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Outline

ǒ QCD and  Parton Shower 

ǒ PythiaιHerwig, Sherpa

ǒ Pythia6 example

ǒ Pythia8
ƺ Event display

ƺ Drell Yan

ƺ MadGraph -> Pythia8:  LO

ƺ MadGraph -> Pythia8:  Matching

ƺ MadGraph -> Pythia8:  NLO, FxFx

ƺ Hepmc 

ƺ Status Code:  H decay

ƺ Status Code:  ZGamma vs ZJets

ǒ Rivet

https://conference.ippp.dur.ac.uk/event/309/contributions/1286/attachments/1054/1203/MC3_krauss.pdf

https://indico.cern.ch/event/368497/contributions/1787017/attachments/1134046/1621975/gieseke-2.pdf

https://conference.ippp.dur.ac.uk/event/309/contributions/1286/attachments/1054/1203/MC3_krauss.pdf
https://indico.cern.ch/event/368497/contributions/1787017/attachments/1134046/1621975/gieseke-2.pdf
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QCD and  Parton Shower

Q is ordering parameter, can be virtuality, either the transverse 

momentum PT, or angle between products.

DGLAP splitting function

Collinear limit: Universal
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Sudakov Factor

Collinear parton pair  Ÿ single parton
resolution criterion, eg   Kˍ > Q0

Unitarity: P(resolved) + P(unresolved) = 1
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Sudakov Factor

e.g.  a TeV quark has large 

probability to split
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Sudakov Factor

https://indico.cern.ch/event/442094/contributions/2226668/attachments/1308599/1957010/LIPATOV_Sudak16.pdf

http://www.jetp.ac.ru/cgi-bin/dn/e_003_01_0065.pdf
https://indico.cern.ch/event/442094/contributions/2226668/attachments/1308599/1957010/LIPATOV_Sudak16.pdf
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Parton Shower in brief
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Angular ordering

soft gluon comes from everywhere in event 

Ÿ Quantum interference.

Ÿ Spoils independent evolution picture?

outside angular ordered cones, soft 

gluons sum coherently: only see colour 

charge of whole jet.

Soft gluon effects fully incorporated by 

using ɗ as evolution variable: 

angular ordering
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Space/time-like shower

Final State radiation:

Time-like shower

Initial State radiation:

Space-like shower

In principle identical to final state.

In practice different because both ends of evolution fixed
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Backward Evolution
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Reshuffling



13

Dipole-recoil vs Global-recoil

By default the recoil of an ISR emission is 

taken by the whole final state. The option 

below gives an alternative approach with 

local recoils, where only one final-state 

parton takes the recoil of an emission.

http://home.thep.lu.se/~torbjorn/pythia82html/SpacelikeShowers.html

http://home.thep.lu.se/~torbjorn/pythia82html/SpacelikeShowers.html
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Starting Scale

ñpower showersò vs ñwimpy showersò

TimeShower:pTmaxMatch = 0/1/2

SpaceShower:pTmaxMatch = 0/1/2

http://home.thep.lu.se/~torbjorn/pythia81html/TimelikeShowers.html

http://home.thep.lu.se/~torbjorn/pythia81html/SpacelikeShowers.html

http://home.thep.lu.se/~torbjorn/pythia81html/TimelikeShowers.html
http://home.thep.lu.se/~torbjorn/pythia81html/SpacelikeShowers.html
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Matrix Element Correction

TimeShower:MEcorrections = on/off

SpaceShower:MEcorrections = on/off

Matrix-element corrections have been implemented, which 

correct the first jet emission to the full LO matrix-element.

MLM,  NLO, FxFx, each has different Pythia shower setting!

https://indico.cern.ch/event/17686/contributions/289999/attachments/230401/322375/Split08_krauss.pdf
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Overview

http://home.thep.lu.se/~torbjorn/talks/lund19cost.pdf
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Overview

Herwig7

https://www.physik.uzh.ch/~marek/talks/20140611_Muenster_a.pdf
https://herwig.hepforge.org/release-7-2.pdf
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Pythia

Core Pythia program is small and self-

contained: Ḑ160k lines code,Ḑ20 MB 

gzipped tarball.

