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MadGraph 5

• MadGraph 5 - a collaborative platform for matrix 
element-related development

• Modular code - easy to extend or plug’n’play

• Core development language: Python

• Full support for any Lagrangian-based models 
(renormalizable or effective) via FeynRules, UFO 
and ALOHA

• Presently supported output languages: 
Fortran, C++, Python

J.A., Herquet, Maltoni, Mattelaer, Stelzer, arXiv:1106.0522
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Development language: Python

➡ Exceptional flexibility (and speed where needed)

➡ Easy to read/learn/maintain

➡ Object oriented - Easy to create modular structure 
and “PnP”

➡ Rich standard libraries

➡ Automatic documentation

➡ Easy to incorporate test suite

• Fortran or C++ used for “heavy duty” code!
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HEFT and RS models.
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“Extreme programming” philosophy

• Modular and highly documented code allows fast 
turnaround for bugs/new features

• Extensive test suite (from subroutine level to overall 
functionality) increases flexibility (optimize where needed) 
and ensures that new functionality doesn’t “break” existing 
functionality ( ~ 50% of total code is in the test suite!)

• Preferably use “pair programming” (at least in initial stage) - 
four eyes see better than two!

• Code public at every stage, using Bazaar and Launchpad

• Code review of independent developer(s) before merging  
new branches

Result: Fast development and high code stability
6
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Ongoing developments

• Color-ordered recursion relations (J.A., Maltoni, 
Takaesu)

• MadLoop5 (Hirshi, J.A.)

• MadFKS5 (Zaro, Frederix)

• MadGolem5 (Gonzalez-Netto et al.)

• MadDM (Backovic, Kong, McCaskey)

• MadDecay (Shen, J.A., Mattelaer)

➡ No difficulty to have multiple parallel developments 
thanks to high level of modularity + OO structure!
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Thanks for listening!

• Development in MadGraph 5 is easy and fun!

• A big welcome to the newcomers in the game! 
You will have a great time!

9
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Backup slides
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Diagram generation speed benchmarks

Process MadGraph 4 MadGraph 5 Subprocesses Diagrams

pp → jjj 29.0 s 25.8 s 34 307

pp → jjl+l− 341 s 103 s 108 1216

pp → jjje+e− 1150 s 134 s 141 9012

uū → e+e−e+e−e+e− 772 s 242 s 1 3474

gg → ggggg 2788 s 1050 s 1 7245

pp → jj(W+ → l+νl) 146 s 25.7 s 82 304

pp → tt̄+full decays 5640 s 15.7 s 27 45

pp → q̃/g̃ q̃/g̃ 222 s 107 s 313 475

7 particle decay chain 383 s 13.9 s 1 6

gg → (g̃ → uūχ̃0
1)(g̃ → uūχ̃0

1) 70 s 13.9 s 1 48

pp → (g̃ → jjχ̃0
1)(g̃ → jjχ̃0

1) — 251 s 144 11008

Table 5: Time for generation of complete MadEvent directories (with the exception of gg → 5g,
for which a Fortran standalone directory was generated) for a selection of 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 processes are generated
with maximal number of QCD vertices. 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.

As an example of phenomenology using these implementations, we show in Fig. 3a the cross

sections for different species of colour sextet and antitriplet scalar diquarks D at LHC with 7

TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define

– 22 –
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1)(g̃ → uūχ̃0
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Process MadGraph 4 MadGraph 5 Subprocesses Diagrams

pp → jjj 29.0 s 25.8 s 34 307

pp → jjl+l− 341 s 103 s 108 1216

pp → jjje+e− 1150 s 134 s 141 9012

uū → e+e−e+e−e+e− 772 s 242 s 1 3474

gg → ggggg 2788 s 1050 s 1 7245

pp → jj(W+ → l+νl) 146 s 25.7 s 82 304

pp → tt̄+full decays 5640 s 15.7 s 27 45

pp → q̃/g̃ q̃/g̃ 222 s 107 s 313 475

7 particle decay chain 383 s 13.9 s 1 6

gg → (g̃ → uūχ̃0
1)(g̃ → uūχ̃0

1) 70 s 13.9 s 1 48

pp → (g̃ → jjχ̃0
1)(g̃ → jjχ̃0

1) — 251 s 144 11008

Table 5: Time for generation of complete MadEvent directories (with the exception of gg → 5g,
for which a Fortran standalone directory was generated) for a selection of 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 processes are generated
with maximal number of QCD vertices. 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.

