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1. Introduction

The Standard Model of Particle Physics has had a remarkable agreement with experimental

measurements. Nonetheless, there are strong reasons to believe that there is New Physics (NP)

beyond the Standard Model. Direct searches for new particles predicted from these models are

ongoing at particle accelerators. Complementary to these direct searches are indirect searches for

new particles which can contribute as virtual states both in Flavour Changing Charged Current

(FCCC) transitions as well as in Flavour Changing Neutral Current (FCNC) processes. Flavour

observables are effective indirect probes of NP, especially in FCNC processes as they only occur

through virtual loops in the SM and hence are suppressed. Comparison of the theoretical predictions

for observables relevant to these decays with their experimental measurements could unveil the

presence of heavy particles propagating in the loops - particles not accounted for in the Standard

Model. This approach was used to estimate the large top quark mass before it was actually measured

at the Tevatron, and ever since has become one of the main approaches for searching for the effect

of New Physics at low energies.

SuperIso is a public C program [1–3] dedicated to calculating flavour physics observables in

the SM and in beyond the SM scenarios. Besides flavour observables which are described in the

next section other observables such as the muon anomalous moment 0`, electroweak precision tests;

oblique parameters ((, ),*), d, ΓI are implemented in SuperIso. Moreover, direct search limits

from LEP and Tevatron are also available. Furthermore in a separate code, SuperIso Relic [4–6],

which is an extension of SuperIso, observables related to dark matter direct and indirect detections

can be considered.

2. Flavour observables

Flavour observables implemented in SuperIso can be categorized into two groups of FCNC

and FCCC transitions.

The FCNC processes include the branching ratio of radiative decays such as the inclusive

� → -B,3W, and the exclusive � →  ∗W which are mostly sensitive to �7, the Wilson coefficient

of the radiative penguin operator. The branching ratios of the leptonic decays  !,( → ℓ+ℓ−

and �B,3 → ℓ+ℓ− are sensitive to the axial-vector Wilson coefficient �10 as well as scalar and

pseudo scalar operators putting strong constraints on models involving an extended Higgs sector.

For semileptonic FCNC decays besides the branching ratios, there are several angular observables

available giving access to different combinations of the aforementioned Wilson coefficients as well

as to the vector Wilson coefficient�9. The semileptonic decays and their corresponding observables

implemented in SuperIso are

• � → -Bℓ
+ℓ−: BR, �FB, zero-crossing @2

0
(�FB)

• � (+) →  ∗(+)ℓ+ℓ−: BR, �FB, zero-crossing @2
0
(�FB), �! , �

8
)
, %

(′)
8
, (8 , ' ∗

• �B → qℓ+ℓ−: BR, %
(′)
8
, (8 , 'q

• � (+) →  (+)ℓ+ℓ−: BR, �FB, �� , ' 
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• Λ
+
1
→ Λℓ+ℓ−: BR, �FB, �!

•  + → c+aā: BR

•  ! → c0aā: BR

where BR refers to the branching ratio, �FB to the Forward-Backward asymmetry and the definition

of the angular observables (8 , and %
(′)
8

can be found in Refs. [7, 8]. '� is the lepton flavour

universality observable BR(� (B) → �`+`−)/BR(� (B) → �4+4−) with � =  ,  ∗, q as proposed

in Ref. [9]. Furthermore, the Δ( = 2 Wilson coefficients can be probed via the �3,B meson-mixing

observables.

In the FCCC category, the branching ratios of � → ℓa, � → � (∗)ℓa, �B → ℓa, � → `a and

 → `a are among the most important observables, that are implemented in SuperIso.

3. Installation

The SuperIso code can be downloaded from http://superiso.in2p3.fr which upon unpacking

creates the main directory superiso_vX.X .

The main directory includes thirteen main programs predicting observables in different mod-

els; sm.c calculates a few sample flavour observables in the SM, while amsb.c, cmssm.c,

cnmssm.c, gmsb.c, hcamsb.c, mmamsb.c, ngmsb.c, nnuhm.c, nuhm.c, thdm.c make

predictions in specific NP models (which require to be linked to one of the external spectrum

generator programs ISAJET [10], NMSSMTools [11], SOFTSUSY [12], SPheno [13],

SuSpect [14], 2HDMC [15], etc.) and flha.c and slha.c predict observable values tak-

ing as input a file of FLHA and SLHA format, respectively (a sample example.lha input file in

the SLHA format is included).

In the main directory there are three programs calculating the j2 for a sample predefined set

of flavour observables. sm_chi2.c calculates the j2 for the SM, while modelindep_chi2.c and

slha_chi2.c give the j2 within a model-independent scenario taking sample Wilson coefficients

as inputs and using a SLHA type input, respectively.

There is also a README file as well a Makefile file in the main directory where in the latter

the compiler can be specified. By default, the compiler is set to gcc in Makefile. If gcc is

available on your system the code can be compiled by simply typing make in the terminal which

creates libisospin.a in src/. The provided main programs can then be compiled by typing

make name where name is any of the sixteen mentioned main programs, creating an executable

program with the .x extension (e.g. make sm.c creates sm.x). Further information is avail-

able in the README file or the manual which can be downloaded from the SuperIso website

http://superiso.in2p3.fr/superiso4.1.pdf.

