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MGS Two Years AGO...
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MGS5 First Objectives

] Diagmm C.ewemtiow (tree Level) /
O Dlagram Drawlng v

O Color Factor 95%

a AmpLLtuole Oompu.tatiow \/

O Helas Automatic Gewneration #5%

Fey nrRules Worieshop 2010

lundi 26 mars 2012



What’s Needed from FR

O Need A Python Module for the Model
O Dlscusston on this Workshop

O pa rtieles/ \/ertices/pa rameters/
couplings

O Lorentz information for creating Helas

O (seeworking Group)

Fey nrRules Worieshop 2010

lundi 26 mars 2012



What’s Needed from FR

O Need A Python Module for the Model v

0 Dlscussilon own this Workshop

O pa rtieles/ \/ertices/pa rameters/
couplings

O Lorentz information for creating Helas

O (seeworking Group)

Fey nrRules Worieshop 2010

lundi 26 mars 2012



What’s Needed from FR

O Need A Python Module for the Model v

0 Dlscussilon own this Workshop

O pa rtieles/ \/ertices/pa rameters/
couplings

O Lorentz information for creating Helas V4

O (seeworking Group)

Fey nrRules Worieshop 2010

lundi 26 mars 2012



O Uuro
O ALOHA

O Madgraphs

lundi 26 mars 2012



O ALOHA
O Madgraphs

lundi 26 mars 2012



lundi 26 mars 2012



O Avold multiple output model written bg FR.
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O Avold multiple output model written bg FR.
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O Avold multiple output model written bg FR.

O Have the generator to adapt to the model ana
not the opposite.
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O Avold multiple output model written bg FR.

O Have the generator to adapt to the model ana
not the opposite.

0O Avold any possLbLe Limttations

O color

O Llorentz structure

O wumber of partloLes L a vertex
O

gauge
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O Avold multiple output model written bg FR.

O Have the generator to adapt to the model ana
not the opposite.

0O Avold any possibte Limttations

O color
O Llorentz structure
O wnumber of particles i a vertex
O gauge
O Joint model for MG5 / GOSAM / Herwig+ +

O Python objcat Ovriented Model
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MCABSM: BSM in Madgraph 5
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Universal FeynRules Output (UFO)

particles.py: lorentz.py:

G = Particle(pdg_code = 21, VVV1 = Lorentz(name = 'VVV1',
name ='G’, spins=[3, 3, 3],
antiname ="'G/, Structure =
spin = 3, 'P(3,1)*Metric(1,2) -
color = 8, P(3,2)*Metric(1,2) -
mass = 'ZERO', P(2,1)*Metric(1,3) +
width = 'ZERO', P(2,3)*Metric(1,3) +
texname ='G', P(1,2)*Metric(2,3) -
antitexname ='G', P(1,3)*Metric(2,3)")

line = "curly’, couplings.py:
charge = 0, GC_4 = Coupling(name ='GC_4',
LeptonNumber = 0, value = '-G'

GhostNumber = 0) order = {QCD":1})

vertices.py:

V_2 = Vertex(name ="'V_2',
particles = [ P.G, P.G, P.G ],
color =['(1,2,3)' ],
lorentz = [ L.VVV1],
couplings = {(0,0):C.GC_4})
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O uro

O Madgraphs
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O ldea: Bvaluate » for fixed helicity of external particles.

diagram 1
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O (dea: Bvaluate « for fuxed helietty of external particles.

= Nuwmber for a guven helicity

CALL IXOOX(P(@,1),ZERD,NHEL(1),+1*IC(1),W(1,1))
CALL 0X0OX(P(@,2),ZERD,NHEL(2),-1*IC(2),W(1,2))
CALL OX0OX(P(,3) MT ,NHEL (3),+1*IC{3),W(1,3))
CALL IXOOX(P(8,4),MT ,NHEL(4),-1*IC{4),W(1,4))
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O (dea: Bvaluate « for fuxed helietty of external particles.

M @D P @@

= Nuwmber for a guven helicity

—» eEvaluate (nteraction bgj

unteraction

CALL IXOOX(P(@,1),ZERD,NHEL(1),+1*IC(1),W(1,1))
CALL 0X0OX(P(@,2),ZERD,NHEL(2),-1*IC(2),W(1,2))
CALL OX0OX(P(,3) MT ,NHEL (3),+1*IC{3),W(1,3))
CALL TXOOK(P(B,4) 1T NHEL(4) ,-1*1C{4 ) ,W(1,4))

CALL JIORX(W(1,1),%(1,2),66,ZER0,ZERD,W(1,5))
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O (dea: Bvaluate « for fuxed helietty of external particles.

