Secluded Dark Sector and Muon (g — 2) in the

Light of Modified Cosmology

Sougata Ganguly

Chungnam National University

2023 CAU-BSM Workshop
Chung-Ang University
Feb. 24, 2023

Based on

1) JCAP 05(2022)019

1i) JCAP 02(2023)044

in collaboration with Ananya Tapadar and Sourov Roy

sganguly@cnu.ac.kr


mailto:sganguly@cnu.ac.kr

Classifications of particle dark matter: A schematic picture

Dark
Matter

Symmetric Thermal Asymmetric Non-
Thermal

v

l l l l

WIMP E{ SIMP ] Secluded Sector Semi-

ochberg et. al.; Pospelov et. Al; Annihilation

2014 2008 D’Eramo et. Al;
2010

Scherrar et.al.;
1985




Classifications of particle dark matter: A schematic picture

Dark
Matter

Symmetric Thermal Asymmetric Non-
Thermal

v

WIMP SIMP Secluded Sector Semi-
Scherrar et.al.; Hochberg et. al.; Pospelov et. Al; Annihilation
1985 = 2008 D’'Eramo et. Al;

2010




Secluded Dark Sector

® — SM interaction

Da,rlc Sector

Visible Sector X,

Y — P



Secluded Dark Sector

® — SM interaction

Da,rlc Sector

Visible Sector X,

Y — P

\J

> Constraints from direct searches can be evaded easily

> Determines the thermal properties of the dark sector



Secluded Dark Sector

Determines the

/ relic density

® — SM interaction

Da,rlc Sector
X, ®

Visible Sector
Y — PP=

\J

> Constraints from direct searches can be evaded easily

> Determines the thermal properties of the dark sector



Secluded Dark Sector

® — SM interaction

Da,rlc Sector

Visible Sector X,

\J

> Constraints from direct searches can be evaded easily

> Determines the thermal properties of the dark sector

Y — PO«

Determines the

relic density

K Can be multi—component.

2 Can be clegenera,te.

> Can be thermally decoupled.

-




Secluded Dark Sector

® — SM interaction

Da,rlc Sector

Visible Sector X,

\J

> Constraints from direct searches can be evaded easily

> Determines the thermal properties of the dark sector

Y — PO«

Determines the

relic density

K Can be multi—component.

2 Can be clegenera,te.

-

"\Qan be thermally decoupled.{)




Temperature Evolution of the Dark Sector



Temperature Evolution of the Dark Sector

d /
d_’; +4Hp' ~ Cspm—ps



Temperature Evolution of the Dark Sector

d /
d_’; +4Hp =~ Cgm—ps

Rate of increase of

dark sector energy



Temperature Evolution of the Dark Sector

d /
d_’; +4Hp =~ Cgm—ps

Rate of increase of Dilution due to

the expansion
dark sector energy



Temperature Evolution of the Dark Sector

d /
“" 4 4Hp' ~Coymosps

dt 2

Rate of increase of Dilution due to Emergy injection
the expansion from the visible to

dark sector energy the dark sector



Temperature Evolution of the Dark Sector

d /
= AHp' ~ Csm—ps

- \
Rate of increase of Dilution due to Emergy injection
the expansion from the visible to
dark sector energy the dark sector

Assuming the dark sector

is internally thermalised

2
/ T /T/4

L e

Define



Temperature Evolution of the Dark Sector
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Modified Cosmology: Effect of a fast expanding component

Consider a new field ¢ whose energy density redshifts as p; o a~4t7) where n >0

We define a temperature 7, at which
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Summary

We have considereda U(1)x ® U(1) L, —L, gauge extension of the SM where the dark sector is only charged under
U(1)x gauge symmetry.

Due to the presence of tree level kinetic mixing between 7’ and Z

.. the dark sector is only populated through the

annihilation of muon and tau involving annihilation channels.

Since the dark sector do not couple with the first generation of quarks and leptons, the parameter space of the dark sector

phenomenology will be less constarined as compared to the gauged B-L scenario.

The presence of the L, — L, portal opens up the possibility of non-adiabatic evolution of the dark sector.

For standard radiation dominated Universe, we have shown that for a thermally decoupled dark sector, simultaneous
explanations of dark matter relic density and muon (g-2) anomaly are not possible while satisfying the other laboratory,

cosmolgical, and astrophysical constraints.

We have shown that reconcilation of dark matter relic density and muon (g-2) anomaly are possible if the energy budget

of the early Universe is dominated by a fast expanidng component in the early Universe.
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