As an example of phenomenology using these implementations, we show in Fig. 3a the cross

sections for different species of colour sextet and antitriplet scalar diquarks D at LHC with 7

TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define
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with maximal number of QCD vertices. 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.

As an example of phenomenology using these implementations, we show in Fig. 3a the cross
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TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define
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quoted after combination of subprocesses with identical matrix elements. All processes are generated
with maximal number of QCD vertices. 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.

As an example of phenomenology using these implementations, we show in Fig. 3a the cross

sections for different species of colour sextet and antitriplet scalar diquarks D at LHC with 7

TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define
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1 ). The number of subprocesses and diagrams are
quoted after combination of subprocesses with identical matrix elements. All processes are generated
with maximal number of QCD vertices. 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.

As an example of phenomenology using these implementations, we show in Fig. 3a the cross

sections for different species of colour sextet and antitriplet scalar diquarks D at LHC with 7

TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define
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with maximal number of QCD vertices. All numbers are for a Sony VAIO TZ laptop with 1.06 GHz Intel
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As an example of phenomenology using these implementations, we show in Fig. 3a the cross

sections for different species of colour sextet and antitriplet scalar diquarks D at LHC with 7

TeV c.m. energy. We have included colour sextet diquarks coupling to uu/cc/tt, dd/ss/bb and

ud/cs/tb, and colour antitriplet diquarks coupling to ud/cs/ tb. Note that due to the antisym-

metry of the εijk colour coupling of colour triplet diquarks to quarks, colour triplet diquarks can

only couple to off-diagonal flavour quark combinations. 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 different

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 the kT -MLM matching scheme

that is default in MadGraph, with 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.

6.2 4-fermion vertices: uu → tt

With the possibility of specifying vertices with arbitrary number of particles, a particular diffi-

culty arises when a vertex has more than two fermions, in which case it is necessary to define
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Event generation speed benchmarks

Process
Subproc. dirs. Channels Directory size Event gen. time

MG 4 MG 5 MG 4 MG 5 MG 4 MG 5 MG 4 MG 5

pp → W+j 6 2 12 4 79 MB 35 MB 3:15 min 1:55 min

pp → W+jj 41 4 138 24 438 MB 64 MB 9:15 min 4:19 min

pp → W+jjj 73 5 1164 120 842 MB 110 MB 21:41 min* 8:14 min*

pp → W+jjjj 296 7 15029 609 3.8 GB 352 MB 2:54 h* 46:50 min*

pp → W+jjjjj - 8 - 2976 - 1.5 GB - 11:39 h*

pp → l+l−j 12 2 48 8 149 MB 44 MB 21:46 min 3:00 min

pp → l+l−jj 54 4 586 48 612 MB 83 MB 2:40 h 11:52 min

pp → l+l−jjj 86 5 5408 240 1.2 GB 151 MB 49:18 min* 16:38 min*

pp → l+l−jjjj 235 7 65472 1218 5.3 GB 662 MB 7:16 h* 2:45 h*

pp → tt̄ 3 2 5 3 49 MB 39 MB 2:39 min 1:55 min

pp → tt̄j 7 3 45 17 97 MB 56 MB 10:24 min 3:52 min

pp → tt̄jj 22 5 417 103 274 MB 98 MB 1:50 h 32:37 min

pp → tt̄jjj 34 6 3816 545 620 MB 209 MB 2:45 h* 23:15 min*

Table 2: Number of subprocess directories, number of integration channels for the initial run (“survey”)
of the event generation, size of the directory after one run generating 10,000 events, and run times for
generating 10,000 events, comparing MadGraph/MadEvent4̃ output (“MG 4”) with grouped subpro-
cess output (“MG 5”). For all processes, p = j = g/u/ū/c/c̄/d/d̄/s/s̄, l± = e±/µ±. The run times for
0-, 1- and 2-jet processes 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, while the 3-, 4- and 5-jet run times (marked by *) are for a
128-core computer cluster with Intel Xeon 2.50GHz CPUs. pp → W+ + 5j is not possible to run with
MadGraph/MadEvent 4.

