He

C A tool for MC generator validation

¢
ysw Cano Ay, Sebastian Johnert:, Judith Katzy *:, Zhonghua Qin

ldea Technical design goals Physics Analysis
Provide a framework for physics analysis of The framework software has to be: Covers all aspects of event

generafed events for e Robust: minimal dependency on generation, i.e.
e generator validation: regression tesfts, other codes, only standard C++ eNArd process

new generators eSimple: low framework overhead eparfon shower
e Jenerator comparisons; comparisons of the eScalable: easy to extend for user euUNderlying event
same distributions with different generatfors analysis or for other applications e hadronisation
eDebugging of generators or generator o OATS
iInferface code
estudies of generator distributions et om oo Sprstana-Ever Geerstors L 1 a2, 2209200

Technical Implementation Class Implementation

e One class for each physics analysis fopic, e.g. TopAnalysis,
JetAnalysis, TauAnalysis, WAnaysis, UEANalysis, PDFANalysis ...

Example programs Class library with Scripts: comparison
with steering physics analysis and webdisplay
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Event in Process(HepMC::GenEvent* hepmcevt)

ROOT file .
Generator HepMG format Finalize()

Common algorithms and special functions
All libraries are Depends on - like JetFinder(), ParticlelD(), etc

taken from GENSER HepMC., FastJet
(Generator Service) and ROOT
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HepMC Analysis Tool is a tool for generator validation and comparisons. December 2008 Here are the classes, structs, unions and interfaces with brief descriptions: This inheritance list is sorted roughly, but not completely, alphabetically:
The main idea is to have a stable, easy-to-use and extendable framework to provide a fast access point to generator level analysis. Introduction baseAnalysis Base class for all HepMCanalysis classes to implement common functionality and interfaces + baseAnalysis
A class library with benchmark physics processes has been written to analyse HepMC generator output and fill root histogramms. Configuration Read the configuration into the executable for event generation o DiJetAnalysis

HepMCAnalyser is a tool for generator validation and comparisons. The main idea is to have a stable, easy-to-use and extendable framework to provide a fast access point to generator level analysis. o TauAnalysis

o TopAnalysis

A web-interface is provided to display all or selected histogramms, compare to references and validate the results based on Kolmogorov Tests. Class to analyse events of the type QCD 2->2 Processes. Examples to generate these events are

Steerable example programs can be used for event generation and conversion to HepMC format. ,;\class library with benchmark physics processes has been written to analyse HepMC generator output and fill root histogramms. The source code of the classes is in the HepMCAnalysisfinclude and src DiJetAnalysis given in the specific generator directory, e.g. examples/pythia6 ; the histogramm ouiput is stored o UEAnalysis
rectories. i iji
The HepMC Analysis Tool is supported on the same platforms as the GENSER library. ) A webinert e to dieolay all ected it ore S valdate t e hased on Kol Tests. Th - HeoMCAnalveic! s = - in the Dijet folder of the root file o WplusJetAnalysis
It links against the GENSER installation. and it will automatically detect the CERN or the DESY mirror of th L|St Of G enerato rs . web-interface is provided to display all or selected histogramms, compare to references and validate the results based on Kolmogorov Tests. These scripts are in HepMCAnalysisfexamplesimacros Lhe:‘E:G,éHepEMCTtrins< o ZAnalysis
. ep seengven

» Configuration
o ThePEG::HepMCTraits< HepMC::GenEvent >

Steerable example programs can be used for event generation and conversion to HepMC format. The steering it tuned to produce best agreement between the distributions of the different generators. The
programms are in HepMCAnalysis/examples/generatorX where generatorX stands e.qg. for pythia6, pythia8, herwigpp... .

Pythia6, Pythia8, installtion

The tool is supported on the same platforms as the GENSER library. It links against the GENSER installation. It will automatically detect the CERN or the DESY mirror of the GENSER libraries.

H e rWI g ) H e rWI g + + ; For installation do the following:
1. cd HepMCAnalysis

A i .- B 3

f Cascad ej 2.: source setup.sh /fsetup the environment, link to genser libs
i/ > 3.: make slib // creates the shared lib of the analysis classes
7, Sherpa (soon)

i j j idati >7->
The HepMC Analysis Tool was developed by Cano Ay, Sebastian Johnert, Judith Katzy and Zhonghua Qin. TauAnalysis This class Is used for hepme based validation of pp->Z->tautau events

You can download the HepMC Analysis Tool: TopAnalysis This class is used for hepmc based validation of ttbar events

Class to study underlying events. Currently the UE is studied for events with at least one jet, e.g. Generated on Mon Feb 16 15:58:31 2009 for HepMCAnalysis by dnuyggn 1391
QCD 2->2, pp->WH+jet, pp->Z+jet. Extension to DrelfYan events will follow. Examples to generate
e.g events are given in the specific generator directory, e.g. examples/pythia6 ; the histogramm

output is stored in the UE folder of the root file

® HepMC Analysis Tool 2.4 (tar)
® HepMCAnalysis Tool 2.4 (tar.gz)

UEAnalysis

Class to analyse events of the type pp->W+jet Processes. Examples to generate these events are
Wplus JetAnalysis given in the specific generator directory, e.g. examples/pythia6 ; the histogramm output is stored
in the WplusJet folder of the root file

Unpack the versions with "tar -xvf HepMC Analysis-00-02-04.tar" or "tar xzvf HepMC Analysis-00-02-04.tar.

