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1 Useful formulae

• General lepton Yukawa Lagrangian

LY = fij eRi`LjH
† + hij νRi`LjH −

1

2
(MR)ij ν

c
Ri
νRj (1)

After integrating out the heavy right-handed neutrinos, one has the Lagrangian

LY (ν) = −1

2
`Li(mν)ij`Lj , (2)

at low energies, where the light neutrino mass matrix is given by the seesaw mech-
anism, i.e.,

mν = −mT
DM

−1
R mD , (3)

and the Dirac mass matrix mD = hij v is a product of the matrix of Yukawa
couplings, hij, and the VEV of the Higgs doublet, v ≡ 〈H〉.

• CP asymmetry

Assuming |Mi−M1| � |Γi− Γ1|, the CP asymmetry from decay of N1 in the one
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flavour approximation is

ε1 =

∑
α

[
Γ(N1 → `αH)− Γ(N1 → `αH)

]∑
α

[
Γ(N1 → `αH) + Γ(N1 → `αH)

] (4)

' 1

8π

1

(hh†)11

∑
i=2,3

=m
{

(hh†)2
1i

} [
f

(
M2

i

M2
1

)
+ g

(
M2

i

M2
1

)]
(5)

M1�M2,M3−−−−−−−→ − 3

16π

1

(hh†)11

∑
i=2,3

=m
{

(hh†)2
1i

}M1

Mi

, (6)

where

f(x) =
√
x

[
1− (1 + x) ln

(
1 + x

x

)]
(7)

is the one-loop vertex contribution and

g(x) =

√
x

1− x
(8)

comes from the self-energy diagram.

• Casas-Ibarra parameterization

The Casas-Ibarra parameterization is

h =
1

v

√
DMR

√
DmU

† , (9)

with R a complex orthogonal matrix, and DM and Dm the diagonal matrices
containing the heavy and light neutrino mass eigenvalues, respectively. U is the
PMNS matrix.

Using Eq. 9, the CP asymmetry in Eq. 6 can be written as

ε1 = − 3M1

16πv2

=m
(∑

ρm
2
ρR

2
1ρ

)
∑

βmβ|R1β|2
. (10)

Including the effects of flavour, the asymmetry in each flavour can be written as

ε1α = − 3M1

16πv2

=m
(∑

βρm
1/2
β m

3/2
ρ U∗αβUαρR1βR1ρ

)
∑

βmβ|R1β|2
(11)

• Baryon asymmetry

The final lepton asymmetry is

YL ≡
nL − nL

s
= κ

ε1
g∗

, (12)

with g∗ the number of relativistic degrees of freedom (' 106.75 in the SM), s the
entropy density and κ the washout parameter, obtained from solving the Boltz-
mann equations. Finally, the baryon asymmetry is given by

YB ≡
nB − nB

s
= c YB−L =

c

c− 1
YL , (13)

with c = (8Nf + 4)/(22Nf + 13), as shown in Kher Sham’s talk.
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2 Plots

2.1 Mass bounds
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2.2 Flavoured leptogenesis

(Plots from Ref. [8])
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2.3 Connection to low energy observables (model-dependent)

(Plots from Ref. [13])
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2.4 Leptogenesis and LFV in SUSY models

(Plots from Ref. [12])
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Notes:
Refs. [1–7] are reviews, Refs. [8, 9] discuss flavour effects, Refs. [10–14] contain phe-
nomenological studies related to leptogenesis and Refs. [15, 16] are some of the older
original works on the topic.
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