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Abstract
We give a status report of the Flavour Les Houches Accord (FLHA) which
specifies a unique set of conventions for flavour-related parameters and ob-
servables using the generic SUSY Les Houches Accord (SLHA) file structure.
It defines the relevant SM masses, Wilson coefficients, form factors, decay
tables, flavour observables, etc. The accord provides a universal and model-
independent interface between codes evaluating and/or using flavour-related
observables.

1. INTRODUCTION

In addition to the increasing number of refined approaches inthe literature for calculating flavour-related
observables, advanced programs dedicated to the calculation of such quantities, e.g. Wilson coefficients,
branching ratios, mixing amplitudes, renormalisation group equation (RGE) running including flavour
effects have recently been developed [1, 2, 3, 4, 5]. Flavour-related observables are also implemented by
many other non-dedicated public codes to provide additional checks for the models under investigation
[6, 7, 8, 9, 10, 11, 12]. The results are often subsequently used by other codes, e.g. as constraints on the
parameter space of the model under consideration [13, 14, 15, 16].

At present, a small number of specialised interfaces exist between the various codes. Such tailor-
made interfaces are not easily generalised and are time-consuming to construct and test for each specific
implementation. A universal interface would clearly be an advantage here. A similar problem arose
some time ago in the context of Supersymmetry (SUSY). The solution took the form of the SUSY Les
Houches Accord (SLHA) [17, 18], which is nowadays frequently used to exchange information between
SUSY related codes, such as soft SUSY-breaking parameters,particle masses and mixings, branching
ratios etc. The SLHA is a robust solution, allowing information to be exchanged between different codes
via ASCII files. The detailed structure of these input and output files is described in Refs. [17, 18].

The goal of this work is to exploit the existing organisational structure of the SLHA and use it
to define an accord for the exchange of flavour related quantities, which we refer to as the “Flavour
Les Houches Accord” (FLHA). In brief, the purpose of this Accord is thus to present a set of generic



definitions for an input/output file structure which provides a universal framework for interfacing flavour-
related programs. Furthermore, the standardised format will provide the users with a clear and well-
structured result that could eventually be used for other purposes.

The structure is set up in such a way that the SLHA and the FLHA can be used together or
independently. Obviously, some of the SLHA entries, such asmeasured parameters in the Standard
Model (SM) and the Cabibbo-Kobayashi-Maskawa (CKM) matrixelements are also needed for flavour
observable calculations. Therefore, a FLHA file can indeed contain a SLHA block if necessary. Also,
in order to avoid any confusion, the SLHA blocks are not modified or redefined in the FLHA. If a block
needs to be extended to meet the requirements of flavour physics, a new “F” block is defined instead.

Note that different codes maytechnically achieve the FLHA input/output in different ways. The
details of how to ‘switch on’ the FLHA input/output for a particular program should be described in the
manual of that program and are not covered here. For the SLHA,libraries have been developed to permit
an easy implementation of the input/output routines [19]. In principle these programs could be extended
to include the FLHA as well.

It should be noted that, while the SLHA was developed especially for the case of SUSY, the FLHA
is, at least in principle, model independent. While it is possible to indicate the model used in a specific
block, the general structure for the information exchange can be applied to any model.

This report summarizes the current status of the FLHA. Several issues are not defined in an unam-
bigous way yet. This will be indicated in the text below.

2. CONVENTIONS AND DEFINITIONS

The structure of the Flavour Les Houches Accord input and output files is based on the existing SUSY
Les Houches Accord structure and flavour quantities are defined in blocks. The general conventions for
the blocks are very similar to the SLHA blocks [17] and they are not reproduced here.

Since a FLHA file can also contain SLHA blocks, to clearly identify the blocks of the FLHA,
the first letter of the name of a block is an “F”. There are two exceptions to this rule: blocks borrowed
from the SLHA, which keep their original name, and blocks containing imaginary parts, which start with
“IMF”.

The following general structure for the FLHA file is proposed:

• BLOCK FCINFO: Information about the flavour code used to prepare the FLHA file.

• BLOCK FMODSEL: Information about the underlying model used for the calculations.

• BLOCK SMINPUTS: Measured values of SM parameters used for the calculations.

• BLOCK VCKMIN: Input parameters of the CKM matrix in the Wolfenstein parameterisation.

• BLOCK UPMNSIN: Input parameters of the PMNS neutrino mixing matrix in the PDG parame-
terisation.

• BLOCK VCKM: Real part of the CKM matrix elements.

• BLOCK IMVCKM: Imaginary part of the CKM matrix elements.

