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utrino mixing: what we know and don’t know

General approach

(Taken from NuFIT, JHEP 1212:123,2012.)

Free Fluxes + RSBL

Huber Fluxes, no RSBL

bfp £1c 3G range bfp £1c 3G range
in2 +0.013 +0.013
sin® 6y, 030245913 0.267 — 0.344 031115913 0.273 — 0.354
012/° 33367054 31.09 - 35.89 33.8770%8 31.52 - 36.49
sin2 -+0.037 594+0.021 -+0.036 +0.019
sin® 83 041340937 6 0.5047002) 0342 — 0.667 0.416+0:938 ©0.6007 000 0341 - 0.670
013/° 400121 504113 35.8 - 54.8 40.112 1 507112 35.7-55.0
1.5 1.3 1.6 1.5
sin 013 0.0227F0:-002 0.0156 — 0.0299 0.0255 00024 0.0181 — 0.0327
0813/° 8.667 0% 7.19 - 9.96 9.20+041 7.73 - 10.42
Scp/° 300198, 0360 208*39, 0360
2
Ay 7501018 7.00 — 8.09 7511021 7.04 5 8.12
10-5 eV2 Y-0.19 : : D105 : :
Am3
ﬁ N) +2.473+0070 +2.276 - +2.695 +2.48910055 42294 5 42715
= v ,
2
A —2.427+0:042 —2.649 — —2.242 246870073 —2.678 = —2.252
TEPAY 4270065 : : 46870063 : :
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Neutrino mixing: what we know and don’t know

General approach

(Taken from NuFIT, JHEP 1212:123,2012.)

Free Fluxes + RSBL

Huber Fluxes, no RSBL

bfp £1c 36 range bfp £1c 36 range
in2 +0.013 +0.013
sin? 812 03029013 0.267 — 0.344 031179013 0.273 — 0.354
612/° 33.361051 31.09 — 35.89 33.874082 31,52 36.49
in2 +0.037 +0.021 +0.036 +0.019
sin 823 041379037 0.59470:93) 0.342 — 0.667 04167993 0.600 .93 0.341 = 0.670
653/° 40.07 w5047 35.8 —54.8 401134 @507 2 357 55.0
sin? 63 0.02277 00023 0.0156 — 0.0299 0.0255+0:90%4 0.0181 —0.0327
0813/° 8.6610 4 7.19 - 9.96 92004 7.73 - 10.42
cp/° 300198, 0360 208*39, 0360
2
Ay 7501018 7.00 — 8.09 7511021 7.04 - 8.12
10-5 ev2 =Y-019 : : 212015 : :
Am3
ﬁ (N) +2.47310:970 +2.276 — +2.695 +2.489100% +2.294 - 42715
3, . .
2
_Amy 1) —2.42710.042 —2.649 = —2.242 —2.468 10073 —2.678 = —2.252
103 av2 4270065 : : 46870063 : :

Unknown quantities:() octant of 6,3 @Majorana CP phases: o1 and o3

) absolute neutrino masses and their order.
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General approach

The philosophy of

@ Lepton mixing arises from the
(@) (®,) mismatch between the remnant

symmetries in the neutrino and

the charged lepton sectors.
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General approach

The philosophy of

@ Lepton mixing arises from the
(@,) (@,) mismatch bgtween the r'emnant
symmetries in the neutrino and
the charged lepton sectors.

G, xHcp e Dirac CP would be generally
conserved and Majorana CP
phases are not constrained if
only family symmetry is imposed.
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General approach

Consistency condition
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General approach
Consistency condition

Under the flavour symmetry G¢

o) D p()olx),  g€Gs J

Under the generalized CP symmetry Hcp

o) B X (), X €Hcep,
with X' = (¢, —x), X is a unitary matrix.
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General approach
Consistency condition

Under the flavour symmetry G¢

o) L p(e)o(x), gE€Gy

Under the generalized CP symmetry Hcp

o) B X (), X €Hcep,
with X' = (¢, —x), X is a unitary matrix.

g
TN
o(z) Xp(g) " () see talk by Martin
Lp(g')ga(m)—Xp(g)*x-lgo(m g

/

g cpP
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General approach

Consistency condition

Under the flavour symmetry G¢

o) L p(e)o(x), gE€Gy

Under the generalized CP symmetry Hcp

(p(x) 2>X([.)*()Cl), X e Hep,
with X' = (¢, —x), X is a unitary matrix.

