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→ L ⊃ −µϕ |φ|2 ,
Bosonic Decay

→ L ⊃ −yψ ΨΨϕ ,
Fermionic Decay

→ LϕNN ⊃ −yϕNN ϕNc N +H.c. ,
RHN Production

→ The vanilla leptogenesis scenario studied with canonical seesaw framework[
L ⊃ i Nc

R ∂NR −
(

1
2
MNNc

RNR + h.c
)
+

(
−yN ℓL H̃NR + h.c.

)]
.
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•Inflation potential V(ϕ) = λ ϕn

Λn−4 .

•The analytical solution for the Inflaton density ,

ρϕ(a) ≃ ρϕ(arh)
(
arh
a

) 6 n
2+n .

ϕ → f f̄ , ρR(a) ≃ 3 n
7−n

M2
P Γ(arh)H(arh)

(
arh
a

) 6(n−1)
n+2

[
1−

(
aI
a

) 2(7−n)
2+n

]

ϕ → bb, ρR(a) ≃ 3 n
1+2 n

M2
P Γ(arh)H(arh)

(
arh
a

) 6
2+n

[
1−

(
aI
a

) 2 (1+2n)
2+n

]
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→ For exact solution to the energy densities;

ρ̇ϕ + 3H (1 + w) ρϕ = − (Γϕ→ii + Γϕ→N1N1) (1 + w) ρϕ

ρ̇R + 4H ρR = Γϕ→ii (1 + w) ρϕ + ⟨ΓN⟩
(
nN1 − neq

N1

)
ṅN1 + 3H nN1 = −⟨ΓN⟩

(
nN1 − neq

N1

)
+

Γϕ→N1N1

mϕ
(1 + w) ρϕ + γii→NN

ṅB−L + 3H nB−L = −⟨ΓN⟩
[
ϵ∆L (nN1 − neq

N1
) +

neq
N1

2 neq
ℓ

nB−L

]
3H2 M2

P = ρϕ + ρR + nN1 EN

E 2
N = M2

N +

(
mϕ(a)

2

aI
a

)2

. (1)

dndm
dt + 3Hndm = γ, γ = T k+6

Λk+2
NP
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• FollowingT ∝ ρ
1/4
R , the Reheating

Temperature for various cases are,
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Inflaton Dynamics During Reheating: Discussion
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→ For n > 2 case mϕ(n > 2) = f (a).

↪→ a⋆ = aI
(

MN

2mI

) n+2
3 (2−n)

↪→ For a > a⋆, mϕ < 2MN

↪→ ϕ → NN process kinematically

forbidden.

→ Trh ≥ 4 MeV from CMB measure-
ments
↪→ Sets the lower bound on the couplings

↪→ yeff ≥ 10−7 and µeff ≥ 107 GeV.

Comparing Γϕ→f f̄ and Γϕ→φφ with Γϕ→NN ,

↪→ yϕNN >


µ/

√
mϕMN bosonic reheating

y
√

mϕ/MN fermionic reheating
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• Comovingdensity ,Y(T) ≡ n(T )/s(T ). s(T ) = 2π2

45
g∗s(T )T 3 → SM entropy density

g∗s(T ) → number of relativistic d.o.f
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→ For bosonic reheating,

↪→ Γϕ→NN is completed before Reheating :: n=2 case.

↪→ Reheating ends earlier→ asymmetry produced during
radiation domination :: n > 2 case.

→ For fermionic reheating,

↪→ n=2 case,

↪→ asymmetry produced
during reheating.

→ For n=2 case, (for both)

↪→ ϕ → NN decays contributes to RHN production

↪→ larger yϕNN → larger assymetry.

→ For n > 2 case,

↪→ The assymetry produced
during reheating.

→ For n > 2 case,

↪→ The asymmetry produced during radiation domi-
nation.



Baryon Assymetry:
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n = 2

n = 4

n = 6
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→ n=2 case, (for both)
↪→ reheating scenarios are identical.

→ For n > 2 case,
↪→ The asymmetry produced during radiation domi-
nation. ↪→ YB approximately independent of yϕNN
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n = 4

n = 6

n = 8
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Ωgw (f ) ≃ Ω
(0)
γ

PT ,prim

24

(Thc)

2

(
g∗s(T0)

g∗s(Thc)

) 4
3

×

 gs (Trh)
gs (Thc)

(
g∗s (Thc)
g∗s (Trh)

) 4
3
(

f
frh

) n−4
n−1

for frh ≤ f < fmax ,

1 for feq ≤ f ≤ frh ,
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Feinmann Diagrams:

ϕ

Fermionic Reheating

ϕ

Bosonic Reheating
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ϕ
N

N

N → ℓH

Reheating+Leptogenesis


