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The LHC is on track!

but where are we heading...?
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What will be needed for the LHC?
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The Beginnings

KEK Report 91-11
January 1992
H

HELAS: HELicity Amplitude Subroutines
for Feynman Diagram Evaluations

H. MURAYAMA, 1. WATANABE and K. HAGIWARA

| %f@%
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The Beginnings

University of Wisconsin - Madison MAD/PH/813

January 1994

Automatic Generation of Tree Level
Helicity Amplitudes

T. Stelzer
Physics Department, University of Durham
Durham DH1 3LE, England

and

W. F. Long
Physics Department, University of Wisconsin-Madison
Madison, WI 53706, USA

Abstract

The program MadGraph is presented which automatically gener-
ates postscript Feynman diagrams and Fortran code to calculate arbi-
trary tree level helicity amplitudes by calling HELAS[1] subroutines.
The program is written in Fortran and is available in Unix and VMS$S
versions. MadGraph currently includes standard model interactions
of QCD and QFD, but is easilv modified to include additional models
such as supersymmetry.
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The Beginnings

A PR —
i%ﬁ? PUBLISHED BY INSTITUTE OF PHYSICS PUBLISHING FOR SISSA/ISAS
RECEIVED: Septemnber 4, 2002
Revisen: February 10, 2003
AccepTED: February 17, 2003

MadEvent: automatic event generation with
MadGraph*

Fabio Maltoni and Tim Stelzer

Department of Physics, University of Hllinois at Urbana-Champaign
1110 West Green Street, Urbana, IL 615801, USA
E-mail: tstelzerQuiuc.edu, paltoni@uiuc.edu

ABSTRACT: We present a new multi-channel integration method and its implementation
in the multi-purpose event generator MadEvent, which is based on MadGraph. Given a
process, MadGraph automatically identifies all the relevant subprocesses, generates both
the amplitudes and the mappings needed for an efficient integration over the phase space,
and passes themn to MadEvent. As a result, a process-specific, stand-alone code is produced
that allows the user to calculate cross sections and produce unweighted events in a standard
output format. Several examples are given for processes that are relevant for physics studies
at present and forthcoming colliders.
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First “offical” BSM

APS » Journals » Phys. Rev. D » Volume 73 » Issue 5 < Previous Article | Next Article >
Phys. Rev. D 73, 054002 (2006) [16 pages]

Weak boson fusion production of supersymmetric particles
at the CERN LHC

Abstract References Citing Articles (18)

Download: PDF (259 kB) Buy this article Export: BibTeX or EndNote (RIS)

G. C. Cho!"", K. Hagiwara21, J. Kanzaki®¥, T. Plehn®8, D. Rainwater®™, and T. Stelzer® 1T

Ochanomizu University, Tokyo, Japan

EThem]f Division, KEK, Tsukuba, Japan

3institute of Particle and Nuclear Studies, KEK, Tsukuba, Japan

4Max Planck Institute for Physics, Munich, Germany and School of Physics, University of Edinburgh, Scotland
EDepanmenr of Physics and Astronomy, Universify of Rochester, Rochester, New York, USA

GDepaﬂmenr of Physics, University of Illinois, Urbana, lllinois, USA

Received 9 January 2006; published 6 March 2006

We present a complete ygak boson fusion production of colorless supersymmetric particles at the LHC, using the new

matrix element ganar e cross sections are small, generally at the attobarn level, with a few notable exceptions
which might provide addilioms Brsymmetric parameter measurements. We discuss in detail how to consistently define

supersymmetric weak couplings to preserve unitarity of weak gauge boson scattering amplitudes to fermions, and derive sum rules
for weak supersymmetric couplings.
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['he Web Generation
HEP PuBLISHED BY INSTITUTE OF Puysics PUBLISHING FOR SISSA

RECEIVED: July 2, 2007
ACCEPTED: August 22, 2007
PUBLISHED: September &, 2007

MadGraph/MadEvent v4: the new web generation

Johan Alwall,® Pavel Demin,’ Simon de Visscher,” Rikkert Frederix,” Michel Herquet,”
Fabio Maltoni,’ Tilman Plehn,® David L. Rainwater? and Tim Stelzer®

