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General Discussion

The success of the standard model promotes us to pursue the
physic behind it.

Fermion mass hierarchy
Flavor mixing structure
The Flavor Puzzle: { CP violation

Neutrinos: Dirac vs Majorana

3family .. ..
Flavor Mixing Puzzle:

Flavor symmetry : Ay, S4, A(6n2) ,
Flavor mixing - Generalised CP | p-7 Reflection,
structure Symmetry | Generalised y-7, ...

Flavor + GCP : Gf x Hcp



Generalised CP Symmetry

Generalised CP(GCP):

~ XTmyXy = m?, Majorana
l/] Cp inl;’)’OCl/JT, . ;/J Py 1l1+
Xymy myXy = (mymy)*, Dirac

with the GCP matrix le a 3 x 3 unitary symmetric matrix.
Remnant GCP:

X, = Uy diag( £ 1,£1,£1) UF,
X; = U diag(ePe, ePr, ey,

The mass diagonalise matrix Uy can be deduced from X, using
the takagi factorization method:

Xp=EyZy, = Uy =2y05aP,

with P diagonal phase matrix and Osy3 real orthogonal matrix.



u-T reflection

Neutrino u-1 reflection (CP,,¢):
" ( P’T) [Harrison, Scott, 2002;Grimus, Lavoura, 2004]

T
Ve 100 Ver O3 = 1
v | =001 |[vS], = i
VrL 010 VTLC dcp = :EE .
T T e T ] Generalised p-7 reflection:
1aF E 1 0 0
% 1; ] Xyr =10 cos® isin® |,
S 1 0 isin® cos®
0.5]- ] J
r ] . 2 .2 .2
r ValelnciafGlobal;fit INO ] sm 5(:1) sm 2923 = sin“ ® ,
004 0.5 0.6 sinay = sinay =0,

- 2
sSin 923 [Chen, Ding, Gonzalez-Canales, Valle, 2015]
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u-T reflection

Neutrino u-1 reflection (CP,,¢):
" ( P’T) [Harrison, Scott, 2002;Grimus, Lavoura, 2004]
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v/ cp 5

Generalised -1 reflection:

B 1 1 0 0
% E ] Xyr =10 cos® isin® |,
S 1 0 isin® cos®
05 : v
E Valencia-Globalfit NO E Sil’l2 dcp Sil’l2 20,3 = 'Sil’l2 O,
0 '014' ' 'ofsl ' 10{61 sinay) = sinag, =0,

- 2
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Generalised u-t reflection

T2K (L=295km)
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0 iv3/2 1/2 sin®0p3 = 0.547, dcp = 1.33671.



Two-Flavor GCP of Charged Leptons

Generalised e-pi:

o . cos % isin % 0
er cos O isin® 0 eLc Yoy = | isin % cos % 0],
ur | = | isin® cos® 0 yLC , 0 0 1
T,

TL 0 O 1 L N H iDC] iﬂéz iﬂé3 +
U = diag(e'™, 2, ™) O3%,,

O=n1/6

Xf;x
01p—dcp correlation : sinZ 20y, sin? Scp = sin2 ®
T2K (L=295km)
02—
©=n/12 E 3
0.15F ]
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Generalised e-u of charged leptons

Generalised e-y reflection:

. COos 2912 sin 25(;[)
sin2¢1p = — — 5
. 1 — sin” 2615 sin“ é¢cp
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. sin sin
sin2?2 13 = cp 12

1- sinz 2912 Sil'l2 5CP ’

N T N > 1 T T
Disfavored by 0vBs
0.75¢ 3 107!
& &
~ el i
é 0.5 \ - \ B E 1072 E
X \ Sl N B é
< B
025" ] ¢
2
2
f1)2= \, 1L \ 1041 L L L
0 0.5 1 1.5 2 o+ 10% 102 107! 1
6CP/ T Miightest [ev]
[ W ONO: 00<r2 W NO: n/2<0sr 10: 0<0<72 W 10: n/Zs(-)sn]
=] F = = £ DA



Generalised e-T of charged leptons

Generalised e-T1 reflection:

cos® 0 isin®
Xer = 0 1 0 ,
isin® 0 cos®

Mixing parameters:

. ., O . €]
sin? 013 = cos? 6, cos? 03 sin® > + sin? 6, cos? 5
sin2fy, — sin? 63 cos? 6
= : - ,
1 — cos? 6, cos? 03 sin® % — sin? 6, cos? %
20 sin? © (sin6; sin 6> cos 65 + sin 65 cos 61)? 4 sin? 6; cos? 6, cos? 9
sin” Upz = ’

20 _ gin2 20
5 — sin” 0 cos? 3

1 — cos? § cos? B3 sin
1
Jep = 1 sin 63 cos 6, sin © <sin 26, (cos2 03 — sin? 6, sin? 93) + sin 0; sin 2603 cos 291> ,
I; = sin? 05 cos® 0, sin 6, cos B, cos 3 sin ©,

1
L = 1 {4 sin 6, cos® 0, cos® 03sin® + 4 sin® 0> cos 6 cos 03 sin @] .

correlations ?



