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1. Introduction

Indirect searches appear as important tools in the quest fornew physics and particles as they
provide opportunities to study the flavor structure of new physics scenarios. Such information can
therefore play a complementary role to the direct searches.The main purpose of the SuperIso
program is to offer the possibility to evaluate the most important indirect observables in supersym-
metry, which can be used to derive constraints on the model parameters and/or the new particle
masses. In particular, SuperIso has been recently used to constrain the charged Higgs mass as
reported in [1].

2. SuperIso program

SuperIso [2, 3] is a program dedicated mainly to the calculation of flavor physics observables
in supersymmetry with minimal flavor violation. The calculation of the anomalous magnetic mo-
ment of the muon is also implemented in the program. SuperIsouses a SUSY Les Houches Accord
file (SLHA1 or SLHA2) [4, 5] as input, which can be either generated automatically by the pro-
gram via a call to SOFTSUSY [6] or ISAJET [7], or provided by the user. The program is able
to perform the calculations automatically for different supersymmetry breaking scenarios, such as
the minimal Supergravity Grand Unification (mSUGRA), the Non-Universal Higgs Mass model
(NUHM), the Anomaly Mediated Supersymmetry Breaking scenario (AMSB) and the Gauge Me-
diated Supersymmetry Breaking scenario (GMSB).

3. Flavor Observables

A broad set of flavor physics observables is implemented in SuperIso. This includes isospin
symmetry breaking inB→K∗γ decays,b→ sγ branching ratio, the branching ratio ofBs→ µ+µ−,
the branching ratio ofBu → τντ , the branching ratios ofB → D0τντ and B → D0eνe, and the
branching ratio ofK → µνµ . In the following we will briefly review each of these observables.
The details of the calculations can be found in [3].

3.1 Inclusive branching ratio of B→ Xsγ

The decayB → Xsγ proceeds through electromagnetic penguin loops, involving W boson in
the Standard Model, in addition to charged Higgs boson, chargino, neutralino and gluino loops in
supersymmetric models. The contribution of neutralino andgluino loops is negligible in minimal
flavor violating scenarios. The branching ratio ofB→ Xsγ can be written as [8]

BR(B̄ → Xsγ) = BR(B̄ → Xceν̄)exp

∣

∣

∣

∣

V∗
tsVtb

Vcb

∣

∣

∣

∣

2 6α
πC

[P(E0)+N(E0)+ εem] , (3.1)

with

C =

∣

∣

∣

∣

Vub

Vcb

∣

∣

∣

∣

2 Γ[B̄→ Xceν̄ ]

Γ[B̄→ Xueν̄ ]
. (3.2)

P(E0) andN(E0) denote respectively the perturbative and non perturbativecontributions, which
involve the Wilson coefficientsC1···8, with E0 a cut on the photon energy.εem is an electromag-
netic correction. The calculation is performed at NNLO accuracy in SuperIso, with NNLO SM
contributions and NLO SUSY corrections.
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3.2 Isospin asymmetry of B→ K∗γ

The isospin asymmetry∆0 in B→K∗γ decays arises when the photon is emitted from the spec-
tator quark. The contribution to the decay width depends therefore on the charge of the spectator
quark and is different for charged and neutralB meson decays:

∆0 =
Γ(B̄0 → K̄∗0γ)−Γ(B± → K∗±γ)

Γ(B̄0 → K̄∗0γ)+ Γ(B± → K∗±γ)
, (3.3)

which can be written as [9]:

∆0 = Re(bd −bu) , (3.4)

where the spectator dependent coefficientsbq take the form:

bq =
12π2 fBQq

mb TB→K∗

1 ac
7

(

f⊥K∗

mb
K1+

fK∗mK∗

6λBmB
K2q

)

. (3.5)

The coefficientsac
7, K1 andK2q contain Wilson coefficients, at NLO accuracy in SuperIso. Inthe

same way as for theb→ sγ branching ratio, the SUSY contributions induced by chargedHiggs and
chargino loops must be taken into account for the calculation of isospin symmetry breaking.

3.3 Branching ratio of Bs → µ+µ−

The rare decayBs → µ+µ− proceeds viaZ-mediated penguin and box diagrams in the SM,
and the branching ratio is therefore highly suppressed. In supersymmetry, for large values of tanβ
this decay can receive large contributions from neutral Higgs bosons in chargino, charged Higgs
andW-mediated penguins. The branching fraction for BR(Bs → µ+µ−) is given by [10, 11]
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CA encloses the SM contributions [11]:

CA =
1.033

sin2θW

(

mt(mt)

170GeV

)1.55

, (3.7)

which includes both LO and NLO QCD corrections.CS andCP encompass the SUSY loop effects
due to Higgs boson contributions, box and penguin SUSY diagrams and counter-terms. They can
receive large contributions, in particular in the high tanβ regime.

3.4 Branching ratio of Bu → τν

The purely leptonic decayBu → τντ occurs viaW+ andH+ mediated annihilation processes.
This decay is helicity suppressed in the SM, but there is no such suppression for the charged Higgs
exchange at high tanβ , and the two contributions can therefore be of similar magnitudes. This
decay is thus very sensitive to charged Higgs boson and provide important constraints.
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The branching ratio ofBu → τντ reads [12]

BR(Bu → τντ) =
G2

F f 2
B|Vub|
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whereε0 corresponds to a two loop SUSY correction. The ratio
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, (3.9)

is usually considered to express the new physics contributions.