Quick & easy to install, well documented 

and many examples,download from
http://home.thep.lu.se/Pythia/

http://home.thep.lu.se/~torbjorn/
http://home.thep.lu.se/Pythia/
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Herwig7

https://indico.cern.ch/event/516210/contributions/2244083/attachments/1325922/1990378/Talk.pdf
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Sherpa

https://arxiv.org/pdf/1905.09127.pdf
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Hadronization

Lund string model (Pythia)        Cluster model (Herwig)

String energyḐintense chromomagnetic field

ŸAdditional  quark pairs created by QM tunneling.
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Installation 

http://lcgapp.cern.ch/project/simu/HepMC/download/ 2.06.09

./configure --with-momentum=GEV --with-length=MM --prefix=/home/qliphy/Desktop/common/hepmc

http://home.thep.lu.se/~torbjorn/Pythia.html

PY8.2.4.4

./configure --with-hepmc2=/home/qliphy/Desktop/common/hepmc --with-

root=/home/qliphy/Desktop/common/root/

-> May need to adjust Makefile.inc manually

# ROOT configuration.

ROOT_USE=true

ROOT_BIN=/home/qliphy/Desktop/common/root/bin/

ROOT_INCLUDE=/home/qliphy/Desktop/common/root/include/

ROOT_LIB=/home/qliphy/Desktop/common/root/lib/

https://root.cern.ch

http://lcgapp.cern.ch/project/simu/HepMC/download/
http://home.thep.lu.se/~torbjorn/Pythia.html
https://root.cern.ch
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Installation 

https://launchpad.net/mg5amcnlo

MG267

install ExRootAnalysis

install Delphes

install lhapdf6

(./bin/lhapdf --source=http://lhapdfsets.web.cern.ch/lhapdfsets/current/  update

./bin/lhapdf --source=http://lhapdfsets.web.cern.ch/lhapdfsets/current/ get NNPDF31_nnlo_as_0118 )

install pythia8

or MG242+pythia6

https://pythiasix.hepforge.org

PYTHIA 6.4 is the last PYTHIA 6 version, containing the most up-to-date features and bug fixes. It is no 

longer actively developed but is maintained here in a legacy state. PYTHIA 6.4 was a direct continuation of 

version 6.3, and version 6.400 contained no news relative to PYTHIA 6.327.

https://launchpad.net/mg5amcnlo
https://pythiasix.hepforge.org


24

1st example:  pythia6  Zprime 

https://github.com/qliphy/2020HEPMC/tree/master/pythia6

gfortran -w -o lq test.f pythia6403.f

https://github.com/qliphy/2020HEPMC/tree/master/pythia6
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1st example:  pythia6 Zprime 

Multi-copy, status code, mothers, daughters



26

Pythia8 test
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Pythia8 test
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2nd example:  pythia8 built-in DY
http://home.thep.lu.se/~torbjorn/pythia81html/ElectroweakProcesses.html

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test0_main02-DY/main02/main02.cc

http://home.thep.lu.se/~torbjorn/pythia81html/ElectroweakProcesses.html
https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test0_main02-DY/main02/main02.cc
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2nd example:  pythia8 built-in DY

MG242+pythia6: 
generate p p > z > mu+ mu-

0.0  = ptl

-1.0  = etal

0. = drll

80.0   = mmll

120.0  = mmllmax 

MSTP(61)=1

MSTP(71)=1

MSTJ(1)=1

MSTP(81)=20

ME correction on/off no change, to check more.
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2nd example:  pythia8 built-in DY
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2nd example:  pythia8 built-in DY
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2nd example:  pythia8 built-in DY

Status Code:

Z:  -22,  -22, -44, é, -44,  -62

http://home.thep.lu.se/~torbjorn/pythia81html/ParticleProperties.html

21 - 29 : particles of the hardest subprocess

21 : incoming

22 : intermediate (intended to have preserved mass)

23 : outgoing

24 : outgoing, nonperturbatively kicked out in diffraction

41 - 49 : particles produced by initial-state-showers

61 - 69 : particles produced by beam-remnant treatment

Multi-Copies

http://home.thep.lu.se/~torbjorn/pythia81html/ParticleProperties.html
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Parton Shower Event Display

http://home.thep.lu.se/~torbjorn/pythia83html/ExampleKeywords.html

http://home.thep.lu.se/~torbjorn/talks/PrestelATLAS20.pdf
http://home.thep.lu.se/~torbjorn/pythia83html/ExampleKeywords.html
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Parton Shower Event Display

s+sbarŸZ0Ÿe+ e-

http://home.thep.lu.se/~torbjorn/talks/PrestelATLAS20.pdf
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2nd example:  pythia8 built-in DY

wimpy 

vs 

power 

shower

TimeShower:pTmaxMatch = 0/1/2

SpaceShower:pTmaxMatch = 0/1/2
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2nd example:  pythia8 built-in DY