| \

Consistency equation:

Xp*(g)x '=p(g), &&€G

g
TN
o(z) Xp(g) " () see talk by Martin
Lp(g')ga(m)—Xp(g)*x-wm g

/

g cp-!
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General approach
Lepton mixing from remnant symmetries

Neutrino mass term: v C~! (my) ;v

Charged lepton mass term: Ig ; (my) ;11 + h.c.
m, I
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General approach
Lepton mixing from remnant symmetries

Neutrino mass term: v C~! (my) ;v
Charged lepton mass term: Ig ; (ml),-leJ +h.c.

@ Invariant under remnant flavor symmetry
pg(gv;)mvp3(gv;) - mV7 gV; S GV7
il il S G,
p3(gi)m mip3(g,) =mjm, g, € G G, xHY,

T]
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General approach
Lepton mixing from remnant symmetries

Neutrino mass term: v C~! (my) ;v
Charged lepton mass term: Ig ; (ml),-leJ +h.c.

@ Invariant under remnant flavor symmetry
pg(gv;)mvp3(gv;) - mV7 gV; S GV7
il il — T
p3(&i)mymps(gr,) =mym, g, € G. G, xHY.
@ Invariant under remnant CP symmetry J
—] T]

XmyXys = m}, Xy3 € Hip,
X;gm;leB = (m;rml)*, X3 € chp.
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General approach

Lepton mixing from remnant symmetries

Neutrino mass term: v C~! (my) ;v
Charged lepton mass term: Ig ; (m;)UlLJ +h.c.

@ Invariant under remnant flavor symmetry
p3 (gv;)mvp.’»(gv;) - mV7 gV, S GV7
il il il
_ )= , eG
p3(&i)mymps(gr,) =mym, g, € G. G, % H,
@ Invariant under remnant CP symmetry

T
XVSmVsz — mé’ XV3 € HCP’

|
)

X;gm;leB = (m;rml) , X € HCP
@ For G, = hGyh™', G} = hG;h™!
HEp = p(hHEpp” (1), Hép = p(h)Hepp” (h

= p3(W)mypl(h),  m)m)=p3(h )mlmzps( )

my,
The same predictions for Upyys! I
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A(96) and generalized CP

Group theory of A(96)

@ A(96) is a non-abelian finite subgroup of SU(3) of order 96, it is
isomorphic to (Z4 X Z4) x S3:

S=T"=0>=(ST)*=1, SU=US
(TU)* =1, (TUT*U)* =1, (UTSUT*UT)*=1.
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A(96) and generalized CP

Group theory of A(96)

@ A(96) is a non-abelian finite subgroup of SU(3) of order 96, it is
isomorphic to (Z4 X Z4) x S3:

S=T"=0>=(ST)*=1, SU=US
(TU)* =1, (TUT*U)* =1, (UTSUT*UT)*=1.

@ Working basis— “CP" basis

Generators in triplet representation 3: @ = ¢*%/3
-1 2 2 o 0 0
S= 3 2 _1 2 , I'= 0 (!)2 0 )
2 - 0 0 1
—1= -1 + V3
4VE 13

—1+\f —-1-3 —1
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A(96) and generalized CP
Generalized CP transformation

@ Automorphism group of A(96)
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A(96) and generalized CP
Generalized CP transformation

@ Automorphism group of A(96)

Z(A(96)) = Z, Aut(A(96)) = A(96) x Z,,
Inn(A(96)) = A(96), Out(A(96)) = Z, = {id,u} .
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A(96) and generalized CP

Generalized CP transformation

@ Automorphism group of A(96)

Z(A(96)) = Z;, Aut(A(96)) = A(96) % Z,
Inn(A(96)) 2 A(96), Out(A(96)) = 2, = {id,u} .

s5s, 7571 U-SU.

Gui-Jun Ding (USTC) 06-19-2014



A(96) and generalized CP
Generalized CP transformation

@ Automorphism group of A(96)

Z(A(96)) = Z;, Aut(A(96)) = A(96) % Z,
Inn(A(96)) 2 A(96), Out(A(96)) = 2, = {id,u} .

s5s, 7571 U-SU.

