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PLAN 
• UFO

• Motivation

• Structure of the information

• ALOHA

• Motivation

• HELAS

• Automation

• Special Routine

• Link to MG5
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UFO: MOTIVATIONS

• Avoid multiple output model written by FR.

• Have the generator to adapt to the model and not the 
opposite.

• Avoid any possible limitations

• color

• helicity

• number of particles in a vertex

• gauge
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UFO

• Joint model for  MG5 / GOLEM / Herwig++

• Python Object Oriented Model

• Easy to interface with any code

• Standalone valid (python) model
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PURPOSE OF ALOHA

• ALOHA = Automatic Language-independent Output of
                Helicity Amplitude.

• Idea: made BSM model implementation 100% automatic from 
                FeynRules to detector simulation.

• Color: reason for the new color module of MG5

• HELAS: Need an automation
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STANDARD HELAS
• Idea: Evaluate m for fixed helicity of external particles.

M = ūγµv Pµν ūγνv

e+ e- > a> e+ e- QED=2 page 1/1

Diagrams made by MadGraph5

e+
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e-
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e+
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e-
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a

 diagram 1 QED=2
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STANDARD HELAS

• Idea: Evaluate m from 
impulsions and helicity of 
external particles.

u u~ > t t~ QED=0 page 1/1

Diagrams made by MadGraph5

u

1

u~

2

t

3

t~

4

g

 diagram 1 

• 1: Evaluate Wavefunctions of 
external particles
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ONE HELAS ROUTINE
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PHYSICAL CONTENT
• Lorentz structure associated to “e+ e- A” vertex is

• So the Associate Amplitude (IOV) will be:

• And the computation of the vector wavefunctions (JIO) is

• From the Lorentz structure it’s easy to compute automaticaly 
the HELAS routine 

γµX

X

2 pb pin

prad

· · ·

︸

︷︷

2’
p
′

b p
′

in

p
′

rad

· · ·

︸

︷︷

︸

1

γµ

−i Wf (e
−) γµ Wf (e

+) Aµ

Wf (e
−) γµ Wf (e

+)
ηµν

p2
A

1

γµ

−i Wf (e
−) γµ Wf (e

+) Aµ

Wf (e
−) γµ Wf(e

+)
−i ηµν

p2
A

1
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PHYSICAL CONTENT
• Lorentz structure associated to “e+ e- A” vertex is

• So the Associate Amplitude (IOV) will be:

• And the computation of the vector wavefunctions (JIO) is
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Hard to do in Python
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UFO
Vertices.py

Lorentz.py
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ALOHA

• Idea: Evaluate m from 
impulsions and helicity of 
external particles.

u u~ > t t~ QED=0 page 1/1

Diagrams made by MadGraph5
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 diagram 1 

• 1: Evaluate Wavefunctions of 
external particles
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ONE ALOHA ROUTINE
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• ALOHA IS PURE PYTHON and standalone
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ALOHA FEATURE

• ALOHA IS PURE PYTHON and standalone

• ALOHA IS FAST 

• SM in 3s and MSSM in 5s

• Possible to ask a subset of routine (Done in MG5)

• Output in Python / Fortran / C

• Particles spin implemented Scalar Fermion Vector Spin2
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SPECIAL ROUTINE

• Fermion clashes routine

4 Johan Alwall et al.: MadGraph 5 (Aurora)

1st iteration Groupings After replacements Result

e−, e+, u, ū, g

(e−, e+), u, ū, g
(γ), u, ū, g Failed (only 1 FG=True)
(Z), u, ū, g Failed (only 1 FG=True)

e−, e+, (u, ū), g
e−, e+, (γ), g Failed (only 1 FG=True)
e−, e+, (Z), g Failed (only 1 FG=True)
e−, e+, (g), g Failed (only 1 FG=True)

e−, e+, (u, g), ū e−, e+, (u), ū Failed (only 1 FG=True)
e−, e+, u, (ū, g) e−, e+, u, (ū) Failed (only 1 FG=True)

(e−, e+), (u, ū), g

(γ), (γ), g Failed (no vertex)
(γ), (Z), g Failed (no vertex)
(γ), (g), g Failed (no vertex)
(Z), (γ), g Failed (no vertex)
(Z), (Z), g Failed (no vertex)
(Z), (g), g Failed (no vertex)

(e−, e+), (u, g), ū
(γ), (u), ū Diagram 1
(Z), (u), ū Diagram 2

(e−, e+), u, (ū, g)
(γ), u, (ū) Diagram 3
(Z), u, (ū) Diagram 4

Table 1. Tabel to illustrate the steps of the diagram generation algorithm. See text for explanations. from group has been
abbreviated as FG.

amplitude call which returns the value of the amplitude
corresponding to this diagram. In this procedure, wave-
functions corresponding to identical subdiagrams contribut-
ing to different diagrams can be reused between the dia-
grams, leading to a considerable optimization, effectively
giving up to a factor hundred fewer wavefunction calls
than naively expected by the number of Feynman dia-
grams, see Sec. 5.3.

