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Evidence of Dark matter 

Strongly suggest  ~25% non-luminous, non baryonic DM
SM fails to explain : begs for an extension

V.Rubin, WMAP, Planck 2018,
M.Lisanti 2016



The puzzle of particle Dark matter

What we know:
Interacts gravitationally
Non luminous, electric charge very small
Cold with mass<< momentum
Collisionless at large scale

Mass spanning from 1e-22 ev to the mass of
least massive DM galaxy

M.Lisanti 2016, T. Lin
2019, Cirelli et al 2024
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DM imprints
 can be related 
to production



DM was in thermal equlibrium with SM bath at early
      time

Kinetic eq.
Chemical eq.
WIMP,SIMP and so on...
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Non thermal dark matter

Directly from SM bath

Collider probes
Long lived particle searches

One or More BSM particles 
Produced in steps

Step I:       Production
SM

Step II: Non thermal   DM 
 Production             

was in thermal bath 

1.Annihilations

2.Self interaction

Q.Is it possible to probe such
scenarios?---> Possible via CMB

If DM production affects 
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Sufficient production of active neutrinos

      after decoupling can affect the total 
   radiation energy density of the universe

Contribution to  

extra neutrinos

Boltzmann equations  to track
the energy densities
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Possible if                                     with 
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Boltzmann eqn:

D.k.Ghosh, P. Ghosh, SJ, JCAP2023
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        where,                                               with    

Imprint in,

Boltzmann eq. 
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Dynamics of dark sector

Scenario-II

F.0..



Parameter space of two scenarios
Scenario-I Scenario-II
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Numerical results

DM abundance Contribution to 

Self interacting HDSD.k.Ghosh, P. Ghosh, SJ, JCAP2023



Conclusion

CMB bound can probe significant parameter space of nonthermal DM
if its production contains extra radiation
The model successfully explains the observed relic of a non-thermal
DM and its connection with CMB via additional light relativistic
degrees of freedom. 
Same exercise can be performed for DM production associated with
other light particles!



Thank you



Numerical results for scenario-II
Weakly interacting HDS


