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1. Introduction

The FCNC-induced decayk,” — mtvv, K. — mvv, K. — nPete” andK_ — mPutu—,
are very suppressed in the Standard Model (SM), where they carebieted very accuratefy[1].
Therefore, these modes are ideal for probing possible New Phygicssf?]. In the present talk,
the signatures of supersymmetry (SUSY), in its simplest realization as the M&8NMeviewed.
As is well-known, SUSY unifies matter (fermions) and interactions (bosamnsl) has a number of
desirable features, e.g. it provides a dark matter candidate, helps unifgtlge couplings at high-
energy and stabilizes the electroweak s¢hle[3]. Even though the minimadsyapmetrization
of the SM requires one super-partner for each SM particle (and twosHiggblets), it is very
constrained and involves only a few free parameters. The problemykqgvigthat SUSY must be
broken, and the precise mechanism still eludes us. Therefore, in preatieffective description
is adopted, introducing all possible explicit soft-breaking terms allowed dg#uge symmetries.
In the squark sector, there aké and RR mass-terms and trilinear couplings giving riselL @
mass-terms after the Higgses acquire their VE‘(/I-’iﬁd) = Vyd:

Laii=-Q'm3Q-0m3 0" - Dm3D', ZR, = ~UAYQH, + DAPGH,
with Q = (0i,d)T, U = df, D =df. Obviously,m3, , and AYP, which are3 x 3 matrices
in flavor-space, generate a very rich flavor-breaking sector aalsauiass eigenstates can differ
substantially from their gauge eigenstates.

What to expect from SUSY inrareK decays: Inthe SM, theZ-penguin is the dominant con-
tribution, and is tuned by = V,s\iq (Fig.1a). The four MSSM corrections depicted in Figs-te
(together with box diagrams), represent the dominant corrections, ranithes the only MSSM
effects for which rareK decays can be sensitive probes. Let us briefly describe each of them.
First, there is the charged Higgs contribution to #@enguin (Fig.b), which is, at moderate
tanf = v,/vq, aligned with the SM one~ A;). Then, there is the supersymmetrized version of
Figs.la— b, with charginos — up-squarks in placewf" /H* — up-quarks in the loop (Figc), and
which is sensitive to the mixings among the six up-squazky,(a priori not aligned with the CKM
mixings. Another purely supersymmetric contribution, relevant only forgddlepton modes, is
the gluino electromagnetic penguin (Fid)1sensitive to down-squark mixinggX). The last class
of effects consists of neutral Higgs FCNC (Fig),land arises at large t@h~ m /m, ~ 50. Indeed,
the 2HDM-II structure of the Higgs couplings to quarks, required by §USnot preserved be-
yond leading order due t&%,;, and the “wrong Higgs”H,, gets coupled to down-type quarks,
Zett O dRYK(HO + eY]Y,HINKid! . Clearly, once the Higgses acquire their VEV's, there is a
mismatch between quark mass eigenstates and Higgs couplings; both argerd@agonalized
simultaneously and Higgs FCNC are generdied[4].

Bottom-up approach and Minimal Flavor Violation: There are obviously too many para-
meters in%so 1 to have any hope to fix them all from rakedecays. At the same time, however,
observed FCNC transitions and CP-violation seem to indicate that new pliygices only small
departures with respect to the SM. Therefore, one starts from a londst-basis in which the
flavor-breakings due tmczg,u,D andAY P are minimal. This can take the form nfSU GRAalign-
ment of squarks with quarks or the Minimal Flavor Violation hypothesis (MFV#a second stage,
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Figure 1. a—e) Dominant MSSM contributions to rat€ decays. f —g) Dominant sources oBU(2), -
breaking in thez-penguin. h) Schematic representation of th= contribution to theZ-penguin at large
tang.

one probes the possible signatures of departures from this minimal settieggoghbeing, ulti-
mately, to constrain SUSY-breaking models, which imply specific soft-brgadtimictures. At that
stage, information from rané€ decays, colliders an8-physics must of course be combined.