of the results. The resulting reduction in run times for a few sample processes are also given in

Table 2.

3.2 Matrix element libraries for Pythia 8

Pythia is one of the most widely used multipurpose event generators, which includes matrix

element evaluation, parton showering, hadronization, particle decays and underlying events in

a single framework. Matrix elements for Pythia have historically been implemented by hand.

The most recent implementation of Pythia, the C++ version Pythia 8, allows matrix elements

for 2 → 1, 2 → 2 and 2 → 3 processes to be provided by external programs. The flexibility in

output formats in MadGraph 5 has allowed us to implement dedicated matrix element output

for Pythia 8, thereby effectively removing the need for implementation of any matrix elements

for Pythia by hand.

Let us now describe the main features of this new implementation for the readers interested

in more technical details.

The new matrix elements are given in the form of classes inheriting from the internal base

class SigmaProcess. Such process classes need to implement a number of member functions,

providing Pythia with information about the process (initial states, external particle masses,

s-channel resonances, etc.), as well as functions to evaluate the matrix elements for all included

subprocesses and select final-state particle id’s and colour flow for each event. During event

– 14 –

Generation of 10,000 unweighted events
Computer: Sony Vaio TZ laptop / *128-core cluster
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128-core computer cluster with Intel Xeon 2.50GHz CPUs. pp → W+ + 5j is not possible to run with
MadGraph/MadEvent 4.
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pp → tt̄jjj 34 6 3816 545 620 MB 209 MB 2:45 h* 23:15 min*

Table 2: Number of subprocess directories, number of integration channels for the initial run (“survey”)
of the event generation, size of the directory after one run generating 10,000 events, and run times for
generating 10,000 events, comparing MadGraph/MadEvent4̃ output (“MG 4”) with grouped subpro-
cess output (“MG 5”). For all processes, p = j = g/u/ū/c/c̄/d/d̄/s/s̄, l± = e±/µ±. The run times for
0-, 1- and 2-jet processes 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, while the 3-, 4- and 5-jet run times (marked by *) are for a
128-core computer cluster with Intel Xeon 2.50GHz CPUs. pp → W+ + 5j is not possible to run with
MadGraph/MadEvent 4.

of the results. The resulting reduction in run times for a few sample processes are also given in

Table 2.

3.2 Matrix element libraries for Pythia 8

Pythia is one of the most widely used multipurpose event generators, which includes matrix

element evaluation, parton showering, hadronization, particle decays and underlying events in

a single framework. Matrix elements for Pythia have historically been implemented by hand.

The most recent implementation of Pythia, the C++ version Pythia 8, allows matrix elements

for 2 → 1, 2 → 2 and 2 → 3 processes to be provided by external programs. The flexibility in

output formats in MadGraph 5 has allowed us to implement dedicated matrix element output

for Pythia 8, thereby effectively removing the need for implementation of any matrix elements

for Pythia by hand.

Let us now describe the main features of this new implementation for the readers interested

in more technical details.

The new matrix elements are given in the form of classes inheriting from the internal base

class SigmaProcess. Such process classes need to implement a number of member functions,

providing Pythia with information about the process (initial states, external particle masses,

s-channel resonances, etc.), as well as functions to evaluate the matrix elements for all included

subprocesses and select final-state particle id’s and colour flow for each event. During event
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No problem running processes like tt + 0,1,2j on a laptop! 

Generation of 10,000 unweighted events
Computer: Sony Vaio TZ laptop / *128-core cluster
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