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Prediction chain

ModelGµ⌫Gµ⌫ + ıq̄(i)Dµ�
µq(i) + [· · · ] = ı�µtaij , ...

SymmetriesSU(3)⇥ SU(2)⇥ U(1) Gµ⌫Gµ⌫ + ıq̄(i)Dµ�
µq(i) + · · ·

Matrix Elementpp ! jj QCD = 2 M2
gg!dd̄ , ...

Partonic Eventsmatrix.f

Hadron level {⇡0,K+, e+, p, · · · }events.lhe

Detector levelevents.hep



Partonic EventsMadFKS / MadEvent

Hadron levelPythia / Herwig

Partonic Events

Detector levelPGS / DELPHES

SymmetriesGalileo

ModelFeynRules

Matrix ElementMG5 / MadLoop
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ModelFeynRules

Artwork by C. Degrande
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Lagrangian

FeynArts

Interfaces or UFO

TeX Feynman Rules

Model-file
Particles, parameters, ...

FeynRules

Golem

MadGraph 5

Sherpa

[Alloul, Christensen, Degrande, Duhr, Fuks] 

Whizard

CalcHep

HERWIG

Feynrules Structure
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Feynrules: the basics
• Start with the definition of the abstract objects entering the Lagrangian

Fields, Lagrangian and other 
variables defined in the model.fr 
file using Mathematica syntax.
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Feynrules: the basics

Output {

The UFO format has become the 
standard, as it is now being used by 

MG5_aMC, Sherpa, GoSam
< 0|iLI |fields >



Valentin Hirschi, SLAC MadGraph5_aMC@NLO 08.28.2015SUSY 2015

The UFO STANDARD
[ C. Degrande, C. Duhr, B. Fuks, D. Grellscheid, O. Mattelaer,  T.Reiter in 1108.2040v1] 

vertices.py

• A python module containing the full model information, consisting of the files...

couplings.py

coupling_orders.py

• name

• hierarchy

• In	
  the	
  SM:	
  QCD,	
  QED

parameters.pylorentz.py
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FR+UFO: Big Success at LO
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two missing ingredients for NLO

• UV counterterms:

�0 ! (1 +
1

2
�Z��) +

X

�

1

2
�Z���

x0 ! x+ �x

g(x) ! g(x+ �x)

L0 ! L+ �L
Fields

ext. params

int. params }
A) Renormalize the Lagrangian 

C) Solve for the counterterms by applying renormalization conditions 

D) Derive and output the corresponding UV counterterms. 

B) Compute the defining loops 

Done in FeynArts. Notice that for        , only poles are needed.MS
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Ex.: Renormalizing the Two Higgs Doublet Model

... automation IS 
much needed here 

H+ wavefunction 
renormalization 
constant in 2HDM
for QCD, QED and
EW corrections...

with



1

(2⇡)4

Z
ddq̄

N̄(q̄)

D̄0D̄1 · · · D̄m�1
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NLOCT:   MISSING ingredients for NLO

• R2 counterterms:

 Problem : numerical technique can only evaluate the numerator in 4 dimensions 

D̄i = (q̄ + pi)
2 �m2

iLoop amplitude: ,

 Solution : isolate the ε-dim part of the numerator: N̄(q̄)| {z }
d-dim

= N(q)| {z }
4-dim

+ Ñ(q̃, q, ✏)| {z }
✏�dim

�
Z

ddq̄
q̃2

D̄0D̄1D̄2
= � i⇡2

2
+O(✏) Ex. : 

�i
↵

2⇡
e�µ

 Then : compute analytically the finite set of loops for which its contribution   
does not vanish, and re-express it in terms of an R2 Feynman rules.

R2 ⌘ lim
✏!0

1

(2⇡)4

Z
ddq̄

Ñ(q̃, q, ✏)

D̄0D̄1 · · · D̄m�1
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Ex:   4-gluon vertex R2 in the SM 

R2 counterterms typically exhibit a simpler 
form, but can ALSO become more complicated.

Once again Automation is welcome.
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Lagrangian

FeynArts

Interfaces or UFO

TeX Feynman Rules

Model-file
Particles, parameters, ...

FeynRules

Golem

MadGraph 5

Sherpa

[Alloul, N. Christensen, C. Degrande, C. Duhr, B.Fuks, in 1310.1921] 

Whizard

CalcHep

HERWIG

FeynArts
Needed for the

computation of  UV 
and R2 counterterms

N
ew

 and public!

