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Dark matter

The fundamental nature of Dark Matter remain elusive.

Are there any cosmological imprints of dark matter ?
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AN, . arXiv: 2502.10318 (DB, SM, DN, SKS, NS)

Non thermal dark matter: production through UV
freeze-in mechanism. It connects to CMB observables

via Ty (reheating temperature).




Inflation: Setting the background

* During the early stage of evolution, the Universe was filled with a hot and dense plasma of elementary
particles.

However it is unknown which mechanism set the initial condition for “Hot Big Bang” or
specifically “The radiation dominated epoch”

* Horizon Problem: even the causally disconnected regions of space are uniform in temperature!

.y Peri . . .
. Flatness Problem: any deviation from —2£ = 1 grows over time, but todays Universe is very close to flat,

P
Peri '
™ ~ 1. To reach here, we need to extremely fine tune the curvature of early Universe,

P
|P — Perit
P

< 107>,




Inflation: What could have happened...

Universe starts very small...perhaps as a tiny fluctuation.

An unstable field or “particle” (Inflaton) fills the space of fluctuation. This field
consists of gravitational repulsion!

The repulsion was the driving force behind the big bang: drove it into exponential
expansion.

The field was unstable and it decayed ending inflation.

The decay released energy which produced Ordinary particles, forming a hot, dense
“primordial soup”.

The “primordial soup” matches the assumed starting point of the assumed starting
point of the standard Big Bang.



Connecting CMB observables and reheating

» By calculating the slow roll conditions, we can fix the a,_ ;.

* The duration of reheating depends on how does the inflation deposits its energy
into plasma.

log(aH)™!

Comoving length scale

Inflation Dominated Universe

Reheating

Radiation Dominated Universe

We consider the form of coherent oscillation of the Inflation.




Connecting CMB observables and reheating

Equation of motion for Inflaton field,

¢+ CH+ 1) +0,V(g) =0 Larger the Ty, shorter the reheating period

I": effective dissipative rate for energy transfer from ¢ to
radiation.

Inflationary potential:

Ty 2n
V(¢)=A4(1—e 3aMP)

log(aH)™!




Field values
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Connecting CMB observables and reheating
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Dynamics of the Inflaton Field
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Larger the Ty, shorter the reheating period

—>Larger Ty shifts the horizon exit of observable

modes to larger field values
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Connecting CMB observables and reheating

Equation of motion for Inflaton field,

Slow roll parameters:
¢+ GH+D)p+0,V(g) =0

I": effective dissipative rate for energy transfer from ¢ to
radiation.

Inflationary potential:

V(g) = A° (1 — e VM

CMB observables:

I = 166 I dy Aend Ure 1 dy
og d



Connecting CMB observables and reheating
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Dynamics of the Inflaton Field (a-attractor Model)
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Connecting CMB observables and reheating

Dynamics of the Inflaton Field (a-attractor Model)
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UV Freeze-in DM

DM production through UV freeze-in.

UV freeze-in
Inflation Reheating: Thermal Bath

1
The interaction Lagrangian, & D — y,®RR — XRR)()(



UV Freeze-in DM

DM production through UV freeze-in.
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UV Freeze-in DM
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UV Freeze-in DM

The Boltzmann Equations
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UV Freeze-in DM

* The coming number density can be

: 10~k DM Thermalization
written as |
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*+ This constraint can be transferred to

put an upper limit on the cut-off scale 107
of UV freeze-in DM.
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UV Freeze-in DM

* The coming number density can be
130

written as
1.66 X (2m)°gsy/ &% ( )

* In a-attractor model, the Ty, can be
constrained.
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put an upper limit on the cut-off scale
of UV freeze-in DM.
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Connecting the dots
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