Miinchen
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Pooh, was a Contradiction.

... actually, a Distinction:

FeynArts/FormCalc FeynHiggs

Generic answer to Concrete answer to
an arbitrary question | a specific question
Paint & brush Finished painting

Generator generator | Generator
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Here: FeynArts (1991) + FormCalc (1995)

FormCalc was doing largely the same as FeynCalc (1992) but used FORM for
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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Amplitudes

ompiled high-level
e Contract indices C P d 9
e Reduce tensor integrals the numerical evaluation.
e Introduce abbreviations
FormCalc , ,
Numerical Evaluation:
e Convert Mathematica output to Fortran code

e Supply a driver program
e Implementation of the integrals

PR coptons

M |? » Cross-sections, Decay rates, ...

Fortran Code
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Find all distinct ways of connect-
ing incoming and outgoing lines Topologies
CreateTopologies

Draw the results
Paint

Determine all allowed
combinations of fields —— Diagrams
InsertFields

Apply the Feynman rules
CreateFeynAmp e Amplitudes —
HEEEN
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asses level, e.g. -F[2], F[1], S[3]

ol . demy, N .

EZ‘V]G : GL = ﬁsin@waél] p GR =0

Coupling fixed except for i, j (can be summed in do-loop).
|
|
[ |
[ |
[ |
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FeynAmpDenominator [
1

q12 - Mass[S[Gen3]1?°

(-pl + q1)? - Ma:ss[S[GenlL]]Q:I
(pl - 2q91) [Lorl] (-
ep[VI[1], p1, Lorl] ep*[VI[1], k1, Lor2]

Gsoy [ (Mom[1] - Mom[2]
Gég%[(Mom[l]-Mom[Q]

pl + 2q1) [Lor2] ........

) [KI1[3]1]]
YIKI1[311], .ovevneen. ...

.. .. loop denominators

kin. coupling structure

.. . polarization vectors

.... coupling constants
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Mass[S[Gen4]],
G$Q [ (Mom[1] - Mom[2]) [KI1[3]11],

ég%[(Mom[l] -Mom[2]) [KI1[3]1]],

RelativeCF } -> :
Insertions[Classes] [{MW, MW, I EL, -I EL, 2}]

n

n

m

m
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\FAVert(6.,10.){0} . N
\
\FAVert(14.,10.){0} ~~® ° m
\end{feynartspicture} 0% N / -
7/
N - < _
G n
-
Technically: uses its own PostScript prologue. :
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e.g. to the label text using any text editor.
It is less straightforward, however, to alter the [EOoE
geometry of the diagram, i.e. to move vertices
and propagators. h

The FeynEdit tool lets the user:

e copy-and-paste the BIgX code into the
lower panel of the editor,

e visualize the diagram,
e modify it using the mouse, and finally

e copy-and-paste it back into the text.
H B E N
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evaluate fermion traces,

perform the tensor reduction / separate numerators,
add local terms arising from D-(divergent integral),
simplify open fermion chains,

simplify and compute the square of SU(N) structures,
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FormCalc

Mathematica

FeynArts
* amplitudes

. Analytical
results

v Driver
Generated Code programs
SquaredME
RenConst . Utilities

library

Fortran
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82

q2
8 Alfa2 CW2/SW2 AbbSum7 +
Alfa2 CW2/SW2 Abbl +
8 Alfa2 CW2/SW2 AbbSum29 )
I = loop integral = kinematical variables -
| = constants B - automatically introduced abbreviations -
|
|
|
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Abb22
Pair3 = Pair[e[3], k[1]]

The full expression corresponding to AbbSum?29 is

Pair[e[1], e[2]] Pairlel[3], k[1]] Pairl[e[4], k[1]] + .
Pair([e[1], e[2]] Pairl[e[3], k[2]] Pairle[4], k[1]] + -
Pair([e[1], e[2]] Pairl[e[3],k[1]] Pairlel[4], k[2]] + -
Pair([e[1], e[2]] Pairl[e[3], k[2]] Pairlel[4], k[2]] -

m
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In general, the abbreviations are thus costly in CPU time.
It is key to a decent performance that the abbreviations are
separated into different Categories:

e Abbreviations that depend on the helicities,
e Abbreviations that depend on angular variables,

e Abbreviations that depend only on +/s.

Correct execution of the categories guarantees that almost no
redundant evaluations are made and makes the generated
code essentially as fast as hand-tuned code.
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Textbook procedure: Trace Technique

IM|* = Z ¢; ¢; F; _
1,7=1 .
where F/Fj = (0| Ty |u) (u| Tj|o) = Tr(T; |u) (u| T} [0)(2]).

n H BN
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Essentially nr ~ (# of vectors)! because all
combinations of vectors can appear in the I.

Solution: Use Weyl-van der Waerden spinor formalism to
compute the F;’s directly.
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Every chiral Dirac chain maps onto a single Weyl chain:

U PLYuyy - [v)g = (U-|Tpoy -+ [v1),

(Ul PRYuYY - - 0)g = (Ut | 04Oy -+ - [0F), .

