Madgraph School 2019

18-22 Nov. | IMSc! Chennal

TUTORIAL ON
MADGRAPHS AMCRENLO:

NLO SIMULATIONS

HUA-SHENG SHAO

N SORBONNE

S UNIVERSITE

CREATEURS DE FUTURS
DEPUIS 1257

18-22 NOVEMBER 2019

FEYNRULES/MADGRAPH SCHOOL | IMSC CHENNAI, 2019




NLO SIMULATIONS . 4

* The NLO run mode is turned on with [QCD] in generati'c;h'
syntax.

=l > generate p p > e+ e- [QCD]

* While the LO mode will always compute the cross section
and generate events, this is not always the case for NLO runs

* The NLO code can be run in two different ways:

=¥ Fixed-order (fNLO): no events will be generated.
Compute cross sections (within cuts) and
generate histograms on the fly.

— NLO+PS: generate the unweighted event sample

(up to a sign difference) and matched to parton
shower via MC@NLO matching.
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EXERCISES: TOP QUARK PAIR
* Learn the syntax by typing “tutorial aMCatNLO”

 Generate the top quark pair production at NLO.

./bin/mg5 aMC
> generate p p > t t~ [QCD]

> output MyNLOExample
> launch

» Check the run card.dat. Note that it is different with that
in LO mode.

* Compute both the LO and NLO cross sections at f(N)LO
level.

* Choose the existing analysis file analysis HwU pp_ttx.o and
specify it in FO_analyse card.dat.

* Understand the histograms you get.
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MADGRAPH

EXERCISES SOLUTION: FNLO

* Turn on f(N)LO (shower turned off automatically)

The following switches determine which programs are run:
Description | — values
1. Type of perturbative computation |
2. No MCEB[N]LO matching / event generation |
3. Shower the generated events |
4. Decay onshell particles |
5 |
6 |

| === other options ——————
| LO

| OFF

| OFF | PYTHIAGQ | PYTHIAGPTIPYTHIAS
|

|

|

ONlonshell
ONINLOINLO_TREEILO
ON

modspin =
reseight =
madanolysis =

. Add weights to events fcr new hypp.
. Run MadAnalysis5 on the events generated

/
|
|
|
|
|
|

\

Either type the switch number (1 to 6) to change its setting,

Set any switch exolicitly (e.g. type 'fixed_order=OFF' at the prompt)
Type 'help' for the list of dll valid option

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

Switch on fixed_order

» Edit run_card.dat

% e e ol o o e o o o e o o o ol o o o o e ot e e e ol o ol o e e e ol oo e o o o e ol o ol o o o e e e o e e o o o e e o R o

# Number of points per itegration channel (ignored for aMC@NLO runs) ¢
#&‘tt*iﬂ**‘ittt##*ﬁ*‘ttt#‘i***#‘tth&“ﬁﬁ&t‘t‘hii**“tth“‘ﬁ#&ttt“ﬁi**“
2.205 _ = reg_acc_FO ! Required accuracy (-l=ignored, and use the
I number of points and iter. below)
# These numbers ace ignored except if req._acc_F0 is equal to -1
5000 = npoints_FOgnid | number of points to setup grids
4 = niters_F0_grid ™' number of iter, to setup grids
10000 = npoints_FO I nucher of points to compute Xsec
6 = niters_FO I number o€ iter. to compute Xsec

Decide the targeted accuracy for fixed-order calculations
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MADGRAPH

EXERCISES SOLUTION: FNLO

* Edit FO_analyse card.dat

This file contnins the settings for analyses to be linked to fixad
order runs. Analysis files are meant to be put (or linked) inside
<PROCDIR>/Fixed(rderAnalysis/ (<PROCDIR> is the name of the exported
process directory). See the
<PROCDIR>/Fixed(rderAnalysis/analysis_*_template.f file “or datails
on how to write your own analysis.

OO O R RN

i
%

Analysis format.
Can either be "toodrawer®, 'root’, "HWU', 'LHE' or 'none’.
Nhen cncosing HwU, ic comes with a GnuPlot wrapper. When choosing
topdrawer, the histogramemng package 'd>ook.f' 1S Lncluded 1n the
code, while when choosing root the 'rbook_<e8.f' and 'rbook_bag.cc'
are inCluded. If "none’ is chwsen, all the cther entries below have
to be zet empty.

O_ANALYSIS_FORMAT = HwU

O Y H SYH YH YW

o

# Needed ex:zra-libraries (Fastlet is already linked):

FO_EXTRALIBS =

#

# (Absolute) path to the extra libraries. Directory nomes should be
# separated by white spoces.

FO_EXTRAPATHS =

#

# (Absolute) path to the dirs contoining header files needed by the
2 libraries (e.g. Ces header files):

FO_INCLUDEPATHS =

2

# User's analysis (tc be put in the <PROCDIR-/FixedOrderAnalysis/

2 direckon e P UEISEINE O aosancinn and white spoces +o seporate
#riles.

