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* A Python framework that handles tree-level, one-
loop, LO and NLO, LO+PS, NLO+PS and merged
calculations.

* MadGraph5 and MadLoop generate tree-level and
one loop matrix-element.

e Several outputs are possible, both as standalone
(to be used in native or independent applications)
or as a full-fledged codes that generate events
(MadEvent at LO, aMC@NLO at NLO).

* Full BSM support at LO, starts at NLO.
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\We need method to minimize the amount of time
use in Full Sim -> minimize number of events
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|dea: use one (un)weighted generations and
associate additional weights from different

hypothe5|sI./V [ Mew?
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*Can be run on the flight inside MG5

x Woid

1.000 < 'k 0 T, meaas

0.500 —

0.100 =

sigma (pb/bin)
sigma (pb/bin)

0.050 [—

0.010 |-

.
.
L l A 1 ' 1 I 1 1 L 1 I L A L A l 1 A 1

0 200 400 600 800 1000

Ecm
1405.02301/1404. 7129

0.005 b=,




~@> Remark W g

*This is NOT a 1D histogram re-weighting h
= This is a Fully differential re-weighting

*This assume that the Phase-Space is the

same

= Bad for scan over mass
= Good for scan over coupling

e Qutput in LHEF version 3 format

/
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(" Motivation: )
O(AO) O(A) (/)(AQ)
SM BSM
Model independent Model dependent
\_ Dominant Sub-Dominant W,
" Idea: .

e Compute them separately

e Have a new syntax for such selection (NP"2=)

\_
Status:
e Release this week
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@ aMC@NLO

Why automation?
=Time: Don’t have to wait for a theorist!
=Robust: Easier to test, to trust
*Why NLO?
=Reliable prediction of the total rate
=Reduction of the theoretical uncertainty
Why matched to the PS?

=Matching cure some fix-order ill behaved
observables
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1) Download the code

L 7 = 2 e ————

8006 ¢ l W Trapezoi.. Fo] CM-P0O.. Fod th-6549.. [ mC4BSM..  zaro-mcdbs.. BB Laune-.. BB DenisBr.. Online Event ... Online Event ...
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e | (-w @ https //launchpad.net/mgSamenio

MadGraph5_aMC@NLO Generator

f Code Bugs Blueprints Translations  Answers

—_

Reglstered 2009-05-15 by £, Mihel Herquet

MadGraph5_aMC@NLO is a framework that aims at providing all the elements necessary for SM
and BSM phenomenology, such as the computations of cross sections, the generation of hard
events and their matching with event generators, and the use of a variety of tools relevant to event
manipulation and analysis. Processes can be simulated to LO accuracy for any user-defined
Lagrangian, and the NLO accuracy in the case of QCD corrections to SM processes. Matrix elements
at the tree- and one-loop-level can also be obtained.

MadGraph5_aMC@NLO is the new version of both MadGraphS and aMC@NLO that unifies the LO
and NLO lines of development of automated tools within the MadGraph family. It therefore
supersedes all the MadGraphS 1.5.x versions and all the beta versions of aMC@NLO.

The standard reference for the use of the code is: J. Alwall et al, "The automated computation of
tree-level and next-to-leading order differential cross sections, and their matching to parton
shower simulations”, arXiv:1405.0301 [hep-ph]. A more complete list of references can be found
here: http://amcatnlo.web.cern.ch/amcatnlo/list_refs.htm

Download:

The latest stable release can downloaded as a tar.gz package (see the right of this page), or
through the Bazaar versioning system, using bzr branch Ip:madgraphs

Installation:

MadGraphS_aMC@NLO needs Python version 2.6 or 2.7 ; gfortran/gcc 4.6 or higher is required for
NLO calculations/simulations.

Getting started:

Run bin/mgS_aMC and type "help® to learn how to run MadGraphS_aMC@NLO using the command
interface, or run the interactive quick-start tutorial by typing “tutorial®. Some third-party packages
can be Installed using the MGS5_aMC shell command "install®. LO generation can also be done
directly online at: http://madgraph.phys.ucl.acbe or httpy//madgraph.hep.uluc.edu
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launch the code [./bin/mg5_aMC(C]
~Exactly like MGS !

