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Standard Model
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m [arge mass hierarchy among generations observed.
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Observations — Quark Sector
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Observations — Lepton Sector
(e~0.2)

m Charged leptons:
m,:m:m =g 1
m_:m,=1:1
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= PMNS Matrix: S
Upvng=U; U,  0,,=m/4, 0,,=m/4-¢, 0,;< €

m Unknown: 0,, absolute mass, ordering and phases
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Beyond the Standard Model

m SM augmented by massive neutrinos contain a lot
of free parameters.

m Why 1s the quark and neutrino sector so radical
different?

® Why are the neutrino masses so small?
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Usual Methods

m Symmetries (GUTs, flavor,...), anarchy
arguments etc. used to predict PMNS mixings

m Example: literature research on 0,

Generic or
biased peak?
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(Albright,Chen,2006)
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New Systematic Approach

= bottom-up approach
= reconstruction of Yukawa couplings
m Extremely

O extraction of realizations and textures

Unbiased exploration of parameter space
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Extended QLC
(e~0-~0.2)

m Quark-Lepton Complementarity (QLC):
612+9Cz 75/49 923‘|'er =~ 1/4 GUT
(Petcov,Smirnov,1993; Smirnov,2004; Raidal,2004; Minakata,Smirnov,2004)/

E.g. from Upyins™~Verm Upimax
(U : 0,,=0,,=n/4)

bimax®

m ¢parameterizes everything?! ‘Quarks +—Leptons

- Extended QLC:
> All mass ratios are powers of €
» All mixing angles from{n/4,¢,¢2,..,0}

July 4, 2007 INFO 07 - Florian Plentinger 9



Example B UCKI\/I+ Ubimax

; J13X3 M Maj —1J M diag [J T
_ Vv v Yy
Ml — Ul 1\/‘[1 1ag @ M\}Dirac — Uv M\/diag@

Upvns=U U, L

= Mixing angles:
(91129911396123):(890982)9 (9V1296V1399\)23):(7[/49897[/4)

= PMNS mixing angles:
U U, — (0,,,95,0,5)=(36.5°3.6°43.8°)
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Example B UCKI\/I+ Ubimax

1\/[1 — {J1 Mldiag
\Y, - p— dia T
M Ma =U, M diee U
Dirac — dia
M, U, M, diag
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 M42e=m_diag(e*e2,1)
M, = m, diag(e?,e,1)
(91129611396123) — (890982)

(FP,Seidl, Winter,2006)
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Exended QLC Results

m 262.144 possibilities
m 2.468 1n agreement with experimental data

m In 10 year limit: 20 textures

(FP,Seidl,Winter,2006)
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Exended QLC Results

m New textures:

, “Diamond’:
Example: “Diamond” textures

Degenerate o
= (B2, 013, H23)

,;"l []:"'i""“:'

(35.2°,3.8°.50.87)

(33.6°,3.1°,52.2°)

(FP,Seidl,Winter,2006)
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Results

m Diamond textures reveal also non-trivial

sum rules.

m New sum rules:

019 + e = arctan(2 — \/5)
o+ 2v/ | "

1
2—\/5 — —— €,
E=VI) - A

613 = arcsin(

. 1 1
63 = arctan(l + —=) + ﬁ(Z —11V2)e .

V2

(FP,Seidl,Winter,2006)
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Results

m Generic distributions:
No peak at sin?20,; ~ 0.04
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(FP,Seidl,Winter,2006)
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Extension to Seesaw Mechanism

m Seesaw (TypeI): Mpyp=UpMp42e Uy  Mp=U; M4 U,*

o Ul
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_ ! : .
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Extension to Seesaw Mechanism

v oscillation and mass Model: E.Iﬁq;i;itn

Observation: "~
experiments, ... GUT, ...
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Seesaw realizations: M;, Mp, Mg

| Step 3

Reduction

Textures
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Seesaw Results

m Over 20 trillion possibilities (CP conse
m 1.981 textures found
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Seesaw Results

Normal hierarchy: Inverted hierarchy:

Hierarchies in Mp Hierarchies in Mg

Hierarchies in Mg Hierarchies in Mg

Mixing angles for normal hierarchy

Special cases for normal hierarchy

Mp ~ symmetric Mg ~ diagonal

No

(FP,Seidl, Winter,2007)
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Summary

m Generalization of QLC to Extended QLC:

e~0 parameterizes everything (masses, mixings)
m Efficient way to reconstruct Yukawa matrices
m Systematic generation of possibilities:

Complete extraction of textures (€.g. diamond texture)

Reveal general features (€.g. new sum rule)
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Froggatt-Nielson Mechanism

Heavy fermion with

Mass M;

|

l

I SM singlet scalars,
X with universal
VEVs v

Plmm = -

m v breaks flavor symmetry successively

m After integrating out heavy fermions:

L =<H>e"¥, ¥, e=v/M,
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Example — Z_ Flavor Symmetries

Field Model 1 Model 2
1 5 . ve | 0,00,1,0,1,1) | (2,0,0.2,00,1)
[ GF:Z4( )XZ4( )X---XZ4( ) v | (2,0,0,1,0,1,1) | (2,0,0,2,0,0,1)
. \ ¢ 0,0,0,1,0,1,1 0,2,0,0,2,1,0
m Flavon charges: {~1, {;'~2 v ] ¢ )| i
1 11 (0929070719091) (2909272729190)

nder Z,®

unde 4 L, | (0,00,0,1,1,0) | (2,2,0,2,2,1,0)
O <fi>z <fi ‘>~y=¢ Mf L | (0,021,001 | (022220,1)
e | 2221111 | (0,0,000,1,1)
e | (2,2,2,0,0,1,0) | (2,2,2,0,0,3,3)
e3c (0929230709090) (29292:2729393)

‘:'Hiz- Hi:}. s 95:3 )
(012, 013, 632)

D’ 17y
C 23

)

(3.0,
(0,0,¢(

(F.¢€,€)
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Seesaw Procedure

Observation: v Oscillation and Mass
Experiments (033, ...)

Y

M

/ é;;erfmen;;ﬂr\\ MG = Mg? / A

Allowed Mass : Theorectical

\ Matrices / 1 '\H_E__a_f’ossfbﬂftfesi_a 4 |

Seesaw Realizations: M;, Mp, Mp
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Seesaw Performance
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(FP,Seidl, Winter,2007)

Number of realizations
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