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m Symmetries (GUTs, flavor,...), anarchy arguments
etc. used to predict/explain observations
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bottom-up approach

reconstruction of Yukawa couplings

m Extremely

o extraction of realizations and textures

N

Unbiased exploration of parameter space
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Extended QLC
(£~0.~0.2)

®m Quark-Lepton Complementarity (QLC):
0,,70.~ m/4, 0,,10,.,~ m/4 GUT

(Petcov,Smirnov,1993; Smirnov,2004; Raidal,2004; Minakata,Smirnov,2004)/

E . g . fI‘OIn UPMNSNVCKM+UbimaX
(Upimax: 015=0,3=1/4)

= ¢ parameterizes everything?!  Quarks «—{Leptons

- Fxtended QLC:
» All mass ratios are powers of €

» All mixing angles from {n/4,¢,e2,..,0}
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m All real possibilities with mixing angles {n/4,e,e2,0}
= 262.144 possibilities

m 2.468 realizations in agreement with experiments

m In 10 year limit: 20 textures &={0.m}

Normal Hierarchy Inverted Hierarchy Degenerate
- (612, 013, O23)

1 . rMaj 1 rDirac A rMaj
MM ML MM

2 &2 1 1 0 1
(35.2%,3.8°,50.87)
1 0 1

(33.6°,3.1°,52.2°)

(FP, Seidl, Winter, hep-ph/0612169)
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m New textures:

o ., “Diamond”:
Example: “Diamond” textures 0,,—m/4

. . £ b d
Normal Hierarchy Inverted Hierarchy Degenerate (512, 813, $23)

(542, 513, $5a)
A .rMaj 1 .7Dirs A rhaj 1 .7 Dirac 1 .7Dirs of e o~ A
;1_!'—!, ] M, fl-lrv ! ;Mry ;1_!'—!) frac {(){.(\1 LP1. 2

(f12, 613, O23)

°,50.8°)

(33.6°,3.1°,52.2°)

{4 (FP, Seidl, Winter, hep-ph/0612169)
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m Diamond textures reveal also non-trivial
sum rules.

= New sum rules: QLC:

.
9] )
015 + e = arctan(2 —

52V vy 0,,+e—m/4
013 = aerul( V2) — = 913:®(8)
0,,=T/4+0(€?)

(FP, Seidl, Winter, hep-ph/0612169)
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0.225 0.25 0.275 0.3 0.325 0.35 0.375

(FP, Seidl, Winter, hep-ph/0612169)
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v Oscillation and Mass

Experiments (0353, ...)
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Seesaw Realizations: M;, Mp, Mg

Reduaction

Textures
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m Over 20 trillion possibilities

m 1.981 textures found

(9{‘23 9%33 953)
(012,013, 033)
(012,015 . 053
(015, 015, 63%)
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# (|84 al, ab) (6P, o, o, B (5P, ol oL ) [(87, it ok, k) (012,013, O23) x? || Cases

3 (=.0,0) (0,0, m,0) (0,0,0) (7,0, m,0) (33.5°,0.2°/51.3°), | 4.9 26

12| (0,7, ) (0,0,0,0) (0,7,0) (7,0,0,7) (33.4°,0.09,51.3°)} | 4.81 || 475

33| (o, 7w, ) (7,0.0,0) (0,0,0) (0,0, 7, 0) (33.6°,0.1°\51.5°) | 5.31 || 83 |
3 4

(FP, Seidl, Winter, arXiv:0707.2379)
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Normal hierarchy:

Hierarchies in Mp Hierarchies in Mg

m Mostly mild hierarchies
in M,

Mlxmg angles for normal hlerarchy
U

B S & S C"

1S, 1n general, not small

Special cases for normal hlerarchy
Mp ~ symmetric Mg ~ diagonal

m Diagonal M;, is not rare < ” ; <

(FP, Seidl, Winter, arXiv:0707.2379)
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n G=7,VxZ,0x. .

m 2 F

|

X7, (7)
avon fields £, f.* per 2,V

ith charges:

o]
-9

f.'~2 under Z,0

m <f>=<f '>=v=¢ M;