) Vi i DT G 243 Q i
Terminal — Python — 201x58

1 er

e 00

[@0liviers-MacBook-Pro ~]$ <d MadGraghs_v2

MadGraphs_v2.0.0,.betad, tar,. g2 MadGraphs_v2.0.0.betad. tar.gz. 1 MadGraghs vl 0. 0 _betad/
[@Oliviers-MacBook-Pro ~]$ <d MadGraphs_v2

MadGraphs_v2.0.0,.betald, tar,. g2 MadGraphs_v2.0.0.betad.tor.gz.1 MadGraphs_v2_9_0_betal/
[@0liviers-MacBook-Pro ~]§ cd MadGrapghs_v2_0_9_betad/

[@Oliviers-MacBook-Pro MadGraghs_v2_9_0_betal]s ./bin/eg$

WELCOME to MADGRAPH S
- -
- - -
s s s S e e
- - -
- -
VERSION 2.0.0.betald 013-02-14

The MadGraph Developsent Team -~ Please visit us at
hetps://server®6, fynu.ucl.ac.be/projects/aadgraph

Type ‘help' for im-lise belp.
Type 'tutorial’ to lears Bow MGS works
Type ‘tutorial aMCatNLO' to lears Bow aMIENLO works
Type '‘tutorial Madloop' to learm Bow MadlLoop works

load MGS configuration from /Users/omatt/.mgS/mgS_configuration, txt

load MGS configuration from input/mgS_configuration.txt

set lhapdf to lhapdf-config

set fastjet to /Users/omatt/programme/maS_vl.1.2/tools/fastjet/bin/fastjet-confip
Loading default model: sa

INFO: load particles

INFO: load vertices

INFO: Restrict sodel sm with file models/sa/restrict_default.dat .

INFO: Run “set stdout_level DEBUG™ Refore import for msore inforsations.

INFO: Change particles nase to pass to MGS convention

Defined multiparticle p» g u € @ § o~ €~ O~ $~

Defined multiparticle J » gu Cc d s o~ €~ O~ $~

Defined sultiparticle Lo » o+ Bue

Defined sultiparticle 1« » ¢« my-

Defined sultiparticle vl » ve va wt

Defined sultiparticle vis » ves von wi~

Defined multiparticle all = g W € @ 8 9~ €~ O~ s~ 8 ve va Vi €= By~ ve~ v wis €+ mus T b 1~ B~ 2 we h we ta- tae

mes>g
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*You can enter ANY process!

=add [QCD] for NLO functionalities
O generatep p>tt~[QCD]

O generate p p > e+ e- mu+ mu- [QCD]

O generate pp > w+ w-jj[QCD]

- s w m g wmow wow e owow pm w w w w - - - - -

MGS>generate p p > t t~ [QCD)

Switching from interface MGS5 to aMC@NLO

The default sm model does not allow to generate loop processes. MG5 now loads 'loop_sm' instead.
import model loop_sm

INFO: load particles

INFO: load vertices

INFO: Restrict model loop_sm with file models/loop_sm/restrict_default.dat .

INFO: Run "set stdout_level DEBUG" before import for more information.

INFO: Change particles name to pass to MGS convention

Kept definitions of multiparticles - / § / vl / + / p / vi~ unchanged

Defined multiparticle all = g gh gh~ d u § ¢ d~ u~ S~ ¢~ a ve va vt e~ mu- ve~ v~ vt~ e+ mu+ b t b~ t~ 2 we h w- ta- tas
INFO: Generating FKS-subtracted matrix elements for born process: gg >t t~ [ QCD )

