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® Background

L

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




Leptogenesis

type-I seesaw

Fukugita, Yanagida 86

Leptogenesis is a mechanism to generate the baryon
asymmetry through a lepton asymmetry
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The baryon asymmetry Y, ,=(nz-n;)/s is given by(A. Abada, et al JHEP 0609 (2006) 010)
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Casas-lbarra parametrization

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 A(J. A. Casas and A. Ibarra, Nucl. Phys. B 618, 171 (2001))

R=ovM 2\Um 2, RRT=RTR=1.

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

See-saw Neutrino masses

(Rll ; Rlz , ng) parameters and mixing angles
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® Leptogenesis and residual CP

We start from the type-l seesaw lagrangian

1
— L =y, LoHlyp + Na NipH L, + 2MNR  + h.c.
The effective light neutrino mass is

m,, = v’ AT M I\ = U*diag(mq, ma, ms)UT .

The effective neutrino mass term is cp
Invariant under the CP transformation ve(z) — i Xivovg(zp) -
. d, = diag(1,—1,—1),
Xi myXi:mV? dQICIan( 1;1;_1);
XZ':UdZ'UT, dgz(jlag( 1,—1,1),
d, = diag(1,1,1).

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.



Two CP preserved

Suppose the seesaw Lagrangian is invariant under
CPy: vy — 1 X,1v0v] Nr — i Xn170 N5,

CPy: vy —1.X0v007 Np — ’i)?Nz’YoNE-
CP, and CP, give the following constraints to A, M and the PMNS matrix U

XL AX =)\, X MXL, =M, X U*=UX,,
XAX,, =X, XUMXL, =M\ XU =UX,,.

leng = ij;dlag(l, —1, —1)PN )

X'NlijQ;i';jleIJQ = dl&g (il,ﬂ:l,il) y o~
X1 X, = Pldiag(1, —1,-1)P,.

parameterization of X, and X,

T, i T iks T iky . T iky T ikg . T
X1 = e™uv] + e Pvuy + e"Pusug X2 = e™lujv] — ey, — e"Bugu; .

COS @ sin ¢ cos p sin g sin p
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Constraint on PMNS matrix

The PMNS matrix can be determined by the following two equations

S S

U' X U= X4, U'X U= X,,.

X, and X, can be decomposed by the takagi factorization
X, =23t X,o = Ydiag(1, -1, -1) %",

Y = (v, vg, v3) diag (ei""lm, ei2/2. ei""?’ﬂ) .

Then we have R R
(XUt (X Pute)t =1,

P,(X,?UtY)diag(1, -1, —1) = diag(1, -1, —1) P,(X,;/*U'Y).
X 1/2UTZ IS unitary and orthogonal

R +1 0 0
P(XMPUS)=| 0 cos —sinf | .

0 sinf cosé
Finally, the PMNS matrix can be written as

l\Dl»—1

0 —sinf cosé

1 0 0
U = (v, v9, v3) diag (em/Q eir2/? "1”3/2) (O cos 0 siné’) P)?




Constrainton R

From the definition R = ”UM_%/\U?’)’L_% we have

jE;J?"JlR*j‘(tjwl — R, )?NQR*XMQ = R’ x 0 0
PyRP] = | 0 x X
PyRP!I = diag (1, —1,—1) PyRP!diag (1,—1,—1), 0 x X
Because R is a complex orthogonal matrix
+1 0 0 +1 0 0
R=Py| 0 cosp sinnp|P,, or R=Py| 0 coshn isinhn| P,.
0 —sinn cosn 0 —isinhn coshn

Where n is a real parameter, P, and P, are arbitrary permutation matrices.

one nonzero element in the 15t row of R
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We consider cases there are two nonzero elements in the first row of R

ClgiRZ(XXO>7 ClgiRZ(XOX>,. OQgZRZ(OXX>.

The position of zero element is determined by P.,.



Results

In order to simplify our analysis, we introduce

Pt

1/2 1/2 1/2 - ’
U'=UX," R =X\GRXE, Kj=(Xv)u(Xn);; -
The CP asymmetry and the effective mass reduce to
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three or four residual CP
For the case of three or four residual CP, the three or four residual CP
first row of R only have one nonzero element. =1 0 0
- - R=P-1 0 £1 0 | P,.
So, all the leptogenesis CP asymmetries N v
would be vanishing. 0 0 =1

3



® Predictions of S,

S, group can be generated by S, T and U

S?=T°=U?= (ST)> = (SU)* = (TU)* = (STU)* = 1.

generators of S, in the 3 representation

1 —1 2 2 1 0 0 100
S:§ 2 -1 2|, T=[0e"3 0 |, U=—=[001

2 2 —1 0 0 e /3 010

Systematical and comprehensive G ( X . X )
studies have revealed that there : l vl v
are five possible cases which can (1) (1» S )
accommodate the experimental (ii) T (U, SU)
measured values of the lepton (iii) 3 (1,SU)
mixing angles(G.-J. Ding et al., JHEP 1305, . ’
084 (20%3);090. Li(et al., NISgI.ePﬁys. B 881, 206 (iv) i (U, 95)
(2014)) (v) | ZIP1°V | (TST?U, T?)




Example of S,

case I: (X, X ,,)=(1,S)

The CP parameters are

1 T
p =arccos —, ¢=—, p=0, k=0, K=0, r3=0.

\/g 3 4 3
Because k,-k~0, we can see
The baryon asymmetry can not be generated at the leading order.

case Ii: (X, X ,,)=(U,SU)

1 s
g =arccos—, o¢o=—, p=0, Ki=m, Keo=m, K3=0.

\/g bl 4 bl
We obtain . 1

It =0, 1?3:_2—\/3; I1T3:2—\/§;

and

; 2 cos b V2 2sin
U’:T —cosf +iv/3sinf V2 —sinf —iv/3cosb | .
0 —cosf —iv/3sinf V2 —sinf +iv3cosf



Example of S,

The ratio of the baryon asymmetry Y;to the experimental value Y, .
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green dash-dotted line:
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Example of S,

case lii: (X, X,,)=(1,SU)

| T
= arcsin —= QS:Z’ p=0, k=0, k=0, k3=0.

7

Because k,-k~0, the baryon asymmetry can not be generated.

case Iv: (X,,X,,)=(U,S)

| 57
goza,rcsm%, qbzz, p=0, Ri=7T, Ko=Tm, Kg=2T.
We obtain . ) 1 _ 1
]23 =0, [23 = T 123 - T T =
V6 V6
and
2 V2 cos 6 v/25sin 6

% —1 +/2cos + iv/3sinf +/2sinf — iv/3 cos b
0 —1 V2cos0 —iv/3sinf /2sin 6 + iv/3 cos b



Example of S,

red solid line: .
R (U cos 1) sin -n)

blue dotted line:
R (U coshn sinh -n)

green dash-dotted line:

R (U sinh7 cosh -n)

case V: (X,,,X,,)=(TST?U,T?)

T 1 1
= — ¢ = arcsin — p = arccos ——= k1 =0, kKo=0, kK3=0.

33 \/§1 \/gﬂ

K,-k~0, the baryon asymmetry can not be generated.



® 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 6, the R matrix in Casas-lbarra parametrization
depends on only a single real parameter . €4 is independent of the free
parameter 6. 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 S, 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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