@ Generalised CP consistent with A(96)< consistency equation

Gui-Jun Ding (USTC) 06-19-2014 8/22
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A(96) and generalized CP
Generalized CP transformation

@ Automorphism group of A(96)

Z(A(96)) = Z;, Aut(A(96)) = A(96) % Z,
Inn(A(96)) 2 A(96), Out( (96)) = 2, = {id,u} .

S—>S y N U-SuU.

@ Generalised CP consistent with A(96)< consistency equation

X(u)p* ()X (u) = p(u(S)) = p(S),
X(wp*(T)X~" () = p(w(T)) =p(T?), = X(u)=1
X(u)p* (U)X (u) = p(u(U)) = p(U).

@ Including inner automorphism, the generalized CP transformation is
X=p(h), heA96) J

which is of the same form as flavor symmetry transformation.
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;
@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;

@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);

@ Light neutrinos are assumed to be Majorana particles:
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;

@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);

@ Light neutrinos are assumed to be Majorana particles:

o Gy =Ky =7y xZy— F Feruglio et al, Nucl. Phys. B 858, 437 (2012);
Gui-Jun Ding, Nucl.Phys. B862 (2012).
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;
@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);
@ Light neutrinos are assumed to be Majorana particles:
o Gy =Ky =7y xZy— F Feruglio et al, Nucl. Phys. B 858, 437 (2012);
Gui-Jun Ding, Nucl.Phys. B862 (2012).
o Gy = Z < Only one column of PMNS matrix can be fixed!
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;
@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);
@ Light neutrinos are assumed to be Majorana particles:
o Gy =Ky =7y xZy— F Feruglio et al, Nucl. Phys. B 858, 437 (2012);
Gui-Jun Ding, Nucl.Phys. B862 (2012).
o Gy = Z < Only one column of PMNS matrix can be fixed!

charged lepton neutrino
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A(96) and generalized CP

@ The left-handed leptons are assigned to be a faithful triplet 3;
@ The remnant flavor symmetry G; in the charged lepton sector is chosen to
be abelian subgroup of A(96);
@ Light neutrinos are assumed to be Majorana particles:
o Gy =Ky =7y xZy— F Feruglio et al, Nucl. Phys. B 858, 437 (2012);
Gui-Jun Ding, Nucl.Phys. B862 (2012).
o Gy = Z < Only one column of PMNS matrix can be fixed!

charged lepton neutrino

M Uppns is determined up to permutations of rows and columns.

(2 Mixing angles and CP phases are predicted in terms of one parameter 0.
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Predictions for lepton flavor mixing in A(96) and generalized CP

Some interesting results
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Some interesting results

% 26 mixing textures are admittable! All mixing parameters depend on only
one parameter 0.
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Predictions for lepton flavor mixing in A(96) and generalized CP

Some interesting results
% 26 mixing textures are admittable! All mixing parameters depend on only

one parameter 0.
W Scenario 1.1: G, =Z1, Gy = Z3, HY» = {1,p(S)}

1 \ﬁcos(12 6) 1 ﬁsm(%
UPMNSZT \@cos( +9) 1 V/2sin (% 9) Py,
3 ﬁsin(%—k@) 1 fcos( 0
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Predictions for lepton flavor mixing in A(96) and generalized CP

Some interesting results

% 26 mixing textures are admittable! All mixing parameters depend on only
one parameter 0.

W Scenario 1.1: G, =Z1, Gy = Z3, HY» = {1,p(S)}
| —v/2cos (%—6) 1 ﬁsin(%—e)

Uppyns = 7 V2 cos (g+e) 1 V/2sin (g+e) Py,
3 ﬁsin(% +9) 1 —V2cos (%—1—9)

Mixing parameters:

1
sin2913 = 3 [1 —CoS (g —29)} , sin2912 =

2+cos (£—-26)’
1+sin26
2+cos (§—260)’

sin® 0,3 = tandcp = tanop; = tanciz; = 0.
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Predictions for lepton flavor mixing in A(96) and generalized CP

Some interesting results

% 26 mixing textures are admittable! All mixing parameters depend on only
one parameter 0.