INFO: Generating FKS-subtracted matrix elements for born process: u u~> t t~ [ QCD ]
INFO: Generating FKS-subtracted matrix elements for born process: ¢ ¢~ > t t~ [ QCD ]
INFO: Generating FKS-subtracted matrix elements for born process: d ¢~ > t t~ [ QCD ]
INFO: Generating FKS-subtracted matrix elements for born process: s s~ > t t~ [ QCD )
INFO: Generating FKS-subtracted matrix elements for born process: u~u >t t~ [ QCD ]
INFO: Generating FKS-subtracted matrix elements for born process: ¢~ ¢ > t t~ [ QCD ]
INFO: Generating FKS-subtracted matrix clements for born process: d~d > ¢t t~ [ QCD )
INFO: Generating FKS-subtracted matrix elements for born process: s~ s > t t~ [ QCD )

INFO: Generating virtual matrix elements using MadlLoop:

INFO: Generating virtual matrix element with MadLoop for process: g ¢ > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: u u~ > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: ¢ ¢~ > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: d ¢~ > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: s s~ > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: u~u > t t~ [ QCD ]
INFO: Generating virtual matrix element with MadlLoop for process: ¢~ ¢ > t t~ [ QCD ]
INFO: Generating virtual matrix element with MadLoop for process: d~d > t t~ [ QCD )
INFO: Generating virtual matrix element with MadLoop for process: s~ s > t t~ [ QCD )

INFO: Geaerated 9 subprocesses with 136 real emission diagrams, 11 born diagrams and 157 virtual diagrams
aMCeNLO>
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*Create your aMC@NLO code
=output PATH

*Run It:
=launch [PATH]
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*Create your aMC@NLO code
=output PATH
*Run It:

The MadGraph Development Team - Please visit us at
http://amcatnlo.cern.ch

Type 'help' for in=line help.

BMC@NLO>1aunch

INFO:

* *
* WELCOME to MADGRAPH 5 *
* aMCe@nNLDO -
* -
* * * *
* * * = * *
* * % x x5 *x x x = *
* * = = * *
* * * -
- -
* VERSION 2.0.0.beta3 2013-02-14 -
* *
* *
* *
* *
* -
* -

INFO: load configuration from /Users/omatt/.mg5/mg5_configuration.txt
INFO: load configuration from /Users/omatt/MadGraphS_v2_©_@_beta3/PROCNLO_loop_sm_0/Cards/amcatnlo_configuration.txt

INFO: load configuration from /Users/omatt/MadGraph5_v2_©_0_beta3/input/mg5_configuration.txt

INFO: load configuration from /Users/omatt/MadGraphS_v2_0_0_beta3/PROCNLO_loop_sm_0/Cards/amcatnlo_configuration.txt
set group_subprocesses Auto

set ignore_six_quark_processes False

set loop_optimized_output True

set gauge unitary

set complex_mass_scheme False

launch auto

Which programs do you want to run?

® / auto : NLO event generation and -if cards exist- shower and madspin.
1 / NLO : Fixed order NLO calculation (no event generation).
2 / aMC@NLO : NLO event generation (include running the shower).
3 / noshower : NLO event generation (without running the shower).
4 /L0 : Fixed order LO calculation (no event generation).
5 / aMCeLo : LO event generation (include running the shower).
6 / noshowerlL0 : LO event generation (without running the shower).
+10 / +madspin : Add decays with MadSpin (before the shower).

‘Q. auto, 1, NLO, 2, aMC@NLO, 12, aMC@NLO+madspin, 3, ... ] [60s to answer]
>
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*Create your aMC@NLO code
=output PATH

*Run It:
=launch [PATH]

First Question:

The following switches determine which operations are executed:

1 Perturbative order of the calculation: order=NLO
2 Fixed order (no event generation and no MC@[N]JLO matching): fixed_order=0FF
3 Shower the generated events: shower=0N

4 Decay particles with the MadSpin module: madspin=0FF

Either type the switch number (1 to 4) to change its default setting,

or set any switch explicitly (e.g. type 'order=L0' at the prompt)

Type '0', 'auto', 'done' or just press enter when you are done.

[@, 1, 2, 3, 4, auto, done, order=L0, order=NLO, ... ]1[60s to answer]
>[timer stopped]
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*Create your aMC@NLO code

=output PATH

*Run It:
=launch [PATH]

Second Question:

INFO: will run in mode: aMC@NLO
Do you want to edit a card (press enter to bypass editing)?