Here we adopt MFV as the lowest order basis, i.e. we impose that the Skvésk , 4 are
the only sources of flavor-breakifip[5]. In practice, this means #igt; terms can be expanded as
(&,b ~ O(1), Ap andmy setting the overall mass-scale asiSUGRA

m& = mB(al+byY Yy +baY Yo +bs(YiYaYIYu+YIYiY]Ya)),m = mi(axl+baY,Y)),
m3 = m(asl+bsYqY]), AV = AgYy(asl+beY]Yq), AP = AgYq(asl+brY{Yy)

such that all FCNC'’s and CP-violation are still essentially tuned by the CKMixndtor example,
the dominant contributions to tt#&penguin are those breaking t8&)(2), gauge-symmetr{/]§] 7].
In the SM, this breaking is achieved through a double top-quark massiams@tig.1f). Similarly,

in the MSSM, it is the doubl& — fzr mixing via theAV trilinear terms which plays the dominant
role (Fig.1g in the SCKM basis}]8]. Within MFV, this gives a facto®A; |as — cotBu*|* [], still
enhanced byr? and tuned by;.

2. Supersymmetric effectsin K — mvv,

SUSY effectsin the SM-like operators, (Sd)y+a(VV)y_a, cannot be distinguished since only
(sd)v(vv)y_a contributes to th& — rrvv matrix-element. All MSSM effects are thus encoded
into a single complex numbex” =y! + y& [

Hett =Y (SA)y_a(VW)y_a+YR(SAy a(VV)y_a— W +YR) (SA)y (VV)y_4 -

At moderate taf8, the dominant MSSM contribution comes from chargino penguins because
of their quadratic sensitivity to up-squark mass-insertions (Fogkgl. Within MFV, this means,
given them enhancement present in th, sector, thak — mvv are particularly sensitive. Still,

a significant enhancement would require a very light stop and chafjimopstly because of the
constraint fromAp[fLQ]. Any enhancement 5% would thus falsify MFV if sparticles are found
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Figure 2: a) Sensitivity of K+ — " vv to AY terms, compared tB-physics observabled) Schematic
representation of the neutral Higgs FCNC beyond MFV, adaagy3. c) Impacts of dim-6 FCNC operators
inthe Z(K_ — mu*u~) vs. (K. — nete™) plane.

above~ 200GeV, and if tanB > 5 (to get rid of theH* contribution). Turning on generid” terms,
the largest deviations arise i — mvv, see Fig.a[H]. Further, the decoupling is slower than for
observables sensitive to chargino boxes like All in all, given thatK™ — m"vv has already
been seen, how large the effect could bekpr— mvv? By an extensive, adaptive scanning over
the MSSM parameter space, it has been shpwn[11] that it is possible tatsaiue GN model-
independent bounf]L2], which represents a fast@0 enhancement o (K, — mvv) over the
SM.

At large tanB, the chargino contributions decouple, both within and without MFV, while the
Higgs FCNC obviously does not contribute (Figl.1 However, higher order effects in thé*
contribution to theZ-penguin (Fig.h), sensitive todRs, can become sizeable beyond MIFV[13].
Further, this contribution is slowly decouplinglég increases compared to tree-level neutral Higgs
exchanges, as for exampleBgg — p .

SUSY effectsin other dimension-six operators, (sd)(v(1, y5)v) and(soyvd) (VoY (1, y5)v),
require active right-handed neutrinos and will not be discussedi#refnother possible class of
operators, since the neutrino flavors are not detectedSafd) (v'IBvl) with i # j andrB some
Dirac structures. In the MSSM, such lepton flavor violating operators arigy from suppressed
box diagrams, and cannot lead to significant efféc}s[15]. Howewvey, ¢buld be sizeable in the
presence of R-parity violating ternjs[15] 16].

3. Supersymmetric effectsin K. — ¢t ¢-

Though the SM predictions for these modes are less accurate th&n-fervv, they are
sensitive to more types of New Physics operafols[17]. Indeed, thiesfata leptons are now
charged and massive. Therefore, besides electromagnetic eff@rision to both the muon and
electron modes, the relatively large muon mass opens the possibility to probela elass of
helicity-suppressed effects.

