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• Colored particle production
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BSM (NLO) PROCESS OVERVIEW IN MG5AMC

• Colored scalar pair production
• Supersymmetric QCD
• Vector-like quark pair production

Degrande, Fuks, Hirschi, Proudom, HSS (PRD’15)

Degrande, Fuks, Hirschi, Proudom, HSS (PLB’16)

Les Houches 2015 (1605.02684) ; Fuks, HSS (1610.04622)

• BSM Higgs production
• Higgs characterisation model

Artoisenet et al. (JHEP’13); Maltoni, Mawatari, Zaro (EPJC’14); 
Demartin, Maltoni, Mawatari, Page, Zaro (EPJC’14); Demartin, Maltoni, 

Mawatari, Zaro (EPJC’15)

• Two-Higgs-Doublet Model Degrande (CPC’15); Degrande, Ubiali, Wiesemann, Zaro (JHEP’15); Degrande, 
Frederix, Hirschi, Ubiali, Wiesemann, Zaro (1607.05291)

• Georgi-Machacek model Degrande, Hartling, Logan, Peterson, Zaro (PRD’16)

• Spin-2 particle production Das, Degrande, Hirschi, Maltoni, HSS (1605.09359)

• Dark matter collider production
• s-channel mediator

• t-channel mediator Fuks, Hirschi, Mattelaer et al. (in preparation)

• spin 0 or 1 mediator Mattelaer Vryonidou (EPJC’15); Backovic, Kramer, Maltoni, Martini, Mawatari, Pellen 
(EPJC’15); Neubert, Wang, Zhang (JHEP’16); Arina et al. (JHEP’16)

• spin 2 mediator Das, Degrande, Hirschi, Maltoni, Mawatari, HSS et al. (in preparation)

• MSSM Degrande, Fuks, Goncalves-Netto, Hirschi, Lopez-Val, Mawatari, Pagani, Proudom, HSS, Zaro (in preparation)
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• SM effective field theory

3

BSM (NLO) PROCESS OVERVIEW IN MG5AMC

• Top FCNC processes
• ttbarZ/gamma/Higgs production
• Single-top production

Degrande, Maltoni, Wang, Zhang (PRD’15); 
Durieux, Maltoni, Zhang (PRD’15)

Bylund, Maltoni, Tsinikos, Vryonidou, Zhang 
(JHEP’16); Maltoni, Vryonidou, Cen (JHEP’16)

Zhang (PRL’16)

• Other colorless particle production

• Top pair production via chromomagnetic dipole momenta Franzosi, Zhang (PRD’15)

• Heavy neutrino production Degrande, Mattelaer, Ruiz, Tumer (PRD’16)

• Higgs production with dimension-6 operators Degrande, Fuks, Mawatari, Mimasu, 
Sanz (1609.04833)
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Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14)

FEYNRULES: STRUCTURE
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Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14)

FEYNRULES: INPUT
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•Definitions of particles
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· · ·

· · ·
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•Definitions of particles

5

· · ·

· · ·

•Definitions of parameters

· · ·

· · ·

•Definitions of gauge groups

• The Lagrangian
LQCD = �1

4
Ga

µ⌫G
a,µ⌫ + iq̄�µDµq �Mq q̄q

Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14)

FEYNRULES: INPUT
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FEYNRULES: DERIVATION
• Above information can be incorporated in .fr files and load 

the file via

• Extracting the Feynman rules

•Output the model files for various generators
CalcHep
FeynArts
Sherpa

Whizard

WriteCHOutput[ L ]
WriteFeynArtsOutput[ L ]

WriteSHOutput[ L ]

WriteWOOutput[ L ]

Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14)

WriteUFO[ L ]
MadGraph5_aMC@NLO

Sherpa
GoSam

{
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FEYNRULES: DERIVATION
• Above information can be incorporated in .fr files and load 

the file via

• Extracting the Feynman rules

•Output the model files for various generators
CalcHep
FeynArts
Sherpa

Whizard

WriteCHOutput[ L ]
WriteFeynArtsOutput[ L ]

WriteSHOutput[ L ]

WriteWOOutput[ L ]

Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14)

WriteUFO[ L ]
MadGraph5_aMC@NLO

Sherpa
GoSam

{NEW Standard !
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FEYNRULES: STRUCTURE
Christensen, Duhr (CPC’09); Alloul, Christensen, Duhr, Degrande, Fuks (CPC’14); Degrande (CPC’15)

Degrande (CPC’15)
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FEYNRULES: DERIVATION@NLO I
Degrande (CPC’15)

Load FeynRules and Model file

Load restrict card

Get renormalization Lagrangian

Generate NLO FeynArts Model

Derive Feynman rule (optional)
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FEYNRULES: DERIVATION@NLO II
Degrande (CPC’15)

Quit kernel

Load FeynArts and NLOCT

Compute UV and R2 CT
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FEYNRULES: DERIVATION@NLO III