M -@OE &)
> Nwmber for o givew helicity

—» eEvaluate (nteraction bgj

unteraction

CALL IXOOX(P(@,1),ZERD,NHEL(1),+1*IC(1),W(1,1))
CALL 0X000K(P(8,2),ZERD NHEL(2 ) ,-1¥IC(2),W(1,2))
CALL OXO0OKK(P(B,3),MT NHEL(3),+1*IC(3),W(1,3))
CALL TXOOK(P(B,4 ) ,MT NHEL(4),-1¥IC{4) ,W(1,4))

CALL JIOXX(W(1,1),%(1,2),66,ZER0,ZERD,W(1,5))
CALL TOVRORX(W(1,4),W(1,3),%(1,5),66,AMP{1))
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ad S‘PCCDI:

O The complexity grows lLinearly with the
number of diagram

O recycling between diagram (so reduces the
factorial growth)
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O Spins of the particles
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O owne routine bg Lorentz structure
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O Spins of the particles
O oOwne routiine bg Lorentz structure

O MSSM Icho, all hep-ph/oeotoes (2006)

HEFT [Frederix] (200%)

O
d S‘PLV\, 2 [Hagiwara, al] 0805.2554 (2008)
0

S‘Pl:l/\, 2/2 [Mawatari, all 1101.1289 (2011)
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O Spins of the particles

O Owne routine bg Lorentz structure

0O MSSM [ceho, all hep-ph/oeotoes (2006)

O HEFT I[Frederix] (2007)
O S‘PLV\, 2 [Hagiwara, al] 0805.2554 (2008)

0 S‘PLV\, 2/2 [Mawatari, all 1101.1289 (2011)

sy Effective Field Tl/leor& —
W

, Chromo-maonetLe
chiral Perturbation 9 NMSSM
operator Black tHoles

BNV Model
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O Automatie Creatlon
of HELAS routine
for ANY BSM theory

Output

O Fortran
O C
O Python

The Helas routine for BSM without the pain to write It.
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ALOHA

Frnm:[ UFO ﬂ ] To: Helicity  Translate

Type text

or a website address or translate a document.

FORTRAN 77

and Numerical
Methods for
Engineers

covre

PYTHON

programming

WESLEY J. CHUN

ILLINOIS

SASVEREITY G MO AT LEEARAHAMNCA

lundi 26 mars 2012




ILLI NOIS

MEETY GO MO AT LERARACAAMWACA

ALOHA

From: | UFO v| [E To: Helicity  Translate | Options:%tandard (HELAS) h
Feynman gauge
Complex-mass scheme
Loop )

Type text or a website address or translate a document.
‘ cove

PYTHON

Pr‘oqr‘(‘unn\lnq
FORTRAN 77

and Numerical
Methods for
Engineers

SECOND
EDITION

WESLEY J. CHUN
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Mimi

I
gm)a

e o i

ALOHA

Frnm:[ UFO ﬂ . To: Helicity Tranalate| Options:%tandard (HELAS)
Feynman gauge

&oop

Complex-mass scheme

\

Type text or a website address or translate a document.
‘ cove

PYTHON

,woqrmnmmq
FORTRAN 77

and Numerical
Methods for
Engineers

WESLEY J. CHUN

ILLINOIS

1.5

1.5
2.0
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O WUFO Model supports both Unitary gauge and
Feynman gauge

O Quite trivial for ALOHA (just changing the
propagator)

O ©Easy for MG5 (Just have to add the goldstino)
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UFO Model supports both Unitary gauge and
Feynman gauge

Ruite trivial for ALOHA (just changing the
propagator)

Easy for MGS (Just have to add the goldstino)

This Ls trivial to imPLewuewt

Usefull to test the gauge tnvariance

Might be wmore optimal for some processes/
energy (need to be checked)

wiLLL be helpfull for NLO
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O The presence of width BREAKS gauge and
Lorentz tnvaritance

Gauge results:
Process matrix BRS ratio

JAMP @
JAMP 1

Summary: 8/1 passed, 1/1 failed

Failed processes: g g = b b~ e+ e- ve ve~

Lorentz invariance results:

Process Min element Max element Relative diff.

