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Tribimaximal mixing

@ Harrison, Perkins, Scott ('02) —

;
5 »n5 70
Vs~ U= | =L 1L _ 1
V6 V3 V2

@ Very good approximation until recently!
@ Daya-Bay, RENO, 2012: 63 ~ 9°

@ Assume still good approximation in

° from flavor symmetry?

o 3families — groups with 3-dim irreps



Tribimaximal mixing

Tribimaximal mixing & flavor symmetries

o Vs = UTU, U M,

vns = Up'U, 0, M,
o Fix a basis — Flavor basis — diagonal M, = diag(mj, m’,, m?)
@ Symmetries of

G/ ~Y U(1) X U(1) of /\_/I/Z TT/\_/I/T = M/

eia1 0 0
T=| 0 & 0
0 0 e ilatar)

G, ~ 7o X Lo of M,,: G;I-M,,G,- =M,

1 1 -2 -2 1 0 0
G = ~3 -2 1 -2 G3=(0 0 1
-2 -2 1 01 0

“‘magic” symmetry
automatic &
specific to -

u-T symmetry
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Tribimaximal mixing & finite flavor symmetries

@ Restrict to finite groups — finite T
@ Model: — G or G, in each sector
@ Flavor group containing G, G,

— should contain S,

o 284

1 0 0
G=(TY~Z3 T=|0 w O
0 0

w

1 1 -2 -2
Gl, = <Gz, Gs> = Zg X Zz Gz = — —2 1 —2
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Tribimaximal mixing & Sy

@ In another basis of =8,
0

Zs T=|1
0

GI, = <Gg, Gg) il Zg X ZQ

G =(T)

~

usual 3 representation of S,

@ can be generatedby T and S= (

5

[eNe)
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Tribimaximal mixing & finite flavor symmetries

@ Flavor symmetries v.s. of M, and M,
@ Some residual symmetries may be accidental

o Different groups Aa, Sy, A(27), T7, . ..

@ 0i3#A0 — is not exact!

@ Include corrections
o Different symmetries

@ u-7 symmetry — 613=0

u-7 reflection —  6o3 = 45°, 6p = +90° if 613 £ O

1 00 1 00
0 0 1|JM*|0 O 1| =M, Harrison & Scott, 02

0 1 O 0 1 O Grimus & Lavoura, '03
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Tribimaximal mixing & finite flavor symmetries

@ Flavor symmetries v.s. of M, and M,
@ Some residual symmetries may be accidental
@ Different groups As, Sy, A(27), T, . ..

@ fi3#0 = is not exact!

@ Include corrections
e Different symmetries

@ u-7 symmetry — 613=0 X

@ LT reflection — Oo3 = 45°, 6p = £90° if 013 75 0 v

1 00 1 00
0 0 1|M*[0 O 1] =M, Harrison & Scott, ’02
010 01 0 Grimus & Lavoura, '03

O
We need CP! &L
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Incorporating CP in S4

-1 0 O 0 0 f
S; generatedby S=| 0 0 -1 T=(|1 0 0
0 1 0 010
TP=8"=1, ST?S=T
. -1 0 O 0 0 {1
Ss generated by =10 0 -1} T=|1 0 0
0 1 0 010
e S, ~ S, once we factor CP2 = —1 for fermions

e recipe: extract S, subgroup from S, ® ()

irepsof S : 3,1,1,,1, from

irepsof S4 : 3,3.,1,1.2 &)
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The model

3 Higgs doublets  ¢;
4 Higgs triplets  Ag, A;

3 families of leptons  L;, /;

Transforming under 'S, as
Li~3  Li(x) — S;CLI(R), Li(x) = TyLi(x);
bi~3  Gi(X) — Sigf(R), i) D Tyg(x); ~ A~3
b~ (X)) — CE(R), h(x) > h(x); ~ |

bty b(X) — CE(X), h(X) - wh(X);

ety h(x) — CER), h(x) L o? B(X); @
8
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The model: charged leptons

