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We are focus on Higgs portal scenario;
We are interested in the case where 
The DM is produced non-thermally due Boltzmann suppression.

Study DM production in a low-reheating temperature                                     scenario;
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where       represents a fermionic SM particle.

We assume that the scalar     DM candidate couples with SM particles via the Higgs portal,
with the Lagrangian

Standard Higgs interaction with fermions

Dark Side
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 (Based on:  arXiv2402.04743)

We will assume that the
maximum temperature of
Universe is 
We can assume it for the
scenario where the inflaton
decays predominantly in other
particle species (e.g. sterile
neutrinos).
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Boltzmann equation for number density

Production term Annihilation term

Counts production / annihilation of 2 identical particles

Dilution effect of Universe expansion
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Boltzmann equation for number density
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Processes with        and Higgs are forbidden, since 

Boltzmann equation for number density

Most important channels:

Production term Annihilation term
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The production cross section is given by
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initial state spin averaging
identical particles in the final state



The production cross section is given by
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The ratio of the muon and electron rates for                                                   
is

for                                 we obtain that         dominate
the contribution for 

The production cross section is given by

We can estimate the rate 
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For the pure-freezing scenario 
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For the pure-freezing scenario 
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Invisible Higgs decay

where

We impose  

The future collider FCC tuned as a Higgs factory can reach the limit of 
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Excluded Region



We will also consider the case of fermionic DM
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We will also consider the case of fermionic DM

We will also consider the mesons contributions
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Freeze-in Mechanism:
Dark Matter  is Boltzmann suppressed if its mass exceeds the reheating
temperature.
Correct DM abundance achieved with lower mass at low reheating
temperatures.

Viability and Implications:
Scenarios with low reheating temperatures are viable.

Future Implications
Significant contribution from mesons after the Quantum
Chromodynamics (QCD) phase transition.
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