@ High Energy Physics T
KA 1linois s W
This material is based upen work supparted by the Mational Scence Foundation under Grant No, 0426272
Ay opinions, findings. and conclusions o recommendations expressed in this material are those of the suthonfs) and do nat recessarily reflect the views of the National Science Foundation
b The MadGraph homepage T—
Center for Partn:ie ,({? ek e T R L
o . Hift P ik e Ty § - by the MG/ME Development team e~——
MadGraph Version 4 T
Generate My Cluster Downloads
UCL UIUC Fermi Process  Register  Tools Database  Stats  (needs registration) WikiDocs  Admin
by the MG/ME Development team

Generate My Cluster Downloads

T g ; MUSEO STORICO DELLA FISICA
Process Register Tools Database Stams (needs registration) WikiDocs  Admin |

E CENTRO STUDI E RICERCHE

AR A RN RN RN
RO OO0

> < MadGraph Version 4 T

3 UCL UIUC Fermi

Generate COde On-Llne by the MGME Development team = e, Y
Generate My Cluster Downloads

To improve our web services we now request that you register. Registration is quick and free. You may register for a password by clicl - — Register Tools Database Status (needs registration)  WikiDocs Admin
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Tools and BS

New Developments in MadGraph/MadEvent

1. Alwall*, P. Artoisenet’, S. de Visscher', C. Duhr', R. Frederix’, M. Herquet' and

0. Mattelaer”

"SLAC, Stanford University, Menlo Park, CA $4025, E-mail: alwall @ slac. stanford edu
" Universitd Catholigue de Lowvair, Chemin du Cyclotron 2, B-1348 Louvain-la-Newve, Belgium

Abstract. 'We here present some recent developments of MadGraph/MadEvent sinoe the fales) peblished version, 4.0, These
dievelopments include: Jet matching wilh Pythia parton showers Tor both Standand Mode] and Beyond the Standand Model
procesies, decay chain functonality, decay widih caleulation and decay simulalion, process generation for be Grid, a package
lor caleulation of quarkonium smplitedes, calcalation of Matrix Element weights for experinental events, awtomatic dipole
sublraction For nexl-lo-leading order caleulatons, and an interface W PeynRules, a package for avlomabe caloulation of
Feynman rules and madel] liles from the Lagrangian of any New Physics model

Keywords: Monte Carlo Simuoletions, Beyond the Stendard Model, New Physics, Matix Elemem

PACS: 24.10.Lx, TRESH, 12604

arXiv:0809.2410

Automatic generation of quarkonium amplitudes in
NRQCD

Pierre Artoisenet, Fabio Maltoni

Centre for Particle Physics and Phenomenology (CFPS)

Universitd Catholigue de Louvain

Chermin du Cyelotron 2, B-15{8 Louwvain-la-Neuve, Belgium

F-maila: [plerre artoisenetBuclouvain. be, fabio.maltoniGuclouvain. bd

Tim Stelzer

Department of Phyeics, University of Mlinods ot Urbena-Champaign,
1110 West Green Streel, Urbona, 1L 61801

E-mail:
arXiv:0712.2770

functionality

Automation of the matrix element reweighting
method

Pierre Artoisenet °, Vincent Lemaitre ¥, Fabio Maltoni o, Olivier Mattelaer *©

* Physics Department, The Ohio State University,

Coliwmbia, Ofie 3210, US54

¥ Centre far Cosmalogy, Particle Physice and Phenomenology (CP5)
Universitd Catholique de Louwvain

T T arXivi1007.3300

HELAS and MadGraph/MadEvent with spin-2 particles

K. Hagiwara', J. Kanzaki®-®, Q. Li*", and K. Mawatari'*

! KEK, Theory Division and Sowendad, Tiakoba 3050801, Japan

? HEK, Tsukuba J05-0801, Japun

4 Institut fir Thearstisehe Fhysik, Universitit Karkrohe, Pomtbach 6080, D-TE128 Karlsruhe, GL'I.'FIIH.I:I}'
1 Sehoal of Physics, Korea [nstitute for Advancsd Study, Seoul 130-722, Korea

