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Years after the Big Bang
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. Reionization

Fully ionized

« CMB has a Blackbody spectrum with T ~
2.73K.

« Photon-Baryon fluid out of thermal
equilibrium

« Spectral Distortion? Deviation from the
Black-Body spectrum.

« u—distortion: chemical potential in CMB BB
spectrum 10'eV < T, = 10%eV.

Credit:
https://cdn.arstechnic
a.net/wp-
content/uploads/2016
/06/Reionization-
timeline.jpg
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Energy Injection: Dark Sector Density Fluctuations

Dark Sector Properties:

Dark Sector Energy Density

Py
Generation of Fluctuations
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S.W is damped by
Diffusion (Silk Damping)

Sound Wave sourced
through gravitational
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Credit: Weir, et al.
https://ieeexplore.ieee.org/doc
ument/4376157.

Motivation & Main
Idea?

Motivation

« GW’s cause deformation of Plasma

which cause it to heat up. u ~ ‘;ﬂ ~
Y
107°Qsw

« [Chluba, Patil ,et al: 2010.00040]

S.W in Photon Baryon Fluid p ~

Idea! ;" n |
2 = 22 Causes additional Heating!
Y Y

Sources with large density
fluctuations prone to emit GWs!




First Order Phase
Transition in the Dark
Sector
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An FOPT in a Dark Sector Fluid is

characterized by (Qp, ap, T, HE Vi) /
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We only consider the Sound Wave
contribution of the fluctuations.



First Order Phase Transition in the Dark Sector
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First Order Phase Transition in the Dark Sector
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Message 1:
10-3 Strong bounds
from Distortions!!
Message 2:
[ o Distortions bridge
the gap between
[ 105 CMB and PTAs.
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First Order Phase Transition in the Dark Sector

ANer=0.3, B/H =10

ANqr=0.3, B/H=100

100

COBE/FIRAS
107t

102

----

-
----------

102

L 10—3

L 1074

.t
.
. .
...........

10*23

103

» .
-----------

- 10—4

L 10—5

10t 102 10%® 10* 10° 10° 107
transition Temperature T« [eV]

101 102 10® 10* 10°
transition Temperature T+ [eV]

106

10’

Message 1:
Strong bounds
from Distortions!!

Message 2:
Distortions bridge
the gap between
CMB and PTAs.

Message 3:
Complementarity
among distortions
and PTAs.
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Summary

Multimessenger probe with

Powerful new probe for (‘}. Gravitational Waves searches
gravitationally coupled sectors!
¢ PTAS!
We also studied Meta-stable
. ~ topological defect
S;S%?I_SA?G gap between CMB & J (DWSs/Strings), Tachyonic

instability, and reheating
dynamics

Thank you for your Attention!!
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