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Expementalistslike

S

Why: Crosssections decay :
rates, etc. follow directly

from the S-Matrix. O

N
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O( ) o( )

which tell us how to

translate the diagramsinto formulas :
Accuracy of results ! Orderin I # of Loops ¥
N
N
N
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lImits 21 8| 2! 3|1 2

Woik on 2! 4 in progress desimblefore™e | 4f.

[ |
More legs (2! 2) now feasiblethanksto new N
technology (Remiddj Gehmann et al.). -
|
[ |
[ |
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inaccessible indirectly visible,
(too heavy to be produced) requires precisionmeasuements

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.7




i
/

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.8



Topological task
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Combinabrical task, requires physics input (model)
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left vertex propagator right vertex

Databaselook-up
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Also, computethe fermionic matrix elements e.g.by squaing
and taking the trace:

Ri2= Trit m) (k+m) gTike+m) (ks m) g .

= 3"+ st+ Mg+ mf  t)° _
Algebraic simplification :
N
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Fast evaluation desirable (e.g.for Monte Carlos).

Hybrid Programming Techniquesnecessay

|
|
Compiledhigh-level language (e.g.Fortran) for the numercal :
evaluation. R
|
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Program Name
Goup
Core language

Components
Diagram generation
Diagram painting
Algebraic simplif.

Codegenemation

Libraries

FeynArts GRACE CalcHEP DIANA MadGaph
WUKA/M KEK Dubna Bielefeld Madison
Mathematica | C C, Fortran C Fortran
FeynArts grc CalcHEP QGRAF MadGaph
FeynArts gracefig CalcHEP DIANA —
FormCalc GRACE CalcHEP DIANA + —
FeynCalc FORM
FormCalc grcfort CalcHEP — MadQGaph
LoopTools chanel bases | CalcHEP — HELAS

spring

H B H B H N
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. Contractindices |

# |
Conwert Mathematicaoutput N

Numerncal to Fortran code -
evaluation Supply a driver program ’ 0
Implementationof the integrals | g LoopTools I

N
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Draw the results
Paint

Find all distinct ways of connect-
ing incoming and outgoing lines

CreateTopologies

Topologies

Detemine all allowed
combinationsof fields
InsertFields

Apply the Feynman rules
CreateFeynAmp

|

Amplitudes

ins = InsertFie
‘Model -> SM]

the name of the
photon in the
“SM” modelfile

usethe Standard Model

Paint[ins]

amp= CreateFeynAmpl[ins]
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iG: G = M G, =0

2sin wMyy

Couplingfixed exceptfor i, | (canbe summedin do-loop).
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CEES)=G! +G!,=06

+

|
AnalyticalCoupling[s1 F[j1, pl], s2 F[j2, p2], s3 S[j3, p3]] =

== G[1][s1 F[j1l], s2 F[j2], s3 S[j3]]
{ NonCommutative[ ChiralityProjector[-1] ], O
NonCommutative[ ChiralityProjector[+1] ] } O
H
N
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= G LN

G‘.; ';G — — 2sin wMw J
Ci 58)= & ) _
N

C[ -F[2,{1}], FILOM,  SI3] ]

=={ {-I EL Mass[F[2,{i]/(Sqrt[2] SWMW)IindexDelta[i, I}, :
0} } -
N
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(L) New ModelMaker utility generates Model Files from the -
Lagrangian.

(L) Implementationof the MSSMLagrangian in terms of -

superfieldsunderway. O

|
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FeynAmpDenominatorf :
SIS g12 - Mass[S[Gen3]] 2

1

1

(-p1 + ql)? - Mass[S[Gen4]]

(p1 - 2ql)[Lorl]

ep[V[1], p1, Lorl] ep [V[1],

(-p1 + 2ql)[Lor2]

Q4 (Mom[1] - Mom[2])[KI1[3]]]

O [(Mom[1] - Mom[2D[KI1[3]]] ., ....

o1 ...