• BLOCK UPMNS: Real part of the PMNS matrix elements.

• BLOCK IMUPMNS: Imaginary part of the PMNS matrix elements.

• BLOCK FMASS: Masses of quarks, mesons, hadrons, etc.

• BLOCK FLIFE: Lifetime (in seconds) of flavour-related mesons, hadrons,etc.

• BLOCK FCONST: Decay constants.

• BLOCK FCONSTRATIO: Ratios of decay constants.

• BLOCK FBAG: Bag parameters.

• BLOCK FWCOEF: Real part of the Wilson coefficients.

• BLOCK IMFWCOEF: Imaginary part of the Wilson coefficients.



• BLOCK FOBS: Prediction of flavour observables.

• BLOCK FOBSERR: Theory error on the prediction of flavour observables.

• BLOCK FOBSSM: SM prediction for flavour observables.

• BLOCK FFORM: Form factors.

More details on several block are given in the following. TheblocksSMINPUTS, VCKMIN, UPMNSIN,
VCKM, IMVCKM, UPMNS, IMUPMNS are defined exactly as in the SLHA(2) and not further discussed
here.

BLOCK FCINFO

Flavour code information, including the name and the version of the program:
1 : Name of the flavour calculator

2 : Version number of the flavour calculator

Optional warning or error messages can also be specified:
3 : If this entry is present, warning(s) were produced by the flavour calcu-

lator. The resulting file may still be used. The entry should contain a
description of the problem (string).

4 : If this entry is present, error(s) were produced by the flavour calcula-
tor. The resulting file should not be used. The entry should contain a
description of the problem (string).

This block is purely informative, and is similar toBLOCK SPINFO in the SLHA.

BLOCK MODSEL

This block provides switches and options for the model selection. The SLHA2BLOCK MODSEL is
extended to allow more flexibility.

1 : Choice of SUSY breaking model or indication of other model.By
default, a minimal type of model will always be assumed. Possible
values are:

-1 : SM

0 : General MSSM simulation

1 : (m)SUGRA model

2 : (m)GMSB model

3 : (m)AMSB model

4 : ...

31 : THDM

99 : other model. This choice requires a string given in the entry 99

3 : (Default=0) Choice of particle content, only used for SUSYmodels.
The defined switches are:

0 : MSSM

1 : NMSSM

2 : ...



4 : (Default=0) R-parity violation. Switches defined are:
0 : R-parity conserved. This corresponds to the SLHA1.

1 : R-parity violated.

5 : (Default=0) CP violation. Switches defined are:
0 : CP is conserved. No information on the CKM phase is used.

1 : CP is violated, but only by the standard CKM phase. All otherphases
are assumed zero.

2 : CP is violated. Completely general CP phases allowed.

6 : (Default=0) Flavour violation. Switches defined are:
0 : No flavour violation.

1 : Quark flavour is violated.

2 : Lepton flavour is violated.

3 : Lepton and quark flavour is violated.

31 : defines the type of THDM, is used only if entry1 is given as31,
otherwise it is ignored.

1 : type I

2 : type II

3 : type III

4 : type IV

99 : a string that defines other models is used only if entry1 is given as99,
otherwise it is ignored.

BLOCK FMASS

The blockBLOCK FMASS contains the mass spectrum for the involved particles. It isan addition to the
SLHA BLOCK MASS which contained only pole masses and to the SLHABLOCK SMINPUTS which
contains quark masses. If a mass is given in two blocks the block FMASS overrules the other blocks. In
FMASS we specify additional information concerning the renormalisation scheme as well as the scale at
which the masses are given and thus allow for larger flexibility. The standard for each line in the block
should correspond to the following FORTRAN format

(1x,I9,3x,1P,E16.8,0P,3x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the first nine-digit integer should be the PDG code of a particle, followed by a double precision
number for its mass. The next integer corresponds to the renormalisation scheme, and finally the last
double precision number points to the energy scale (0 if not relevant). An additional comment can be
given after#.

The schemes are defined as follows:
0 : pole

1 : MS

2 : DR

3 : 1S

4 : kin



5 : . . .

BLOCK FLIFE

The blockBLOCK FLIFE contains the lifetimes of mesons and hadrons in seconds. Thestandard for
each line in the block should correspond to the FORTRAN format

(1x,I9,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the first nine-digit integer should be the PDG code of a particle and the double precision number
its lifetime.

BLOCK FCONST

The blockBLOCK FCONST contains the decay constants in GeV. The standard for each line in the block
should correspond to the FORTRAN format

(1x,I9,3x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the first nine-digit integer should be the PDG code of a particle, the second integer the number of
the decay constant, and the double precision number its decay constant.

