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1. Introduction

Supersymmetric grand unified theories (SUSY GUTSs) are @opextensions of the Stan-
dard Model (SM). The generic Minimal Supersymmetric Stadddodel (MSSM) has (too) many
sources of flavour and CP violation which reside in the sofiaking terms. Contrarily, in the
minimal flavour violating (MFV) version of the MSSM large efits in the flavour sector can only
appear in very few processes, suchbas sy. SUSY GUTs can lie somewhere in between. The
unification of quarks and leptons into symmetry multipletglies additional relations between
SM parameters and correlation between the flavour mixings kensider SU(5) multiplets:
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If the PMNS matriXUpmns Stems from a mixing of thesgeplets, then the corresponding mixing an-
gles should also occur in the charged-lepton sector anthigghded down-quark sector. Especially
the large atmospheric neutrino mixing an@lg ~ 45° inducesbr — sg and 1. — p_ transitions.
Whereas mixing of right-handed quark fields in flavour spaagniphysical it is not for the corre-
sponding superfields due to the soft breaking terms. Coestigusquark-gluino loops can induce
br — sr transitions. Further slepton-neutralino/sneutrinorghmo loops can induce — u transi-
tions at an observable level. This was the main idea of Mardi@hang, Masiero and Murayama
in [1, 2]. Similar and related works can be found e.g. in [3,14][5] we have performed a global
analysis in the CMM model including an extensive renornadion group (RG) analysis to connect
Planck-scale and low-energy parameters. In the next sestiosketch the theoretical framework
focusing on the flavour structure.

2. The CMM model — a new benchmark scenario

2.1 Theory

The idea of PMNS-like mixing of down-quark singlets and teptloublets as discussed above
is encoded in the following SO(10) superpotential:
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where Mp is the Planck massl6 (i = 1,2,3) is the SO(10) spinor representation (one matter
field per generation) antiOy, 10}, 454 and164 are four Higgs superfields, whei}; contains
the MSSMH,, and 10, the MSSMHy4. One assumption of the CMM model is théf and Yy

are simultaneously diagonalisable which can be achievedigin a suitable flavour symmetry at
Mp. This flavour symmetry is broken by the second term in (2.1hwhe consequence that the
rotation matrix of the right-handed down-squarks is eyddyns. SUSY is broken flavour blind

at Mp) implying universal soft- and trilinear terms. That is, thenrenormalisable terml Y in
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the superpotential contains the whole flavour structusediigonalisation involves the PMNS and
CKM matrices (up to rephasings). The symmetry breakingrcteads

164),(164
so(10) 2518,
(a51)

SU() (451) Gsm (104), (104)

SUBk: x U(D)em, (2.2)
which gives naturally small tg®. ThenY; gives masses to up-type fermion$; to down-type
fermions andyy to right-handed Majorana neutrinos. We want to stress thabdir physics ob-
servables depend very weakly on the details of the Higgsfiatevhich was not specified in the
original paper [2]. But our results motivate further workthe Higgs potential.

The key ingredient for the flavour structure is the followirdg a weak basis with diagonal
up-type Yukawa matrix we have

Ya 0 O
Ya=Y/ =V&m | 0 ys 0 |Up, Up = Upunsdiag(d, €4, 1) (2.3)
0 Oy

and the right-handed down squark mass matrix at the low seatés

ME(Mz) = diag(rr%l,n%l,nﬁl (1—A6)> , (2.4)
whereA; € [0, 1] defines the relative mass splitting between tH2 and 3¢ down-squark gen-
eration. It is generated by RG effects of the top Yukawa dagpnd can easily reachd If we
rotate to mass eigenstate basis and diagon#lighe neutrino mixing entens%:

1 0 0
; .

Mg =UpmiUp =G | 0 1-343 —305€¢ | . (2.5)
0 —3Age ™ 1-344

Consequently, the 23-entry A; is responsible foBR—éR-mixing and exactly here a new CP
phaseé enters that affect8s—Bs mixing. Note that there are zeros in the 12- and 13-entries t
no effects inK —K andByq—By mixing appear. This is due to the degeneracy of the first twasq
generation and the assumed tribimaximal structutdrgfys.