3.5 Branching ratio of B→ Dτν

The semileptonic decayB→ Dτντ is similar toBu → τντ . The SM helicity suppression here
occurs only near the kinematic endpoint. The branching ratio of B → Dτντ on the other hand
is about 50 times larger that the branching ratio ofBu → τντ in the SM. The partial rate of the
transitionB→ Dℓνℓ can be written as [13, 14]

dΓ(B→ Dℓνℓ)

dw
=
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,

wherew = vD · vB is a kinematic variable andt(w) = m2
B + m2

D − 2wmDmB. ρV and ρS are the
vector and scalar Dalitz density contributions [14]. The branching fraction can then be obtained by
integrating Eq. (3.10). The following ratio

ξDℓν =
BR(B→ D0τντ)

BR(B→ D0eνe)
(3.11)

is also considered in order to reduce some of the theoreticaluncertainties.

3.6 Branching ratio of K → µν

The leptonic kaon decayK → µν is also mediated viaW+ andH+ annihilation processes. The
charged Higgs contribution in this case is reduced sinceH+ couples to lighter quarks. In SuperIso
we consider the following ratio in order to reduce the theoretical uncertainties fromfK [15]
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whereδem = 0.0070± 0.0035 is a long distance electromagnetic correction factor.The quantity
Rℓ23 [15] is also implemented in SuperIso:
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∣
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Figure 1: Constraints in mSUGRA(m1/2−m0) parameter plane (left) and in NUHM(mA− tanβ ) parameter
plane (right). The contours are superimposed in the order given in the legend.

4. Anomalous magnetic moment of muon

The discrepancy between the experimental value and the SM prediction for the anomalous
magnetic moment of the muonaµ = (g−2)/2 can be explained by supersymmetric contributions
through chargino-sneutrino and neutralino-smuon loops [16]. In SuperIso, the one-loop SUSY
contributions toaµ are implemented, as well as the suppression due to the leading logarithm con-
tribution from two-loop evaluation.

5. Constraints

Constraints can be obtained using SuperIso by comparing, for each SUSY parameter point,
the calculated values for the above observables with the experimental allowed intervals [1, 17].
We show two examples of results in figure 1 in the mSUGRA and NUHM parameter spaces. The
colored regions in this figure correspond to the regions excluded at 95% C.L. by the observables
except foraµ which corresponds to the favored region. Since charged Higgs bosons appear in
most of the aforementioned observables, and in particular at tree level already in leptonic and
semileptonic decays, it is possible to impose severe constraints on the MSSM Higgs sector, as
shown in [1]. One should however not over-interpret these results as the observables are subject to
uncertainties mainly from flavor parameters. They provide nevertheless useful information as can
be seen from figure 1.

6. Conclusion

SuperIso is able to compute numerous flavor physics observables – as well as the muon anoma-
lous magnetic moment – which can be used to explore and constrain the SUSY parameter space.
They can be used also to constrain the physical masses, and inparticular of the charged Higgs
boson since it appears as an additional mediator of charged current interactions.
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New features will continue to appear in the next versions of SuperIso, and in particular new
flavor observables and new supersymmetric scenarios will beadded.
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interpolation in mc, Nucl. Phys.B764 (2007) 62 [hep-ph/0609241].

[9] A. Kagan and M. Neubert,Isospin breaking in B→ K∗γ decays, Phys. Lett.B539 (2002) 227
[hep-ph/0110078].

[10] C. Bobeth, T. Ewerth, F. Kruger and J. Urban,Analysis of neutral Higgs-boson contributions to the
decaysB̄s → l+l− andB̄→ Kl+l−, Phys. Rev.D64 (2001) 074014 [hep-ph/0104284].

[11] J. Ellis, K.A. Olive and V.C. Spanos,On the Interpretation of Bs → µ+µ− in the CMSSM, Phys. Lett.
B624 (2005) 47 [hep-ph/0504196].

[12] W.-S. Hou,Enhanced charged Higgs boson effects in B− → τν̄ , µν̄ and b→ τν̄ +X, Phys. Rev.D48
(1993) 2342; A.G. Akeroyd and S. Recksiegel,The Effect of H± on B± → τ±ντ and B± → µ±νµ , J.
Phys.G29 (2003) 2311 [hep-ph/0306037].

[13] B. Grzadkowski, W.-S. Hou,Solutions to the B meson semileptonic branching ratio puzzle within two
Higgs doublet models, Phys. Lett.B272 (1991) 383.

[14] J.F. Kamenik and F. Mescia,B→ Dτν Branching Ratios: Opportunity for Lattice QCD and Hadron
Colliders, Phys. Rev.D78 (2008) 014003 [arXiv:0802.3790].

[15] M. Antonelli et al. [The FlaviaNet Kaon Working Group],Precision tests of the Standard Model with
leptonic and semileptonic kaon decays, Nucl. Phys. Proc. Suppl.181-182 (2008) 83
[arXiv:0801.1817].

[16] S.P. Martin and J.D. Wells,Muon anomalous magnetic dipole moment in supersymmetric theories,
Phys. Rev.D64 (2001) 035003 [hep-ph/0103067].

[17] F. Mahmoudi,Flavor Data Constraints on the SUSY Parameter Space, arXiv:0808.3952
[hep-ph].

6