In the presence of Majorana particles or fermion num-
ber violating vertices, special care is needed to allow for
all possible contractions of fermions. MadGraph 5, like
its predecessors [48,6], uses the 4-spinor Feynman rules for
fermion number violation developed in [49]. In this formu-
lation, a fermion flow is defined for each fermion line in
a diagram, and fermion number violation (due to fermion
flow clashes) is taken into account using special charge
conjugate versions of the Γ µ matrices at a vertex where
a fermion flow clash happens. With this modification, the
fermion lines meeting at the vertex should be treated as if
they had a single fermion flow. The flow therefore needs to
be inverted along one of the lines, resulting in a continuous
fermion flow.

In MadGraph 5, the diagrams resulting from the dia-
gram generation are independent of the fermion flow, and
the definition of the flow is postponed to the time of he-
licity amplitude call generation.

Fermions with positive PDG code (“particles”) are ini-
tially assigned to be incoming (outgoing) if they are in the
initial (final) state, and vice versa for fermions with neg-
ative PDG code (“antiparticles”). If a fermion flow clash
is detected at the meeting of two fermion lines (i.e., the
two fermions have the same “incoming/outgoing” status),
the fermion flow direction of one of the lines has to be
inverted, and a charge conjugate vertex has to be intro-
duced at the position of the vertex or Majorana particle
line responsible for the fermion flow clash.

The procedure is the following: Fermion lines involved
in the clash are traversed, looking for Majorana particles.

u
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Fig. 2. Diagram for the fermion flow violating process ud →
ũd̃.

If a Majorana particle is found along one of the lines, the
“incoming/outgoing” status and particle/antiparticle id
is reversed for all particles up to (and including) the last
Majorana particle along the line. For particles beyond the
Majorana particle along the same fermion flow line, a flag
fermionflow is set to -1. The other line is left unchanged.
If no Majorana particle is found along either of the lines
(which is the case when the clash is due to a fermion flow
violating vertex), all fermions along the first leg have their
fermionflow flag is set to -1.

A helicity amplitude or wavefunction with any fermion
with negative fermionflow flag is required to use the
charge conjugate version of the amplitude of wavefunc-
tion, in accordance to the Feynman rules in [49]. For an
external leg, the incoming/outgoing status is reversed.

For multifermion vertices, the fermions are grouped in
pairs, each constituting a fermionline (see Sec. 2.2). Each
fermion line then has its own charge conjugate, which can
lead to multiple charge conjugate flags for a single helicity
amplitude or wavefunction.

As an explicit example of both helicity amplitude call
generation and the treatment of fermion flow violation, we

Denner’s method
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SPECIAL ROUTINE

• Fermion clashes routine

4 Johan Alwall et al.: MadGraph 5 (Aurora)

1st iteration Groupings After replacements Result

e−, e+, u, ū, g

(e−, e+), u, ū, g
(γ), u, ū, g Failed (only 1 FG=True)
(Z), u, ū, g Failed (only 1 FG=True)

e−, e+, (u, ū), g
e−, e+, (γ), g Failed (only 1 FG=True)
e−, e+, (Z), g Failed (only 1 FG=True)
e−, e+, (g), g Failed (only 1 FG=True)

e−, e+, (u, g), ū e−, e+, (u), ū Failed (only 1 FG=True)
e−, e+, u, (ū, g) e−, e+, u, (ū) Failed (only 1 FG=True)

(e−, e+), (u, ū), g

(γ), (γ), g Failed (no vertex)
(γ), (Z), g Failed (no vertex)
(γ), (g), g Failed (no vertex)
(Z), (γ), g Failed (no vertex)
(Z), (Z), g Failed (no vertex)
(Z), (g), g Failed (no vertex)

(e−, e+), (u, g), ū
(γ), (u), ū Diagram 1
(Z), (u), ū Diagram 2

(e−, e+), u, (ū, g)
(γ), u, (ū) Diagram 3
(Z), u, (ū) Diagram 4

Table 1. Tabel to illustrate the steps of the diagram generation algorithm. See text for explanations. from group has been
abbreviated as FG.

amplitude call which returns the value of the amplitude
corresponding to this diagram. In this procedure, wave-
functions corresponding to identical subdiagrams contribut-
ing to different diagrams can be reused between the dia-
grams, leading to a considerable optimization, effectively
giving up to a factor hundred fewer wavefunction calls
than naively expected by the number of Feynman dia-
grams, see Sec. 5.3.