1 / param : param_card.dat

2 / run : run_card.dat

3 / madspin : madspin_card.dat
4 / shower : shower_card.dat

you can also
- enter the path to a valid card or banner.
- use the 'set' command to modify a parameter directly.
The set option works only for param_card and run_card.
Type 'help set' for more information on this command.
[0, done, 1, param, 2, run, 3, madspin, 4, enter path, ... ][60s to answer]
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INFO: For gauge cancellation, the width of 't' has been set to zero.
INFO: Using built-in libraries for PDFs

INFO: Compiling source...

INFO: ...done, continuing with Px directories

INFO: Compiling directories...

INFO: Compiling on 8 cores : :
INFO: Compiling PO_gg_ttx... CO m PI Iatl O n
INFO: Compiling P@O_uux_ttx...
INFO: Compiling PO_uxu_ttx...

INFO: P@_uux_ttx done.
INFO: PO_uxu_ttx done.
INFO: P@_gg_ttx done.

INFO: Checking test output:
INFO: PO_gg_ttx
INFO: Result for test_ME:

INFO: Passed.

INFO: Result for test_MC:

INFO: Passed.

INFO: Result for check_poles:

INFO: Poles successfully cancel for 20 points over 20 (tolerance=1.0e-05)

INFO: PO_uux_ttx

INFO: Result for test_ME:

INFO:  Passed. CheCk Poles
INFO: Result for test_MC:

INFO: Passed. 1
INFO: Result for check_poles: Cancelat|0n
INFO: Poles successfully cancel for 20 points over 20 (tolerance=1.0e-05)

INFO: PO_uxu_ttx
INFO: Result for test_ME:

INFO: Passed.

INFO: Result for test_MC:

INFO: Passed.

INFO: Result for check_poles:

INFO: Poles successfully cancel for 20 points over 20 (tolerance=1.0e-05)
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INFO: Starting run
INFO: Using 8 cores
INFO: Cleaning previous results
INFO: Doing NLO matched to parton shower
INFO: Setting up grid
INFO: 1Idle: 2, Running: 8, Completed: © [ current time: 22h58 )
INFO: 1Idle: 1, Running: 8, Completed: 1 [ 7.1s )
INFO: Idle: @, Running: 8, Completed: 2 [ 7.2s )
INFO: Idle: @, Running: 7, Completed: 3 [ 13.6s ] - - - v - -
INFO: Idle: @, Running: 6, Completed: 4{ 21s } INFO: Doing reweight
INFO:  Idle: O, Running: S, Completed: 5 [ 21s INFO: Idle: @, Running: 4, Completed: 6 [ current time: 23h13 ]
INFO: Idle: @, Running: 4, leted: 6 [ 1m Ss * vt ! : ’
INFO: Idle: @, mmﬁ’az 3, Cczleted: 1{ m S5s } INFO: Idle: @, Running: 3, Completed: 7 [ 0.51s ]
Ilzsg: :::e: :. ::nn:no: i 3:{’:‘:‘ g: ::3:: } INFO: Idle: @, Running: 2, Completed: 8 [ 0.53s ]
: e: @, nning: 1, eted: s . . . .
INFO: Idle: O, Running: O. Completed: 10 [ 6m 525 INFO: Idle: @, Running: 1, Completed: 9 [ 1.6s ]
INFO: Determining the number of unweighted events per channel INFO: Idle: @, Running: @, Completed: 10 [ 1.8s ]
INFO: Collecting events

Intermediate results: INFO:

Random seed: 33 =

Total cross-section: 1.775e482 +- 2.1e+00 pb Summa ry:

Total abs(cross-section): 2.633e+82 +- 1.6e+00 pb Process p p > t t~ [QCD]

Run at p-p collider (6500 + 6500 GeV)
m:? cmutigo "m"fm};mcupt reds o | I Total cross-section: 6.843e+02 +- 4.1e+00 pb
: e: £, nning: o, eteq: curren : . —