BLOCK FCONSTRATIO

The blockBLOCK FCONSTRATIO contains the ratios of decay constants, which often have less uncer-
tainty than the decay constants themselves. The ratios are specified by the two PDG codes in the form
f(code1)/f(code2). The standard for each line in the block should correspond to the FORTRAN format

(1x,I9,3x,I9,3x,I2,3x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the two nine-digit integers should be the two PDG codesof particles, the third and fourth inte-
gers the numbers of the decay constants, which correspond tothe second index of the entry inBLOCK
FCONST, and the double precision number the ratio of the decay constants.

BLOCK FBAG

The blockBLOCK FBAG contains the bag parameters. The standard for each line in the block should
correspond to the FORTRAN format

(1x,I9,3x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the first nine-digit integer should be the PDG code of a particle, the second integer the number of
the bag parameter, and the double precision number its bag parameter.

So far no normalisation etc. has been defined, which at this stage has to be taken care of by the
user. An unambiguous definition will be given elsewhere.

BLOCK FWCOEF Q= ...

The blockBLOCK FWCOEF Q= ... contains the real part of the Wilson coefficients at the scaleQ.



The different ordersC(k)
i have to be given separately according to the following convention for

the perturbative expansion:

Ci(µ) = C
(0)
i (µ) +

αs(µ)

4π
C

(1)
i,s (µ) +

(

αs(µ)

4π

)2

C
(2)
i,s (µ)

+
α(µ)

4π
C

(1)
i,e (µ) +

α(µ)

4π

αs(µ)

4π
C

(2)
i,es(µ) + · · · . (1)

The couplings should therefore not be included in the Wilsoncoefficients.

The entries inBLOCK FWCOEF should consist of two integers defining the fermion structure of
the operator and the operator structure itself. These two numbers are not thought to give a full repre-
sentation including normalisation etc. of the operator, but merely correspond to a unique identifier for
any possible Wilson coefficient. Consequently, the user hasto take care that a consistent normalisation
including prefactors etc. is indeed fulfilled. As an example, for the operatorO1,

O1 = (s̄γµT aPLc)(c̄γµT aPLb) (2)

the definition of the two numbers is given as follows. The appearing fermions are encoded by a two-digit
number originating from their PDG code, where no differenceis made between particles and antiparti-
cles, as given in Table 1. Correspondingly, the first integernumber definingO1, containing the fermions
s̄cc̄b, is given by 03040405. The various operators are defined in Table 2. Correspondingly, the second
integer number definingO1, containing the operatorsγµT aPL γµT aPL is given by 6161.

A few more rules are needed for an unambigous definition.

• If an operators appears without fermions (as it is possible,e.g., forFµν ) it should appear right-
most, so that the encoded fermions correspond to the left-most operators.

• In the case of a possible ambiguity, for instanceO1 = (s̄γµT aPLc)(c̄γµT aPLb) correspond-
ing to 03040405 6161 andO1 = (c̄γµT aPLb)(s̄γµT aPLc) corresponding to 04050304 6161 the
“smaller” number, i.e. in this case 03040405 6161 should be used.

name PDG code two-digit number name PDG code two-digit number
d 1 01 e 11 11
u 2 02 νe 12 12
s 3 03 µ 13 13
c 4 04 νµ 14 14
b 5 05 τ 15 15
t 6 06 ντ 16 16

∑

q q 07
∑

l l 17
∑

q qQq 08
∑

l lQl 18

Table 1: PDG codes and two-digit number identifications of quarks and leptons. The summations are over active fermions.

The third index corresponds to each term in Eq. (1):

00 : C
(0)
i (µ)

01 : C
(1)
i,s (µ)

02 : C
(2)
i,s (µ)

10 : C
(1)
i,e (µ)

11 : C
(2)
i,es(µ)



operator number operator number operator number
1 30 T a 50 δij 70

PL 31 PLT a 51 Plδij 71
PR 32 PRT a 52 PRδij 72
γµ 33 γµT a 53 γµδij 73
γ5 34 γ5T

a 54 γ5δij 74
σµν 35 σµνT a 55 σµνδij 75

γµγνγρ 36 γµγνγρT a 56 γµγνγρδij 76
γµγ5 37 γµγ5T

a 57 γµγ5δij 77
γµPL 41 γµT aPL 61 γµδijPL 81
γµPR 42 γµT aPR 62 γµδijPR 82
σµνPL 43 σµνT aPL 63 σµνδijPL 83
σµνPR 44 σµνT aPR 64 σµνδijPR 84

γµγνγρPL 45 γµγνγρT aPL 65 γµγνγρδijPL 85
γµγνγρPR 46 γµγνγρT aPR 66 γµγνγρδijPR 86

Fµν 22 Ga
µν 21

Table 2: Two-digit number definitions for the operators.T a (a = 1 . . . 8) denote theSU(3)C generators,PL,R = 1

2
(1 ∓ γ5),

and(T a)ij(T
a)kl = 1

2
(δilδkj − 1/Nc δijδkl), wherei, j, k, l are colour indices.