Generalised e-T of charged leptons

e-T correlations ? 2“‘
Notice that Generalised e-y and
Generalised e-T are related by 3E
& F
Xer = PoaXeplPos, SE
as a result, from the e-y correlation: 05¢
sin® 261, sin? dcp = sin® ® we can
deduce the following relation: S R

2 22 2 2 2
4513¢138%3055¢1 SIN” dcp

2
sin“ @ =
. 27
§350%5 (c3, + 52,5%5)2 sin® 6cp + (s23023(c3, — 52,53,) coslécp + 513812012 €08 2623)
In a similar way: ot
« 0.6/
. 2sin? 643 sin 26¢p sin & &
sin? 2y, =~ 13 v cp cp [ cosécp So04f
cos* 61
—4 sin 613 tan 61, cot 26,3 cos ZJCP} , 02
sin2¢13 ~ sin2dcp — 4sin 613 tan 015 cot 203 sindcp cos 25cp 9 03 1 3 5

Scpln



Generalised u-7 of charged leptons

Generalised yu-7 reflection:

0 0
Xyr = 0 cos® isin® ) ,
0 isin® cos®
correlations:

4sin? 63 sin? §,
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Generalised u-7 of charged leptons

The relation between X, and X,r

Xy'( = P12 Xer P12, ur - y or
015 = 013, 923 =0, 0, =m/2-65,

01 0
_ HT __ ceT _ et HT _ eT et
Pp=1{1 00 Sep =08+, Py = ¢, ¢ls =95 — %5
0 0 1
T
Asaresult: |ml | = |mZ|(my <> mp) = |mb |~ |m|.
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A(61?%) as an origin of two flavor GCP

31,1 representation of A(6n%) generators:

010 001 7 0 0 10 0
a=|00 1), b=—(01 0], c=[0 gyt 0], d=]|0 7y ,
100 100 1 0 1 10 57!

with 7 = ¢’ . Consider the case A(6n2) flavor symmetry is
broken down to K4 in the neutrino sector.

(=]

o X;=c%d¥, G, = Ky(c2,ab¥), X,, = {c"d¥*27, abcy7d?+27}

In the neutrino diagonal basis: [Ding, King, Neder, 2014]

e Wcos® e ¥sin® 0
Xlepton = ie"®sin® e % cos® 0 .
0 0 32119

n



Revamping TBM According to GCP

Complex TBM Mixing

2 e~

33

u — e 1
¢TBM — - NG V3
Ez(p+n) _ el
NG V3

Generalised CP

_ N T
0 Xi = Ueram di Uzrgay
E\;g . i=1 ,2:3,4,
1 dy = diag (1,-1,-1), dp =diag(-1,1,-1),
NG

d; = diag (-1,-1,1), dy = diag(1,1,1),

Variants of the TBM mixing pattern can be obtained when the
neutrino mass matrix respects only a partial set of the above CP
symmetries X;. As an example we consider X, and X3 are

partially preserved, which gives the following generalised
version of the TBM ansatz (gTBM):

2
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el

6
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e cosd __ie""sinf
. V3
cos 0 ie”" sin @ e""cosf _ isinf
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7 cosf _ isinf cos 6 + ie' sin
V3 V2 V2 V3




Revamping TBM according to GCP

gTBM mixing parameters:

. 2 . i i . in?
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Revamping TBM according to GCP

Neutrino Osscillasion:
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Summary

» We have considered in detail the two flavor generalised CP
of charged leptons, such as generalised e-y, e-T and y-T
symmetries. In each case we have obtained strong
correlations involving the mixing angles and CP phases.

» Using the generalised CP symmetry, we proposed a
realistic generalization of the TBM ansatz which accounts
for non-zero measured value of 6,3 and makes testable
predictions for the other parameters of lepton mixing.

thank you