2.2 Comparison with CMSSM/mSUGRA

Only seven parameters of the CMM model are relevant for oalyars: the universal scalar
soft massmg and trilinear couplinggg at the Planck scale, the gluino masg, the D-term mass
splitting D, the phase oft, the phasé& and tarB (but 27 < tanf3 < 10). We did a comprehensive
RG evolution to relate Planck-scale inputs to a set of loergy inputs: the masses of anddg
of the first generationsy,, m , the 11-element of the trilinear coupling of the down SC]S&EQ(
mg, argu, & and tarB. We evolve these parameters twice fréfia, to Mpjanck and back tdVley, to
find all particle masses and MSSM couplings.

The minimal supergravity (MSUGRA) scenario or its populariant, the constraint MSSM
(CMSSM), has — similar to the CMM model — only a few input paedens. But the philosophy is
somewhat different: the CMSSM minimises flavour violatioan ad-hoc way and assumes flavour
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| generic MSSM | MSUGRA/CMSSM | CMM model |
~ 120 parameters 4 parameters & 1 sign 7 input parameters
minimize flavour
SUSY flavour & CP problem . e flavou clear flavour structure
violation ad-hoc
. . . . universality atMp,
no universalit universality atV
y ty aMeur but broken aMguTt
quarks & leptons unrelated guark-lepton-interplay
Problem: suppress large | cannot explain current can fitg and small
effects elsewhere flavour data (e.gg) | effectsin 1st/2nd gen

Table 1: Comparison between the generic MSSM, mMSUGRA/CMSSM and Mil@odel

universality at the GUT scale with quark and lepton flavomcttires being unrelated. However
the CMM model has a clear flavour structure different from Mand universality is already broken
atMgut. Furthermore due to this free pha&gone can fit théBs—Bs mixing phaseg to the data.
Also the particle spectrum is quite different between theSSW and the CMM model (mainly due
to the large mass splittings). This comparison is summarized in tab. 1. Hence the CMM rhode
could serve as a new benchmark model: it is well-motivated,dnly seven input parameters and
it is a very predictive alternative to the well-studied CM&S

2.3 Phenomenology

mg, = 500 GeV, sgf)

=+1,tanB =6
° black:m%<0, unstable vacuum

e dark blue: excluded bs—Bs

e medium blue: excluded by — sy

e light blue: excluded by — uy

e green: compatible witliBs—Bs, b — sy,
T— py

e Higgs mass in GeV: solid line with white
labels

1 e @ with maximal possibleég| in degrees:
500 1000 1500 2000 2500 3000 3500 dashed line with gray labels

Mg[GeV]
Figure 1: Correlation of FCNC processes as a functiorM{Mz) (degenerate squark mass of first two
generations) and (Mz)/Mg(Mz) for mg(Mz) = 500 GeV and sgfu) = +1 with tanB = 6.

We did a global analysis of flavour observables where we aégddarge CMM effects, namely
Bs—Bs mixing, b — syandt — py. Moreover we included vacuum stability bounds, lower baund
on sparticle masses and the mass of the lightest Higgs bddmnresult is shown in fig. 1. The
flavour effects are proportional #y; and maximized for small tg8. However, the Higgs mass
constraint excludes too small values for far\With £ we can accommodate a largewhile simul-
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taneously fulfilling all other experimental constraintshelbranching rati®@R(Bs — u* 1) does
not get large CMM effects because fais small. Realistic GUTs involve dimension-5 Yukawa
terms to fix the relatioryy = YzT for the B and 29 generation. Consequently we do not only get
br — sr but alsobr — dg anddg — s transition. This has been worked out in [6] and is strongly
constraint byK —K mixing. Similar constraints can be found frqm— ey [7].

3. Conclusion

SUSY GUTs are theoretical well-motivated scenarios witliaations between hadronic and
leptonic observables. If large CP violationBg—Bs mixing is confirmed we need physics beyond
the CMSSM and mSUGRA. We advertise the CMM model where trgelatmospheric neutrino
mixing anglef,3 ~ 45° inducesb — s- andt — p-transitions as an alternative benchmark scenario.
We did an extensive RG analysis of the CMM model relating s\@bservablesBs—Bs mixing,

b — sy, T — uy, my, vacuum stability bounds and lower bounds on sparticle exgge seven new
input parameters beyond those of the SM. Due to a free phagse can adjust CP violation in
Bs—Bs mixing while at the same time getting only minor effects ins21 and 3— 1 transitions.
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