.............. loopdenominators

|

........ kin. couplingstructure N

ki, Lor2] ........ polarizationvectors -
N

............. couplingconstants :
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ss[[en]]:
[ (Mom([1] - Mom[2])[KIL[3]]],
2\ [(Mom[1] - Mom[2])[KI1[3]]],
RelativeCF } ->

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

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.25




\FAVert(6.,10.){0} R _

\FAVert(14.,10.){0} A~~~ ® N
\end{feynartspicture} N /

N -~ 7 —

G O

H

N

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.26




O
evaluate fermion traces

perform the tensorreduction,
add local terms arising from D (divergent integral), 0

simplify, and later on computethe square of,
open fermion chainsand colour structures
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Mathematica
PRO: userfriendly

rmcaic . . . . .
CON: slow on large expressions > 5 amplitudes without insertions
user .
e running FORM... ok
e
i -3 Alfa Pairl AO[MW2]
amplitudes results outl2l= Amp[{0} -> {O}][ — +
A 4
U D 3 Alfa Pairl BO0O[O, MW2I,VIW2]+
(Alfa Pairl AO[MLE2[Gen1]] .
internal _ Pi
FormCalc Alfa Pairl AO[MQDZ[Genl]]+
functions EFORM 3 Pi
. . 4 Alfa Pairl AO[MQU2[Genl]]
PRO: very fast on polynomial expressions S P -
CON: not so userfriend
y 2 Alfa Pairl BO0O[0, MLE2[Genl] MLE2[Gen1]]
""" Pi
2 Alfa Pairl B0O0[0, MQD2[Gen1]MQD2[Gen1]] ]
3 Pi
8 Alfa Pairl BO0O|O, MQUZ[Genl]MQUZ[Genl]} . ]
3 Pi ]
SumOver[Gen13]] L]
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8 Alfa2 CW2/SW- AbbSum?

Alfa2z CW2/SW? Abbl +
8 Alfa2 CW2/SW2 AbbSum29 )
|
- = loop integral = kinematical variables
- = constants - = automatically introducedabbreviations :
H
N
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The full ex
Pair|
Pair|

Pair
Pair

‘D D @D
= e

Abb22

Pair3 = Pair[e[3],

Abb22= pairt [EEERPairs.

K[1]]

pressioncorresponding to AbbSum?2s

2]

NN N

Pair

Pair
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Pair[e

e
Pair[e
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main.F run.F process.h
el el

driver program parametersfor this run processdefinition

userlevel codeincludedin FormCalc

squared_me.F generated code, “black box”

mastersubroutine

IMON ©

< abbr_s.F

abbreviations

(calculatedonly when necessay)

“ abbr_angle.F

= WRW

IO ©

< born.F

self.F

form factors

Driverscurrently available for1! 2,2! 2,21 3.
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All parametersappeaing in the Model Fle:
MhO, MHH,MAO, MHp, CB, SB, TB, CA, SA,
C2A, S2A, C2B, S2B, CAB, SAB, CBA, SBA,

MUE,MGI, MNeuf], ZNeuln, nY,
MChag], UChaf, ¢, VChal, Y,
MSf[s, t, g, UST[t,g][ s, s], Af[t, ]

Detailsin TH C. Schappacherhep-ph01(%349.
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#define LOOPIdo 1 TB = 2,30,5 calculiate

which computes the cross-sectionfor TB CmS_S'S@Ct’O”)
valuesof 2 to 30 in stepsof 5. 1 continue

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.33




Fast numbercrunchingcan only be achieved in a compiled
language.

T. Hahn, Automatic SUSY Calculations with FeynArts and FormCalc —p.34




	What are Feynman Diagrams good for?
	What are Feynman Diagrams good for?
	State of the Art
	State of the Art
	Why Higher Orders?
	Why Higher Orders?
	Why Higher Orders?
	How do 	extit {I} calculate Feynman Diagrams
	How do 	extit {I} calculate Feynman Diagrams
	How do 	extit {I} calculate Feynman Diagrams
	How do 	extit {I} calculate Feynman Diagrams
	How do 	extit {I} calculate Feynman Diagrams
	Programming Techniques
	Packages
	How does the 	extit {computer} calculate Feynman Diagrams
	FA 
	Three Levels of Fields
	The Model Files
	The Model Files
	Current Status of Model Files
	Sample CreateFeynAmp output
	Sample CreateFeynAmp output
	Sample CreateFeynAmp output
	Sample CreateFeynAmp output
	Sample Paint output
	Algebraic Simplification
	FC 
	FC  Output
	Abbreviations
	Numerical Evaluation in Fortran 77
	MSSM Parameters
	Parameter Scans