FORM-like notation: (u| 0,50, |v) K} e3ks = (u|kigzks |v) .
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main.F

xsection.F run.F process.h
driver program parameters for this run process definition

user-level code included in FormCalc, “parameter card”

SquaredME. F generated code, “black box CPU-time (rough)

compute abbr'®®

compute abbr!loop

compute M4ee

master subroutine

abbrOs.F

abbroOa.F > abbreviations

. (invoked only
. when necessary)

v \u

> form factors
compute M 11oop
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Changes in code (run.F):
TB = 5 — call MmaGetReal (TB)

Compile, load in Mathematica with
Install["run"]

Compute e.g. a differential cross-section at /s = sqrtsS:
run[sqrtS, TB, MAO, ...]
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C(F,ES) = GLPL+ GrPr = G- [ -1

Pr
AnalyticalCouplingl[sl F[j1, pll, s2 F[j2, p2], s3 S[j3, p3]l]
== G[1] [s1 F[j1], s2 F[j2], s3 S[j3]] )
{ NonCommutative[ ChiralityProjector[-1] 1,
NonCommutative[ ChiralityProjector[+1] ] } :
B
m
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e G o iemy; 5
G(zi/ Vj/ G) — <G+> — ( \/ESil’lOQwMW 1]>

m

C[L -F[2,{i}], F[1,{j}], s[3] 1]
== { {-I EL Mass[F[2,{i}]]/(Sqrt[2] SW MW) IndexDeltali, jl}, N
{0} } O
O
o
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All one-loop counter terms included.

e ModelMaker utility generates Model Files from the
Lagrangian.

e “3rd-party packages” FeynRules and LanHEP generate
Model Files for FeynArts and others.

e SARAH package derives SUSY Models.
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Add-On Model Files. For example,
InsertFields[..., Model -> {"MSSMQCD", "FV'"}]

This loads the Basic Model File MSSMQCD.mod and modifies it
through the Add-On FV.mod (non-minimal flavour violation).

Model files can thus be built up from several parts.
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not automatically propagate into the derivative model
file.

Better: Create a new model file which reads the old one and
modifies the particles and coupling tables.

e M$ClassesDescription = list of particle definitions,
e M$CouplingMatrices = list of couplings.
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To see the effect, make a printout with the WriteTeXFile

utility of FeynArts.

The Hff [h,g] can be defined to include e.g. resummation effects, as in

double precision Hff(2,3)
/6%1/

data Hff
Hff(1,3)
Hff (2,3)

1 - CA/(SA*TB)*Delta_b
1 + SA/(CA*TB)*Delta_b
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Indices -> {Index[Neutralino]},

Mixture -> ZNeu[Index[Neutralino],1] F[111] +
ZNeu[Index[Neutralino] ,2] F[112] +
ZNeu[Index[Neutralino] ,3] F[113] +
ZNeu[Index[Neutralino] ,4] F[114]} }

Since F[111]...F[114] are not listed in M$CouplingMatrices,
they drop out of the model completely.
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b

Mixture -> UHiggs[Index[Higgs],1] S[1] +
UHiggs[Index[Higgs],2] S[2],
InsertOnly -> {External, Internall}} }

This time, S[10] and S[1],S[2] appear in the coupling list
(including all mixing couplings) because all three are listed in
M$CouplingMatrices.

Due to the InsertOnly, S[10] is inserted only on tree-level
parts of the diagram, not in loops.

n H BN
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mat [p_Plus] := mat/Q p

mat [r_.

DiracChain[s2_Spinor, om_, mu_, si:Spinor[pl_, mi_, _1]] :=

I/(2 m1) mat[r DiracChain[sigmunulom]]] +
2/m1 r Pair[mu, pl] DiracChain[s2, om, s1]

mat [r_.

DiracChain[sigmunulom_]], SUNT[Coll, Col2]] :=

r 07[om]/(EL MB/(16 Pi~2))

mat [r_.

DiracChain[sigmunulom_]], SUNT[Glul, Col2, Coll]] :=

r 08[om]/(GS MB/(16 Pi~2))

coeff =

Plus@@ vert //. abbr /. Mat -> mat

c7 = Coefficient[coeff, 07[6]]
c8 = Coefficient[coeff, 08[6]]
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"\tdouble complex C7, C8\n" <>
"#include \"looptools.h\"\n"]

WriteExpr([file, {C7 -> c7, C8 -> c8}]
WriteString[file, "\tend\n"]

Close[file]

More details in hep-ph/0607049.

n HE BN
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e Nontrivial renormalization.
Software design so far:
e Mostly ‘monolithic’ (one package does everything).

e Often controlled by parameter cards, not easy to use
beyond intended purpose.

e May want to/must use other packages.
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Isolate integrals for OPP
"I Other simplifications (e.g. Fierz, abbreviations)

[] Code generation (Fortran, C/++) Numerical Evaluation

[1 Phase-space integration
Evaluation of loop integrals
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(invoked from command line).

¢ In lieu of ‘in vivo’ debugging keep detailed logs.

e Coordinate everything through a makefile.

e No single control program (e.g. single Mathematica
session) like in package’s demo programs.

More details in arXiv:1508.00562.

T. Hahn, FormCalc and FeynArts —p.37




<< FeynArts
<< FormCalc
top = CreateTopologies[...];

EOF_ . ... ... .. . end Here document

Everything between “<< \tag” and “tag” goes to Mathematica
as if it were typed from the keyboard.

Note the “\” before tag, it makes the shell pass everything
literally to Mathematica, without shell substitutions.
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O—glmod < MSSMCT.mod

model file preparation simplification
e /-code <— 6-comb <— < FormCalc
code generation combination of results calculation of =
renorm. constants
n
|
|
|
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Inite.

eep an

2 2
MW MZ

Must set 7, = 0 so that O(a?) corrections form
supersymmetric and gauge-invariant subset.

Most efficient to modify Feynman rules:
e Load MSSMCT.mod model file.
e Modify couplings, remove zero ones.
e Write out MSSMCTgl.mod model file.
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argely automated "model to events™ tooichains exist.

e Other tasks requiring evaluation of Feynman diagrams
are not so well automated (and may never be).

e Packages like FeynArts, FormCalc, FeynCalc, Package-X
provide an “exploration toolkit” for unusual models,
unusual renormalizations, package building, ...

e Long-term strategy: maybe best use Unix philosophy
“Do one thing and do it well” - modular components for
individual tasks + stick together by script.

5 HEN
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