[C. Degrande, 1406.3030] 

NLOCT
+

Feynrules @ NLO (version 2.1)
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UFO @ NLO

CT_vertices.py

• A couple modifications to the tree-level UFO Standard.

coupling_orders.py

• perturbative_expansion

Specifies the kind of loops 
supported by the model

CT_parameters.py

• The one-to-one correspondence between a loop and its “corresponding counterterms” 
is kept as far as possible, guaranteeing consistency for any process definition.

[See sect. 2.4.2 of MG5_aMC ref paper for details, i.e. 1405.0301v2 ]
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[C. Degrande, 1406.3030] 
NLOCT    LIMITATIONS / ASSUMPTIONS

MS

• Renormalizable Lagrangian, i.e. maximum operator dimension is 4.

• Feynman gauge

• t’Hooft-Veltman scheme

• Onshell renormalization condition for wavefunctions and masses

•          everywhere else (zero momentum subtraction possible for 
couplings of massive fermions to gauge bosons).

• The generalization of the renormalization conditions 
considered is an important ongoing effort as it is necessary for:

EW corrections, 
full MSSM, 
complex-mass scheme (partially supported already),
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A loop model database

NLO models (5) 5 models for now

http://feynrules.irmp.ucl.ac.be/wiki/NLOModels

• Many more BSM models in development and to be added to this list.

• Now, how to use these models in practice for producing NLO-accurate simulations?

http://feynrules.irmp.ucl.ac.be/wiki/NLOModels
http://feynrules.irmp.ucl.ac.be/wiki/NLOModels


With some options specified:
>	
  import	
  model	
  stop_ttmet_NLO
>	
  generate	
  p	
  p	
  >	
  sig3	
  sig3~	
  /	
  t	
  [QCD]
>	
  output	
  MyProc
>	
  launch	
  -­‐f
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madgraph5_aMC@NLO

Process generation

 generate	
  <process>	
  <amp_orders_and_option>	
  [<mode>=<pert_orders>]	
  <squared_orders>	
  
 import	
  model	
  <model_name>-­‐<restrictions>

 output	
  <format>	
  <folder_name>
 launch	
  <options>

Very simple one:
>	
  generate	
  p	
  p	
  >	
  t	
  t~	
  [QCD]
>	
  output
>	
  launch

Examples, starting from a blank MG5 interface.

Event Generation follows at NLO like at LO

[J. Alwall, R. Frederix, S. Frixione,V.H., F. Maltoni,  O. Mattelaer, H.S. Shao, T. Stelzer, P. Torrielli, M. Zaro, 1405.0301]

The only difference between LO and NLO 
from the user perspective!

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Shao%2C%20H.%20-S.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Shao%2C%20H.%20-S.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Stelzer%2C%20T.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Stelzer%2C%20T.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Torrielli%2C%20P.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Torrielli%2C%20P.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Zaro%2C%20M.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Zaro%2C%20M.?recid=1293923&ln=en
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Beginning of a 
parenthesis

The LO meaning of [QCD]:
Loop-induced simulation
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Loop-induced parenthesis
[V.H., O. Mattelaer 1507.00020]

• Can you compute this loop-induced process with MG5_aMC?

• Well... no, but MadLoop can give you the loop ME’s!

• How does that help me?

• It... does not.

 There is a wide range of interest for loop-induced processes, but no 
automated efficient way of integrating them. 

                      Need to bring a definitive solution to this.

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://arxiv.org/abs/arXiv:1507.00020
http://arxiv.org/abs/arXiv:1507.00020
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Simplest example
[V.H., O. Mattelaer 1507.00020]

• generate g g > h [QCD]
• output
• launch

User Input

HEFT

Loop Induced

No bottom loop

�
toploop

= 17.65(2)pb
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Diagrams made by MadGraph5_aMC@NLO
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Diagrams made by MadGraph5_aMC@NLO
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Diagrams made by MadGraph5_aMC@NLO
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Diagrams made by MadGraph5_aMC@NLO
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�
loop

= 15.74(2)pb

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://arxiv.org/abs/arXiv:1507.00020
http://arxiv.org/abs/arXiv:1507.00020
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Improved parallelization
[V.H., O. Mattelaer 1507.00020]

MadEvent

•Iteration 1

•Grid Refinement

•Iteration 2

•Grid Refinement

•Iteration 1

•Grid Refinement

•Iteration 2

•Grid Refinement

|M |2 =
|M1|2

|M1|2 + |M2|2
|M |2 + |M2|2

|M1|2 + |M2|2
|M |2

Z
|M |2 =

Z |M1|2

|M1|2 + |M2|2
|M |2 +

Z |M2|2

|M1|2 + |M2|2
|M |2

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://arxiv.org/abs/arXiv:1507.00020
http://arxiv.org/abs/arXiv:1507.00020
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Improved parallelization
[V.H., O. Mattelaer 1507.00020]

