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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
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Dror et al PRD 2023
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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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Boltzmann equations  to track
the energy densities
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Recap of previous slide

Boltzmann eqn:

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

Imprint in,

Boltzmann eq. 
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Parameter space of two scenarios
Scenario-I Scenario-II
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Self interacting HDSD.k.Ghosh, P. Ghosh, SJ, JCAP2023



What happens to the case
when                       dominates

Numerical results

DM abundance Contribution to 

Self interacting HDS



Numerical results for scenario-II
Weakly interacting HDS



Different approach: Freeze-in DM in Scoto-Singlet Model

D.k.Ghosh,  SJ, D. Nanda, PRD 2022

Decoupling/ Neff Phenomenology greatly impacted in the
presence of a non standard cosmology in Pre-BBN era!
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as a probe of light BSM mediators

        

SM Predicted value BSM particle will change 

D.k.Ghosh,  P.Ghosh, SJ, R.Srivastava, EPJC 2024
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Constraint on the        parameter space

Including induced coupling 
D.k.Ghosh,  P.Ghosh, SJ, R.Srivastava, EPJC 2024
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Imprints of popular                models

 With Tree level                        vertex

 Without Tree l evel                       vertex

D.k.Ghosh,  P.Ghosh, SJ, R.Srivastava,  2404.1007     (accepted in PRD.....)



Summary

CMB bound can probe significant parameter space of nonthermal DM
if its production contains extra radiation
The effect can get enhanced in presence of a nonstandard epoch in
the pre-BBN era
CMB bound on $N_{\rm eff}$ can place stringent bounds on $U(1)_X$
in low mass region of $Z'$
It can be used to constrain BSM models complementary to the
bounds obtained from ground based experiments



Directly detecting Dark matter

Pushing towards neutrino floor
at GeV scale
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        to probe  very low cross-section
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Low momentum/kinetic
energy --->  main challenge
to detect         light  DM

Hunting Sub-GeV Dark matter
Event rate 
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Calculation of event rate

Scattering at 
nuclear scale

 q~10 kev

Scattering over 
entire sphere

 q<0.1 kev

smaller sphere
lower threshold

G. Afek, D. Carney, D Moore, PRL 2021



Threshold : Standard Quantum limit (SQL)
  Large Sphere: 

           Small Sphere:

Calculation of event rate



Threshold : Standard Quantum limit (SQL)
  Large Sphere: 

           Small Sphere:

Calculation of event rate

G. Afek, D. Carney, D Moore, PRL 2021



Threshold : Standard Quantum limit (SQL)
  Large Sphere: 

           Small Sphere:

Calculation of event rate



Threshold : Standard Quantum limit (SQL)
  Large Sphere: 

           Small Sphere:

Large  arrays of such sphere can enhance
the rate (6400 1D array already achieved).

Calculation of event rate

 Lester et al PRL 2015
  Manetsch et al  2403.12021



Fermion DM constraints

Large sphere Small sphere

G. Afek, D. Carney, D Moore, PRL 2021



Strong CP Problem:     
             

                        

                            Neutron EDM constrains!
                   symmetry:   The goldstone after SSB is called “Axion”

           QCD scale Chiral symmetry breaking leads to tiny mass -> pNGB

Plethora of BSM model predicts such pseudoscalar not necessarily
related to Strong CP=> Broadly called Axion like particles (ALP).

 Light BSM particles:ALP

Pecci, Quinn, 1997
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Caputo, Raffelt 2401.13728
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In EFT approach one can have effective couplings ALP& SM

Several approach to probe from astrophysics, ground based experiments,
and Direct searches :  Sun can emit ambient light particles!

ALP can also emit from the nuclear 
deexcitations:  ~14.4 keV 

Probing ALPs

J.B. Dent B. Dutta, J.L. Newstead, A. Thompson, PRL 2020
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Sun has Temperature~KeV, emitted
particles with energy~KeV
Hard to detect in nuclear recoils! Hardly
any constraint on
Solar ALP flux: 

Probing Solar ALP

B. Dutta, D.k.Ghosh, SJ,  2410.XXXX
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Assuming ALP saturates galactic halo DM density
DM slow and will transfer its mass energy, Rate peaks at  

ALP DM constraints

And so you can do for scalar, vector....
B. Dutta, D.k.Ghosh, SJ,  2410.XXXX



Conclusion

Levitated sphere set up can probe galactic low mass dark matter
It can also probe solely the nucleon coupling of 14.4 keV solar ALP
Can be used to probe plethora of light (low energetic) BSM particle

            Ex: Earth bound DM 



Thank you


