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“It is quite possible that for some...stars being built up 
mainly of positrons and negative protons. In fact, there 
may be half the stars of each kind.” (Dirac,1933)

Today's observations indicate that the number of 
baryons (protons and neutrons) in the universe is 
unequal to the number of antibaryons.

Background
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Leptogenesis is a mechanism to generate the baryon 
asymmetry through a lepton asymmetry

    Leptogenesis

The baryon asymmetry YB=(nB-nB)/s is given by(A. Abada, et al JHEP 0609 (2006) 010)

CP asymmetry effective mass
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In order to exploit the connection between the CP violating parameters in 
leptogenesis and the low energy CP, a complex orthogonal matrx R is 
introduced as a parameterization of λ(J. A. Casas and A. Ibarra, Nucl. Phys. B 618, 171 (2001))
 

Casas-Ibarra parametrization

The CP asymmetry and the effective mass reduce to 

Only the first row of R is relevant to CP asymmetry and effective mass. 



The effective light neutrino mass is

The effective neutrino mass term is 
invariant under the CP transformation

The CP symmetry of the effective mass term may be accidental or come from 
high energy scale. We focus on the case two residual CP are inherited from 
CP symmetry in the seesaw Lagrangian.

We start from the type-I seesaw lagrangian

Leptogenesis and residual CP
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Suppose the seesaw Lagrangian is invariant under

CP1 and CP2 give the following constraints to λ, M and the PMNS matrix U

parameterization of Xν1 and Xν2

Two CP preserved
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Constraint on PMNS matrix

Finally, the PMNS matrix can be written as

The PMNS matrix can be determined by the following two equations

 is unitary and orthogonal 

Xν1 and Xν2 can be decomposed by the takagi factorization

Then we have
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Constraint on R

Where η is a real parameter, PN and Pν are arbitrary permutation matrices.

From the definition                                    we have 

Because R is a complex orthogonal matrix

We consider cases there are two nonzero elements in the first row of R

one nonzero element in the 1st row of R  

The position of zero element is determined by Pν.
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Results
In order to simplify our analysis, we introduce

where

The CP asymmetry and the effective mass reduce to

For the case of three or four residual CP, the 
first row of R only have one nonzero element. 
So, all the leptogenesis CP asymmetries 
would be vanishing. 

three or four residual CP
three or four residual CP
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S4 group can be generated by S, T and U 

Systematical and comprehensive 
studies have revealed that there 
are five possible cases which can 
accommodate the experimental 
measured values of the lepton 
mixing angles(G.-J. Ding et al., JHEP 1305, 
084 (2013);C.-C. Li et al., Nucl. Phys. B 881, 206 

(2014))

generators of S4 in the 3 representation

Predictions of S4

S4
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Example of S4 

case ii: (Xν1,Xν2)=(U,SU)

case i: (Xν1,Xν2)=(1,S)

Because κ2-κ3=0, we can see

The baryon asymmetry can not be generated at the leading order.

We obtain

and

The CP parameters are 
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Example of S4 
The ratio of the baryon asymmetry YB to the experimental value Yb

obs.

red solid line:
                    

blue dotted line:

green dash-dotted line:
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Example of S4 

case iii: (Xν1,Xν2)=(1,SU)

Because κ2-κ3=0, the baryon asymmetry can not be generated.

case iv: (Xν1,Xν2)=(U,S)

We obtain

and
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Example of S4 

case v: (Xν1,Xν2)=(TST2U,T2)

κ2-κ3=0, the baryon asymmetry can not be generated.

red solid line:
                    

blue dotted line:

green dash-dotted line:
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Summary

We considered a general formalism of leptogenesis in the presence of CP 
symmetry. In this approach, the lepton flavour mixing angle, CP phases and 
baryon asymmetry are strongly constrained.

If two CP transformations are preserved. The PMNS matrix is determined in 
terms of a real parameter θ, the R matrix in Casas-Ibarra parametrization 
depends on only a single real parameter η.        is independent of the free 
parameter θ. If three or four residual CP are preserved in the neutrino sector, 
the CP asymmetry       would be vanishing.

As an example, we have applied the formalism to the case of S4 group. the 
correct size of the baryon asymmetry can be generated for two cases. The 
observed lepton mixing and the correct baryon asymmetry can be generated 
simultaneously.
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thank  you
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