In the presence of Majorana particles or fermion num-
ber violating vertices, special care is needed to allow for
all possible contractions of fermions. MadGraph 5, like
its predecessors [48,6], uses the 4-spinor Feynman rules for
fermion number violation developed in [49]. In this formu-
lation, a fermion flow is defined for each fermion line in
a diagram, and fermion number violation (due to fermion
flow clashes) is taken into account using special charge
conjugate versions of the Γ µ matrices at a vertex where
a fermion flow clash happens. With this modification, the
fermion lines meeting at the vertex should be treated as if
they had a single fermion flow. The flow therefore needs to
be inverted along one of the lines, resulting in a continuous
fermion flow.

In MadGraph 5, the diagrams resulting from the dia-
gram generation are independent of the fermion flow, and
the definition of the flow is postponed to the time of he-
licity amplitude call generation.

Fermions with positive PDG code (“particles”) are ini-
tially assigned to be incoming (outgoing) if they are in the
initial (final) state, and vice versa for fermions with neg-
ative PDG code (“antiparticles”). If a fermion flow clash
is detected at the meeting of two fermion lines (i.e., the
two fermions have the same “incoming/outgoing” status),
the fermion flow direction of one of the lines has to be
inverted, and a charge conjugate vertex has to be intro-
duced at the position of the vertex or Majorana particle
line responsible for the fermion flow clash.

The procedure is the following: Fermion lines involved
in the clash are traversed, looking for Majorana particles.
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Fig. 2. Diagram for the fermion flow violating process ud →
ũd̃.

If a Majorana particle is found along one of the lines, the
“incoming/outgoing” status and particle/antiparticle id
is reversed for all particles up to (and including) the last
Majorana particle along the line. For particles beyond the
Majorana particle along the same fermion flow line, a flag
fermionflow is set to -1. The other line is left unchanged.
If no Majorana particle is found along either of the lines
(which is the case when the clash is due to a fermion flow
violating vertex), all fermions along the first leg have their
fermionflow flag is set to -1.

A helicity amplitude or wavefunction with any fermion
with negative fermionflow flag is required to use the
charge conjugate version of the amplitude of wavefunc-
tion, in accordance to the Feynman rules in [49]. For an
external leg, the incoming/outgoing status is reversed.

For multifermion vertices, the fermions are grouped in
pairs, each constituting a fermionline (see Sec. 2.2). Each
fermion line then has its own charge conjugate, which can
lead to multiple charge conjugate flags for a single helicity
amplitude or wavefunction.

As an explicit example of both helicity amplitude call
generation and the treatment of fermion flow violation, we

Denner’s method
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SPECIAL ROUTINE

• Fermion clashes routine

4 Johan Alwall et al.: MadGraph 5 (Aurora)

1st iteration Groupings After replacements Result

e−, e+, u, ū, g

(e−, e+), u, ū, g
(γ), u, ū, g Failed (only 1 FG=True)
(Z), u, ū, g Failed (only 1 FG=True)

e−, e+, (u, ū), g
e−, e+, (γ), g Failed (only 1 FG=True)
e−, e+, (Z), g Failed (only 1 FG=True)
e−, e+, (g), g Failed (only 1 FG=True)

e−, e+, (u, g), ū e−, e+, (u), ū Failed (only 1 FG=True)
e−, e+, u, (ū, g) e−, e+, u, (ū) Failed (only 1 FG=True)

(e−, e+), (u, ū), g

(γ), (γ), g Failed (no vertex)
(γ), (Z), g Failed (no vertex)
(γ), (g), g Failed (no vertex)
(Z), (γ), g Failed (no vertex)
(Z), (Z), g Failed (no vertex)
(Z), (g), g Failed (no vertex)

(e−, e+), (u, g), ū
(γ), (u), ū Diagram 1
(Z), (u), ū Diagram 2

(e−, e+), u, (ū, g)
(γ), u, (ū) Diagram 3
(Z), u, (ū) Diagram 4

Table 1. Tabel to illustrate the steps of the diagram generation algorithm. See text for explanations. from group has been
abbreviated as FG.

amplitude call which returns the value of the amplitude
corresponding to this diagram. In this procedure, wave-
functions corresponding to identical subdiagrams contribut-
ing to different diagrams can be reused between the dia-
grams, leading to a considerable optimization, effectively
giving up to a factor hundred fewer wavefunction calls
than naively expected by the number of Feynman dia-
grams, see Sec. 5.3.