W Scenario 1.1: G, =Z1, Gy = Z3, HY» = {1,p(S)}

1 —v/2cos (%—6) 1 ﬁsin(%—@)
Upuns = — | V2cos (g+e) 1 \@sin( +9) Py,
V3 ﬁsin(% +9) 1 —v2cos (%+e
Mixing parameters:
sin2913 = 1 [1 —CoS (E — 29)} sin2912 = !
3 6 ’ 2+cos (£—-26)’

1+sin26

-2
sin“ 03 = tandcp = tanlp; = tantiz; = 0.
2+cos (§—260)’

| CP is conserved! |
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Predictions for lepton flavor mixing in A(96) and generalized CP

Some interesting results

% 26 mixing textures are admittable! All mixing parameters depend on only
one parameter 0.

W Scenario 1.1: G, =Z1, Gy = Z3, HY» = {1,p(S)}

1 —v/2cos (%—6) 1 ﬁsin(%—@)
Upuns = — | V2cos (g+e) 1 \@sin( +9) Py,
V3 ﬂsin(% +9) 1 —v2cos (%+e
Mixing parameters:
sin2913 = 1 [1 —CoS (E — 29)} sin2912 = !
3 6 ’ 2+cos (£—-26)’

1+sin26

-2
sin“ 03 = tandcp = tanlp; = tantiz; = 0.
2+cos (§—260)’

| CP is conserved! |
Best fitting:
Bpr =~ 0.0798, sin?03(0ps) ~ 0.0218, sin®O15 () =~ 0.341,
sin? 023 (Bpr) =~ 0.395 or 0.605, . ~ 9.548(9.303) for 8,5 < (=)71/4.
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sinf3 sin by sin® 0y,
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Predictions for lepton flavor mixing in A(96) and generalized CP

IEERRERAREERRREE tRRRS!

sin” 015
W Scenario 1.2: G, =271, G, = Z§, Hl., = {p(UTSUT?UT),p(UTUT?UST) }
| 2icosO V2 —2isin®
Upuns = — | —v3sin®—icos® /2 —v/3cosO+isin®

V6 V/3sin0 —icos0 V2 V/3¢c0s0+isin®
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Predictions for lepton flavor mixing in A(96) and generalized CP

IEERRERAREERRREE tRRRS!

sin 63 sin 01 sin® 0y,
W Scenario 1.2: G, =271, G, = Z§, Hl., = {p(UTSUT?UT),p(UTUT?UST) }
| 2icosO V2 —2isin®

UPMNSZT —v/3sin®—icos® V2 —+/3cosO+isin®
V/3sin0 —icos0 V2 V/3c0s0+isin®

Mixing parameters:
.2 1 .2 1 .2 1
sin“013 = 5 (1 —cos26), sin 012 = 57comg0  SIN" 023 = 75,

|Jcp| = 617\/5 |sin26|, cotdcp = tanly; = tanoy; = 0.
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Predictions for lepton flavor mixing in A(96) and generalized CP

IRARRERERRNRERRN IRRRS]

T

-

0.2 0.4 0.6 0.8

sin 63

sin” 015
W Scenario 1.2: G, =271, G, = Z§, Hl., = {p(UTSUT?UT),p(UTUT?UST) }
| 2icosO V2 —2isin®

Upmns = 7 —/3sin@—icos® V2 —/3cos@+isin®
V/3sin® —icos @ V2 V/3c0s0 +isin®
Mixing parameters:
sin?@3 = %(1 —c0s20), sin’0; = 2+c7i)326’ sin? 03 = 1,
|Jcp| = 617\/5 |sin26|, cotdcp = tanoly; = tanog; = 0.

Maximal Dirac CP violation and maximal atmospheric mixing! J
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Predictions for lepton flavor mixing in A(96) and generalized CP

LT T 0.15 e e mama
L i 2 ] L ]

o lo 30 i L ]
0.8 Iyl . ] 0.12 1
L Iyl ] n ]
~osf M 1 ook ]
> [ 15l T ] & r ]
C = 1 o u ]
=R 6 1= F ]
% 041 Ouf - 0.06 b
e : z
0.2 il ] 0.03 [~ 1
rIal ] u T ]

Py . T T N . o [ IR I .

