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What do We need?
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MadGraph5 Goal

Start in November 2009

Remove ALL limitations of MadGraph4

speed

number of particles

type of interactions

output language

modularity / flexibility of the code
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Did we succeed?
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Speed
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model process class information number of processes
SM AA → AA Only first generation for fermions 249
SM AA → AA No first generation of fermions 589
SM BB → BBB 86
SM BB → BF1,2F1,2 46
SM F1,2F1,2 → BF1,2F1,2 40
SM F1,2F1,2 → BF1,2F1,2 216
SM BB → BBBB 55

MSSM PP → χ0χ0 50
MSSM PP → χ+χ−/g̃g̃ 26
MSSM PP → L̃L̃ 55
MSSM PP → Q̃1,2Q̃1,2 188
MSSM PP → Q̃3Q̃3 71
MSSM Q̃1,2Q̃1,2 → L̃L̃ 208
MSSM Q̃1,2Q̃1,2 → Q̃1,2Q̃1,2 285
MSSM PP → Q̃1,2Q̃1,2V only SM vector bosons included 564
MSSM V V → V χ+χ− 71
MSSM PP → L+L−χ0χ0 200
MSSM V V → V V χ+χ− 177
HEFT BB → BB including the CP odd higgs 62

RS AA → AA Only first generation for fermions 362
RS F3F3 → AA 248
RS F1,3F1,3 → F1,3F1,3B 452

Table 4. Classes of processes used to compare the output of MadGraph 5 with MadGraph 4. The different letters designate
classes of particles: A contains all the particles of the model. Fi contains the ith generation of fermions of the model (No indices
means all generations allowed). L± contains all the leptons of the model. V contains all the vector bosons of the model. B
contains all the bosons of the model (i.e. the vector and the scalar particles). χ0 contains all the neutralinos. χ± contains all
the charginos. Q̃i contains the ith generation of squarks. L̃ contains the full set of sleptons.

Process MadGraph 4 MadGraph 5 Subprocesses Diagrams
pp → jjj 2 min 22 s 34 307

pp → jjl+l− 23 min 26 s 108 1216
pp → jjje+e− 60 min 132 s 141 9012

uū → e+e−e+e−e+e− 51 min 75 s 1 3474
gg → ggggg 3 hours 5 min 1 7245

pp → jj(W + → l+νl) 10 min 19 s 82 304
pp → tt̄+full decays 6h 29 s 27 45

pp → q̃/g̃ q̃/g̃ 14 min 63 s 313 475
gg → (g̃ → uūχ̃0

1)(g̃ → uūχ̃0
1) 5 min 7 s 1 48

pp → (g̃ → jjχ̃0
1)(g̃ → jjχ̃0

1) — 30s 144 11008

Table 5. Time for generation of complete MadEvent directories (with the exception of gg → 5g, for which standalone directory
was generated) for the tabulated processes, for MadGraph 4 and MadGraph 5. All processes have p = j = g/u/ū/c/c̄/d/d̄/s/s̄,

l± = e±/µ±/τ±, νl = νe/νµ/ντ and ν̄l = ν̄e/ν̄µ/ν̄τ . q̃/g̃ in the table corresponds to d̃(∗)
l/r/ũ(∗)

l/r/s̃(∗)
l/r/c̃(∗)

l/r/g̃. For tt̄+full decays

(meaning pp → (t → b q/l+ q̄/νl)(t̄ → b̄ q/l− q̄/ν̄l)), the MadGraph 4 process generation was split up in 12 different process
definitions to reduce the number of failed process attempts. The “seven particle decay chain” was gg → (g̃ → u(¯̃ul → ū(χ̃0

2 →
Zχ̃0

1)))(g̃ → ud̃χ̃−
1 ). The number of subprocesses and diagrams are quoted after combination of subprocesses with identical

matrix elements. All numbers are for a Sony VAIO TZ laptop with 1.06 GHz Intel Core Duo CPU running Ubuntu 9.04,
gFortran 4.3 and Python 2.6.

coupling of colour triplet diquarks to quarks, colour triplet
diquarks can only couple to off-diagonal flavor quark com-
binations. The Dqq(′) Yukawa coupling constants have
been set to 10−2 in the figure. Note the factor 2 between
the pp → D production cross sections for sextet and triplet
diquarks (for identical Yukawa couplings), due to the dif-
ferent colour factors.

