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Outline

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

• MG4
• e+e− → µ+µ−: cross section and distributions
• pp → W+: w/o Parton Shower
• W ′: ‘usrmod‘

• MG5
• Tri-V anomalous coupling: FeynRules



Helicity Method and Multi-Channel Integration

Topology generating → Insert particles and ineractions →
Feynman Diagrams

dσ = |M|
2
dΦ



• |M|2:
• Trace method:∑

i |Mi |
2 + 2Re(

∑
i,j MiM

∗

j ) O(N2)

• Helicity method:
∑

(λ1,...)
|
∑

i Mi (λ1...)|
2 O(N)

Note another advantage is that Matrix Amplitude can be
automatically got while generating the Feynman Diagrams.

• dΦ

dσ =
∑

j

|Mj |
2

∑
i |Mi |2

|M|
2
dΦj

dΦj is optimized to capture the singularity of |Mj |
2
.



HELAS Subroutines

• 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.

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

• 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



MG5 (2011): FeynRules UFO and ALOHA
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