@ Yukawa Lagrangian for charged leptons

—LY = y1(Lig1 + Logo + Laga)h + yo(Lid1 + wPLlodn + wlags)lo
+ ya(L1p1 + wlago + w?Lads)ls + h.c.,

yi real due to

@ doublet vevs (¢;) = Y (1,1,1)

— S S
\/ﬁ 4 — O3

1

1 1
@ mass matrix M, = \}5 (1 w? w) diag(me, m,,, m.)
1

w w2

U = Ut=U,
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The model: neutrinos

@ Type |l seesaw

LY = %foL_fGAoL/ + fi (L_geA1 Lz + L_§€A2L1 - L_1CEA3L2) + h.c.,
fo, f; real due to

o Tripletvevs (A =1y, (A1) =y

e
d
a

X z z*
e Inflavorbasis UM U;= |z -2z¢ y
z* y —2z

f
@ Mass matrix M, = ( a
d

D -~ Q
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The model

The model: neutrinos

@ Type |l seesaw

LY = %foL_fGAoL/ + fi (L_geA1 Lz + L_§€A2L1 - L_1CEA3L2) + h.c.,
fo, f; real due to

@ Triplet vevs <A(()°)> = Uy, (A,(-O)> =u real

D - Q
Q QN —-

@ Mass matrix M, = (

X z z*
- ion!
o Inflavorbasis UM, U:= |z —2z¢ y | 7 reflectiont
accidental
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The model: predictions

@ Decompose Viwns = UiTU, = U, diag(1,1,i)U. U, = UU.
a+d b 0
U. diagonalizes M, =U'M,U=| b a ¢
0 c a—d

U=U:U, diag(1,1,i)
b=c=0
m =l|d—a, m=a, my=a+]|d|
c#0 controls 613 #0
maximal Dirac CP phase <> one maximal
approximate sum-rule mz —2m, — my = 0

a, ba C, d — 91270137 my, Mo, Mg
11

Majorana phase
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The model: predictions

@ Decompose Vwns = UiTU, = U, diag(1,1,/)U. U, = UU.
at+d b 0
e U. diagonalizes M,=UM,U=| b a ¢
0 c a—d

U=U:U, diag(1,1,i)

° . b=c=0

my =|d|—a, me=a, mg=a-+|d| onlynormal hierarchy

c#0 controls 613 #0

maximal Dirac CP phase <> one maximal Majorana phase

approximate sum-rule mz —2m, — my = 0

a,b,c,d — 02,013, m,my, my correlations! QO
11



The model

The model: predictions

0.030 q
0.028 B
Z 0026 1
i
0.024 - B
(m1 , Mo, m3) ~ (1 3,16, 52) meV
0.022
120 125 130 15 e pts compatible within 1-o
my (meV)
‘ e “large masses”, small mge
30r- B
e similar to Ishimori & Ma
= sl ('12) but more restrictive
: 20r b

my (meV) 12



The model

Relation with more general approaches

@ Holthausen, Lindner, Schmidt,
e General theory: <— outer automorphism of Gr
o Clarification of geometric/calculable phases
e Analysis of several relevant cases A4, A(27), T7, ...

e Consequence to our work:
34 is the only consistent extension of A

@ Feruglio, Hagedorn, Ziegler,
e General consequences of including

e Focus on residual symmetry in neutrino sector G,
e Dirac and Majorana phases depending on one angle

@ Specific analysis for S, )


http://arxiv.org/abs/1211.6953
http://arxiv.org/abs/1211.5560

Conclusions

Conclusions

@ A consistent way of incorporating into flavor groups
@ The only way of defining to A4

° 34 example, similar to A4 but more constraining
@ Can be further explored for flavor model-building
@ Accidental pu-7 reflection leading to maximal dp, 623

@ NH and approximate sum-rule (10-15%)
@ One maximal Majorana phase
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