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Motivation

Particle Data Group

• The Observed baryon asymmetry of the Universe as 
baryon to photo ratio is

Planck 2018 data

Baryogenesis

Leptogenesis

Sakharov's 
Conditions

• Baryon number violation 
• C & CP violation 
• Departure from thermal equilibrium

Sakharov 1967
Standard Model unable to satisfy above 
 conditions in required amount.

Physics.org

Dark 
Matter

http://Physics.org


First order Phase transition:
Common origin

Leptogenesis

Dark Matter

First order 
Phase 

transition

Gravitational waves

IPTA

LIGO

caltech.edu

As the Universe cools down, the scalar field went from symmetric phase  
to broken phase. 
The vacuum expectation value (vev) of the scalar field is the order parameter. 
In first order phase transition (FOPT), the vev of the scalar field changes  

discontinuously. 
The minima become degenerate at critical temperature.

http://caltech.edu


Conformal Scotogenic Model
Leptonic Yukawa interaction:

Scalar Potential:

Coleman & Weinberg, PRD 7 (1973), Dolan & Jackiw, PRD 9 (1974)

Full One-loop Potential:



The rate of tunneling per unit volume:

Vacuum energy released

Duration of the FOPT



Stochastic Gravitational Waves:

Caprini et al. JCAP 04 (2016)

JHEP 11 (2022) 136

Different contributions from bubble collision, 

 sound wave and turbulence in plasma medium

Sound wave in the plasma has dominating contribution

10 TeV scale



Leptogenesis:

JHEP 11 (2022) 136

 How leptogeneis 
will occur !

Y'(0)=0.8
MN<Mη

MN>Mη 

Leptonic Yukawa interaction:

Zero temperature potential



Leptogenesis:

final baryonic asymmetry:

A large abundance of RHN in true vacuum inside the bubble 
sufficient for generating the required lepton asymmetry without 
washout or Boltzmann suppression.

• For the leptogenesis we follow Iason Baldes et. al[Phys. Rev. D 104, 
115029, 2021] and Arnab Dasgupta et. al [Phys. Rev. D 106, 075027, 2022] 
i.e., the mass-gain mechanism. 

• The Lorentz boost of the bubble wall should be more than the 

Lorentz factor of the particle in the plasma frame.



Dark Matter:

WIMP 
scenario

JHEP 11 (2022) 136



FIMP 
scenario

Boltzmann Equations:

JHEP 11 (2022) 136

Dark Matter:

Need large mixing!

WIMP 
scenario



arxiv:2304.08888

LIGO-VIRGO constraints at high scale (arxiv:2304.08888): 
Signal to noise ratio (SNR):  



arxiv:2304.08888

Dark Matter and Leptogenesis senarios:
Parameter 

space for N2,3

successful leptogenesis

Parameter 
space for N2,3 successful leptogenesis and DM



Dark Matter and Leptogenesis senarios:

arxiv:2304.08888

successful leptogenesis and DM

Constrain from LIGO-VIRGO O3

Parameter 
space for N2,3

Parameter 
space for N2,3



Dark Matter and Leptogenesis senarios:

arxiv:2304.08888

Parameter space 
of Dark matter

successful leptogenesis

High scale PT GW spectrum



Conclusion:
• We have studied the possibility of getting dark matter and low scale leptogenesis 
from a supercooled first order phase transition driven by a singlet scalar around 
TeV scale. 

• The right handed neutrinos responsible for generating lepton asymmetry via decay 
and dark matter acquire masses by crossing the relativistic bubble walls which arise 
as a result of the FOPT. 

• This also leads to a large abundance of RHN in true vacuum inside the bubble 
sufficient for generating the required lepton asymmetry without washout or 
Boltzmann suppression. 

• Due to the high scale nature of the FOPT, the DM is favourably in the non-thermal or 
FIMP ballpark. 

• The combined criteria of successful leptogenesis and DM relic constrain the model 
parameter space as well as the mass spectrum of BSM particles and also some points 
are disfavored from LIGO-VIRGO run 3.
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Action calculation






