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1 Useful formulae

e General lepton Yukawa Lagrangian

1
Ly = fij éRiijHT + hijUr L, H — §(MR)Z‘J‘ VR VR, (1)

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

1-

Lyw) = _§€Li (my)ijle, (2)
at low energies, where the light neutrino mass matrix is given by the seesaw mech-
anism, i.e.,

m, = —mnMz'mp, (3)

and the Dirac mass matrix mp = h;; v is a product of the matrix of Yukawa
couplings, h;;, and the VEV of the Higgs doublet, v = (H).

e CP asymmetry

Fig. 1.7. Diagrams in SM with RH neutrinos that contribute to the lepton number
asymmetry through the decays of the RH neutrinos. The asymmetry is generated due
to the interference of the tree-level diagram (a) and the one-loop vertex correction (b)
and self-energy (c) diagrams.

Assuming |M; — M;| > |I'; — T'1|, the CP asymmetry from decay of N in the one



flavour approximation is
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where

o) = 1= o (0] 7)

T

is the one-loop vertex contribution and

comes from the self-energy diagram.

e Casas-Ibarra parameterization

The Casas-Ibarra parameterization is

h = %\/DMR\/DmUT, (9)

with R a complex orthogonal matrix, and D), and D,, the diagonal matrices

containing the heavy and light neutrino mass eigenvalues, respectively. U is the
PMNS matrix.

Using Eq. [0, the CP asymmetry in Eq. [6] can be written as

3y, Sm (3, m2R3,)
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(10)
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Including the effects of flavour, the asymmetry in each flavour can be written as

1/2  3/2774
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e Baryon asymmetry
The final lepton asymmetry is

Y, = L2 T T 7 (12)
s G
with g, the number of relativistic degrees of freedom (~ 106.75 in the SM), s the
entropy density and k the washout parameter, obtained from solving the Boltz-
mann equations. Finally, the baryon asymmetry is given by
np — ﬁB C

YBE—:CYB_L:
S c—1

with ¢ = (8Ny +4)/(22N; 4 13), as shown in Kher Sham’s talk.

Y., (13)
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2 Plots

2.1 Mass bounds
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Fig. 1.13. Lower bound on the lightest RH neutrino mass, M; (circles) and the initial
temperature, T} (dotted line), for m; =0 and n§MB =6 x 10710, The red circles (solid
lines) denote the analytical (numerical) results. The vertical dashed lines indicate the

range (y/Am2 |, /Am?2,,). Figure taken from Ref. [28].




2.2 Flavoured leptogenesis
(Plots from Ref. [8])
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Figure 1. The total baryon asymmetry in the two flavour calculation (upper) and within the
one-flavour approximation (lower) as a function of z. The chosen parameters are K,. = 10,
Ky =30, Koo =30, €,, =25 x 1075 ¢, = =2 x 107, €., = 1077 and M; = 10'° GeV. See the
second Note Added at the beginning of the manuscript.
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Figure 2: The total baryon asymmetry in the two flavour calculation (upper) and within the one-
flavour approximation (lower) as a function of z. The chosen parameters are K., = 4.5 x 1071,
Ky = 1072 Kee = 1072, 677 = 25 x 1075, €, = =2 x 1075, e = 1077 and M; = 101 GeV.
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Figure 3: The total baryon asymmetry in the two flavour calculation (upper) and within the
one-flavour approximation (lower) as a function of z. The chosen parameters are K., = 10,
Ky =30, Kee = 1072 6,7 = 25 x 1075, €, = =2 x 1075, e = 1077 and M, = 10" GeV. See
the second Note Added at the beginning of the manuscript.

2.3 Connection to low energy observables (model-dependent)

(Plots from Ref. [13])
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FIG. 1. The invariant Jcp versus the baryon asymmetry
varying (in blue) § = [0,2n] in the case of hierarchical RH
neutrinos and NH light neutrino mass spectrum for s13 = 0.2,
az2 =0, Ri2 = 0.86, R13 = 0.5 and M; = 5x 10" GeV . The
red region denotes the 20 range for the baryon asymmetry.
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FIG. 2. The baryon asymmetry |Yg| versus the effective
Majorana mass in neutrinoless double beta decay, (m. ), in the
case of Majorana CP-violation, hierarchical RH neutrinos and
IH light neutrino mass spectrum, for 6 = 0, s13 = 0, purely
imaginary Ri1Ri2, |[R11] = 1.05 and M7 = 2 x 10'" GeV. The
Majorana phase 21 is varied in the interval [—m /2, 7 /2].
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FIG. 3. The quantity |(m. )| versus the baryon asymmetry
varying ass between 0 and 7/3 for the case of degenerate RH
neutrinos and QD for light neutrinos for 6 = 7/3, s13 = 0.01,
M, =10 GeV and m = 0.1 eV.



2.4 Leptogenesis and LFV in SUSY models
(Plots from Ref. [12])
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Figure 2: The correlation between the predicted values of the LFV decay branching ratios B(p —
e+) (a), Bl — e++) (b), Bl — p+7) (¢) and of the baryon asymmetry Yp in the thermal
leptogenesis scenario, for M; = 6x10'0 GeV, My = 10'? GeV and NH light neutrino mass spectrum.
The figure was obtained for the “benchmark” values of the soft SUSY breaking parameters mg =
my s = 250 GeV, apmg = —100 GeV and the minimal value of tan 7 = 5. The region between
the two vertical dashed lines corresponds to the observed baryon asymmetry: 5.0 x 10710 < ¥y <
7.0 x 10710, Results for two values of the Majorana phase (o — 3y) equal to 0 (red+green areas)
and 7 (green areas) are shown.



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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