JAMP @

JAMP 1 3.64664553?3e-19 3.8461513397e-19 3.4?331258??3-6 Failed
Summary: 8/1 passed, 1/1 failed
Failed processes: g g = b b~ e+ e- ve ve~
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The presence of wioth BREAK.S gauge and
lorentz tnvariance

complex mass scheme solves this problems

M, = /M2 —iM*W

O Needs to fix also yukawa in that way and
compute couplings accordingly.
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O The presence of width BREAK.S gauge and
Loventz tnvariance

0O Cowmplex mass scheme solves this problems

M, = /M2 —iM W

Gauge results:

Process matrix BRS ratio Result

Qg > b bY e+t e-ve ve¥ 1.3981771141e-28 1.52384280920e-40 1.038930923430e-206 Passed ""
Summary: 1/1 passed, 851 failed

Gauge results {(switching between Unitary/Feynman ):

Process Uni tary Feynman Relative diff. Result J
Qg > b bY e+t e- ve ve¥ 3.359126205%9e-16 3.359126265%9e-16 6.68178831715e-15 Passed
Summary: 1/1 passed, 8/1 failed

Lorentz invariance results:

Process Min element Max element Relative diff. Result

Qg > b bY e+ e~ 4.8109384621e-21 4.81092384021=-21 1.8756383941e-15 Passed *""
Summary: 1/1 passed, 81 failed
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O Uuro
O ALOHA

O Madgraphs
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O uro

O AlLOHA

Madgraphs
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O Rewmove ALL limitations of Madgraph4
O speed
number of particles

type of Lnteractions
modularity / flexibility of the code
static HELAS L'Llomrtd
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w mMadEraph Home Page * o

€« > C l@ madgraph.hep.uiuc.edu

High Energy Physics
Ilinois '

This material is based upen work supparted by the Hational Science Foundation under Grant Mo, 0426372,
Loy opirbans, indings. and conclusion o recommindations ex pressed in this material are those of the suthonis) and do nat neoessariby rellect the dews of the Naticnal Science Foundstion

The MadGraph homepage T
> < 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 MadGrapl'@

To improve our web services we request that you register. Registration is quick and free. Y ou 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 4 Model descriptions
Input Process:

_ Examples/format
Example: pp > w+jjQED=3, w+> 1+ vl
pandjdeﬁniﬁcns: [p-j-duscd- U~ S~ C~ @ Hu]

sumoverlepmﬂs: [ I+ = e+, mu+ ta+; |- = e-, mu- ta-; vl = ve, vm, vt; vi~ = ve~, ym-, vi~ I-ﬂ

3. MadGraph 5 : Going Beyond.

Johan Alwall (Fermilab), Michel Herquet (NIKHEF, Amsterdam), Fabio Maltoni, Olivier

Mattelaer (Louvain U., CP3), Tim Stelzer (lllinois U., Urbana). FERMILAB-PUB-11-448-T.
Jun 2011. 37 pp.

Published in JHEP 1106 (2011) 128
e-Print: arXiv:1106.0522 [hep-ph]
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Process MADGRAPH 4 | MADGRAPH 5 | Subprocesses | Diagrams

pp — 177 2 min 34 307
pp — gl 23 min 108 1216
pp — jijete” 60 min 141 9012

Matrix Element | wa—efeeteete 51 min | 3474

99 — 99999 3 hours 1 7245

generation: pp — JiW T —Ttm) 10 min 82 304

pp — tt+full decays 6h 27 45

pp — G/34/g 14 min 313 475
g9 — (§ — vix}) (g — uiix?) 5 min 1 48
pp — (3 — §ix3)(G — 7ix?) - 144 11008

Function calls Run time
MG 4 | MG 5
uu —e'e 8 8
utt — eTe ete” 110 80
uth — eTe ete ete” 6668 3775

Matrix Element uti — dd 6 6 -
. uu — ddg 16 16
evaluation wii — ddgg 85 67

: ui — ddggg 748
(Fortran) Ul — uUgqg 160

Ul — uUggqg 1468
uwt — dddd 42
uti — ddddg 310
ut — ddddgg 3372
ut — dddddd 1370

Process
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multl fermion

Effective Theory

interactilons
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3

multl fermion

Effective Theory

interactilons

As well as new color structures
(triplet/sextet)
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WELCOME to MADGRAPH &

* *
* ¥ X *
¥ K ¥ X B ¥ ¥ ¥ X%

* ¥ X% *
* *

YERSION 1.3.16 2011-A9-11

The MadGraph Development Team - Please visit us at
https://serverdé.fynu.ucl .ac.be/projects/madgraph

Type 'help' for in-line help.
Type 'tutorial' to learn how MG5 works

¥
*
*
b
*
¥
*
*
¥
*
¥
*
*
¥
*
¥
*
*

X XK XK XK FK K W W W W WF F F WH WHX X H X

R KRR R KRR R R R KRR OO OO R K

load MGS configuration from AUsers/omatt/.mg5_config

Loading default model: sm

models.import_ufo: Restrict model sm with file models/sm/rest
models.import_ufo: Run "set stdout_level DEBUG" before import
INFO: Change particles name to pass to MG5 convention