arXiv:0805.2554

HELAS and MadGraph with spin-3/2 particles

K. Hagiwara', K. Mawatari®?® and Y. Takaesy!-"
! KEK Theory Center, and Sokendai, Tsukuba 305-0801, Japan
2 Thencetische Natuurkunde and ][}[J':.."['.'L['.'.".!I. Vrije Universiteit Brussel,
and International Solvay Institutes, Pleinlaan 2, B-1050 Brusels Balgivm
¥ Institut fir Theoretische Physilke, Universatiit Heidelberg, Phiksophenweg 16, D-69120 Hesdelberg, Gecmany

arXiv:1010.4255

See talk by Kentarou

Johan Alwall - The Vision of MG/FR

2% Fermilab



Speed

Fast calculation of HELAS amplitudes using graphics processing
unit (GPU)

K. Hagiwara!, J. Kanzaki®®, N. Okamura® ", ). Rainwater?, and T. Stelzer®*
KEK Theary Center and Sokendai, Taubaba 305-0801, Japan
© RERK, Tsokote 350801, Japan
" Space and Geophysics Laboratory, Applied Ressarch Labocatories, University of Texas, Austin, TX 78758, USA
Y Dept. of Physies, University of Hlinois, Urbana, 11, USA

arXiv:0908.4403

Generating QCD amplitudes in the color-flow basis
with MadGraph

Kaoru Hagiward] and Yoshitaro Takaesu?

KEK Theory Center and Sokendat
Tsukuba, 305-0801, Japan

Calculation of HELAS amplitudes for QCD processes using
graphics processing unit (GPU) arXiv-1010.0748

K. liagiwara], J. Kanzaki®®, N, {'.Jkamurag"”, D. Rainwater?, and T. Stelzer®:©
' KEK Theory Center and Sokendai, Tsukuba 305-0801, Japan
* KEK, Tsukuba 3053-0801, Japan
I'# Spaece and Geophysics Laboratory, Applied Research Laboratories, University of Texas, Austin, TX TRTS8, USA
* Dept. of Physics, University of 1llinois, Urbana, 1L, USA

Received: date [ Revised version: September 29, 2009
arXiv:0909.5257
See talks by Junichi and Yoshitaro
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Next-to-

MadDipole: Automation of the Dipole Subtraction
Method in MadGraph/MadEvent

R. Frederix

Center for Particle Physics and Phenomenalogy (CP3),
Universitd Cotholigue de Lowvain,
Chemin du Cyelotron 2, 1348 Louvain-lo- Newve, Belgivm

T. Gehrmann, N. Greiner

Tnstitut fiir Theeretische Physik,
Universitdt Zidrich,
Winterthureratraase 100, 8057 Jirich, Switzerland

arXiv:1004.2905

Automation of next-to-leading order computations in
QCD: the FKS subtraction

Rikkert Frederix,™' Stefano Frixione,”"* Fabio Maltoni® and Tim Stelzer?

arXiv:0908.4272

Integrated dipoles with MadDipole in the MadGraph
framework

R. Frederix® T. Gehrmann®, N. Greiner™"

? Institud fiir Theoretische Physik, Universitdt Zirich,
Winterthurerstroses 190, 8057 Zirich, Suitreriand

* Department of Physics, University of Nlinois at Urbena-Champaign,
1110 West Green Streef, Urbana, fL §1801, USA

arXiv:1004.2905

leading Order

Automation of one-loop QCD corrections

Valentin Hirschi
ITPP, EPFL, CH-1015 Lausanne, Switzeriand

Rikkert Frederix
Institut fiir Theoretische Physik, Universitdt Zirich, Winterthurerstrasse 190,
CH-8057 Ziirich, Switzerland
Stefano Frixione™
PH Department, TH Unit, CERN, CH-1211 Geneva 23, Switzerland
ITPP, EPFL, CH-1015 Lausanne, Switzeriand

Maria Vittoria Garzelli
INFN, Sezione di Milano, I-20135% Milano, Ttaly

Departamento de Fisica Tedrica y del Cosmos y CAFPE
Universidad de Granada, E-18071 Granada, Spain

Fabio Maltoni

Centre for Cosmology, Particle Physics and Phenomenology (CPS)
Université cotholigue de Lowwvain
Chemin du Cyelotron 2, B-134{8 Louvain-la-Neuve, Belgium