SUSY effectsin the QCD operators, i.e. in the chromomagnetiso,,,dG*" or four-quark
operators, have no direct impact 8p — 1°/*¢~. Indeed, the two-photon CP-conserving con-
tribution is fixed entirely in terms of the measuréd— mrrrT, iyy modes[IB], while the indirect
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K — nmvv KL — oo
MFV, tan =~ 2 Best sensitivity, but max. Less sensitive, but precisely
enhancement 20-25% correlated withK — mvv’
MFV, tanf3 ~ 50 Negligible effects
General, tafy ~ 2 Best probes 08% 3k : correlated withK — vy’
(quadratic dependence éﬁ’R) D. : correlated withe’ /& (but cleaner)
General, ta ~ 50 Good probes 065, Good probes 0d5g, | ,
(slow decoupling aMy — ) | corr. withK, — ptu~ (bUt cleaner)

Table 1. Sensitivity of rareK decays to MSSM effects, within and without the MFV hypotkesind with
moderate and large t@ The dominant contributions can come from sindl&,)12, and/or double (e.g.
(6})§2(6})31) mass insertions, see text for the precise dependences.

CP-violating contribution is fixed from the measugdand % (Ks — m°¢*¢~)[[L9]. New physics
can thus explicitly enter through short-distance semi-leptonic FCNC opsiatby.

SUSY effectsin the SM operators, which are the vector and axial-vector operators
Hatt =Y (S (€0),, +Yra(Sd)y (£0)  ,

can in principle be disentangled thanks to the different sensitivities of thentwetes to the axial-
vector current (it also produces ¢~ in a helicity-suppressed 0 state). Various MSSM con-
tributions can enter ity;a andysy. First, chargino contributions to th&penguin (Fig.t) enter
asyza, v ~ (05)50(8% )31, and are thus directly correlated to the corresponding contribution to
K — mvv discussed previousiy[, 20]. Within MFV, the maximal effect kor— 1°¢*¢~ is about

one third of the one foK_. — mvv, hence may be inaccessible due to theoretical uncertainties.
Secondly, gluino contributions to the electromagnetic opesatpsdF+" (Fig.1d) can be absorbed
into ypy ~ (6,%_) 12. Even if directly correlated witla’ /¢, sizeable effects i — o/t~ are still
possible[2lL]. FinallyH* contributions arise at large t8n(Fig.1h), with y7a,ya ~ (68r)12, and

are directly correlated with those f&r — v v[fL3].

SUSY effectsin the (pseudo-)scalar operators, which can be helicity-suppressed (i.g+
my) or not:

Hett = Ys(Sd) (£6) +Yp (ST) (L) +Ys(Spd) (£0) +p (Si6d) (£ys¢) -

The first (last) two operators contributekp — m°¢+¢~ (K. — ¢+¢7). In the MSSM at large taf,
they arise from Higgs FCNE[R2], and are thus helicity-suppressedFigsizeable effects for the
muon mode are possible beyond MFV, where they are sensiti(@Rq, )12 and (88r)23(37 )31
mass-insertions. Also, even if this contribution is correlated to the oni¢ fer u™ u—, given the
large theoretical uncertainties for this mode, a fast@r enhancement is still allowed (Fig)?L7].
On the other hand, helicity-allowed contributions to these operators doigetiathe MSSM, but
could be generated from R-parity violating couplings. Still, a precise fingwuof these couplings
would be needed to have an effect fqr — ¢+ ¢~ without overproducingg®P(K_. — ete ) =
9°5- 107127,
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SUSY effects in the (pseudo-)tensor operators, (Soyyd)(¢o*’(1,y)¢), the last possible
dimension-six semi-leptonic FCNC operators, are helicity-suppressedSBM[23] and, being
also phase-space suppressed, do not lead to any significantfigffedturther, they cannot arise
from R-parity violating couplings.

4. Conclusion

The four rareK decay modeX ™ — mtvv, K. — mPvv, K. — mPete andK, — mPutu—,
are the only theoretically clean windows into th8= 1 sector. If SUSY is discovered, the pattern
of deviations they could exhibit with respect to the SM (see Table 1) will bergil to constrain
the MSSM parameter-space, and hopefully unveil the nature of the Sitk&king mechanism.
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