Quit kernel

Get the UV and R2 computed by NLOCT

Load FeynRules and Model file again

Load restrict card again

Write out NLO UFO model
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

For example: SUSY QCD
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

For example: SUSY QCD

ParticlesInteractions

Parameters
Propagators

NLO
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

• Particles are in particles.py
• Instances of the particle class
• spin, color, mass, width, PDG etc
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

• Particles are in particles.py
• Instances of the particle class
• spin, color, mass, width, PDG etc

• Parameters are in parameters.py
• External parameters are in LHA-like 
• Python-compliant formula for int. para
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

• Interactions are in vertices.py, couplings.py, lorentz.py, coupling_orders,py
• Vertices are decomposed in a spin x color basis, coupling being coordinates
• Example: the quartic gluon vertex can be written as

• vertices.py: define all Feynman rules for vertices in the model

• lorentz.py: define the Lorentz structure in the model

• couplings.py: define the coupling constant in the model

• coupling_orders.py: define the coupling orders in the model
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UFO: UNIVERSAL FEYNRULES OUTPUT
Degrande, Duhr, Fuks, Grellscheid, Mattelaer, Reiter (CPC’12)

• Interactions are in vertices.py, couplings.py, lorentz.py, coupling_orders,py
• Vertices are decomposed in a spin x color basis, coupling being coordinates
• Example: the quartic gluon vertex can be written as

• vertices.py: define all Feynman rules for vertices in the model

• lorentz.py: define the Lorentz structure in the model

• couplings.py: define the coupling constant in the model

• coupling_orders.py: define the coupling orders in the model
Make sure > 0 for NLO QCD
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UFO@NLO
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• Provide renormalization scale in parameters.py

14

UFO@NLO
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• Provide renormalization scale in parameters.py
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• CT_vertices.py:UV, R2 counter term vertices

UFO@NLO
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• Provide renormalization scale in parameters.py
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• CT_vertices.py:UV, R2 counter term vertices

• CT_couplings.py: couplings for UV and R2 counter terms

UFO@NLO
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• Provide renormalization scale in parameters.py

14

• CT_vertices.py:UV, R2 counter term vertices

• CT_couplings.py: couplings for UV and R2 counter terms

• CT_parameters.py: parameters for UV and R2

coe�cient of

1

✏

UFO@NLO
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• Provide renormalization scale in parameters.py

14

• CT_vertices.py:UV, R2 counter term vertices

• CT_couplings.py: couplings for UV and R2 counter terms

• CT_parameters.py: parameters for UV and R2

coe�cient of

1

✏
finite pieceComplicated mass spectrum makes 

the computation heavy !!!

UFO@NLO
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• Integral can be reduced to 
a minimal basis that was 
known.

15

Z
d(4�2✏) N(l)

D0D1D2 · · ·Dm�1
=

X

0i0<i1<i2<i3m�1

di0i1i2i3I0(i0i1i2i3)+

X

0i0<i1<i2m�1

ci0i1i2I0(i0i1i2)+

X

0i0<i1m�1

bi0i1I0(i0i1)+

X

0i0m�1

ai0I0(i0)+

R,

I0(i0i1i2i3) ⌘
Z

d(4�2✏)l
1

Di0Di1Di2Di3

,

I0(i0i1i2) ⌘
Z

d(4�2✏)l
1

Di0Di1Di2

,

I0(i0i1) ⌘
Z

d(4�2✏)l
1

Di0Di1

,

I0(i0) ⌘
Z

d(4�2✏)l
1

Di0

.

• Rational term R is in 
general process 
dependent.

ONE-LOOP INTEGRAL
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Z
d(4�2✏) N(l)
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Z
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Z
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Di0Di1

,
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Z
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1

Di0

.

• Rational term R is in 
general process 
dependent.

Rational functions
of external momentum 

and masses

ONE-LOOP INTEGRAL
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• The numerator N(l) is a 
complicated function 
(Clifford algebra etc) in d- 
and 4-dimensional 
quantities.

• It is usually conv. to work 
N(l) in 4-dim --> super 
useful for numerical 
calculations.

•We need a special rational 
term R2 !

• For example, gluon SE:

N(l) = � ↵S

(2⇡)3
�abTr[�

µ(/l +mt)�
⌫(/l + /p+mt)]"µ"⌫

•Dirac algebra gives the (d-4) 
numerator
Ñ(l̃) = 4

↵S

(2⇡)3
�abg

µ⌫ l̃2"µ"⌫

•With the integration
Z

d(4�2✏)l
l̃2

(l2 �m2
t )((l + p)2 �m2

t )
= � i⇡2

2

✓
2m2

t �
p2

3

◆
+O(✏)

• The corresponding R2 term
R2 = � i↵S

4⇡
(2m2

t �
p2

3
)�abg

µ⌫"µ"⌫

R2
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• It was proven that R2 is only UV related, hence universal (i.e. 
model dependent only), which can be derived by R2 
counterterm Feynman rules and should be derived once for 
all in each model.

17

Draggiotis, Garzelli, Papadopoulos, Pittau (JHEP’09); HSS, Zhang, Chao (JHEP’11)

R2
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