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

sin 63 sin 13
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Predictions for lepton flavor mixing in A(96) and generalized CP

1 ] 0.15 R AR mmmEE E
Eo ] f ]

08 | ] 0.12 1
. ] C ]

~ o6k | 4 _ oo09fF -
5 [ | ] & L ]
=T 1 = r b
® 041 - 0.06 [~ 1
s s s ] z z
0.2 il ] 0.03 [~ 1
rIal ] u T ]

Py . T T N . o [ IR I .

0 02 04 06 08 1 0 02 04 06 08 1

sin 63 sin 13

W Scenario 1.3: G, =71, Gy, = Z5, Hl., = {p(T?UT?),p(ST*UT?)}

| e’icos(%—e)—efcos(z%+6) 1 —e’% sin(z"j—e)—e% sin (% +6)
UPMNS:% —e” % sin(%fe)qLe%n sin(lere) 1 787%008(%79)723%00; (%+9)
i 3in in

X 2 ) s
—e” % sin(%+9)+e3§ sin(gfe) 1 e s cos(%+9)+e%cos(g79)

Gui-Jun Ding ( 06-19-2014 12/22




Predictions for lepton flavor mixing in A(96) and generalized CP

0.2

0\\\‘.

o

0.2

M Scenario 1.3: G;

0.4 0.6 0.8
sin 913

[,

[Jorl

0.15

0.12

0.09

0.06

0.03

.\\\\.\\\\.\\\\.I\\\\
0.4 0.6 0.8
SiIl913

i

=71, Gy =73, Hlp = {p(T?UT?),p(ST*UT?)}

| e icos(%—e)—e%cos(ﬁ+6)
UPMNS:% 7e’%sin(%79)+e3% sin(g—Jr(-))
e ¥ sm( +9)+e ¥ sm(% )

Lepton mixing angles and CP phases :

Gui-Jun Ding (USTC)

—e 3 sm(z"j—e)—e? sm(ﬁ-ﬁ-G)
7e’%cos(%79)fe%n cos(g—”+9)
e’%cos(EJre)qLeX cos(g 0)
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Predictions for lepton flavor mixing in A(96) and generalized CP
1 V6+V2 4

.2 -2
sin“013 = - — c0s20, sin“Bj; = ,
3 12 8+ (\@+ ﬁ) 0520
5 4+(\@fﬂ)00326 1
sin” 03 = ,  [Jep| = —=sin20|,
23 [epl 6\/§| |

8+ (\/5+ ﬂ) c0s20
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Predictions for lepton flavor mixing in A(96) and generalized CP

1 2
sin2913 =_-— Mc0529, sin2612 = 4 ,
3 12 8+ (x@+ ﬂ) 0526
5 4+(\f \[)COSZG
sin” 023 = y Merl= |sin26],
8+(\f+f)cosze 63
42+ (l—i-\@) cos26
tan20|,

tandcp| =
| cr| 1—+v/3—12co0s20

V6 + /2 +4c0s20+ (\/67\/5) 5in26
V642 +4c0s260 — (\/6— \/E) 5in20

4sin20
233+ (2+ﬁ) cos40

\tana21| =

)

|tanoy, | =

Gui-Jun Ding (USTC) 06-19-2014 13/22



Predictions for lepton flavor mixing in A(96) and generalized CP

sin2613 = 1 - M c0s26, sin2912 = 4 ,
3012 8+ (V6-+2)cos26
sin®0y3 = o (\[ \[) €029 |Jep| = |sin28],
8+ (V6-+v2)cos26’ 6v3
42 + (1 + \/§) c0s20
[tan§¢cp| = =75 Vaeos26 tan20|,
V642 +4c0s20 + (\/g_ ﬁ) sin20 Both mixing angles and CP
[tancty | = 3t Acos20— (\/6— \/E) el phases depend on 6.
‘tanocgl‘ _ 4sin20

233+ (2+\E)cos4e '
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Predictions for lepton flavor mixing in A(96) and generalized CP

8+ (\/g—l—ﬁ) cos297

Both mixing angles and CP
phases depend on 6.
This pattern can also be
derived from A(48)— G.-J.
Ding and Y.-L. Zhou,
arXiv:1404.0592,JHEP
1406 (2014) 023.

