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Axion-like Particles (ALPs)
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Interaction processes:

<off process: y+¢e¢ = e+ a

ated decay: a — 2y



Observational signatures

axion from the sun
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Observational signatures
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Gegenschein

The intensity of gegenschein

signal from a volume element d°x:

.......

d3:13d
dark matter

hC4 3
dl, = e gayl (vd,x) p.(X)d x

I, : the intensity of source

Oindrila Ghosh, Jordi Salvado, and Jordi Miralda-Escude (2020)

Yitian Sun, Ktefin Schiz, Arjali Nambrath, and Kiyoshi Masui 2021) () _© M aSS dens |ty of ALP



Gegenschein
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Gegenschein
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Gegenschein

X, > X,
hct
dl, = e 8§ylsu (I/d, X) p,(X)d>x
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Gegenschein

The flux of gegenschein signal:
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0
ux of SNR seen by the earth

radius of the Galaxy

r(x): distance from the Galactic center

d3wd
dark matter

.......
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Radio source

Cygnus A

* The brightest extragalactic radio source

« =~ 232 Mpc(> R, )awayfrom the Earth

vir

* spectrum
log Sy, (yd) =a+ blogyy+ clog’y,
(a =4.695, b =0.085, c = —0.178)

J. Baars, R. Genzel, I. Pauliny-Toth, and A. Witzel (1977)



Observed gegenschein intensity

The flux of gegenschein signal:

hct
Sag = T 8arSas (vg) | dx plr()]

r(x) = \/ x% + 1% — 2xr,cos 0

r,: distance of the sun from

the Galactic center

(0 = 103.74°)

Cygnus A

NFW Halo

Oindrila Ghosh, Jordi Salvado, and Jordi Miralda-Escude (2020)



Distribution of ALP

Distribution of axions follows the NFW profile:

50:00 A 7'3

S = vir c
(rir) (L+rir)” 3 In(141r)—r/(1+r)

pr) =

0. : overdensity parameter
r, =~ 20 kpc : the scale radius
p. : the critical density of the universe
A, =200
R, ~ 221 kpc : the virial radius

r.= R, /r,: concentration



Constraintson g,

Obtained radio signal power:

4 00

Psignal — ﬂAfASAg — nAfA1_6g§nyAy (Vd) dx pa[l’(X)]

Noise measured in telescope:

Av
Pnoise = 2kBT t_
obs

Assume we measure a gegenschein signal it Pgign) IPnoise =N
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Constraintson g,
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Dilute Axion Stars

* Non-relativistic solutions of the Einstein Klein-Gordon equation:

8" D0, + Vig) =

THY — I RV _ l RgH
87Z'G 2

» Self-gravitating objects with the quantum pressure balancing

2
. 10ueV 107"*M
gdilute (270 km)( ’“‘e ) ( @)
mCl MCZ

P. H. Chavanis and L. Delfin (2011)

gravity




Assume: 10% of mass within the virial radius forms dilute axion stars

Distribution of AS flux (NFW is setto 1)

_________________________________ NEW i
. LA R 1.007
constant 0.923

— As long as axion stars follow the same distribution to axions,

the gegenschein flux doesn’t change

Dynamical friction might change the flux? . m.Koushiappas and a. Locb 2017)



« Gegenschein signal is expected due to the axion-photon coupling 8ayy

« Non-observation of gegenschein signal place an upper bound on 8ayy

* Aslong as axion stars follows the same distribution to axions, the
gegenschein flux doesn’t change

e Dynamical friction affects the flux?