In Fig. 3b, we show the effect of jet matching between
matrix elements and parton showers for charge +4

3 sextet

diquark production at 7 TeV LHC. pT distributions for the
radiated jets are compared between matched production
with MadGraph (using matrix elements for pp → D +
0, 1, 2 jets) and Pythia 6.4 with pT -ordered showers, and
just using the leading order process pp → D with pT -
ordered Pythia default settings. The mass of the diquark
is 500 GeV. It is clear that matching is necessary for a
precise description of high-pT jet radiation in association
with diquark production.
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Process
Function calls Run time
MG 4 MG 5 MG 4 MG 5

uū → e+e− 8 8 < 6µs < 6µs
uū → e+e−e+e− 110 80 0.22 ms 0.14 ms

uū → e+e−e+e−e+e− 6668 3775 46.5 ms 19.0 ms
uū → dd̄ 6 6 < 4µs < 4µs
uū → dd̄g 16 16 27 µs 27 µs
uū → dd̄gg 85 67 0.42 ms 0.31 ms
uū → dd̄ggg 748 515 10.8 ms 6.75 ms
uū → uūgg 160 116 1.24 ms 0.80 ms
uū → uūggg 1468 960 35.7 ms 17.2 ms
uū → dd̄dd̄ 42 33 84 µs 83 µs
uū → dd̄dd̄g 310 197 1.88 ms 1.15 ms
uū → dd̄dd̄gg 3372 1876 141 ms 34.4 ms
uū → dd̄dd̄dd̄ 1370 753 42.5 ms 6.6 ms

Table 6. Number of helicity function calls and run time for matrix element evaluation of matrix element code produced by
MadGraph 4 and MadGraph 5. In both cases, the MadGraph 4 SM model and HELAS library have been used. Note that
in the uū → qq̄ + X process generations, only QCD interactions have been allowed (QED=0). All numbers are for a Sony VAIO
TZ laptop with 1.06 GHz Intel Core Duo CPU running Ubuntu 9.04 and gFortran 4.3.
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Fig. 3. Upper: Cross sections for different types of diquark res-
onances at 7 TeV LHC. See text for details. Lower: Comparison
of pT for radiated jets between single color sextet diquark pro-
duction with jet matching (using MadGraph and Pythia)
and without jet matching (using Pythia parton showers for
the leading order process pp → D only). See text for details

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary
number of particles, a particular difficulty arises when a
vertex has more than two fermions, in which case it is
necessary to define the fermion flow in an unambiguous
way. The convention chosen by the MadGraph 5 and
FeynRules authors is that the fermion flow is defined
by the position of the particle in the interaction, with the
order being IOIO . . . where I stands for “incoming” and
O stands for “outgoing” fermion. Any number of bosons
can be added after the fermions.

This means that, from the MadGraph 5 point of view,
the interactions ut̄ut̄ and uut̄t̄ are treated in different ways
- in the former case, the fermion flows go between u and t̄,
while in the latter case we have fermion number violating
flows u → u and t̄ → t̄. Such fermion number violating
multi-fermion vertices are readily treated by the algorithm
described in Sec. 2.2, by the use of conjugate Γ matrices
for each fermion number violating fermion line.

Of particular interest are four-fermion vertices, which
are a common feature of effective theory formulations for
physics beyond the Standard Model, and have recently
been studied in the context of LHC phenomenology [?].
We are here presenting two examples of four-fermion ver-
tices giving the process uu → tt, one which corresponds to
the exchange of a heavy s-channel propagator (in this case
a scalar color sextet diquark) and one which corresponds
to a heavy t-channel propagator (a neutral color singlet
flavor changing scalar). In both cases, we use a mass of 10
TeV for the propagators, and represent the four-fermion
vertices by integrating out the appropriate scalar propa-
gator.

In Fig. 4 we compare the full theories, including the
explicit propagators, with the 4-fermion vertex versions of
the theories. The figure shows uu → tt cross sections for
the two scenarios as a function of fixed center of mass en-
ergy, for some particular coupling values; to compare with
a particular collider, the cross sections need to be con-
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number of particles
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Type of Interactions
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Type of Interactions
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Type of Interactions
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Output 
MadEvent (Fortran)

Standalone (Fortran)

Standalone(C++)

Pythia 8 (C++)
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Biggest Advance
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Interface to UFO / ALOHA
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UFO

New Model Format

generic (any BSM)

Includes Lorentz/color

written automatically
by FeynRules from a 
Lagrangian

plug-in model into 
MG5

12

[Duhr et al]
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ALOHA

Automatic Creation 
of HELAS routine 
for ANY BSM theory

Output

Fortran

C++

Python

13

[O.M, al  ]

The Helas routine for BSM without the pain to write it.
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Any BSM should be 
possible in a fully 

automatic and 
efficient way!
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Other Features

New User interface (shell based)

with a tutorial

with autocompletion

with help command

Possibility to check processes

gauge / lorentz / permutations

Matching

Extensive Test Suite

and so other...

15
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Conclusion

HARDER : 

intuitive interface

BETTER:

For Any Model

FASTER:

For diagram generation

For generating events

STRONGER:

extreme programming

16
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Conclusion
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https://launchpad.net/madgraph5 

MadGraph 5 is ready for production
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