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Introduction

Physics of sigma mesons have similarity
with the scalar dark matter candidate like
dilatons, are promising candidates for dark
matter[l].  Although they do not couple
strongly to ordinary matter, their indirect de-
tection is possible through the imprints they
leave on electromagnetic (EM) radiation emit-
ted from astrophysical sources and observed
by ground- or space-based telescopes.

A major challenge in this line of investi-
gation arises from the extremely weak signal
strength of these imprints. If the signal falls
below the minimum sensitivity threshold of
the detectors within the relevant parameter
space, detection becomes unfeasible.

In this paper, we present our recent inves-
tigation of dilaton-photon oscillations in the
magnetized media of compact astrophysical
sources. Our analysis shows that the strength
of the EM radiation signal S,, which car-
ries the imprint of dilaton-photon mixing, lies
within a range suitable for detection by cur-
rent or upcoming instruments.

The Dilaton-Photon oscillation
Probability

The dilaton in presence of magnetic field
can oscillate into two degrees of freedom of
photon. However participation of the degrees
of freedom of photon increases in presence of
magnetized medium background. The most
favourable environment to facilitate the pro-
cess of mixing is provided by the magneto-
sphere of the compact star. The expression of
the probability for the oscillation between par-
allel polarization state of photon to the dilaton
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in presence of magnetized medium is provided
as follows:
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Here N&) are the normalization constants,
G = (9pyyBLw) E; are the Eigen values of the
dilaton-photon mixing matrix and the other
parameters have their usual meanings that can
be found in [2, 3].

Photon flux density and Radiome-

ter Equation

The signal strength of the photon carry-
ing the traces of dilaton-photon mixing in the
magnetosphere of the star received by the de-
tector of the telescope can be obtained from

the photon flux density S, = 4152/?”. Here
% is the rate of change of conversion of
dE

dilaton mass into photon energy ie., & =

dt
P¢%7Hd;n—t¢’. Thus using eqn. (1) the signal

strength of photon in terms of photon flux
density turns out to be:
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We have estimated S, numerically against
the photon frequency w and plotted in fig-
ure [1] represented by black colour. The de-
tectability of the this photon flux S, carry-
ing the imprints of dilaton-photon conversion
in the radio range by the radio telescope de-
pends upon the sensitivity of the implanted
detector on the telescope. This sensitivity can
be estimated by using the Radiometer Equa-
tion that tells the minimum detectable signal
and is given by:
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Here Ty, is the system temperature in K,
¢ integration time in seconds, Acfy is the ef-
fective collective area of the telescope, 7 is
system efficiency and 7, is the number of
polarization states of photon. Rest other pa-
rameters have their usual meanings that can
be found in [4, 5]. We have plotted the Spin
against the photon frequency in figure[1] with
red curve. The values of parameters have
taken from [4].

Discussion

In this article we have presented the result
of the evaluation of photon flux density carry-
ing the imprints of cosmological dark matter
clump found close to the galactic centre. The
dilaton-photon mixing in the magnetized en-
vironment of compact astrophysical systems
generates the signal.

Our investigation is based upon the eval-
uation of the probability of conversion of
clumped dilaton into parallely polarized pho-
ton in presence of the magnetized medium.
Due to inclusion of a parity violating piece
coming from the magnetized medium in the
effective Lagrangian makes the mixing of three
degrees of freedom of the system, two degrees
of photon (parallel and perpendicular) with
the dilaton. As a consequence, the magnitude
of photon flux density of the parallely polar-
ized photon (in the parameter range we con-
sidered, the details are in Figure [1] caption),
lies above the magnitude of the minimum de-
tectability of the SKAl-Low array detector.
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FIG. 1: Plot of Photon flux density S, (y-axis) re-
ceived at telescope detector versus Photon energy
w (x-axis; scaled up by the factor 10'® in GeV.
The parameters choosen are as follows: Dilaton
mass (me) ~ 107*® GeV, Dilaton-Photon cou-
pling constant (ggy) ~ 107" GeV ™! magnetic
field of compact star (B) ~ 10'? Gauss, plasma
frequency (wp) ~ 10722 GeV, photon pathlength
(2) ~ 4Ro, where Ry is the radius of star, distance
from the source to the detector (d) ~ 1Kpc, the
dark matter density (p) ~ 3 GeV cm ™3, spectral
line broadening around peak frequency v, due to
dispersion of dark matter velocity vq is (Av) ~
Vplq , time of observation At ~ 100 Hours.

We considered fuzzy dilaton for this analy-
sis keeping the simulation results for struc-
ture formation. This result opens a possibility
of investigation to look for the signatures of
scalar dark matter using radio telescopes.
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