Roberto Pittau®

PH Department, TH Unit, CERN, CH-1211 Geneva 23, Switzeriand

ABSTRACT: We present the complete automation of the computation of one-loop QCD
corrections, including UV renormalization, to an arbitrary scattering process in the Stan-
dard Model. This is achieved by embedding the OPP integrand reduction technigue, as
implemented in CutTools, into the MadGraph framework. By interfacing the tool so con-
structed, which we dub MadLoop, with MadFKS, the fully automatic computation of any
infrared-safe observable at the nexi-to-leading order in (QCD is attained. We demonstrate
the flexibility and the reach of our method by calculating the production rates for a variety
of processes at the 7 TeV LHC.

arXiv:1103.0621

See talk by Valentin
+ Automatic MC@NLO (to be presented by Paolo)

+ Automatic SUSY@NLO (see talk by MadGOLEM team)
Johan Alwall - The Vision of MG/FR
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MadGraph

« MadGraph has evolved from pure matrix
element generator to a multi-purpose platform
for a large number of automatized tools

* Very strong trademark — very powerful tool

 However, inherent limitations and rigid output
structure still place a limit on user friendliness
and development possibilities

 Many developments have been veritable “tour-
de-force” efforts with massive post-processing

3¢ Fermilab Johan Alwall - The Vision of MG/FR



FeynRules

FeynRules — Feynman rules made easy™

[ a
a, o -, i
Neil D. Christensen and Claude Duh EE. Purchase

8Department of Physics and Astronomy, Michigan State University, East Lansing, M1 48824, USA i; $31.50

bUniversité catholique de Louvain, Center for Particle Physics and Phenomenalogy (CP3), Chemin du cyclotron,

2, B-1348 Louvain-La-Neuve, Belgium

Received 4 August 2008; revised 14 January 2009; accepted 14 February 2009. Available online 26 February 2009.

Abstract

In this paper we present FeynRules, a new Mathemalica package that facilitates the implementation of new particle physics models. After
the user implements the basic model information (e.g., particle content, parameters and Lagrangian), FeynRules derives the Feynman
rules and stores them in a generic form suitable for translation to any Feynman diagram calculation program. The model can then be
translated to the format specific to a particular Feynman diagram calculator via FeynRules translation interfaces. Such interfaces have
been written for CalcHEP/CompHEP, FeynArts/FormCalc, MadGraph/MadEvent and Sherpa, making it possible to write a new model
once and have it work in all of these programs. In this paper, we describe how to implement a new model, generate the Feynman rules,
use a generic translation interface, and write a new translation interface. We also discuss the details of the FeynRules code.

arXiv:0806.4194
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FeynRules

FeynRules — Feynman rules made easy™

W N
Neil D. Christensen® “* and Claude Duhrt> ® , =

EZEN Purchase

8Department of Physics and Astronomy, Michigan State University, East Lansing, M1 48824, USA i; $31.50

bUniversité catholique de Louvain, Center for Particle Physics and Phenomenalogy (CP3), Chemin du cyclotron,
2, B-1348 Louvain-La-Neuve, Belgium

Received 4 August 2008; revised 14 January 2009; accepted 14 February 2009. Available online 26 February 2009.

Abstract

In this paper we present FeynRules, a new Mathemalica package that facilitates the implementation of new particle physics models. After
the user implements the basic model information (e.g., particle content, parameters and Lagrangian), FeynRules derives the Feynman
rules and stores them in a generic form suitable for translation to any Feynman diagram calculation program. The model can then be
translated to the format specific to a particular Feynman diagram calculator via FeynRules translation interfaces. Such interfaces have
been written for CalcHEP/CompHEP, FeynArts/FormCalc, MadGraph/MadEvent and Sherpa, making it possible to write a new model
once and have it work in all of these programs. In this paper, we describe how to implement a new model, generate the Feynman rules,
use a generic translation interface, and write a new translation interface. We also discuss the details of the FeynRules code.

arXiv:0806.4194
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FeynRules

[ Model-file ]

Particles, parameters, .. J L

Lagrangian ]

[ FeynRules ]

( TeX )—[ Feynman Rules )