For further instructions visit theIchJ\-iCAna]\-'sis Tool documentation. I

f Class to analyse events of the type QCD pp->Z->ee, Z->mumu Processes. Examples to generate
Running . e . - iy :
ZAnalysis these events are given in the specific generator directoty, e.g. examples/pythia6 ; the histogramm
For running go in the directory of the generator you want to check and perform the following steps: 1.: cd examples/pythia6 /fhere we give the example for pythia, other generators follow the same schema outputis stored in the Zana'lys"s folder of the root file

Generator Validation results with 2.: make -f Makefile_pythia6 pythiab // creates the pythiab executable, see README for details

Generated on Mon Feb 16 15:58:31 2009 for HepMCAnalysis by d_Q&Yggn 1391
3.: ./JpythiaB.exe Process.Config // generates pythia events and analyse them with class lib, write out histgramms in a root file =

Generated on Mon Feb 16 15:58:14 2009 for HepMCAnalysis by 1.391 v

® generator validation for HepMC Analysis Tool 2.4 with Pythia6, Pythia8, Herwig, Herwig++ and Cascade
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On this web page there are validation plots produced with the HepMC Analysis tool on February 13th 2009 done by Sebastian Johnert. This page is ordered by Generators and Processes. s HEE - Sl Fei- rce code analysi © LEM 11835 {(MOFD
Y Y 'Y i o [ N source code of the analysis
N source code of the analysis 3w TR m T D
R, o 10*
All the analyses are based on the HepMC Analysis tool. gif png eps tiff
e e L gif png eps Liff 4 Nr of Events to be generated
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For Pythia & there are the following analysis': 8 105 E TEa%, qas ENEET0 Euthiag 1 .Eh: 102
E . # The histograms will be saved inte File
104 E =5 CutputFilellame Pythia8Process Didet.root 10
Pythia 8.1.08 vs 8.1.07: E E
Y Fe B 4 use the following Configuration files for the generator
) 103 - — 4 several may be specified
® generator process W plus Jet, analysis underlying event : plots 3 ConfigFilelamesn configfiles/Pythiag_Commen.omnd 1
® generator process W plus Jet, analysis W plus Jet : plots 102 - ] ConfigFilelames configfiles/Pythia8_didet.cmnd :
) - E E| : ——
® generator process Z plus Jet, analysis underlying event : plots E 3 # ble Analysis te be performed 1
® generator process Z plus Jet, analysis Z : plots C ji:::fa:als':ifw o m?true 10 0 50 100 150 200 250 300
£ process Z plus Jel, analysis Z.: plots 10 = z_analyais falae leadingjet Pt - logscale -
® generator process dilet, analysis underlying event : plots E = wplusjet_analyais false
#® generator process dilet. analysis diJet: plots - tau’analyg?g fates
- . E top_analysis falze
#® generator process single W, analysis underlying event : plots H = ue_analysis true
PP IR PRI B | L ]
#® generator process single W, analysis W plus Jel : plots 50 100 150 200 750 300 4 master switches for FSR, ISR and MI
#® generator process single Z, analysis underlying event : plots S FER true
o p , ] leadingjet Pt - logscale - - o
#® generator process single Z, analysis Z : plots MT frue
® generator process tau, analysis underlying event : plots
. # @et Jet parameter
#® generator process tau, analysis tau : plots L ] Fadius
® generator process top, analysis underlying event : plots F X ’ X . P e ox m o 3w ke oa m v verlapThreshold ot
e S LI, I T T g RILTEd jet_ptmin 2.5
*® generator process top, analysis top : plots

gil png eps LT 4 smet other parameter
. # fiducial eta range

gif png eps Gff

max_eta 2.5
min_pt 0.4

The produced histograms are also saved in a .root file. You can find them here.

Installation

eCcheckout package or get taroall
ecxecute setup.sh
e Automatic configuration for all GENSER supported platforms
at both locations
o Simple Makefile and configuration file (total ~34 lines)
e distribution via web-site and GENSER: hepmcanalysistool.desy.de

Application
e Use by GENSER for histogram based validation
of generators
eUse in ATLAS for generator validation
e Use for generator studies in privat physics analysis
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