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Baryon asymmetry of the universe (BAU)

[Astron.Astrophys. 641 (2020)]



3

Baryon asymmetry of the universe (BAU)

Big bang:  Equal amount of matter-antimatter was produced

Inflationary epoch:  Dilutes any pre-existing asymmetry

After reheating : Generation of more baryon over anti-baryons?

[Astron.Astrophys. 641 (2020)]
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A phenomenon which explains the baryon asymmetry

through the generation of a lepton asymmetry, which is

later converted into baryon asymmetry via sphaleron

processes.

Leptogenesis:

Fukugita, M., & Yanagida, T. (1986)
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Testability of Leptogenesis : 
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• RHNs are in Thermal equilibrium at production.

• Leptogenesis Scale : Very high (Difficult to test)

• Davidson Ibara bound : [Phys. Lett. B 535 (2002)]

Thermal Leptogenesis

[Phys. Lett. B 174 (1986)]

• RHNs were never in thermal equilibrium (scalar decay)

• Leptogenesis Scale :                              (Difficult to test)  
[Nucl. Phys. B 806 (2009)] 

Non-thermal Leptogenesis
[Phys. Lett. B 464 (1999)]

• Self energy diagrams enhance the CP asymmetry

• Leptogenesis Scale :                               (Testable)                            
[Phys. Rev. D72 (2005)]  

Resonant Leptogenesis

[Nucl. Phys. B 504 (1997)]



Inflationary Gravitational wave (GW)
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Phys. Rev. D 85 (2012)[1109.0022] 

JCAP 08 (2014) 036 [1405.0346],

JCAP 02 (2015) 003 [1407.4785],

JHEP 05 (2023) 172 [2301.05672]



Inflation



Inflation



Post-inflation



S. Dutta et. al., JHEP (2022).
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Intermediate matter domination



Inflationary Gravitational wave (GW)
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Leptogenesis via scalar decay :
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Model setup:

We have considered resonant non-thermal 

leptogenesis for this work!
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Boltzmann equations
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Cases

Instantaneous 
RHN decay

RHN Radiation 
Domination

RHN Matter 
Domination

Thermalized 
RHNs

Classification of scenarios
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Classification of scenarios : Case (a)
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Instantaneous 
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Case (a) : Instantaneous RHN decay

21K<1 K>1



Case (a) : Gravitational wave spectrum
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Case (a) : Gravitational wave spectrum
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Dilution Factor from Entropy injection



Classification of scenarios : Case (b)
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Case (b)

Instantaneous 
RHN decay

RHN Radiation 
Domination

RHN Matter 
Domination

Thermalized 
RHNs

No entropy injection due to RHN decay 

implies no change in spectral shapes.



Classification of scenarios : Case (c)
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Case (c)

Instantaneous 
RHN decay

RHN Radiation 
Domination

RHN Matter 
Domination

Thermalized 
RHNs

K >1  not possible!!



Case (c) : RHN Matter domination
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Scalar decays to relativistic 
RHNs and injects entropy to 

the universe.

RHNs becomes non-
relativistic at TNR.

Non-relativistic RHNs decay 
to SM particles at TN1 and 

injects entropy again.



Case (c) : RHN Matter domination
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Scalar decays to relativistic 
RHNs and injects entropy to 

the universe.

RHNs becomes non-
relativistic at TNR.

Non-relativistic RHNs decay 
to SM particles at TN1 and 

injects entropy again.

Two step 

Entropy injection



Case (c) :  GW spectrum (Two step Entropy injection)
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Classification of scenarios : Case (d)
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Classification of scenarios : Case (d)
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Case (d) Thermalised RHNs 
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Two step entropy 

injection



Two step entropy injection
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Signal to Noise ratio (SNR)
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Non-Thermal Leptogenesis:
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Thermal Leptogenesis:



36

Result : 



Conclusion
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