( Translation Interfaces J

l : :
(FeynArts] @/IadGra,phJ [Ca.chep] ( Sherpa J

G Cone GEam

3¢ Fermilab Johan Alwall - The Vision of MG/FR



FeynRules

» Easy-to-use but powerful Mathematica package

- Generation of Feynman rules from any Lagrangean

- Output of generator specific files using multiple
generator translation interfaces

- Continuous new improvements and developments
See talk by FeynRules team

 However — output limited by the capabilities of
the target generator in terms of Lorentz/color
structures, multiparticle vertices, effective

vertices eftc.
- e.g., implemented HELAS routines
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Vision (anno 2008/9)

» Using FeynRules as a cornerstone, allows for
unprecedented validation and testing of models,
and efficient communication between theorists
and experimentalists at any point in the
simulation chain

A comprehensive approach to new physics simulations

Neil Christensen(!), Priscila de Aquino(>?), Celine Degrande(?, Claude Duhr(2),
Benjamin Fuks®), Michel Herquet'®, Fabio Maltoni'®, Steffen Schumann®

(1} Department of Physics and Astronomy, Michigan State University, East Lansing, MI
48824, USA

(2} Center for Particle Physics and Phenomenology, Université Catholique de Louvain,
B-1348 Louvain-la-Neuve, Belgium

) Instituut voor Theoretische Fysica, Katholicke Universiteit Leuven, Celestijnenlaan
200D, B-3001 Leuven, Belgium

(%) Imstitut Pluridisciplinaire Hubert Curien, Université de Strasbourg, IN2P3-CNRS,
BP28, F-67037 Strasbourg Cedez 2, France

(8) Nikhef Theory Group, Kruislaan 409, 1098 57 Amsterdam, The Netherlands

(8) Institut fiir Theoretische Physik, Universitdt Heidelberg, Philosophenweg 16,
D-69120, Heidelberg, Germany arXiv:0906.2474
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Replace this...
TH PHENO EXP
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Communication
possible at any level —
optimal flexibility for all involved
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(and of course, papers
can be written at any
level as well)
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Since then, we've raised the bar!

 Development of MadGraph 5 started Iin

November 2009

» Explicit goal — remove all limitations on old
MadGraph
- Speed

- Number of particles

- Types of interactions

- QOutput languages and formats
- Flexibility and modularity

e Did we succeed?
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e O O / M]Madﬂraph Home Page ?:\E

€& = C (O madgraph.hep.uiuc.edu

g

@ High Energy Physics
.

1linois

Fhis materis| is based upon work supparted by the National Science Foundation under Grant No, 0426272
Ly opirians, indings. and eonclusions or recommindations expressed in this material are these of the autherfsland do nat necessarily reflect he views of the National S¢lence Foundation

The MadGraph homepage Te—
> UCL UIUC Fermi

by the MG/ME Development team e

Generate My Cluster Downloads
Process Register Tools Database Status (needs registration) WikiDocs  Admin

Generate processes online using MadGraph 5

To improve our web services we request that you register. Registration is quick and free. You may register for a password by clicking here.
You can still use MadGraph 4 here.

Code can be generated either by:
1. Fill the form:
Model: [ sm 9 Model descriptions

Input Process: Examples/format
Example: p p > w+ j j QED=3, w+ > I+ vl

p and j definitions: | p=j=d us cd~u~s~c~g A

sum over leptons: [+ = e+, mu+ta+; |- = e-, mu-ta-; vl = ve, vm, vt; Vi~ = ve~, vm~, vt~ l-C-!

I1. Upload the proc_card dat

Process card examples

proc._card format ( Wadraph s 19

Nofile chosen and it to the server.