FO_ANALYSE = analysis_HwU_pp_ttx.o

v

v

FEYNRULES/MADGRAPH SCHOOL IMSc CHENNAI, 2018




MADGRAPH

EXERCISES SOLUTION: FNLO 4 e

* Total cross section

Final results ond run summary:

Process pp > t t~ [0CD]

Run at p-p collider (6500.0 + 6500.0 GeV)
Total cross section: 6.301e+€2 +- 2.424€0 pb

Scale variation (computaed from histograr \nformation):
Dynamical _scale_choice :1 (envelooe of Y\, values):
6.80le+22 pb +10.45 -12.1%

: The resul:s of this\run and {he \wU and GnuPlot Filus with the plots have been saved in /Users/huasheng/Physics /MGS/MCS_aMC_v2_6_4/pp2ttxQCD/Events/run_01
* Run conplete

Central va{lue Numerical integration error

Renormalisation/factorisation scale uncertainty
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EXERCISES SOLUTION: FNLO /]

- Differential distributions
« Check the MyNLOExample/FixedOrderAnalysis/analysis HwU pp_ttx.f
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EXERCISES SOLUTION: FNLO

- Differential distributions
« Check the MyNLOExample/FixedOrderAnalysis/analysis HwU pp_ttx.f

i pt
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EXERCISES SOLUTION: FNLO

The raw data of histograms
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TAKE HOME EXERCISES: FNLO

¢ |[n the NLO histograms, which of these variables are described at
the NLO? p1(¢), pr(t7), y(t), M(tt), AP(t7)
® Some of these variables are trivial at LO, because of 2—2

kinematics
® t and t are always back to back:
do/dAD(tt) = §(AD — 7)
do /dpr (tt) = 6(pr — 0)
® »1(ff) and AP (#F) are non-trivial if the cross-section is at least at
NLO: they are effectively described with LO accuracy
® The other variables are described at NLO
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MADGRAPH

EXERCISES: NLO+PS g

i '
1, | {)
\ | ;

Ny ] ’
N

* Generate NLO event sample showered by Pythia8

* Warning: the NLO LHE sample should be regenerated if one changes the shower
program

- Remember to install boost via ‘install boost’

* In default, HepMC file will be generated.

» Use MadAnalysis5 to read them and to make plots

+ Next tutorial !
* Instead of generating HepMC files, try to generate
histograms directory.

 Use the existing analysis file py8an_ HwU pp ttx.o and put it in shower card.dat

 Hint: you can shower an existing run with ./bin/shower run_ XX
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MADGRAPH

EXERCISES SOLUTION: NLO+PS /g

* Turn on NLO+PS with PS=Pythia8

. Type of perturbative computation order
. No MCB[N]LO matching / event generation fixed order
. Shower the generated events shower
. Decay onshell particles madspin
. Add weights to events for new hypp. reweight =
. Run MadAnalysis5 on the events generated modonalysis =
ither type the switch number (1 to 6) to change its setting,
het any switch explicitly (e.g. type 'fixed_order=ON' at the prompt)
ype 'help' for the list of all wvalid option
ype '®', 'auto', 'done' or just press enter when you are done,

Specify shower = Pythia8

» Edit run_card.dat Change the number of events

i = Fur ag ' name Q B ur
#t*t*t**#*****t*t#t*t##**t*t#t**#t**t*t*#***‘. EREEEFEFREREREERERF R R k%
# Number of LHE events (and their pzrimalization) and the required ¥
# (relative) accuracy on the-isec. *
# These values are ignUred for fixed order runs -
et Sl kS E kb e e e e e e e e s S R

100000 = nevents ! Number of unweighted events requested

-1.0 = reg_acc | Required accuracy (-l=gutc determined from nevents)

-1 = nevt_job ! Max number of events per job in event generation.
! (-1= no split).
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MADGRAPH