INFO: Idle: 1. Running: 8. Completed: 1 [ 8.7s Ren. and fac. scale uncertainty: +10.4% -12.1%
INFO: Idle: @, Running: 8, Completed: 2 [ 8.9s 1 Number of events generated: 10000
INFO: 1Idle: @, Running: 7, Completed: 3 [ 16.3s ) : . H
INFO: 1Idle: @, Running: 6, Completed: 4 [ 25.7s )
INFO: 1Idle: @, Running: S5, Completed: 5 [ 25.7s )
INFO: 1Idle: @, Running: 4, Completed: 6 [ 1m 16s )
INFO: 1Idle: @, Running: 3, Completed: 7 [ 1m 18s )
INFO: 1Idle: @, Running: 2, Completed: 8 [ 6m 38s )
INFO: 1Idle: @, Running: 1, Completed: 9 [ 6m 46s )
INFO: Idle: @, Running: @, Completed: 10 [ 7m 4s )
INFO: Updating the number of unweighted events per channel

Internediate results:

Random seed: 33

Total cross-section: 1.770e+82 +- 1.7e+00 pb
Total abs(cross-section): 2.630e+92 +- 1.2e+00 pb

INFO: Generating events

INFO: 1Idle: 2, Running: 8, Completed: © [ current time: 23h12 )
INFO: 1Idle: 1, Running: 8, Completed: 1 [ 0.525 ]
INFO: 1Idle: @, Running: 8, Completed: 2 [ 0.71s ]
INFO: 1Idle: @, Running: 7, Completed: 3 [ 1.7s ]
INFO: Idle: @, Running: 6, Completed: 4 [ 1.8s )
INFO: Idle: @, Running: S, Completed: 5 [ 3.9s )
INFO: Idle: @, Running: 4, Completed: 6 [ 14.5s ]
INFO: Idle: @, Running: 3, Completed: 7 [ 19.7s ]
INFO: Idle: @, Running: 2, Completed: 8 [ 21.45 ]
INFO: 1Idle: @, Running: 1, Completed: 9 [ 31.7s ]
INFO: 1Idle: @, Running: @, Completed: 10 [ 36.45 )
INFO: Doing reweight
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Status of aMC@NLO W Durham

*Only NLO in QCD (Electroweak well in
progress)

*Mainly the SM
=Tools for creating NLO-UFO
=2HDM is under validation

e Support for Merging at NLO
=FxFx (Herwigb)
=FxFx (Pythia8 -> Friday release)
=UnLops (Pythia8 -> Friday release)




MadSpin

A ]
¥ Durham
‘ersity

.

How to handle the decay of particle?

)

-

* WISH-LIST:

=For a sample of events include the decay
of unstable final states particles.

=Keep full spin correlations and finite
width effect

=Keep unweighted events
=Decay LO accurate

~

Univ




Mad$S P in W Durham

How to handle the decay of particle? )

AR

WISH-LIST: A

=For a sample of events include the decay
of unstable final states particles.

=Keep full spin correlations and finite
width effect

=Keep unweighted events

=Decay LO accurate

_/
*Can be done via ME re-weighting j

[Frixione, Leanen, Motylinski,Webber (2007)]
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MadSpin
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e Fully automatic
=Fully integrated in MG5 [LO and NLO]
=Can do BSM decay (from SM production)/

~

N

N\

>

(O]

9
C

-

1
¥  0.001 |
'o |
2

0.0001

001 F [

| Scalar Higgs

NLO Spin correlations on _

LO Spin correlations on === -

NLO Spin correlations off
"= LO Spin correlations off

0

25 50 75 100 125 150 175 200
pr(I") [GeV]

1/0 do/dcos(¢)

0.6

o
o
a

o
&)

0.45

0.4

NLO Spinl correlationslon

LO Spin correlations on === -

NLO Spin correlations off
LO Spin correlations off

______

-0.5 0

0.5




Conclusion VR

"Madgraph5: )

*Various Method for Mass production @LO
= ME re-weighting

= Non Definite Matrix-Element

\_ J
(aMC@NLO: ™

Fully automatic tool for NLO computation
= Cross-section (like MCFM)
= Generation of Events (matched to PS)

 *Decay with full-spin correlation (MadSpin),




