFiaxE

& 4 NANJING NORMAL UNIVERSITY

Inkroduccion

Ulkralight darle photons are good dark matter candidates 3 they
were produ«ced in the early universe bj non khermal mechanisms

Production mechanisms for dark photons:

e Misalignment mechanism [11052%12, 1201.6902]

o Inflationary fluctuations [1504.02102, 1¥10,0720% ]

¢ Tachyonic instabilities from axion-like particles [1¥10,0719¢,
1¥10,071%% ]

o Parametlric resonance from dark Higgs decay [1¥10.07195]
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Darke Pko&om Pkemamemots@gv
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¥ <<1 Kinetic mixing parameter

We can have a better picture of the physics f we get
rid of the kinetic mixing term:
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Photown-darike pha&om oscillakion
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Dark Pko&am Phémomamatogv
Axion experiments work well to F:»mvbe dark photons:

v X B — &tf — feff Modified Amgyere’s Law

-

]ef = =g BO al‘ a AxiLons
feff — —)(m}/z/ X, Dark FhOEGV\S
)(myz, < gBO Mapping from axion

dark makker
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Ciaran O'Hare data basis: https://cajohare.github.io/Axionlimits/docs/

a\?‘k&mt

Kinetic mixing
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https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html

Radic observations of axions and
dark. photons
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Visible light (e d t ) Long-wavelength
- observable it e Radio waves observable  5jo waves
Gamma rays, X-rays and ultraviolet absorbed by T
light blocked by the upper atmosphere from Earth,  ¢ospheric blocked.
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Radic observations of axions and
dark. photons

AxiLons:

e Radio emission from neutron stars maghetospheres 200400011,
R4-07,13060]

© Axion spontaneous and stimulated cie«mv Lastro-ph/o&11502,
R502.0%913]

Darke Fho&ams:

e CMB distorsions [2004,00011, 2002,08165 ]
o Effect on radio telescopes [2207.05767]

o Gralactic cenber [2212,09756]

e Solar corona [2301,03622, 2304,01086 ]




Radio signal from de Millky Way

eleckron cloud

/

oV

AN Y
\\\
\\\
/ ’
e e

m},/ >> me * F}//—>2€_ > n oV

% W 3
i) NNU - $ % 5% ju < %

A" 4 NANJING NORMAL UNIVERSITY

/
AN €
N\
\
\
N\
N\
N\
\

Interesting

Not interesting

'{@'s% Iir : @ jﬁjw
@/ S @ \

@@@%



2 NNU - # FFjox&

& 4 NANJING NORMAL UNIVERSITY

Radio signal from de Millkey Way
electron cloud

S&gmod. characteristics:

o Should be present at any location of the Galaxy

¢ It is anisotropic, since it is stronger to direcktions where the
electron and DM densities are bigger

oIt is a spectral Line with angular frequency equal to the dark
Pko&an WA SS

e The bandwidth is determined bj the electron velocity disperswm,
of the order of 10-3c,

Sighal %r@qu&m‘:ﬁ: *
Signal bandwidth: sl
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,0.}/ = <0V> nepdm

<gv> = 2.07 X 10_16)(2 cm?2 m/s averaged cross section

KT
[ =% J dfj dQn (2, Q) pym(?> Q)
drov ), o\,

Fileld of view

KT - 28.3 kpC Fotat tine Odf SLSh& Odf Qfov Oﬂf the radio

the observation
Eet&saope

P dm Dark matter enerqgy n, Eleckron
densiby denstty
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J. M. Yao, R. N, Manchester and N. Wang, As&ropkjs. J. ¥38 (Ro17) 9.
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hitps://www.abnf.csiro.au/research/
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Navarro-Frenk-iWhite (NFW)

v 1
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Model | 7, |GeV/icm?|| r, |kpc| |1, [mJy]
NFW 0.184 24.42 | 0.238
Moore 0.105 30.28 | 0.476
Einasto| 0.021 35.24 | 0.61
N
typical flux denstty

0.11 Reskt wiokivated
_1 } model bv recenk

observatiohs
[1012.4518]
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Radio signal

Stngle dish observakion:

P, [lobs
Tsys 51/

P.=6uLS (s/n),; =

S;  Area of the dish

‘obs Total kime of observation

Isys System noise temperature

n
For i dishes: sin = Z (s/n)l.2
i=1
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Radio signal

‘Samsi&vi%v proje&ﬁoms with ALMA and SKA [2406.12797]
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Cownclusions

This worlke:

e We considered Thomson-like scattering from dark matter
dark photons and Milky Way free electrons

e Interesting for radio observations

o Current and future radio telescope arrays are sensitive
enough to probe dark photon dark matter in unconstrained
parameter space

Nexk?

o Use real data from real observations

e Planning a dedicated observation

o Study this signal from other sources, Like neutron stars or
nearby galaxies?
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Thanks for
your
akbtenktion!



