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We report on an extensive analysis of FCNC and CPV effectdi8\Stheories. We present

results forAF = 2 andAF = 1 processes governed by— stransitions both in the low and high

tanf regime, focussing in particular @&y, the phase dBs mixing. We emphasize that while the
MFV framework is not suited to explain potentially largeegits inSy,, as indicated by recent data
from CDF and DO, models with large right-right mass insertiin the 32 sector provide natural
frameworks to account for such effects. Exemplarily we @bgrstwo SUSY models based on
an abelian and a non-abelian flavor symmetry that show reptasve flavor structures in the

soft SUSY breaking terms and stress that the charactecstielations among the considered
observables allow to distinguish between the different eled

European Physical Society Europhysics Conference on Highidy Physics
July 16-22, 2009
Krakow, Poland

*Speaker.

Titisa pleasure to thank the other authors of the work presdmere, Andrzej J. Buras, Stefania Gori, Paride Para-
disi and David Straub for the interesting collaborationise Work of WA is supported by the German Bundesministerium
fur Bildung und Forschung under contract 05SHT6WOA and thadBiertenkolleg GRK 1054 of DFG.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Probing the MSSM flavor structure with low energy CP violatio Wolfgang Altmannshofer

1. Introduction

The mixing induced CP asymmetry By — (@, Sy, is predicted to be tiny in the Standard Model
(SM). Analyses of the data on tlBg — ¢ decay taken by CDF and DO instead find large values for
Sy, indicating a tension with the SM numbﬁi"q’j = sin23s| ~ 0.036 at the level of2—3)o [1]

Syo = SiN(Arg (M5,)) = sin(2Bs| — 2¢,) ~ 0.81'313 (1.1)

with M3, = <Bs|ji%ff|l3_s> = CBSezi‘PBs(MfZ)SM andgs, is a New Physics (NP) phase B3 mixing.
The most popular NP framework where the above mentionedotermsin be accounted for
is the Minimal Supersymmetric Standard Model (MSSM) whaesmplex contributions to th8
mixing amplitudeM3, can be naturally generated. Here we report on a compardtidy §] of
flavor and CP violating effects in several MSSM scenariosii$ing on the predictions f&y,.

2. Phenomenology of CP Violation in a Flavor Blind M SSM

A rather minimalistic supersymmetric (SUSY) framework iflavor blind MSSM (FBMSSM),
where the CKM matrix remains the only source of flavor viaatbut new CP violating phases are
introduced in the soft SUSY breaking sector.

As shown in [3], such a scenario can lead to sizeable andyhigrrelated NP effects in
observables sensitive to CP violatiomdR = O transitions, as the Electric Dipole Moments (EDMs)
of the electron and neutron, and to CP violationAR = 1 dipole transitions as the direct CP
asymmetry inb — sy or the mixing induced CP asymmetriesBn— @Ks andB — n’Ks. On the
other hand it was found that the leading NP contributionfi¢ddF = 2 mixing amplitudes are not
sensitive to the new phases of the FBMSSM, resulting in a 8&9j,, ~ 0.03— 0.05.

3. Syg inaGeneral MSSM

In the general MSSM, complex flavor off-diagonal entrieshia squark masses, conveniently pa-
rameterized in terms of mass insertions (MIs), lead to flavatr CP violating gluino-squark-quark
interactions that in turn typically lead to the dominant N#xtributions to FCNC processes.

In fig. 1 we show the possible values 8, arising wheni) only the MI (85") 5, (left), ii)
only (3fR),, (middle) oriii) (d§"),, = (557) 4, (right) are switched on at the low scale, assuming
a MSUGRA spectrum witimg < 300 GeV,My/, < 200 GeV,—3mg < Ag < 3mp, 5 < tanf < 15,

u > 0 and imposing all relevant constraints, in particular fle@NC observables, like BR — sy),
BR(b — s¢™¢~) andAMs. On the other hand we do not show the case$qF) ., and (6f"),,
Mis. There the constraint from BR — sy) is so strong that effects iy, are hardly possible.