3¢ Fermilab Johan Alwall - The Vision of MG/FR
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Matrix Element
generation:

Matrix Element
evaluation
(Fortran):

2% Fermilab

Speed

Process MADGRAPH 4 | MADGRAPH 5 | Subprocesses | Diagrams
pp —+ 377 29.0s 54.4 s 34 307
pp — jilFI 341 s 258 8 108 1216
pp — jjjeTe” 1151 s 654 s 141 9012
uli — eTe"eTeeTe™ 772 s 175 s 1 3474
g9 — 99g9gg 2788 s 1049 s 1 7245
pp — JI(WT = Ty) 146 s 70 8 82 304
pp — ti+full decays 5640 s 22 s 27 45
pp — §/3d/§ 222 s 286 s 313 475
7 particle decay chain 383 s 5.2 s 1 6
g9 — (§ = wag?)(§ — uag?) 70 s 5.5 s 1 48
pp — (§ — 4ix9) (@ - Jjx1) — 551 s 144 11008
Process Function calls Run time
MG4|MG5| MG4 | MG 5
utt — e e 8 8 < bus | <6yus
uli =+ eteete 110 80 [0.22ms|0.14 ms
uii +ete ete ete | 6668 | 3775 |46.5 ms|19.0 ms '
ui — dd 6 6 <dps | <dps T OﬂgOlng WOrk
ui-rdg | 16 ) 16 ) 27us | 20 ps with recursion
ulh — ddgg 85 67 |0.42 ms|0.31 ms
wii — ddggg 748 | 515 |10.8 ms|6.75 ms for multi pa rton
uth — uigg 160 116 |1.24 ms | 0.80 ms . .
ui — uiiggg 1468 | 960 |35.7 ms|17.2 ms CalCU|at|OnS N
uii — dddd 42 | 33 | 84pus | 83 us
uil — ddddg 310 | 197 |1.88 ms|1.15 ms MG5, see tal k by
uti — dddd 3372 | 1876 | 141 ms | 34.4 ms 1
ul — d&d&ﬂg 1370 | 753 |42.5ms| 6.6 ms YOSh Ita ro

Johan Alwall - The Vision of MG/FR




Number of particles

D Online Event Generation

& > C () file:f/localhost/Users/alwall/MadGraph/version_1_0_1/PROC_gogo_t1tx_tnl_ballall/{HTML/crossx.html kg

Results for g g > go go ,(go > tl t~ ,t~> b~all all / h+,(t1 > tnl ,t> b all all / h+)) in the mssm

Available Results
Links || Events |Tag|Run| Collider  |Cross section (pb)[Events
results banner ‘Parton—leve]”ﬂ“]femﬁ test |00 Jo00 Gey|  33857E-03 10000
Main Page

# Fermilab Johan Alwall - The Vision of MG/FR 25




Types of interactions

Higgs Effective Theory Multi-fermion vertices

# Fermilab Johan Alwall - The Vision of MG/FR 26




Types of interactions

Comparisons between explicit propagators
and 4-fermion vertex

1e-05 n T T T T ] 1 T T T T l
_ ] 01 B .
1e-06 | mmm TS E 0.01 | i ]
= _ _ = 0001} N
8 ’,f'" 7 =1 U
= 1e07 | . c 0.0001 | et -
=l -~ g d_‘,—.“-"' )
B S 1e-05 | .
2 1e-08 | . 3 1e06 - .
o [ 1 e
© i ' ©  te07} i
te0s b [ ] 1e08 - | T
f 1 1e-09 | | S-channel resonance ------- .
|/ T-channel propagator ------- ] | 4-fermion vertex
| - : | 4-fermion vertexl 1e-10 L 1 ! 1 L
1e-10 300 400 1000 2000 3000 10000

300 400 1000 2000 3000 10000

C.M. energy (GeV
C.M. energy (GeV) o { }

t-channeluu>tt s-channeluu >tt
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Types of interactions

ijk * .
Color sextet and €' implementations
100000 [ . . . | . . 1 .
‘ Soxiot (ddissibo) 8 —— pp->sextet, matched
Sextet (ud/cs/tb) ——— Q Il pp->sextet, unmatched
Triplet (ud/cs/tb) ' 1

10000

1000 ¢

Cross section (pb) at 7 TeV LHC

o

100 | 3 315 S
B ...|..:§.|.E'E"§..||J.-|.-..§.IE.-:LLLl. N [ R
i 7 TeV LHC ] 0 50 100 150 200 250 300 350 40
10 | 1 I 1 [ 1 1 7 PT of Jet
400 600 800 I;I}?qou(lrkﬁzsﬂs (G‘I:S;J 1600 1800 2000 Jet pT:S, fUIIy matched
Diquark cross sections with coupling 0.01 pp — D +0,1,2 jets