 New MadEvent

•Iteration 1

•Grid Refinement

•Iteration 2

•Grid Refinement

•Iteration 1

•Grid Refinement

•Iteration 2

•Grid Refinement

Z
|M |2 =

Z |M1|2

|M1|2 + |M2|2
|M |2 +

Z |M2|2

|M1|2 + |M2|2
|M |2

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://arxiv.org/abs/arXiv:1507.00020
http://arxiv.org/abs/arXiv:1507.00020
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Automate and conquer
[V.H., O. Mattelaer 1507.00020]

†
? : Published but not publicly available.

: Computed here for the first time.

• Extract from a semi-exhaustive list of all loop-induced SM processes

http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://inspirehep.net/author/profile/Mattelaer%2C%20O.?recid=1293923&ln=en
http://arxiv.org/abs/arXiv:1507.00020
http://arxiv.org/abs/arXiv:1507.00020
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Back to BSM at NLO:

The whole automated chain 
applied to SUSY.

Warm-up round:
Colored scalars pair-production 

in a simplified model



O�
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Colored Scalar octet pair production
[C. Degrande, B. Fuks, V.H., J. Proudom, H.S.Shao in 1412.5589 ] 

• sgluon pair production

• Counterterms derived by FR+NLOCT :

UV
• Analytical cross-checks and numerical comparison for local phase-

space points vs MadGolem.

R2
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Scalar color triplet pair production
[C. Degrande, B. Fuks, V.H., J. Proudom, H.S.Shao in 1412.5589 ] 

• Squark pair production

• Counterterms derived by FR+NLOCT :

R2

• Analytical cross-checks and numerical comparison vs Prospino :

UV

O�
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Scalar color triplet pair production
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MadAnalysis5 recasting

LO+0,1j (PY6+MLM)
LO+0,1,2j (PY6+MLM)
NLO+0j (PY8)

, LO (PY6) Preliminary

All signal samples normalized to NLO

Recasting in MA5: Conte, Dumont, Fuks, Wymant [EPJC 74 (2014) 3103]
CMS-SUS-13-011 implementation in MA5: Dumont, Fuks, Kraml et al [EPJC 75 (2015) 56]



LSQCD =Dµq̃
†
LD

µq̃L +Dµq̃
†
RD

µq̃R +
i

2
¯̃g /Dg̃

�m2
q̃L q̃

†
Lq̃L �m2

q̃R q̃
†
Rq̃R � 1

2
mg̃

¯̃gg̃

+
p
2gs

h
� q̃†LT

�
¯̃gPLq

�
+

�
q̄PLg̃

�
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i

� g2s
2

h
q̃†RT q̃R � q̃†LT q̃L

ih
q̃†RT q̃R � q̃†LT q̃L

i
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i
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�̄/@�� 1

2
m��̄�

+
p
2g0
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�
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�
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�
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A look ahead : Gluino pair production
[C. Degrande, B. Fuks, V.H., J. Proudom, H.S.Shao in preparation] 

• Gluinos pair production...

• ... including the squark decay. 

Well underway; already full agreement with Prospino. 
Majorana flow, top quark mixing matrix renorm, SUSY restoring CT: Solved.
Onshell subtraction : Work in progress...

�

O

�
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Onshell subtraction
• Real-emission diagrams to the process                 :pp ! g̃g̃

O.K, this is a 
legitimate QCD 
correction to the 

original Born process 
definition!

NO, this is simply the 
process                   in  

disguise! Must be 
removed!

pp ! g̃ũR

• Problematic for the MC integration since squark resonance is not mapped.

• Different solutions currently under investigation.
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The next step will then be

full MSSM@(QCD)NLO!
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The longed-for conclusion

• Loop-induced simulation now streamlined in MG5_aMC.

• Automatic BSM@NLO is a thing! See already available models at:

                http://feynrules.irmp.ucl.ac.be/wiki/NLOModels

   ...or build you own UFO NLO model with FeynRules if not already available.

• Full MSSM@(QCD)NLO soon available (as well as automated MA5 recasting).

http://feynrules.irmp.ucl.ac.be/wiki/NLOModels
http://feynrules.irmp.ucl.ac.be/wiki/NLOModels
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Soon !
MSSM


