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Our main message of this talk

In the particle DM description:

* If inflation is part of the standard model cosmology,

universal Inflationary Infrared Modes alter DM parameter
space significantly

OR

* The conventional phenomenological approach may not

capture complete picture of DM physics if SM cosmology
Includes inflation
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Out of many questions:

What role does inflation play on DM physics?
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Given the inflationary phase:
What do we observe long after (today)?

Inflation

Stable massive SM massless particles CMB fluctuation, GW

particles/objects (DM, (radiation), Large scale
PBH+all) magnetic field

Today: Background + Fluctutations

Extremely homogeneous Universe
Many more...

Visible and Dark Matter
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Inflationary particle production

Similar to Schwinger pair
production in E-field

Sub-horizon, Inf:rared Modes Sub-horizon, @@
. Causal 5 Causal < >

> E
All the causal process

Stong E-field accelerating particles to
] energies > mass over a distance smaller
Sub-horizon than Compton wavelength of the particle,

Minimal setting

Inflaton + SM + DM

E.W. Kolb and A. Long, arXiv:2312.09042
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Basics of Inflationary particle production

1

| Causal

| Sub-horizon, Infrared Modes

Sub-horizon,
Causal

Py

All the causal process

Sub-horizon

| N — —00
O = apr + a};@b*

1 N
- — [w(n')dn
— e
P v 2k

ak|O>BD =0

Adiabatic vacuum

o1, + w2 (k,n) g = 0

E.W. Kolb and A. Long, arXiv:2312.09042




Basics of Inflationary particle production
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| Sub-horizon, Infrared Modes Sub-horizon,
| Causal = Causal

(t)k Comoving wave number k should admit
: All the causal process a particle description

Sub-horizon i) When the mode evolution is adiabatic,

T»

I . i) When the modes are inside the
[~ . i) = & ; horizon,

Vv 2k Xk = — /== At intermediate times, a particle
0 —0 2k description may not be appropriate
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lii) When the modes are oscillatory.

Adiabatic vacuum _
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Basics of Inflationary particle production
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Typical form of the full spectrum |5

For massive scalar DM field
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Typical form of the Infrared spectrum
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For massive scalar DM field
We assume simple form for our discussion

e () b\

mX/He ke

Bk|? =

Well-studied example: Inflationary | — my=0
quantum fluctuations: - — my=10H,

[ — my=10"H,

| — my=10"H,

Leading to inhomogeneities in
CMB and LSS of the Universe.
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Typical form of the Infrared spectrum
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For massive scalar DM field
For simplicity, we assume simple form

wHe
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vV My/He

Ke
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DM being completely Dark

A

Sub-horizon, Super-horizon, Sub-horizon,
Causal acausal Causal

All the causal process
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DM number density:
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Instantaneous reheating

Deffining IR production rate
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Instanteneous reheating
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Not completely dark

Instanteneous reheating
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Not completely dark

Modified Boltzmann Equation

1 d [ [Pt dPk
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Not completely dark

Modified Boltzmann Equation
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Not completely dark

Modified Boltzmann Equation
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Not completely dark

Modified Boltzmann Equation
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Not completely dark

Modified Boltzmann Equation
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Gravitational wave signatures
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Conclusions and future directions

Inflationary infrared modes are universal
They can dominate over the course of universe evolution

If those fluctuations are of DM, they significantly impact the
standard phenomenology

They also carry distinct GW signatures

1. What is the impact of reheating?
2. How do their perturbations evolve?

S e




Detalled scalar spectrum
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Not completely dark

Modified Boltzmann Equation
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