# Fermilab Johan Alwall - The Vision of MG/FR 28




Output languages and formats

#include "SigmaProcess.h'  Pythia 8 C++ output

Process Subprocess directories | Channels for survey Directory size #include "Parameters_sm.h"
ME 4 ME 5 ME 4 ME 5 ME 4 ME 5 using namespace std:
pp— WHj 6 2 12 4 79 MB | 35 MB o
=Wt | 41 4 138 29 433 MB | 64 MB | | Namespace Pythiad
pp — W+jjj 73 5 1164 184 842 MB | 110 MB {
pp — lﬂ*j 12 2 48 8 149 MB | 44 MB . .
pp — 1T jj 54 4 586 58 612 MB | 83 MB /I A class for calculating the matrix elements for
Pp — l*l’jjj 86 5 5408 368 1.2 GB | 151 MB // Process: u u~ >t t~ QED=0 @1
pp— 1T 4555 | 235 7 63114 2500 53 GB | 662MB e - _
op s iF 3 5 ) 4 OMB | 30 MB I/l Process: c c~>tt~ QED=0 @1
pp — ti] 7 3 45 25 97 MB | 56 MB /I Process: d d~ >t t~ QED=0 @1
pp — t_tjj 22 5 417 188 274 MB | 98 MB // Process: s s~ >tt~ QED=0 @1
pp — tjji 34 6 3816 1300 620 MB | 209 MB I

class Sigma_sm_qq_ttx : public Sigma2Process

Compactified and optimized multiprocess | “ ;o
output for MadEvent

// Constructor.

Sigma_sm_qq_ttx() {}

// Initialize process.

virtual void initProc();

// Calculate flavour-independent parts of cross section.
virtual void sigmaKin();

// Evaluate sigmaHat(sHat).

virtual double sigmaHat();

+ Standalone Matrix Element output in /I Select flavour, colour and anticolour.
Fortran and C++ virtual void setldColAcol();

# Fermilab Johan Alwall - The Vision of MG/FR 29




But the biggest advances..

. are in a new Iinterface from FeynRules!

3 Fermilab

Modelele | (

I ngian
[Parﬁcles, parameters, J L agrangla

[ FeynRules ]

|
( TeX )—[ Feynman Rules )

( Translation Interfaces J

[

| | |
(FeynArts] @/IadGraphJ [Ca.chep] ( Sherpa J

(Whizard ) ( Golem ) (Hemg )
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But the biggest advances..

. are in a new Iinterface from FeynRules!

[ Model-file | (

Particles, parameters, ... J L

Lagrangian ]

[ FeynRules ]

3¢ Fermilab Johan Alwall - The Vision of MG/FR



The biggest advances

* Universal FeynRules Output (UFO)

— Includes color and Lorentz structure

- Allows for complete specification of effective/non-
renormalizable vertices

- Allows for automatic output of model parameter calculations
for any model and language

« Automatic Language-independent Output
of Helicity Amplitudes (ALOHA)

- Automatic generation the necessary helicity
amplitude code for any new model (including
effective theories, multi-fermion vertices,...)
in Fortran/C++/Python/...

See talk by Olivier
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Universal FeynRules Output (UFO)

particles.py:

G = Particle(pdg_code = 21,
name ="'G',
antiname ="'G',
spin = 3,
color = 8,
mass = 'ZERO',
width = 'ZERO',
texname ='G',
antitexname ="'G/,
line = 'curly',
charge =0,
LeptonNumber = 0,
GhostNumber = 0)

lorentz.py:
VVV1 = Lorentz(name = 'VVV1',
spins =[ 3, 3, 3],
Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*Metric(2,3)")
couplings.py:
GC_4 = Coupling(name ='GC_4',
value ='-G',
order = {'QCD"1})

vertices.py:
V_2 = Vertex(name ='V_2',

color = [ 'f(1,2,3)'],
lorentz = [ L.VVV1],
couplings = {(0,0):C.GC_4})

particles = [ P.G, P.G, P.G ],

2% Fermilab
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ALOHA output

SUBROUTINE VVV1_0(V1,V2,V3,C,VERTEX)

IMPLICIT NONE FO rtra n
DOUBLE COMPLEX V1(6)

DOUBLE COMPLEX V2(6)