99 : total

The information about the order is given by a two-digit number xy, wherex indicatesO(αx) and

y indicatesO(αy
s), and 0 indicatesC(0)

i .

The Wilson coefficients can be provided either via separate new physics and SM contributions, or
as a total contribution of both new physics and SM, dependingon the code generating them. To avoid
any confusion, the fourth entry must specify whether the given Wilson coefficients correspond to the SM
contributions, new physics contributions or to the sum of them, using the following definitions:

0 : SM

1 : NPM

2 : SM+NPM

The new Physics model is the model specified in theBLOCK FMODSEL.

The standard for each line in the block should thus correspond to the FORTRAN format

(1x,I8,1x,I4,3x,I2,3x,I1,3x,1P,E16.8,0P,3x,’#’,1x,A),

where the eight-digit integer specifies the fermion content, the four-digit integer the operator structure,
the two-digit integer the order at which the Wilson coefficients are calculated followed by the one-digit
integer specifying the model, and finally the double precision number gives the real part of the Wilson
coefficient.

Note that there can be several such blocks for different scalesQ.

BLOCK IMFWCOEF Q= ...

The blockBLOCK IMFWCOEF contains the imaginary part of the Wilson coefficients at thescaleQ. The
structure is exactly the same as for theBLOCK FWCOEF.



BLOCK FOBS

The blockBLOCK FOBS contains the flavour observables. The structure of this block is based on the
decay table in SLHA format. The decay is defined by the PDG number of the parent, the type of the
observable, the value of the observable, the number of daughters and PDG IDs of the daughters.
The types of the observables are defined as follows:

1 : Branching ratio

2 : Ratio of the branching ratio to the SM value

3 : Asymmetry – CP

4 : Asymmetry – isospin

5 : Asymmetry – forward-backward

6 : Asymmetry – lepton-flavour

7 : Mixing

8 : . . .

The standard for each line in the block should correspond to the FORTRAN format

(1x,I9,3x,I2,3x,1P,E16.8,0P,3x,I1,3x,I9,3x,I9,3x,...,3x,’#’,1x,A),

where the first nine-digit integer should be the PDG code of the parent decaying particle, the second
integer the type of the observable, the double precision number the value of the observable, the next
integer the number of daughters, and the following nine-digit integers the PDG codes of the daughters.
It is strongly advised to give the descriptive name of the observable as comment.

BLOCK FOBSERR

The blockBLOCK FOBSERR contains the theoretical error for flavour observables, with the structure
similar toBLOCK FOBS, where the double precision number for the value of the observable is replaced
by two double precision numbers for the minus and plus uncertainties.

In a similar way, for every block, a corresponding error block with the nameBLOCK FnameERR
can be defined.

BLOCK FOBSSM

The blockBLOCK FOBSSM contains the SM values of the flavour observables in the same format as in
BLOCK FOBS. The given SM values may be very helpful as a comparison reference.

BLOCK FFORM

The blockBLOCK FFORM contains the form factors for a specific decay. This decay should be defined
as inBLOCK FOBS, but replacing the type of the observable by the number of theform factor. It is
essential here to describe the variable in the comment area.The dependence onq2 can be specified as a
comment. A more unambiguous definition will be given elsewhere.

3. Conclusion

The interplay of collider and flavour physics is entering a new era with the start-up of the LHC. In
the future more and more programs will be interfaced in orderto exploit maximal information from
both collider and flavour data. Towards this end, an accord will play a crucial role. The accord presented
specifies a unique set of conventions in ASCII file format for most commonly investigated flavour-related
observables and provides a universal framework for interfacing different programs.



The number of flavour related codes is growing constantly, while the connection between results
from flavour physics and highpT physics becomes more relevant to disentangle the underlying physics
model. Using the lessons learnt from the SLHA, we hope the FLHA will prove useful for studies related
to flavour physics. It is planned to update/correct the FLHA after more experience with its application
will have been gathered.
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