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the time-consuming tasks, hence the name FormCalc.

e Feynman-diagrammatic method,
e Analytic calculation as far as possible (‘any’ model),

e Generation of code for the numerical evaluation of the
squared matrix element.

FeynArts + FormCalc also used as ‘engine’ in SARAH, SloopS.
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(Large) Mathematica expressions from various sources:
2L Higgs SEs, EFT ingredients, ¢,,—2, 2L parts of Ar, etc.

e Code generated from calculations done for FeynHiggs
Everything in the ‘gen’ subdirectory of FeynHiggs.
Full control over model content, particle selection,
resummations/K-factors, renormalization prescription, etc.
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can be looked at even in the
presence of a generated renormalization.

e Generator to a certain extent model-aware, e.g.
> knows relevant flags, e.g. $MHpInput (H input mass),
> knows how to simplify 2 x 2 Sf mixing.

e Not a ‘generator generator’ approach, i.e. even if scripts
ran (or were modified to run) with ‘arbitrary’ model file,
the produced code would still need to be embedded in
and called from the main program.
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... declarations . ..
#else

...code. ..
#endif

Usage: include resulting file twice.

Solves problem of declaration order, e.g. when including
several generated files or with inline function definitions.

File/SubroutineIncludes correctly handled for Fortran, C.
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e better performance (variable hoisting) and/or
e easier debugging (combine with DebuglLines, $DebugCmd).

Example:
WriteExpr [expr, MakeTmp — ToVars[LoopIntegrals, Head]]
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old:
Sub333[Gen5] — AO[Mf2[2,Genb5]] - ...

new:
Sub333[Gen5_] — AO[Mf2[2,Gen5]] - ...
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c — 3 + a,
d — b + c}

FindDeps[list, x] — {a, c, d}
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Example:

Enum["hOhO" , "HHHH", "AOAO", "HmHp",
"hOHH", "hOAO", "HHAO"]
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(] ’ [ ] (]
“Coupling5,” not consistent outside one FormCalc session.

Now: portable name-mangling allows to generate generic
‘building blocks’ for applications, but produces names like
“GV1VbtVbbg12Kp3g23Pqlg13kQ2.”
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S[1] == ..., Mass — MhOtree,
Mass[Loop] — MhO, ...}

b) coupling definition:
C[S[1,typell, S[2,type2], S[2,type3]l] == coupling

Caveat: typel,2, 3 placeholders, not literals.

T. Hahn, New Features in FeynArts & Co. - p.13




o far: representation a
e Generic level: Mix[¢,¢’] forward, Rev[¢,¢’] backward,

e Classes level: Mix[¢,¢] forward, 2 Mix[¢,¢’] backward.

This lead to inconsistencies (too many/few diagrams) so that

now the reversed field is represented by Rev[¢,¢’] also at
Classes level.

Need to review/adapt model files which contain mixing fields.
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all-out quad preC|S|on simple to realize (compiler flags) but
vastly slower, plus the API changes.

Want to use higher precision only for neuralgic parts.

Need to address:
e Types for real, complex.
e Number literals.

e Name mangling.
H B BN
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#elif REALSIZE == 10

# define
# define
# define
#else

# define
# define
# define
#endif

RealSize 10
ComplexSize 20
RealSuffix T

RealSize 8
ComplexSize 16
RealSuffix D
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#define ToComplex(c) cmplx(c,kind=RealSize)
#define ToComplex2(r,i) cmplx(r,i,kind=RealSize)
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#define Frac(n,d) (real(n,kind=RealSize)/(d))

Identical source compiles into different-precision versions at
the switch of a preprocessor flag.
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#else

# define ArgType RealType

# define ArgQuad Real(Quad

# define ArgSuffix RealSuffix
# define Arglen 1

#endif

#define _A(s) _id(s)ArgSuffix
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data bf /
N(-.25),
NC.Q2777777T777T77T777777777777777777777778) ,
N(=.027777777T77T7T77777T7T7T777777777777778e-2),
N(4.7241118669690098261526832955404384e-6) ,
N(-9.18577307466196355085243974132863022e-8), ... /

R R
_

Example of Frac:

B(bb001) = Frac(1,8)*( 2*mi1*B(bbl) - a0(2) +
& (p + dm)*(B(bb11l) + Frac(1,6)) - Frac(1,2)*(ml + m2) )

T. Hahn, New Features in FeynArts & Co. —p.20




Convenience of Code Generation:
DecllIf, Enum, ClearEnum

Variable/Abbreviation handling:
ToVars, MakeTmp, Abbreviate

Generic Amplitudes:

persistent names, propagator-type-dependent particle
properties, mixing fields

Mixing precision within the same code
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