DOUBLE COMPLEX V3(6)

DOUBLE COMPLEX C

DOUBLE COMPLEX VERTEX

DOUBLE PRECISION P2(0:3),P3(0:3),P1(0:3)

P2(0) = DBLE(V2(5))
P2(1) = DBLE(V2(6))
P2(2) = DIMAG(V2(6))
P2(3) = DIMAG(V2(5))
P3(0) = DBLE(V3(5))
P3(1) = DBLE(V3(6))
P3(2) = DIMAG(V3(6))
P3(3) = DIMAG(V3(5))
P1(0) = DBLE(V1(5))
P1(1) = DBLE(V1(6))
P1(2) = DIMAG(V1(6))
P1(3) = DIMAG(V1(5))

VERTEX = C*( (V3(1)*( (V1(1)*( (V2(2)*( (O, -1)*P1(1)+(0, 1)
$*P3(1))+((V2(3)*((0, -1)*P1(2)+(0, 1)*P3(2)))+(V2(4)*( (0,
$ -1)"P1(3)+(0, 1)*P33)M)+( (V2(1)*((V1(2)*((0, 1)*P2(1)
$ +(0, -1)*P3(1))+( (V1(3)*( (0, 1)*P2(2)+(0, -1)*P3(2)))

$ +(V1(4)*( (0, 1)*P2(3)+(0, -1)*P3(3))))+( (P1(0)*( (0, 1)

$ *(V2(2)"V1(2))+(0, 1)*(V2(3)*V1(3))*+(0, 1)*(V2(4)*V1(4))))
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ALOHA output

void VVV1_0(complex<double> V1[], complex<double> V2[], complex<double> V3]], C_|_ +
complex<double> C, complex<double> & vertex)

{

double P2[4], P3[4], P1[4];

P2[0] = V2[4].real();

P2[1] = V2[5].real();

P2[2] = V2[5].imag();

P2[3] = V2[4].imag();

P3[0] = V3[4].real();

P3[1] = V3[5].real();

P3[2] = V3[5].imag();

P3[3] = V3[4].imag();

P1[0] = V1[4].real();

P1[1] = V1[5].real();

P1[2] = V1[5].imag();

P1[3] = V1[4].imag();

vertex = C * ((V3[0] * ((V1[0] * ((V2[1] * (complex<double> (0., -1.) * P1[1]
+ complex<double> (0., 1.) * P3[1])) + ((V2[2] * (complex<double> (0.,
-1.) * P1[2] + complex<double> (0., 1.) * P3[2])) + (V2[3] *
(complex<double> (0., -1.) * P1[3] + complex<double> (0., 1.) *
P3[3]))))) + ((V2[0] * ((V1[1] * (complex<double> (0., 1.) * P2[1] +
complex<double> (0., -1.) * P3[1])) + ((V1[2] * (complex<double> (0., 1.)
* P2[2] + complex<double> (0., -1.) * P3[2])) + (V1[3] * (complex<double>
(0., 1.) * P2[3] + complex<double> (0., -1.) * P3[3]))))) + ((P1[0] *
(complex<double> (0., 1.) * (V2[1] * V1[1]) + complex<double> (0., 1.) *
(V2[2] * V1[2]) + complex<double> (0., 1.) * (V2[3] * V1[3]))) + (P2[0] *
(complex<double> (0., -1.) * (V2[1] * V1[1]) + complex<double> (0., -1.)
*(V2[2] * V1[2]) + complex<double> (0., -1.) * (V2[3] * V1[3]))))))) +
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Flexibility and modularity

MadGraph 5
Diagrams, Color, ... " Output formats, ... | Checks, Symmetry, ... -+
Models

ALOHA

2= Fermilab Johan Alwall - The Vision of MG/FR 36




Flexibility and modularity

MadGraph 5
Diagrams, Color, ... " Output formats, ... | Checks, Symmetry, ... -+
Models

Johan Alwall - The Vision of MG/FR



So the foundation has been laid

... for a new, amazing set of tools
... for astonishing physics applications
... for making the LHC era a success!

To be presented by Matt
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UFO/ALOHA/MG
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Let's get to work!

1
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2= Fermilab Johan Alwall - The Vision of MG/FR 39



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