PDF/Tune

http://home.thep.lu.se/~torbjorn/pythia82html/PDFSelection.html

PDF:pSet   (default = 13)

option 13 : NNPDF2.3 QCD+QED LO alpha_s(M_Z) = 0.130.

http://home.thep.lu.se/~torbjorn/pythia81html/Tunes.html

mode  Tune:pp   (default = 5; minimum = -1; maximum = 14)

Since some physics aspects cannot be derived from first principles, this program 

contains many parameters that represent a true uncertainty in our understanding of 

nature. Particularly afflicted are the areas of hadronization and multiparton 

interactions, which both involve nonperturbative QCD physics. 

http://home.thep.lu.se/~torbjorn/pythia82html/PDFSelection.html
http://home.thep.lu.se/~torbjorn/pythia81html/Tunes.html
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2nd example:  lhe Ÿ Pythia8

main11.cc

pythia.readString("Beams:frameType = 4");

if (useGzip) pythia.readString("Beams:LHEF = 

ttbar.lhe.gz");

else     pythia.readString("Beams:LHEF = 

ttbar.lhe");

pythia.init();
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3rd example: MLM matching

http://hep.ucsb.edu/people/cag/Matching.pdf

https://www.physik.uzh.ch/~marek/talks/20170910_Corfu.pdf

http://home.thep.lu.se/~torbjorn/pythia81html/JetMatching.html
http://hep.ucsb.edu/people/cag/Matching.pdf
https://www.physik.uzh.ch/~marek/talks/20170910_Corfu.pdf
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3rd example: MLM matching

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test1_main32-MLM/main32.cc

http://home.thep.lu.se/~torbjorn/pythia81html/JetMatching.html
https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test1_main32-MLM/main32.cc
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3rd example: MLM matching

http://home.thep.lu.se/~torbjorn/pythia81html/JetMatching.html
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4th example:  hepmc analysis

MadGraph+Pythia will produce the hepmc file, how to analyze it?
http://lcgapp.cern.ch/project/simu/HepMC/205/html/examples.html

http://lcgapp.cern.ch/project/simu/HepMC/
http://lcgapp.cern.ch/project/simu/HepMC/205/html/examples.html
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4th example:  hepmc analysis

Pythia8 can also output hepmc file
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4th example:  hepmc analysis



44

4th example:  hepmc analysis
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4th example:  hepmc analysis

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine1.cc

Loop over vertices and gen particles to find the 

last Z0

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine1.cc
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4th example:  hepmc analysis

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine2.cc

Loop over all gen particles and use status code 

to find the last Z0

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine2.cc
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4th example:  hepmc analysis

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine3.cc

Define the first and last copy

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine3.cc
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4th example:  hepmc analysis

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine3.cc

Define the first and last copy

this Z 22

mother1 23 22

mothers 2 -2 2

daughter1 23 62

daughters 2 -13 13

this Z 44

mother1 23 22

mothers 2 -2 2

daughter1 23 62

daughters 2 -13 13

this Z 44

mother1 23 22

mothers 2 -2 2

daughter1 23 62

daughters 2 -13 13

this Z 62

mother1 23 22

mothers 2 -2 2

daughter1 23 62

daughters 2 -13 13

For a random chosen event,

Print out for each Z

Its current status,

Its first motherôs information,

and

Its last copyôs information.

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test2_hepmcanalysis/testmine3.cc
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4th example:  hepmc analysis

MG->LHE->Pythia8->Analysis

MG+Pythia8->Hepmc->Analysis
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5th example:  pythia8 status
https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test3_p8status/main02.cc

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test3_p8status/main02.cc
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6th example:  Higgs decay
https://github.com/qliphy/2020HEPMC/tree/master/pythia8/test4_Hdecay

Starting from MadGraph

import  model heft

generate p p > h    -> pythia8 to get hepmc file -> counting over Higgs decay 

https://github.com/qliphy/2020HEPMC/tree/master/pythia8/test4_Hdecay
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6th example:  Higgs decay

hbb=568  hww=218 hzz=29 hgg=87 htautau=66 haa=0 hcc=29 hmm=1 hza=2

ntot=1000 1000

hbb=0.568  hww=0.218 hzz=0.029 hgg=0.087 htautau=0.066 haa=0 hcc=0.029 hcc=0.029 hza=0.002

http://home.thep.lu.se/~torbjorn/pythia82html/ParticleDataScheme.html

Decay channel can be specified, e.g.

