
Leptogenesis and light DM in 
the Scotogenic model

Sven Baumholzer
Based on arXiv:1806.06864

With Vedran Brdar and Pedro Schwaller

DESY Theory 
Workshop 2018



September 27, 2018 Sven Baumholzer, JGU Mainz 2

Z2 symmetry:
→ Forbids decays Nk → νγ
→ No vev for Σ 
→ Radiative seesaw 
→ Stable particle: N1 as DM
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Scotogenic model spectrum I
E.Ma [hep-ph/0601225]
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Scalar sector:

Scotogenic model spectrum II
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Casas-Ibarra Parametrization: J.A. Casas, A. Ibarra 
[hep-ph/0103065]

Radiative neutrino masses



September 27, 2018 Sven Baumholzer, JGU Mainz 5

 Impact of λ5
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DM I: N1 Freeze-In
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Mass

TeV

• y1≪1: Decouple N1 

• Decay of Z2 odd particles 
into N2

• Tree-body decay to N1

few 100 GeV

few keV

Strong gauge 
interactions

2-body decays

3-body decays

DM II: N2 decay contributions
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DM II: N2 decay contributions

III

I

II

I + III: Only N2 annihilation II: Additional annihilation             
channels
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Picture to ARS

T.Hambye, D.Teresi [1606.00017]Akhmedov, Rubinov, Smirnov [hep-ph/9803255]

2) Decays Σ → N L
• Termally induced on-

shell particles

1) ARS:
• Oscillations among Nk

• Asymmetry generation in 
each favor

Leptogenesis I: Fundamentals
Goal: CP violation for lepton asymmetry

From [1401.2459]
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→ Small  Yukawas required

Leptogenesis II: Results
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Merging DM + Leptogenesis
Decrease spliting between Σ and N2 masses
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Merging DM + Leptogenesis
Possible to extend parameter region?

Larger degeneracy of N2+ N3 
→ more efcient Leptogenesis

Saturation at  δM ~ 10-12

Yields an upper bound for 
light DM:

~20 keV
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Summary

● Sub TeV realization of Scotogenic model

● Successful DM density:                          
- Freeze-In of N1 
- N2 decay contribution

● Signifcant baryon asymmetry from Leptogenesis

Parameter region for combination!
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Process BR bound

μ → e γ 4.2  10᛫ -13

τ → e γ 3.3  10᛫ -8

τ → mu γ 4.4  10᛫ -8

μ → 3 e 1.0  10᛫ -12

τ → 3 e 2.7  10᛫ -8

τ → 3 μ 2.1  10᛫ -8

→ Upper bound on Yukawa 
strength

Particle Data Group + 
1605.05081

T.Toma, A.Vicente [1312.2840]

Backup slides
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● Boltzmann equation for N1

●  Decay width N2,3 → N1:

Backup slides

E. Molinaro et. al. [1405.1259]
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● Boltzmann equation for N2
J. Edsjo, P. Gondolo [hep-ph/9704361]

Where 

I = N
2,3

,A0, S0, Σ±

X = SM particles

Backup slides
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● Naively: tBBN ~ 1 sec

● Dominantly decays into τ 
pairs

→ Small yield required

M.Kawasaki et.al. [1709.01211]

Backup slides
● BBN bounds
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● Boltzmann equation for Leptogenesis:
Backup slides
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