EXERCISES SOLUTION: NLO+PS

» Edit shower card.dat

- I = - . rle 0 =

e\#ﬂ*#.t#.ﬁ##'#ﬂ.tt#t*#.t!*t##'ﬁ*#'!l.ﬁ##t##'t!'ﬁ‘ﬁ'ﬁ#ﬂtl#.ﬂ*ﬁ.t#.ﬁ**"#ﬁt

# Extra libraries/analyses ¥
#“‘t**.“*t' S0 o e e o o e 0 o o e 0 o e 0 o e 0 e e e e e e ke
_. # The following lines need to be changed if the user does not want to
ni # create a StdHEP/HepMC file, but to directly run an own analysis (to
o # be placed in HWAnalyzer or analogous MCatNLO subfolders).
# Please use files in those folders as examples,
. # Remember that if your analysis uses hbook or is in the HWU format,
# you must also add to hbook.o or HwU.o to the ANALYSE list as well.
#'*'t##.'*'tm#.t##t*#0‘!#.##'.*#'##Qﬁtﬂtﬁﬁtt!#ﬁ##'ﬁﬁﬁt!*.ﬁ*'tt#.t#’t!t't
" extralibs = pythia8 boost_iostreams z dl stdc++ # Extra-libraries (not LHAPDF)
# Default: “"stdhep Fmcfio"
# PYTHIA > 8.20@ may require library dl
extrapaths = ,,/lib /Users/huasheng/Physics/MGS/MGS_aM(_v2_6_4/HEPTools/pythia8//1ib /opt/local/lib /Users/huasheng/Physics/MGS5/MGS_aMC\
_v2_6_4/HEPTools/zlib//lib /Users/huasheng/Physics/MGS/MGS_aMC_vZ2_6_4/HEPTools/boost/1ib # Path to the extra-libraries
# Default: "../Lib"
INCLUDEPATHS = # Path to header files needed by c++
# Dir names separated by white spaces
ANALYSE # User's analysis and histogramming
# routines (please use ,0 as extension
# and use spaces to separate files)

Libraries required ! Make sure all library paths there !
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MADGRAPH

EXERCISES SOLUTION: NLO+PS /&

* Result: HepMC file

ua-Shengs-MacBook-Pro:run_02 huasheng$ ls

unMaterial,tar.gz eVentariTe gz res_2.txt
alllogs_@.html events_PYTHIAB_@.hepmc.gz run_@2_tag_l_banner.txt
alllogs_1.html res=0.txt summary.txt
alllogs_2.html res_l.txt

* In order to generate the histograms instead of HepMC files

» Edit shower card.dat

ibraries/analyses
‘t......ﬂllll---.......ll....l.....l....l...........l...........I...-.l-
The following lines need to be changed if the user does not want to *
creaze a StdHEP/HepMC file, but to directly run an own analysis (to *
be placed in HNAnalyzer or analogous MCatNLO subfolders). :
Please use files in those folders as examples. e
Remember that if your analysis uses hbook or is in the HwU format, >
you must also add to hbook.o or HwU.o to the ANALYSE 1ist as well. *
g"'OOt““‘.“‘“OOO“l““.!.‘.OO“‘““‘““.O‘OOl““““...........
extralibs = pythia8 boost_iostreams z dl stdc++ # Extra-libraries (not LHAPDF)
# Default: "stdhep Fmcfio"
# PYTHIA > 8.200 muy require library dl
éxtrapaths = ../1ib /Users/huasheng/Physics/MGS/MGS_aMC_v2_6_4/H:PTools/pythia8//1ib /opt/local/lib /Users/huasheng/Physics/MGS/MGS_aNC\
v2_6_4/HEPTools/zlib/1ib /Users/huasheng/Physics/MG5/MG5_aMC_v2_6_4/HEPTools/boost/1ib # Path to the extra-libraries
# Default: "../1ib"
INCLUDEPATHS = # Path to header files needed by c++
FUtremamss sepurated by white spuces
ANALYSE = HWl.0 py8an_Wwl_pp_ttx.o0 # Uder's analysis and histogramming
# _routises Uplease use .0 as extension
# and use spaces to separate files)
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MADGRAPH

EXERCISES SOLUTION: NLO+PS /&

* Result: histograms
« Check the MyNLOExample/MCatNLO/PY8Analyzer/py8an_HwWU pp_ttx.f

Hua-Shengs-MacBook-Pro:run_@3 huasheng$ 1s

RunMaterial .tar.gz events e Tge res_1.txt
alllogs_0.html plot_PYTHIAS_1_Q.HwU res_2.txt
alllogs_1.html plot_PYTHIA8_1_@. run_03_tag_1_banner.txt
alllogs_2.html res—orhds summary . txt
t.pt
NCCUT, comral salue, arkol_scake_choloe—-1
CUT cxvanal adime, dwiimr il scabe edioeed
HCCUT scas variatice
CUT szaw varizticn
17
i
§ I
B 1
I 3
w7 1 ar e
[ - |
1 5
X
0L 1
s T
g T TET
_:; PPy i ]
; ':lf e al v uncerizinses wol conral valuas
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MADGRAPH

EXERCISES SOLUTION: NLO+PS /g

* Result: LHE file (need correct shower to be physical)

