New GUT Predictions for Quark and Lepton

Yukawa Coupling Ratios

Martin Spinrath

Afn-Af?l‘f

Max Planck Institut fiir Physik

24th Aug 2010 / SUSY 2010

Based on Phys. Rev. D 78 (2008) 075020, Phys. Rev. D 79 (2009) 095004 and arXiv:1005.0708
in collaboration with Stefan Antusch and Stephen F. King

Martin Spinrath (MPI fir Physik) New GUT Predictions SUSY 2010 1

/15



Motivation

GUT Predictions for Yukawa Coupling Ratios

What are the GUT Scale Yukawa Coupling Ratios?
A Flavour Model

Summary & Conclusions

Martin Spinrath (MPI fir Physik) New GUT Predictions SUSY 2010 2/15



Motivation

Martin Spinrath (MPI fir Physik) New GUT Predictions SUSY 2010 2/15



» The Flavour Puzzle
» Well motivated SM extension: SUSY GUTs

» How can these two points be combined?
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GUT Predictions for Yukawa Coupling Ratios
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GUT Predictions for Yukawa Coupling Ratios

» Standard GUT relations for Yukawa couplings in SU(5):

» FsTs(Hg) — yr/yp =1
» FaTo(Hzs) — Yu/ys = —3 [Georgi, Jarlskog '79]

» New GUT relations for Yukawa couplings in SU(5): [Antusch, MS '09]
> (Fs(H24))5 (Ts(H3))5 — ¥+ /Yo = —3/2
> (Fa(H24))s (T2<HE>)5 — Yu/Ys =9/2
> (F2(H3)) 4o (Ta(H24))15 = Yu/Ys = 6
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What are the GUT Scale Yukawa Coupling Ratios?
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SUSY Threshold Corrections
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Charged lepton and down-type quark Yukawa coupling matching conditions:
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Changes GUT scale Yukawa coupling ratios! [Ross, Serna 07; Antusch, MS "08]
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Phenomenological Analysis

» We considered the following SUSY breaking scenarios:
» mAMSB
» mGMSB
» CMSSM

» Applied phenomenological constraints:

» Direct detection: Masses of x*, Tand ©7 heavier than LEP bounds
» EW precision observables:

» My = 80.429 + 0.039 GeV
> sin?0er = 0.23153 &+ 0.00016

BR (b — s7) = (356533 x 10-*
BR(Bs — u*tp~) <58 x1078
Anomalous magnetic moment of the muon: 0 < a, < 35.9 x 10~°

v

\{

v

Martin Spinrath (MPI fiir Physik) New GUT Predictions SUSY 2010 6/15



Results for the First and Second Generation
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Results for the Third Generation
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Overview of GUT Scale Relations

Prediction mAMSB mGMSB CMSSM

yN/YS=3T v X X
YulYs =62 X v v
YulVs =9/2 4 v v v
Yi=Yo=Yr X X X
Yr /Yo =1 v X X
Yr/Yp=3/2% X v v
2yt =2yp =y’ X v v
Ye=2yp=2y; " v X X

t [Georgi, Jarlskog '79]
& [Antusch, MS 09]
V' [Allanach et al. '97)
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A Flavour Model
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The Model

Symmetry:
Ay x SU(5) x Gyiscrete
Matter:

F=(35,..) T,=(1,10,...) Ni=(1,1,...)

Flavons: ;
qb,' = (3,1,) ¢23 = (3,24,)

Higgs fields in 5,5,15,15,45, 45 of SU(5)

Some messenger fields...
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Alignment Ansatz, GUT Ratios and Fit

Ansatz for A4 breaking:

0 1 ) 0 0
(p23) ~ ( 1 ) , (P123) ~ (1> o (p23) ~ (') ;o (¢3) ~ (0)
1 1 w 1

Corresponding GUT Yukawa coupling ratios (y;/yq):
b3 — 1, d123—1, ¢3—9/2, ¢3—1

Fit:

11 parameters to 13 observables — y?/dof ~ 1.6
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CP Phases

The quark CP phase precisely known from ye, y,, and 65KM:

Sckm(Maur) ~ 68.2° (63 (Maur) ~ 68.8°)

The leptonic CP phases:

dmns(Maut) =~ 90.0°
a1 (Mgut) ~ 9.3°
az(Mgur) ~ 0.0°

Martin Spinrath (MPI fiir Physik) New GUT Predictions SUSY 2010 12/15



Quasi-Degenerate Neutrino Masses

Neutrino mass matrix:
100y /111 , /0 0 0
mo=mo(0 1 0)+72(1 1 1)+ 0 1
00 1 11 1 0 -1 1

mg generated by His resulting in possibly quasi-degenerate neutrinos
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Results for Neutrinoless Double Beta Decay
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Figure: mee as a function of Migniest in the model. [Antusch, King, MS *10]
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Summary & Conclusions
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Summary & Conclusions

» New GUT Yukawa Coupling Ratios: [Antusch, MS '08-'09]

> Yu/Ys=9/20r6
> ¥:/¥o=3/2
» New Options for Model Building

» Explicit Application in a GUT Flavour Model: [Antusch, King, MS '10]

» Quasi-degenerate Neutrino Masses
» Spontaneous CP Violation

» Testable Predictions
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End of the talk

Thanks for your attention!
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