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Outline

o Brief History Introdution:
MG4-5, HELAS-ALOHA, UFO, Multi-Channel Integration.

« MG4

e eTe™ — putu™: cross section and distributions
e pp — W™: w/o Parton Shower
e W’': ‘usrmod'

o MGbH

e Tri-V anomalous coupling: FeynRules



Helicity Method and Multi-Channel Integration
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gg-gqZ as an example

Topology generating — Insert particles and ineractions —
Feynman Diagrams

do = M| do



o M|
e Trace method:
> |M;[? + 2R€(Z;,,- MiMj*) O(N?)
o Helicity method: 3, |3 MM\ O(N)
Note another advantage is that Matrix Amplitude can be
automatically got while generating the Feynman Diagrams.
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HELAS Subroutines

e HELAS (Helicity Amplitudes Subroutines) [MURAYAMA,
WATANABE, HAGIWARA, 1992] is a set of Fortran77
subroutines which make it easy to compute the helicity
amplitudes of an arbitrary tree-level Feynman diagram with a
simple sequence of CALL SUBROUTINE statements.

e Calculating steps of Helicity amplitude:
1. Getting the external particles’ wave functions;
2. Computing the off-shell lines;
3. Calculating the helicity amplitude.

e For new particles and new interactions with different
Lorentz structure, additional HELAS subroutines need to
be written by hand. time consuming and hard to
debug!!!



MG4 example

C BEGIN CODE

B it
CALL VXXXXX(P(0,1 ),ZERO ,NHEL(1 ),-1*IC(1 ),W(1,1 ))
CALL IXXXXX(P(0,2 ),ZERO ,NHEL(2 ),+1*IC(2 ),W(1,2 ))
CALL VXXXXX(P(0,3 ),ZERO ,NHEL(3 ),+1*IC(3 ),W(1,3 ))
CALL OXXXXX(P(0,4 ),ZERO ,NHEL(4 ),+1*IC(4 ),W(1,4 ))
CALL VXXXXX(P(0,5 ),ZMASS ,NHEL(5 ),+1*IC(5 },W(1,5 ))
CALL FVOXXX(W(1,4 ),W(1,1 ),G6 ,ZERO  ,ZERO  ,W(1,6 ))

CALL FVIXXX(W(1,2 ),w(1,5 ),GZU ,ZERO , ZERO M(L,7 )
CALL TOVXXX(w(1,7 ),w(1,6 ),W(1,3 ),GG ,AMP(1 })

CALL FVIXXX(WI1 2 ) wi1 3 ) 66 7FRD 7FRN W(1,8 1)
CALL FVIXXX(1 | M9 )
CALL TOVXXX() I

CALL IOVXXX() )

CALL JVVXXX() MW(1,10 )

CALL FVOXXX() M(1,11 )
CALL IOVXXX(l 4 1)

CALL FVIXXX() W12 3
CALL IOVXXX(I s )

CALL FVOXXX(1 (1,13 )
CALL TOVXOX() ]

CALL FVIXXX(1 W(1,14 1))
CALL FVIXXX(I WL 15 )
CALL TOVXXX() 7 1l

CALL TOVXXX(I e )

aMP( 1) = graph 1 4)+AMP( )

JAMP( 2) = T)+AMP(  8)

MATRIX = 08.D0
DO I = 1, NCOLOR
ZTEMP = (0.D9,0.D8)
D0 ] = 1, NCOLOR
ZTEMP = ZTEMP + CF(J,I)*JAMP(])

SR



MG5 (2011): FeynRules UFO and ALOHA

The biggest advances

 Universal FeynRules Output (UFO)

- Includes color and Lorentz structure

- Allows for complete specification of effective/non-
renormalizable vertices

- Allows for automatic output of model parameter calculations
for any model and language

» Automatic Language-independent Output
of Helicity Amplitudes (ALOHA)

- Automatic generation the necessary helicity

amplitude code for any new model (including

effective theories, multi-fermion vertices,...)
in Fortran/C++/Python/... -

See talk by Olivier

Johan Alwall - The Vision of MG/FR 32

2& Fermilab
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MadGraph V4
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