<initrngt>
<weightgroup name='scale_variation -1' combine='envelope'>

<neight id='1001'> dyn= -1 muR~Q,10000E+01 muF-Q,100D0E+21 </weight>
weight ide'1002'> dyne MUR=Q, 20000E+01 muF=@,10000E+d1 </weight>
<wneight id="1003"'> dyn= muR=0 . 50000E+00 muF=0.10000E+01 </weight> ) .
<weight id='1084'> dyn= -1 muR=0.10080E+@1 muF=0.2000RE+01 </weights * Each event keeps information about
<weight id='1005'> dyne MUR=0Q , 20000E+01 muF=0,20000E+91 </weight> -
neight id='1006'> dyne muR=Q , S0000E+00 muF=0, 20000E+01 </weight> scale variations

<weight id="1007"'> dyn= muUR=0, 10000E+01 muF=0,50000E+00 </weight> ' . .
aneight id="1008'> dyn= -1 muR=0.20000E+01 muF=0.50PAOE+00 </weight> * To obrtain scale uncertainties use the

<w<.eight 1d="1089'> dyn= muR=0 . 50000E+00 muF=0.50000E+80 </weight> extra WCightS to ﬂ” histocrams a_nd
</weightgroup> o

</initrwgt>
e take the envelope

<init>
2212 2212 Q,65000000E+04 0,05000000E+84 -1 -1 244800 244800 -4 1
0.67732463E+03 ©.38432666E+01 @.13001881E+24 9

.13001881E+04 0.11780576E+03 0.75467711E-02 0.10610484E+00
0 0 501 502 0.00000000E+00 ©.00000000E+00 ©.59797002E+03 0.5979700ZE+03 0.00000000E+00 O.0000E+00 @.9000E+01
L @ 502 503 0.00000000E+00 ©.00000000E+00 -.GOZB8I1C7E+OZ 0.GOZ83167E+0Z 0.00000000E+00 ©.0000E+00 ©.9000E+01
1 2 501 0 0.61030847E+01 0.74739Z50E+02 0.23026277E+03 0.29761241E+03 0.17300000E+03 0.0000E+00 @.9000E+01
1 2 @ 503 -.61030847E+01 -.74739Z50E+02 0.30742408E+03 0.3606407EE+03 0.17300000E+03 0.0000E+00 @.9000E+01
@ 2 3 0.33272654E+02 0.00000000E+00 9 S 0O 0.00000000E+0Q 0.0000000CE+00 0.00000000E+00 O.00000000E+00 0 .00000000E+00

1d="1001"> 0.13002E+04 </wgt>
1d="1002"> 0.10415E+04 </wgt>
1d="1003"'> 0.1004ZE+04 </Wgt>
1d="1004"> 0.14027E+04 </wgt>
1d="1005"> 0.11.66E+04 </wgt>
1d="1006"> 0.18080E+04 </wgt>
1d="1007"> 0.11653E+04 </wgt>
1d="1008"> 0.94099E+03 </wgt>
1d="1009"'> 0.14783E+04 </wgt>

</rwgt>

</event>
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TAKE HOME EXERCISES: NLO EW [/

OS X Updates Available | pe

|00 MadGraph5_aMC@NLO In Launchpad J ,
P i P . y Your computzr will restart to e
ALr | B] 6] | + | ! Canonical Group Lid @ launchpad.net/ mgSamecnlo compleze thesa updates. | Re
[0 i¥i Code:MadG.core2" team [tinéraires ... tramway bus 5P F&XTS  EPS  The 8th Wor...nuary 2015) Certificate .. FAQ - TWiki Text to ASCL...ator (T,
l MadGraphS_aMCENLO in Launchpad 5
Login f Register
‘& MadGraph5_aMC@NLO
Code 2ugs Blueprints Translations Answers
Regisdkered 2009-C3-15 3 Michel Heyguel
V@ Michel Keraoe Get Involved
MadGraph5_aMC@NLO is a framework that aims at providing all the elements necessary for SM Report & bug E
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 Ask a question -
manipulation and analysis. Processes can be simulated to LO accuracy for any user-defined Register a blueprint -

Lagrangian, an the NLO accuracy in the case of models that support this kind of calculations -
prominent amang these are QCD and EW 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 MadGraph5 and aMC@NLO that unifies the LO Downloads
and NLO lines of development of automated tools within the MadGraph family. It therefore S————
supersedes all the MadGraph5 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]. In addition to that, computations in mixed-coupling
expansions and/or of NLO corrections in theories other than QCD (eg NLO EW) require the citation MG5_aMC_vz.6.3.2.tar.gz
of: R. Frederix et al, "The automation of next-to-leading order electroweak calculations”,
arXiv:1804.10017 [hep-ph]. A more complete list of references can be found here: http:f/amcatnlo.
web.cern.ch/amcatnlo/list_refs.htm

Downleoad:

* NLO EWV can be generated with fNLO only at the moment.
* Add [QCD QEDY or [QEDY in the generation syntax.
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