In the presence of Majorana particles or fermion num-
ber violating vertices, special care is needed to allow for
all possible contractions of fermions. MadGraph 5, like
its predecessors [48,6], uses the 4-spinor Feynman rules for
fermion number violation developed in [49]. In this formu-
lation, a fermion flow is defined for each fermion line in
a diagram, and fermion number violation (due to fermion
flow clashes) is taken into account using special charge
conjugate versions of the Γ µ matrices at a vertex where
a fermion flow clash happens. With this modification, the
fermion lines meeting at the vertex should be treated as if
they had a single fermion flow. The flow therefore needs to
be inverted along one of the lines, resulting in a continuous
fermion flow.

In MadGraph 5, the diagrams resulting from the dia-
gram generation are independent of the fermion flow, and
the definition of the flow is postponed to the time of he-
licity amplitude call generation.

Fermions with positive PDG code (“particles”) are ini-
tially assigned to be incoming (outgoing) if they are in the
initial (final) state, and vice versa for fermions with neg-
ative PDG code (“antiparticles”). If a fermion flow clash
is detected at the meeting of two fermion lines (i.e., the
two fermions have the same “incoming/outgoing” status),
the fermion flow direction of one of the lines has to be
inverted, and a charge conjugate vertex has to be intro-
duced at the position of the vertex or Majorana particle
line responsible for the fermion flow clash.

The procedure is the following: Fermion lines involved
in the clash are traversed, looking for Majorana particles.
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Fig. 2. Diagram for the fermion flow violating process ud →
ũd̃.

If a Majorana particle is found along one of the lines, the
“incoming/outgoing” status and particle/antiparticle id
is reversed for all particles up to (and including) the last
Majorana particle along the line. For particles beyond the
Majorana particle along the same fermion flow line, a flag
fermionflow is set to -1. The other line is left unchanged.
If no Majorana particle is found along either of the lines
(which is the case when the clash is due to a fermion flow
violating vertex), all fermions along the first leg have their
fermionflow flag is set to -1.

A helicity amplitude or wavefunction with any fermion
with negative fermionflow flag is required to use the
charge conjugate version of the amplitude of wavefunc-
tion, in accordance to the Feynman rules in [49]. For an
external leg, the incoming/outgoing status is reversed.

For multifermion vertices, the fermions are grouped in
pairs, each constituting a fermionline (see Sec. 2.2). Each
fermion line then has its own charge conjugate, which can
lead to multiple charge conjugate flags for a single helicity
amplitude or wavefunction.

As an explicit example of both helicity amplitude call
generation and the treatment of fermion flow violation, we

Denner’s method
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SPECIAL ROUTINE
• Fermion clashes routine: Denner’s method

• Multi ALOHA routine:

VERY IMPORTANT
for Z vertex
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UFO/ALOHA IN MG5
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UFO/ALOHA IN MG5

• UFO is the default model

• Only Model with Full Option

• MG5 provides a way to display the UFO model

• MG5 provides a way to restrict the UFO model

• MG5 is able to convert the UFO model to fortran/C++

• ALOHA is call on the fly, producing only the require routine
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VALIDATION
mg5>import model RS
mg5>check full p p > j y
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VALIDATION
mg5>import model RS
mg5>check full p p > j y

All good
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VALIDATION
• MG4/MG5 validation:

• SM / MSSM / HEFT / RS: more than 4000 processes

• MG5/analytical (SLIH):

! CD: I do not like this wording. This sounds like it is too hard to be sure
that we are doing the correct thing. I would simply say that since there was
no matrix element generator implementation so far, we compared against
hand-made analytic computations and found overall good agreement. What
do you think? CD’: I mean that UFO does not computed anything, the only
validation you can do at the UFO level is to look carefully at the expression.
So we need a computation tool to validate a model.
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Fig. 1. The relative correction ∆Γ
ΓSM

≡ ΓSILH−ΓSM

ΓSM
to the decay width of the Higgs

in two W bosons in the SILH model for gρ = 1, f = 1 TeV and thus ξ = 0.060623,
cH = 4, cW = 2, cHW = 800. Only the interference with the SM and the new
operators is taken into account in ΓSILH (see Eq.(6.6) of [1] and reference therein).

6 Conclusion
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PERSPECTIVE

• Spin 3/2

• GPU

• More special routine
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CONCLUSION

• UFO: Fully complete easy model

• UFO: Easy format to dealt with

• ALOHA: The Helas routine for BSM without the pain to write 
it.

• Fully interfaced with MG5.
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