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1. Introduction

In addition to direct searches for new physics and new effectirect searches play an im-
portant and complementary role in the quest for physics meybe Standard Model (SM). The
most commonly used indirect constraints originate fromdiaphysics observables, cosmological
data and relic density, electroweak precision tests anthalous magnetic moment of the muon.
Precise experimental measurements and theoretical poeditiave been achieved for tBeneson
systems in the past decade [1] and stringent constraintsodsizeable new physics contributions
to many observables [2, 3, 4] can be obtained. Here we imgatstilavour data constraints on two
new physics scenarios, namely the two Higgs doublet exier(§iIHDM) and the supersymmetric
extension (SUSY) of the SM.

2. Flavour observables

Flavour observables can be classified in different categpsiuch as radiative penguin decays,
electroweak penguin decays, neutrino modes and mesongsixin

The inclusive branching ratio & — Xsy and the isospin asymmetry Bf— K*y are the most
important observables in the first category. Sibee sy transition occurs first at one-loop level in
the SM, new physics contributions can be of comparable nhadgmi Here penguin loops involve
the W boson in the Standard Model, and in addition charged Higg®tochargino, neutralino
and gluino in the MSSM. The charged Higgs loop always addstoactively to the SM penguin.
Thus, BRB — Xgy) is an effective tool to probe the THDM scenario. Charginap® however can
add constructively or destructively. If the interferensgaositive, it results in a great enhancement
in the BRB — Xsy), which becomes therefore a powerful observable. On therdthnd, if the
interference is negative, the other interesting obseevalilich opens up is the degree of isospin
asymmetry in the exclusive decayBf— K*y.

The most relevant observables in electroweak penguin desraythe branching ratio & —
utu~, branching ratios and forward-backward asymmetrieB in Xs¢t¢~ andB — K&yt~
decays. In SUSY in the large tfnregime, these rare decays are dominated by the exchange of
neutral Higgs bosons and substantial enhancements indhehing ratios can be expected.

Finally in the neutrino mode category, branching ratio8¢f~+ tv;, B— D1V, Dg — TVy,

Ds — vy, K — uvy, as well as double ratios of leptonic decays are the mostiitaupoobserv-
ables. These decays can be mediated by a charged Higgs besaatyat tree level in annihilation
processes and therefore are very sensitive to the charggys Hector.

Figure 1 presents the combined constraints on the Zgtsymmetric THDM types [4]. We
first note the exclusion of low tgh < 1 in all four models fomy+ < 500 GeV as a result of three
observables: BEB — Xsy), isospin asymmetry, antiMg,. The constraints at low tghare similar
between the models, since the couplings to the up-type gaaekuniversal. In THDM types Il and
lll, which share the same coupling pattern for the quarkstetexists a tai-independent lower
limit of my+ > 300 GeV imposed by BEB — Xsy). No generic lower limit ormy+ is found in
type | and type IV models. Constraints for high faare only obtained in the type Il model since
the leptonic and semi-leptonic observables requirggtanhanced couplings for the contributions
to be interesting.
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Figure1: Excluded regions of thexf,-, tanf) parameter space f@-symmetric THDM types. The colour
coding is as followsB — Xsy (red),Aq— (black contour)AMg, (cyan),B, — tv; (blue),B— Dtv; (yellow),
K — uvy (grey contour)Ps — tv; (light green), ands — vy, (dark green).

Figure 2 shows a combination of constraints applied to théiNLparameter space [3]. Here
we see that charged Higgs masses downde ~ 135 GeV can be accommodated, with the lowest
masses allowed for intermediate fan- 7-15. For higher tafd, the combined constraints follow
the exclusion by, — tv;. A comparison between the experimental results and the Nbikts
is also presented. This comparison illustrates that mo#iefndirect constraints are relevant in
the same parameter space regions where the charged Highigfion cross section at the LHC
is the largest. The discovery of the charged Higgs wouldefloee serve as an indication of a
non-minimal model being realized in nature.

Most of the leptonic observables are subject to unceregrftiom decay constants. In order
to remove such uncertainties it is possible to define doudties of leptonic decays in a way to
cancel the dependency on the decay constants [5]. In figuee@wmpare the constraints obtained
by BR(Bs — u*u~) and by the double ratio

(Bpe i) /(SR o

in the CMSSM and in the NUHM scenarios. It can be seen thatdhbld ratio, being a combina-
tion of four different constraints, can be more constrajrtiman the branching ratio & — pu*
taken individually. Importantly, contrary 8 — 1, the double ratio does not depend on lattice
inputs, but instead depends M|, whose magnitude is already constrained from variousndisti
experimental methods. Hence the double ratio is an impoaigernative to BRBs — u* ) as a
probe of the SUSY parameter space.
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Figure2: Combined exclusion in NUHM models by different constraiftse constraints are applied in the
order they appear in the legend, and the colour coding quorests to the first constraint by which a pointis
excluded. All points hav@ > 0 and a neutral LSP. In the right plot the experimental discpeontours for
ATLAS and CMS are superimposed.

3. Superlso program

Superlso [6] is a public C program dedicated mostly to thewtation of flavour physics ob-
servables. The calculations are done in various modell, as1&6M, THDM, MSSM and NMSSM
with minimal flavour violation. A broad set of flavour physiobservables is implemented in Su-
perlso. This includes the branching ratioBf> Xgy, isospin asymmetry d8 — K*y, branching
ratio of Bs — pu—, branching ratios oBs — Xsu*p—, Bs — K*utu—, Bs — Kutu~ and the
forward backward asymmetries in these decays, branchiigaofB, — tv;, branching ratio of
B — Dtvy, branching ratio oK — pvy,, branching ratio oD — pv,,, and the branching ratios of
Ds — tv; andDs — pvy. The calculation of the anomalous magnetic moment of themmialso
implemented in the program. Superlso uses a SUSY Les Hodduesd (SLHA) file [7] as input,
which can be either generated automatically by the prograna ¢all to a spectrum generator or
provided by the user. The program is able to perform the tations automatically for different
SUSY breaking scenarios. An extension of Superlso inctydire relic density calculation, Su-
perlso Relic, is also available publicly [8]. Finally, in |g&rlso we make use of the Flavour Les
Houches Accord (FLHA) [9], the newly developed standardf@arour related quantities, and the
program provides an FLHA output file as well.

4. Conclusion

Indirect constraints and in particular those from flavouygits are essential to restrict new
physics parameters as we have seen here. The informatiamettfrom these low energy ob-
servables combined with LHC data will open the door to a vérly phenomenology and would
help us step forward toward a deeper understanding of thergimg physics. Here we showed a
few examples of possible analyses but the same methods canrmsk be generalized to more new
physics scenarios.
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Figure 3: In the left panel, CMSSM parameter pla(me »,mp) with tanf3 = 35, Ao = 0 andu > 0. In
the right panel, NUHM parameter plag, ma) with tan = 35, Ag = 0 andmp = my ;, = 1000 GeV. The
points in red are excluded at 95% C.L. by 83 — p* ™) and in grey by the double ratio (Eqg. (2.1)).
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