'SLHA:useDecayTable = off', 

'25:m0 = 125.0',

'25:onMode = off',

'25:onIfMatch = 24 -24',           # turn ON H->WW

'24:mMin = 0.05',                       #   

'24:onMode = off',               # turn OFF all W decays

'24:onNegIfAny = 11 13 15 12 14 16',  # turn ON W- -> lnu

'24:onPosIfAny = 1 2 3 4 5'                 # turn ON W+ -> qq

http://home.thep.lu.se/~torbjorn/pythia82html/ParticleDataScheme.html
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7th example:  Zgamma vs ZJets

Photon directly produced from 

matrix-element

No photon from matrix-element,

However, can be produced from 

Parton shower:  ISR, FSR
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7th example:  Zgamma vs ZJets

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test_photon/testmine3.cc

Only selecting photon radiating from quarks, leptons, and W bosons,

Not those from pi0 decay

https://github.com/qliphy/2020HEPMC/blob/master/pythia8/test_photon/testmine3.cc
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7th example:  Zgamma vs ZJets

Note for ñZgammaò

ǒ generate  p p > z a , z > mu+ mu-

Photons from FSR, i.e. muon 

radiation are not included.

ǒ Moreover in run_card.dat,

10.0  = pta
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8th example:  Rivet
Rivet ð the particle-physics MC analysis toolkit.

One can also interface Hepmc with Rivet to make comparisons, with Data

https://rivet.hepforge.org/analyses/ATLAS_2015_I1408516_MU

https://rivet.hepforge.org/
https://rivet.hepforge.org/analyses/ATLAS_2015_I1408516_MU
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8th example:  Rivet
rivet -a ATLAS_2015_I1408516_MU   mg267z012mlm.hepmc

rivet-mkhtml Rivet1.yoda:'MG267 Z+012 MLM'  Rivet2.yoda:'MG267 Z NLO'

https://rivet.hepforge.org/
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Summary

ǒ QCD and  Parton Shower 

ǒ PythiaιHerwig, Sherpa

ǒ Pythia6 example

ǒ Pythia8
ƺ Event display

ƺ Drell Yan

ƺ MadGraph -> Pythia8:  LO

ƺ MadGraph -> Pythia8:  Matching

ƺ MadGraph -> Pythia8:  NLO, FxFx

ƺ Hepmc 

ƺ Status Code:  H decay

ƺ Status Code:  ZGamma vs ZJets

ǒ Rivet

// main89.cc is a part of the PYTHIA event generator.

// This program is written by Stefan Prestel.

// It illustrates how to do run PYTHIA with LHEF input, allowing a

// sample-by-sample generation of

// a) Non-matched/non-merged events

// b) MLM jet-matched events (kT-MLM, shower-kT, FxFx)

// c) CKKW-L and UMEPS-merged events

// d) UNLOPS NLO merged events

// see the respective sections in the online manual for details.

// ./main89 main89fxfx.cmnd 2.hep
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Go beyond
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Systematics

ǒ Parton Shower Weights,  Tune Variations etc included 

CMS:  Jet substructure in ttbar 

events at 13 TeV (2016)

angle between the groomed subjets

https://indico.cern.ch/event/751693/contributions/3182936/attachments/1758831/2853427/yazgan_efe_computing_workshop_Cern_2018.pdf#page=9&zoom=auto,-108,1
https://arxiv.org/pdf/1808.07340.pdf
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Top Quark Physics

https://indico.cern.ch/event/848486/contributions/3610537/attachments/1948613/3233682/TopSystematics_2019_11_20.pdf
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ISR and FSR Scales
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Color Reconnection

https://indico.cern.ch/event/873794/contributions/3739591/attachments/1988474/3314883/sercan_sen_GEN-17-002_preapproval_17_Feb_2020.pdf
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MPI based Color-Reconnection

G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)

https://indico.cern.ch/event/873794/contributions/3739591/attachments/1988474/3314883/sercan_sen_GEN-17-002_preapproval_17_Feb_2020.pdf
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QCD based Color Reconnection

Christiansen, J.R. & Skands, P.Z. J. High Energ. Phys. 

(2015) 2015: 3.

https://indico.cern.ch/event/873794/contributions/3739591/attachments/1988474/3314883/sercan_sen_GEN-17-002_preapproval_17_Feb_2020.pdf
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Gluon move based Color Reconnection

10.1007/JHEP11(2014)043

https://indico.cern.ch/event/873794/contributions/3739591/attachments/1988474/3314883/sercan_sen_GEN-17-002_preapproval_17_Feb_2020.pdf

