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Outline

• Non-Standard Cosmology (different evolution during radiation dominated era, before 

the onset of BBN)

• Modified expansion rate (at around TeV scale)

• Leptogenesis (simple model within the type-I seesaw framework require a mass scale 

around 109 GeV)

• Result
• Faster-than-usual expansion lower the scale of leptogenesis within the reach 

of experiments.

• Conclusions



Non-standard cosmology

• We study departures from standard cosmology as a consequence of a modified 
expansion rate, which is due to a modification of the theory of gravity.

• In scalar tensor theories of gravity, the gravitational interaction is mediated by 
both the metric and a scalar field.

• Why these theories? The cosmological evolution deviates from the standard 
expansion of the Universe at early times, but and attractor mechanism relaxes 
the theory towards GR prior to the onset of BBN.

• Modifies picture of thermal DM 
• JCAP 1706 no.06, 032. B. Dutta, E.J. and I. Zavala.
• PRD 96 no.10, 103506 B. Dutta, E.J. and I. Zavala.



Frames of Reference

• ST are often formulated in one of two frames of reference, namely, the 
Jordan (JF) or Einstein (EF) frame.

• The most general transformation, physically consistent, between the two 
metrics is given by

𝑔𝜇𝜈 = 𝐶 𝜙 𝑔𝜇𝜈 + 𝐷 𝜙 𝜕𝜇ϕ𝜕𝜈ϕ

• Scalar couplings enter through either the gravitational sector (JF) or the 
matter sector (EF).

• Need to find expansion rate in the JF to solve the Boltzmann equation

JF metric EF metric

Conformal Disformal



Master Equation and the Effective Potential
• Use a dimensionless scalar field 𝜑 = 8𝜋𝐺𝜙 .

• Neglect the potential energy associated with the scalar field because 
the universe is dominated by radiation.

• Equation of state parameter 𝜔 =
𝑝

𝜌
=

𝑝

𝜌
= 𝜔.

• 𝜔𝑟𝑎𝑑 =
1

3
,  𝜔𝑚𝑎𝑡𝑡𝑒𝑟 = 0.

2

1 − 𝜑′2/6
𝜑′′ + 1 − 𝜔 𝜑′ + 1 − 3𝜔

𝑑

𝑑𝜑
ln 𝐶1/2 = 0

Hubble friction (𝐻𝐸 ሶ𝜙) Effective potential



Attractor Mechanism
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Modified expansion rate 
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• Boundary conditions
Ref. JCAP 1706 no.06, 032



Boundary Conditions

𝑧 =
1𝑇𝑒𝑉

𝑇

For different extensions of SM, the drop 
happens at different temperatures. 

Ref. 1804.07676



Disformal scenario

PRD 96 no.10, 103506

Consider 𝐷 = 1/𝑀4 and 𝐶 = 1. New physics appear at M scale. 



Leptogenesis 

• Lepton asymmetry is generated first and then partly converted in a 
baryon asymmetry by spharelon processes
• In SM is associated with the EW phase transition

• Non-perturbative effect

• Conserve B-L number.

• Type-I seesaw
• Lepton asymmetry generated in the decay of the lightest RH neutrino (𝑁1)

• Connects the out-of-equilibrium condition for the decays of RH neutrinos 
with the light neutrino mass



• 𝑀1 is the mass of 𝑁1, 𝜈 ∼ 174 GeV is the SM EW breaking VEV.

• Δ𝑚⨁
2 ∼ 2.4 × 10−3 𝑒𝑉2 is the atmospheric neutrino mass square 

difference and 𝑚𝑖 are light neutrino masses (∼ 10−1eV)

• Since 𝜖1 ≥ 𝑓𝑒𝑤 × 10−7 is required to account for the observed 
baryon asymmetry, the mass 𝑁1 has to be bigger than 109 GeV

• Type-I seesaw leptogenesis out of experimental reach



• Decay CP asymmetries imply L violating washout scatterings

• Another constraint comes from the relation between the strength of 
the washout scatterings (tend to erase the any lepton number 
asymmetry present in the thermal bath) and the CP asymmetries in 
the decays of the heavy states (particle X) . 

• Washout do not attain thermal equilibrium

• If 𝐻 = 𝜉𝐻𝐺𝑅, then



Simple Model

• VEV responsible for the neutrino 
masses is much smaller than the 
EW VEV. 

• Introduce an Higgs field coupled 
to RH neutrinos and forbid 
couplings with the SM Higgs. 
Arxiv: 1102.2889.

• Solid lines are for zero initial 
abundance of 𝑁1, while dotted 
lines for thermal initial 
abundance.

• Horizontal dashed lines are the 
absolute lower which correspond 
to having thermal initial 
abundance and no washout





Summarize

• ST theories present an attractor mechanism that produces faster-
than-usual expansion and relaxes before BBN.

• Expansion rate in conformal scenario drops abruptly. Depends on the 
particle content of the universe.

• Leptogenesis scale can happen at a few TeV.



Thank You!


