
Satyabrata Mahapatra

25-28 April 2025

Exploring the Dark Sector:  
Self Interactions, Baryon Asymmetry and  

Gravitational Waves

7th CUBES Workshop 
"CHIRALITY IN THE UNIVERSE  BEYOND THE ELECTROWEAK SCALE"



Presentation Outline

Triplet Fermion Cogenesis & Long lived DM

Asymmetric  SIDM with Canonical Seesaw

Rescuing Thermal under-abundant DM with FOPT



Unsolved  Mysteries..
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Dark Matter Neutrino Mass

Matter-Antimatter asymmetry

What we should see What we see

And some more…

Hint towards 
Physics  

Beyond the Standard Model (BSM)



Ultimate Goal…
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𝓛BSM ⊃ 𝓛SM + 𝓛ν−mass + 𝓛DM + 𝓛BAU + 𝓛Other Anomalies..

New Particles, New symmetries…



Cogenesis from fermion triplet seesaw



Baryon Asymmetry of the Universe

๏ Baryon Number Violation: To evolve from  to  YΔB = 0 YΔB ≠ 0

๏  violation : Interactions has to treat matter and antimatter differentlyC & CP
๏ Out of equilibrium dynamics: Else Asymmetries will be washed out. 

Sakharov’s Conditions

η =
nB − nB̄

nγ

η ∼ 6 × 10−10



ΩDMh2 ∼ 0.12 ΩBh2 ∼ 0.0224 ΩDMh2/ΩBh2 ∼ 5

Cosmic Coincidence
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Cogenesis from fermion triplet seesaw

𝓛 = 2 y
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✓ Scale of Leptogenesis can be lowered
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Depletion of symmetric component

✓ Motivates 
Asymmetric SIDM

PHYSICAL REVIEW D 110, 035033 (2024)
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f = 30.56 & C = − 0.52



Scale of Leptogenesis can be lowered



Small Scale Issues of CDM

๏ Cusp Core Problem

๏ Missing Satellite Problem

๏ Too Big to Fail Problem

Solution : Self Interacting Dark Matter

Velocity dependent self interaction of DM is needed.
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Self-interacting Dark Matter

Motivation: To solve small scale issues

( Cusp-core, Missing satellite, TBTF)

A small but finite mediator mass can provide required velocity dependence
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Light Mediator + 

Sizable Coupling

MDM < 𝓞(10) GeV+Under-abundant relic ⟹

⟹ Self Interaction

Asymmetric SIDM with Canonical Seesaw

⟹

Observable DD
ω ω
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Cogenesis from fermion triplet seesaw

Boltzmann Equations
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Cogenesis from fermion triplet seesaw

V(H, Δ, Φ) ⊃ 2μH†( ⃗σ ⋅ ⃗Δ)H

(1) (2)

(3) (4) (5)

Unstable  DM ( )vΔ ≠ 0 ⟹ χ & Σ mix
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Monochromatic gamma-ray line and neutrino lines signatures 

Additional constraints on θχΣ and θΣν

MDM = 10 GeV
Mh2

= 5 GeV



Asymmetric SIDM

Limit on DM Mass : 𝓞(GeV) ≤ MDM ≤ 460 GeV

Combined constraint from SIDM + DD + BBN



How to achieve correct relic density for such  
under-abundant DM thermally?



Rescuing Thermally under-abundant DM with First Order Phase Transition

 

Light Mediator + 

Sizable Coupling

MDM < 𝓞(10) GeV+

Under-abundant relic
⟹

⟹

Observable DD

Phys. Rev. D 107 (2023) 112006

http://dx.doi.org/10.1103/PhysRevD.107.112006
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Light Mediator + 

Sizable Coupling

MDM < 𝓞(10) GeV+

Under-abundant relic

⟹
⟹

Observable DD

Phys. Rev. D 107 (2023) 112006

⟹Self Interaction

http://dx.doi.org/10.1103/PhysRevD.107.112006


Rescuing Thermally under-abundant DM with First Order Phase Transition
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Light Mediator + 

Sizable Coupling

MDM < 𝓞(10) GeV+

Under-abundant relic

⟹

⟹

Observable DD ⟹Self Interaction

Correct Relic density
Mf

S = MS ≪ Mi
S
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Rescuing Thermally under-abundant DM with First Order Phase Transition

−𝓛 = λχϕχ̄ χ+
1
2

μ2
ϕϕ2 + μϕ′￼ϕϕ′￼ϕ2 +

1
4

λϕ′￼ϕϕ′￼
2ϕ2 +

1
2

λϕ1ϕ′￼
ϕ′￼

2 |ϕ1 |2 +
1
4

λ′￼ϕ′￼4

m2
ϕ = μ2

ϕ + 2μϕ′￼ϕvϕ′￼
+

λϕ′￼ϕ

2
v2

ϕ′￼ FOPT changes the mass of the mediator



Rescuing Thermally under-abundant DM with First Order Phase Transition
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Requirement:

TF.O.1 > Tn

mχ > 40 Tn

DM mass fixes the 
scale of FOPT



Rescuing Thermally under-abundant DM with First Order Phase Transition
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Rescuing Thermally under-abundant DM with First Order Phase Transition

Detection Prospects



Thank  You. 
satyabrata.mahapatra02@gmail.com

mailto:satyabrata.mahapatra02@gmail.com


Indirect Search and CMB  Constrainrs

Difficult to achieve WIMP miracle.

MDM ≲ 𝓞(10 GeV)Focus on: 
Insufficient ⟨σv⟩ann.

Solution: Invoke light mediators

Severe constraints 
from CMB 

observations.

1506.03811

Injection of Ionizing particles increases the residual ionization fraction, 
broadening the last scattering surface and thus modifies the CMB 

anisotropy. 



Cogenesis





Relevant Processes in Cogenesis
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Type-I seesaw Cogenesis
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Parameter space for a fixed DM mass



Benchmark Points ASIDM



Monochromatic gamma-ray line and neutrino lines signatures 
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SIDM and Relic consistent parameter space with FOPT



SIDM Cross-section



SIDM Cross-section
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