Defined multiparticle p=guc d s u~ c~ d~ s~

Defined multiparticle j=guc d s u~ c~ d~ s~

Defined multiparticle l+ = e+ mu+

Defined multiparticle l- = e- mu-

Defined multiparticle vl = ve vm vt

Defined multiparticle vl~ = ve~ vm~ vt~

mgs=help
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4

O Siumple command set
SRR KK RRRRRRAR KRR AR KOK

load MGS configuration from AUsers/omatt/.mg5_config

Loading default model: sm

models.import_ufo: Restrict model sm with file models/sm/rest

models.import_ufo: Run "set stdout_level DEBUG" before import

INFO: Change particles name to pass to MG5 convention

Defined multiparticle p=gu c d s u~ c~ d~ s~

Defined multiparticle j=guc d s u~ c~ d~ s~

Defined multiparticle l+ = e+ mu+

Defined multiparticle l- = e- mu-

Defined multiparticle vl = ve vm vt

Defined multiparticle vl~ = ve~ vm~ vt~

mgs=he lp
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R KRR RO KRR R RO RR RO RR RO ROR RO OR KRR OR R R Rk R R K

WELCOME to MADGRAPH &

O Nice lnteractlve sesslon

* *
* ¥ X *
¥ K ¥ X B ¥ ¥ ¥ X%

* ¥ X% *
* *

0 Au’co—aompLe’clow
O Twtorial

’ ’ VERSION 1.3.16 2811-89-11
O interactive help

The MadGraph Development Team - Please visit us at
https://serverdé.fynu.ucl.ac.be/projects/madgraph

Type 'help' for in-line help.
Type 'tutorial' to learn how MG5 works

¥
*
*
b
*
¥
*
*
¥
*
*
*
*
¥
*
*
¥
*

X XK XK XK HFK FK K F W W W W WF ¥ ¥ X WF

SimpLe command set

SRR KK RRRRRRAR KRR AR KOK
load MGS configuration from AUsers/omatt/.mg5_config

’
O LVVVPOYt VWDdCL SWL Loading default model: sm
models.import_ufo: Restrict model sm with file models/sm/rest
models.import_ufo: Run "set stdout_level DEBUG" before import
O gcwerate 'P 'P > e + é— INFO: Change particles name to pass to MGS convention
Defined multiparticle p=gu c d s u~ c~ d~ s~
Defined multiparticle j=guc d s u~ c~ d~ s~
D Ol/Lt‘Pb(,t FORMAT MY DlR Defined multiparticle l+ = e+ mu+
o Defined multiparticle - = e- mu-
[:] Defined multiparticle vl = ve vm vt

La l/(.V\/Ol/l Defined multiparticle vl~ = ve~ vm~ vt~
mgs=help
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Madevent (Fortraw)

Standalone (Fortran)
Standalone(C+ +) «—— NEW

’Pgthia g (c++) «— NEW

Channels for survey

Compact anol

oPtLWLLse

output for

MadEvent

Process

Subprocess directories

Directory size

ME 4 ME 5

ME 4

ME 5

ME 4 ME 5

pp—>WTj
pp = WTjj
pp — WTjjj
pp = WTjjjj
pp — I+l_j
pp — 1717 jj
pp — 1717 555
pp = U717 jjj;
pp — it
pp — tt]
pp — ttj)
pp —> ttjj]

6
41
73

296
12
o4
86

235

3

7
22
34

SO T W N U= N~ O s

12
138
1164
15029
48
086
5408
63114
9
45
417
3816

4
29
184
1327
8
58
368
2500
4
25
188
1300

79 MB
438 MB
842 MB
3.8 GB
149 MB
612 MB
1.2 GB
5.3 GB
49 MB
97 MB
274 MB
620 MB
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O Rewmove ALL limitations of Madgraph4

O speed
number of particles

0
O type of tnteractions
O wodularity / flexibility of the code
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O Rewmove ALL limitations of Madgraph4

O speed
number of particles

0
O type of tnteractions
O wodularity / flexibility of the code

So we succeed the tnitial goal
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O mprove Phase-space tntegration
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O mprove Phase-space tntegration

O automatic order restriction for any meodlel

mgS=display coupling_order
QCD : weight = 1
QED : weight = 2
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O mprove Phase-space tntegration