1 2
sin2913 ==-— \/6+\[00526, sin®01 =
3 12
5 4+(\/6—\6) cos20 1
sin” 023 = . ep| = —x=Isin26],
8+ (\/6+ \/5) 0526 6V3
42+ (1+\/§) 0520
[tan§¢cp| = tan20|,
1—+v/3—v2c0s20
V642 +4c0s26 + (\/6—\@) 5in26
[tanoiy | = ,
V64 V2+4c0s20 — (\/6—\/5) sin20
, 4sin20
233+ (2+ﬁ) cos48

Gui-Jun Ding (USTC)
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Predictions for lepton flavor mixing in A(96) and generalized CP

8+ (\/é—l—ﬂ) cos297

Both mixing angles and CP
phases depend on 6.
This pattern can also be
derived from A(48)— G.-J.
Ding and Y.-L. Zhou,
arXiv:1404.0592,JHEP
1406 (2014) 023.

1 2
sin2913 =_-— V61 V2 c0s20, sin? 01 =
3 12
5 4+(\/6—\6)c0s29 1
sin” 023 = . ep| = —x=Isin26],
8+ (\/6+ \/5) 05268 6V3
42+ (1 n ﬂ) 0528
[tan§¢cp| = tan20|,
1-v3-— \/ECOSZG
V642 +4c0s20 + (\/é—ﬂ) 5in26
[tanoiy | = ,
V642 +4c0s260 — (\/6—\/5) 5in20
, 4sin20
233+ (2+ ﬁ) cos40
Best fitting:

Opr = +0.130, %, = 9.124(9.838),
sin” 013 (0p) = 0.0222, sin®012(Bps) = 0.341, sin® 023 (0y) = 0.426(0.574),
|sin8cp (Bpf)| = 0.725,  [sin o) (Bpr)| = 0.682 or 0.731,  |sin o}, (Bpr)| = 0.999.
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Correlations between different observables
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W Scenario 2: G, =Z3, Gy, = Z¥, H}., = {p(T*UTUT?),p(UT*UTUT?)}

—-1-3 (\/gfl)sin9+267%0059 (\/571>005972e’% sin©
Upmns = ENE 2 25inB +2¢~ T cos 6 2c0s8 —2¢~ ¥ sin®
V31 7(l+\/§)sin9+2e*%cose 7<1+\/§)c05972e*%sin0
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W Scenario 2: G, =Z3, Gy, = Z¥, H}., = {p(T*UTUT?),p(UT*UTUT?)}

—-1-3 (\/gfl)sin9+267i7ncosﬁ (\/571>005972e’%{ sin©
2 25in0+2¢~ ¥ cosd 2080 —2¢~ T sin®

Upuns = —=
2\/§ in in
V31 7(l+\/§)sin9+2e*70056 7<1+\/§)c05972e*75in0

Mixing parameters:
§in2013 = - [4— V3 V3cos26 (\/87\6) sinZG] . sin20p=1— M,
12 6c0s2013
4-2y/2sin28 1
V2sin . Vepl= ——|sin20],
8+ /3 +1/3c0s20+ (\/Efﬂ) 5in20 12v/6

sin? 023 =
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W Scenario 2: G, =Z3, Gy, = Z¥, H}., = {p(T*UTUT?),p(UT*UTUT?)}

—-1-3 (\/gfl)sin9+2e’%[cosﬁ (\/571>005972e’%[ sin©
2 25in0+2¢~ ¥ cosd 2080 —2¢~ T sin®

Upuns = —=
2\/§ in in
V31 7(l+\/§)sin9+2e*70036 7<1+\/§)c05972e*75in0

Mixing parameters:

sin20)3 — é {47\67\/37‘005267 (\/8—\6) sin26]  sinlOp = 1— 2+V3

6c0s203
sin’ B3 = 4-2v26in20 o Merl= SR |sin26) ,
843+ /3cos28+ (\/Efﬂ) sin20 126
(672\/37) (1—cos48) + (6ﬁ+ 16\/6> $in20+3v/2sin40
[tandcp| = ,
+1 + — Cc0s20 — sin20 + cos40— (15 + sin
24+ 18V3+(24—8V3 20 — 6v/25in20 + 61/3 cos 40 V2+441/6) sin40
2(24V3) (1+c0s26) + (V6+v2) sin29
[tanop | = ,
1—cos20+ (\@+ \/E) sin20
2 (2+ \/§) (1—cos26)— (\@-ﬁ- ﬂ) sin26
|tano, | = .