4. Global fits

In recent years, the strongest signs of New Physics have been observed in flavour physics,

especially in flavour changing neutral current processes with quark level exchange 1 → B . However,

the numerous flavour observables are interconnected via Wilson coefficients, and in order to have a

3
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consistent view of the implications of experimental measurements and possible anomalies in flavour

physics observables, the global behaviour should be considered. This can be done by considering

the j2 of the chosen set of Wilson coefficients

j2
=

#∑
8, 9=1

(
$th
8 −$

exp

8

)
�−1
8 9

(
$th
9 −$

exp

9

)
, (1)

where $th
8

and $
exp

8
correspond to the theoretical prediction and experimental measurement of the

8-th observable, respectively. �8, 9 denotes the (8, 9) element of the total covariance matrix which is

the sum of the theoretical and experimental covariance matrices

�8, 9 = Covth($8 , $ 9) + Covexp($8 , $ 9) . (2)

In SuperIso, for Covexp we take the covariance matrix provided by the experiment (when available)

while for Covth we calculate it assuming the nuisance parameters have Gaussian distribution and

that the observables are linearly dependent on them [16], i.e. the total variation of $8 at first order

is given by

$8 = $
(0)
8

(
1 +

∑
0=1

X0 Δ
0
$8

)
, (3)

where $
(0)
8

is the central value, X0 denotes the variation of nuisance parameters 0 and Δ
0
$8

is the

relative variance of observable $8 generated by the nuisance parameter. The correlation coefficient

between the $8 and $ 9 observables is given by

(
Δ$8 ,$ 9

)2

=

∑
0,1

d01 Δ
0
$8

Δ
1
$ 9
, (4)

where d01 is the covariance between the nuisance parameters 0 and 1. The theoretical covariance

matrix is then defined as

Covth =

©­­«
(
Δ$8 ,$8

)2
(
$

(0)
8

)2 (
Δ$8 ,$ 9

)2

$
(0)
8
$

(0)
9(

Δ$8 ,$ 9

)2

$
(0)
8
$

(0)
9

(
Δ$ 9 ,$ 9

)2 (
$

(0)
9

)2

ª®®¬
. (5)

By default in SuperIso, each nuisance parameter is varied within one standard deviation and the

covariance matrix �8 9 is calculated for the SM and used for other models. While it is possible

to calculate the covariance matrix for every New Physics point, when doing a large scan over

the parameter space, it will be time-consuming as for each point it takes a few seconds when

considering around hundred observables. A comparison between a 3-dimensional global fit to

Wilson coefficients {�7, �9, �10} when recalculating the covariance matrix for each point versus

considering the one calculated for SM at all points has been done in Ref. [17] (see Fig. 1) using

SuperIso as part of FlavBit/GAMBIT [18] indicating that using the covariance matrix calculated

for the SM at all points is a reasonable approximation.

In SuperIso it is also possible to consider the nuisance parameters as free parameters that

can be fitted. This is relevant for the case where there is a lack of precise knowledge on these

4
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Figure 1: Two- and one-dimensional profile likelihoods for (�7, �10) and �9 from Ref. [17]. The white

(red) contour (curve) in the two (one)-dimensional result corresponds to the fit when the covariance matrix

is recalculated for each point while the the grey contour (curve) is given for when using the SM covariance

matrix for all points.

Figure 2: Fit of (�
`

9
, �

`

10
) to all observables except ' and ' ∗ on the left and to only the data on ' , ' ∗

on the right from Ref. [22]. The red (light-red) contours correspond to 68% (95%) confidence level. The

dashed gray (solid black) contours correspond to including (excluding) the data on �B,3 → `+`−.

parameters. Such fits have been done in Refs. [19–21] for the power corrections that contribute to

� →  ∗`+`− observables, as the size of the hadronic corrections are not well-known and they can

impact the significance of short-distance NP fits.

Using a subset of observables the coherence of the implications of various measurements

can be analysed. In Fig. 2 Wilson coefficients fits for (�
`

9
, �

`

10
) are given when considering two

sets of observables; lepton flavour violating ratios ' (∗) and the rest of 1 → Bℓ+ℓ− observables,

indicating agreement at 2f level [22]. Another comparison of different sets of observables using

SuperIso can be found in Ref. [23] where the coherence of the angular observables of the neutral

�0 →  ∗0`+`− decay [24] and its charged counterpart, the �+ →  ∗+`+`− decay [25] are studied.

It is also possible to consider global fits in specific New Physics models or to check the effect of

specific model parameters on individual observables. In Fig. 3 from Ref. [26] the angular observable

5
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Figure 3: %′
5
(� →  ∗`+`−) in the [1, 6] GeV2 bin in the ("C̃1 , "j̃±

1
) plane for CMSSM on the left, NUMH

in the middle and pMSSM on the right from Ref. [26]. The most recent experimental measurement by

LHCb [24] for %′
5

in the [1.1, 6] GeV2 bin is −0.144 ± 0.068 ± 0.026 and its SM prediction is −0.39 ± 0.1.

%′
5
(� →  ∗`+`−) (which is one of the main observables having tension with the SM predictions)

is given as a function of MSSM parameters the chargino and stop masses in the constrained MSSM

models CMSSM, the Non Universal Higgs Mass (NUHM) and the more general phenomenological

MSSM (pMSSM).

Besides the specific models for which main programs are available in SuperIso where the

Wilson coefficients are automatically calculated once the model parameters are provided through

spectrum generators, SuperIso can calculate flavour observables for any other New Physics models

if the relevant Wilson coefficients are given. In the near future there is going to be a direct interface

to MARTY [27] which is a C++ public code capable of calculating Wilson coefficients for generic

beyond the SM scenarios.

5. Conclusions

Flavor observables are powerful probes of New Physics models and currently offer the most

promising signs of New Physics. Numerous flavour observables are implemented in SuperIso

which can be used to study beyond the Standard Model scenarios both in a model-independent way

as well as in specific models such as 2HDM and Superysymmetric models.
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