(FP, Seidl, Winter, arXiv:0707.2379)

July 28, 2007

Model 2

(0,0,0,1,0,1,1)

(2,0,0,2,0,0,1)

(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)

(0,2,0,0,1,0,1)

(2,0,2,2,2,1,0)

(0,0,0,0,1,1,0)

(2,2,0,2,2,1,0)

(0,0,2,1,0,0,1)

(0,2,2,2,2,0,1)

(2,2,2,1,1,1,1)

(0,0,0,0,0,1,1)

(2,2,2,0,0,1,0)

(2,2,2,0,0,3,3)

(0,2,2,0,0,0,0)

(2,2,2,2,2,3,3)
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m Automated model buildin
How much complexity 1s needed to reproduce textures?

Zy xZy xZo xZs I Anarchic
Equal rows/columns

Ly xoxdyxfs Semi—Anarchic
I Cther
Ly xdynly=Zy
Ly xLyxly
Ly xLyxd>
Ly xlaxly

ZE: "‘ZT-

(uonjeredasd ur ‘IUIA [P1OS dA)

Z_q_ 'K.Zg
Preliminary

23 # Textures
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m Generalization of QLC to Extended QLC:
£~ G- 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 (e.g. new sum rule)

= Automated model generation possible
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FP, G. Seidl and W. Winter,

* Systematic Parameter Soace Search of Extended Quark-Lepton-
Complementarity” ,

hep-ph/0612169 (submitted to Nucl.Phys.B)
http://theorie.physik.uni-wuerzburg.de/%7Ewinter/Resources/Textures/index.html

FP, G. Seidl and W. Winter,
* The Seesaw Mechanism in Quark-Lepton Complementarity” ,
arXiv:0707.2379 [hep-ph]

http://theorie.physik.uni-wuerzburg.de/~winter/Resources/SeeSawTex/index.html
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Example- Veum™ Upimax

\IN\I1VI 1TIQAA

" ]13X3 M Maj — UM diag U T
_ V V V
Ml — Ul 1\/[1 lag@ MvDirac = UV Mvdiag@

Upmns=U; Uy b

= Mixing angles:
(0'),,61,5,01,,)=(¢,0,€?), (0Y,,,0Y5,0",;)=(/4,e,1t/4)

= PMNS mixing angles:
UU, — (0,,,03,0,;)=(36.5°3.6°43.8°)
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Example - Veemt Upima

K IHiax
Mld = m_ diag(e*,e2,1)

— di
M, U, M,%1ae M, = m, dlag(az,e,l)

MvMaj _ U\/ Mvd.iag UVT (91129911379123) = (8,0,82)
Mlerac — U M dlag (6V1299V13,9V23) — (TC/4,8,TC/4)
5°,3.6°,43.8°)
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m Rate of OvB[3 decay is proportional to
_ 2 2 20 2] a2i(® -0 2 2i
M =[m;C1,%C 5%+ [Mys)yc 5%e (PP Hmys ;e

Currently allowed ranges Extended QLC prediction

Disfavored by Ovf5g decay EDisfavored by Ovfg decay

AmZ, <0

————l//

——  Maximum

——- 95% above
— 99% above
—— 100% above

Disfavored by cosmology

Disfavored by cosmology

1072 107" 10°
m [eV]

(FP,Seidl,Winter,2006)
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s Seesaw (TypeI): My=UpMy42eUy*  Mp=U; M4 U,*

Upyns=U;' U, = Viable realization
Drop it
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Frequency
[x]
_D:_‘ﬂ
Freguency
=
o
[+]
Freguency

0.2 05 1 1.5 0.2 05 1 15 2 05 ] 15 >
Absolute value of coefficients Absolute value of coefficients Absolute value of coefficients

(FP,Seidl, Winter,2007)

Number of realizations

8 10 12 14 16

2
X
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Heavy fermion with

Mass M;
SM Higgs VEV ’

™~

m YV, ; are SM fermions

SM singlet scalars,

|
I
I
® with universal
VEVs v

m v breaks flavor symmetry successively
m After integrating out heavy fermions:

I =<H>e"¥, ¥, e=v/M;
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