14 cos20 — <\/6+ \/i) 5in26
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W Scenario 2: G, =Z3, Gy, = Z¥, H}., = {p(T*UTUT?),p(UT*UTUT?)}

—-1-3 (\/gfl)sin9+2e’%[cosﬁ (\/571>005972e’%[ sin©
2 25in0+2¢~ ¥ cosd 2080 —2¢~ T sin®

Upuns = —=
2\/§ in in
V31 7(l+\/§)sin9+2e*70036 7<1+\/§)c05972e*75in0

Mixing parameters:

sin20)3 — é {47\67\/37‘005297 (\/8—\6) sin29]  sinlOp = 1— 2+V3

6c0s203
sin’ B3 = 4-2v26in20 o Merl= SR |sin26) ,
8+ V3+V3c0s20+ (V6 - v2) sin20 12v/6
(672\/37) (1—cos48) + (6ﬁ+ 16\/6> $in20+3v/2sin40
[tandcp| = ,
244183+ (2478\@) 08260 — 61/25in20 + 61/3 cos40 — (15ﬁ+4\/6) sin46
2(24V3) (1+c0s26) + (V6+v2) sin29
[tancy; | = ,
1—cos26+ (Vg+ﬁ> sin28 All mixing parameters
z(z+\/§)(1_cosze)_(ﬁ+ﬂ) 5in20 depend on 6!
|tano, | = .

14 cos20 — <\/6+ \/i) 5in26
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1 2 V2 cos® \@sme
UpMNs:\T —1  V2cos®+iv/3sin® /2 sin®—iv/3 cosO

-1 V2 cos®—iv/3sin® /2 sin®+iv/3 cosO

1 20 ’
(1—cos20), sin’0jp = 1cosy sin” 623 =

sin2613 =
5+cos20’
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W Scenario 3.1: G, =Z1, G, = ZYTVT°UST Y., = {p(S),p(UTSUT?UT) }
1 2 V2 cosB \@ sin®
UpMNS:\T —1  V2cosO+iv3sin® /2 sin®—iv/3 cosO
—1 V2 cos®—iv/3sin® /2 sin®+iv/3 cosO
1 1+4cos26
) s 2
n“613=—(1—cos20 n“0p=——""4—, ,
sin“613 = ¢ (1 —c0s20), sin"612 = 52258
1
cP| = —=|sIn , Cotocp =tanOp; =tanoiz; = 0.
J 6v6 in20 ) 0

0,3 and 8¢p are maximal, and excellent agreement with experimental data
can be achieved.— C.-C.Li and G.-J.Ding, Nucl. Phys. B881, 206 (2014).
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W Scenario 3.2: G =Z!, Gy = Z{TVT"UST B, = {p(T*UTUT?),p(UT?ST) }

2 \@e’% cose_ ﬁe’% sine_
Upuns = 7 —1 V3 sinG—i—\/Ee’%cosG -3 cose—i-\/ief% sin®
—1 =3 sine—i—\@e_%cose \ﬁcosﬁ—i—ﬁe_% sin @
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W Scenario 3.2: G; = ZI, G, = ZYTUT*UST ¥, — {p(T?UTUT?),p(UT?ST)}

2 \@e’%cose
\T6 -1 \/§Siﬂ9—|—\f2€’%0059
—1  —/3sin0++v2e T cos

The lepton mixing parameters are

Upuns =

. 1 . 14cos260
2 2 2
S E 6 (1 -cos26), sin"61> 5+4c0s20’

5+c0s26

|JCP| = ﬁ |sin26|, |tan5cp\ = |155c0s20
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Lepton mixing parameters:
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@ The allowed mixing patterns within A(96) and generalized CP are studied
in a model-independent way. Non-regular CP phases 6¢p # 0,7, +71/2
can be achieved.

@ Theoretical predictions can be tested by near future neutrino oscillation
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0vPP, leptogenesis etc and extend the present scheme to quark sector.
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