O automatic order restriction for any meodlel

mgb=display coupling_order

QCD : weight = 1

QED : weight = 2

mgb=generate p p = w- = b b~ e+ ve j j

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=8

INFO: Trying coupling order WEIGHTED=9

INFO: Trying coupling order WEIGHTED=18

INFO: Trying process: g g = w- = b b~ e+ ve d u~ WEIGHTED=18
INFO: Process has 63 diagrams

If no oovq:Llwg oroler specifaz take mintmal welght
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O mprove Phase-space tntegration

O automatic order restriction for any meodlel

mgb=display coupling_order

QcD
QED

: weight = 1
: weight = 2

mgb=generate p p = w- = b b~ e+ ve j j

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

Checking for minimal orders which gives processes.
Please specify coupling orders to bypass this step.
Trying coupling order WEIGHTED=8
Trying coupling order WEIGHTED=9

Trving coupling order WEIGHTED=16
Trying process: g g = wW- = b b~ e+ ve d u
Process has 63 diagrams

RED=4, RCP=2

If no oovq:Llwg oroler specifaz take mintmal welght
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O Check that the param_card is compatible with
the wmodel
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O Check that the param_card is compatible with
the wmodel

O MSsSMwtill support SLAHL card
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O cCheck that the param_card is compatible with
the wmodel

0 MSSM will support SLAHL card
O mprove user tnterface

O configuration files

O New nterface for madevent

O Easy to unstall pythia-pgs/melphes/...
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Check that the param_card is compatible with
the wmodel

MSSM will support SLAHL carol
prove user tnterface

O configuration files

O New nterface for madevent

O Easy to unstall pythia-pgs/melphes/...

PossibiLLtg to compute partial width (and BR)
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Check that the param_card is compatible with
the wmodel

MSSM will support SLAHL carol
prove user tnterface

O configuration files

O New nterface for madevent

O Easy to unstall pythia-pgs/Delphes/...

PossiloLLLtg to compute partial width (and BR)

mproving the gridpack
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Check that the param_card is compatible with
the wmodel

MSSM will support SLAHL carol
prove user tnterface
O configuration files

O New interface for madevent

O Easy to unstall pythia-pgs/Delphes/...

PossiloLLLtg to compute partial width (and BR)
mproving the gridpack

add a cut forbiading on-shell particles
but allowing off-sheel contribution ()
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m(e+1,e—1)
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PP >ete$4Z
PP>ete-$2Z

m(e+1,e—1)
102 L) | L T A L4 L4 L 4 L 4

10! }
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Tot 4 Bit= = 10000 Batriss = G989 THATres = g
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PP >ete$4Z
PP>ete-$2Z

Z- onshell
m(e+1,e—1)
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PP >et e $4Z
PP>ete-$2Z

Z,- onshell
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O (ncluston of new output

O MadbarkMatter
O Madwelght
O
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O (ncluston of new output

O MadbarkMatter
O Madwelght

|
0O Madl,oop / AMC@NLO

diagram 19
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O tneluston of new output
O MadbarkMatter
O Madwelght
0
O Madloop/ aMC@NLO
O usermod for UFO model

0O MadAwna LgsisE

diagram 19

Avalysis
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nclusion of new output
O MadparkMatter

O Madwelght

0

Madloop / aMC@NLO

l«LSCVV%Od '(COY M.FO deCL diagram 19

MadAna LgsisE

color ordered amplituwoe % ALYS1S 5
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nclusion of new output
O MadparkMatter

O Madwelght

0

Madloop / aMC@NLO

DLSCVVWOd '(COV M.FO deCL diagram 19

MadAna LgsisE

color oroered amplituoe %ulyms ;

recursiton relatlons
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nclusion of new output
O MadparkMatter

O Madwelght

0

Madloop / aMC@NLO

usermoo for UFO model

MadAna LgsisE

colovr ordered amPL'Ltuole
recursiton relatlons

computing the widths

diagram 19

Analysic
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0O wmg5> compute widths Z
O FLlrst evaluate 2>2 and 2>= contribution
O Compute ONLY the relevant contribution

O write the new param_card.dat
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We are VERY ha E
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We are VERY ha E

4 fermion operator

UnLta ry Operator

spiw 3/2
Automatic width for 2>272
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We are VERY ha E

4 fermion operator
Uunitary Operator

Spin 3/2

Automatic width for 2>272

Awnad off course NLO 3

Details Ln valentin/rLk’s talk
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MG

Madgraph 5 Ls working

we have tnelude a Lot of features

A Lot of tmproviments are ongoing

https://La uwalflpaol wet/madg raphs
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