We observe that for the above choice of parameters espeiridie casei) huge values for
the Bs mixing phase in the whole rangel < Sy, < 1 are possible. Also in the casi§ one
gets large effects i%, even for small, CKM like Mis(d5"),, = (3FF),, ~ 0.04. We remark
that a (85"),, O Vis\ip is always induced radiatively in the running from the highQ scale
down to the electroweak scale. Thus in both cdBeandiii) large contributions to the mixing
amplitude come from left-right operators generated byrngiuboxes, that are strongly enhanced
through renormalization group effects [4] and through gddoop function [5].
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Figure 1: Bounds on various MI$3}'®)s, as obtained by imposing in particular the experimental taigs
from BR(b — sy). BR(b — s¢™¢~) andAMs. The different colors indicate the resulting values3$g,.

In conclusion, scenarios with sizeable right-handed otsténduced b)(édRR) 2 Mis, provide
natural frameworks where large effects in tBe mixing amplitude can be generated and non-
standard values fdgy, can be expected.

4. Predictionsfor Sy in SUSY Flavor Models

Large (3fR),, Mls can naturally arise e.g. in the context of SUSY GUTs [6] avithin SUSY fla-
vor models. In the following we concentrate on two exampégsabelian flavor model by Agashe,
Carone (AC) [7] and a non-abeli&U(3) flavor model by Ross, Velasco-Sevilla, Vives (RVV2) [8].
The AC model is based onl&(1) flavor symmetry and a non-trivial higher-dimensional to@eg
phy and suppresses FCNCs in the-> d ands — d sectors through the alignment mechanism [9].
As all models_based on abelian flavor symmetries, it prec(iéLté‘)21 = O(Ac), leading to large
effects inDo - Do mixing. In addition it predicty 3§F),, = O(1) such that large NP contributions
to b — stransitions are expected. The RVV2 model on the other hamedligis almost degenerate
squarks of the first two generations which implies tiny cidmtiions toDg - Do mixing. However,
effects inK mixing and especially irgx can still be large. Similar to the AC model it predicts a
sizeable(5FR) ,, = O(0.15).

In fig. 2 we show the predictions of the two models &, and its correlations with the
semileptonic asymmetrg, [10] and BRBs — p* ™), based on a MSUGRA spectrum with
My < 2 TeV, My, <1 TeV, —3mp < Ag < 3mp, 5 < tanf3 < 55 andu > 0. In the AC (RVV2)
model, values foBy, in the range-1 < § < 1 (-0.7 < §j¥? < 0.7) are possible, leading to an
enhancement o2, of up to two orders of magnitude compared to its SM prediction

In the AC model there exists a strong correlationSgf, with BR(Bs — p* ) implying a
lower bound of BRBs — p'p~) > 1078 for |Sy| > 0.3. This correlation shows, that in the AC
model the large values @y, are due to double Higgs penguin contributions that, in presef
(0fR) ,,» are not suppressed hy/m, as it happens instead in minimal flavor violating frameworks
Box contributions play only a minor role in the AC model, ortbe experimental constraints from
Do - Do mixing are imposed.

In the RVV2 model the correlation betwe&p, and BRBs — u*u~) is lost to a large extent,
due to the absence of i - Dy mixing constraint and the richer flavor structure of the mode
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Figure 2: Correlations ofSy, with A3, and BRBs — p*u~) in the abelian flavor model of [7] (left) and
the non-abelian flavor model of [8] (right).

5. Conclusions and Outlook

The MSSM is a very well motivated extension of the SM able tdrass the recently reported
non-standard effects ifyy. While Sy, remains SM like in scenarios where the CKM matrix is
the only source of flavor violation, large CP violationBgmixing is naturally predicted in models
with sizeable right-handed currents, induced by comp&¥) ., mass insertions.

The extensive analysis of [2] confirms this statement alsthéncontext of concrete flavor
models and outlines possible strategies to distinguisivdesi the different models by means of a
comparative study of processes governetb by stransitions and their correlations with processes
governed byb — d transitions,s — d transitions, Dy - Dg oscillations, lepton flavor violating
decays, EDMs any— 2),,.
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