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The Hep MC record

● Object oriented, C++, event record.

● Predecessor: HEPEVT, the Fortran HEP standard (Many extensions supported HepMC)

M. Dobbs and J.B. Hansen, Comput. Phys. Commun. 134 (2001) 41

Events stored in graph structure.
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The Hep MC record

● Object oriented, C++, event record.

● Predecessor: HEPEVT, the Fortran HEP standard (Many extensions supported HepMC)

Example of Classes:

HepMC::GenEvent
Beam particles,
events weights, 
iterators, etc.

HepMC::GenParticle
PDG-ID,
4-momenta,
masses,
mother/daughter vertices,
etc

M. Dobbs and J.B. Hansen, Comput. Phys. Commun. 134 (2001) 41
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The HepMC Analysis Tool

● Tool for generator validation and comparison by performing analysis on the
  HepMC event record. Provides a simple set-up for generator analysis.

● Used for generator studies in experiments and MC schools.

● Originally developed as an extension to the number based checks
  done by the GENSER team.

● Analysis possible for all aspects of the MC event:
Hard process, parton level studies, hadron level studies, decays.
Jet algorithm integrated in HepMC AnalysisHepMC Analysis tool (FastJet package).
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The HepMC Analysis Tool

● Minimal dependency on other software packages 
– only needs root besides the GENSER installation.

● Homepage: http://hepmcanalysistool.desy.de/ 
  (tar-ball, instructions, documentation, talks, etc...)

● Easy to install: Good instructions on 
  http://hepmcanalysistool.desy.de/Doxygen/html/index.html

● Straight forward to use with the existing analysis classes and the provided 
  examples for Cascade, Herwig, Herwig++, Pythia 6, Pythia8.
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http://hepmcanalysistool.desy.de/
http://hepmcanalysistool.desy.de/Doxygen/html/index.html
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Technical Implementation

All libraries from GENSER.

example programs and
steering files.

class library with physics
analyses

scripts for comparisons +
web display          Process: Z            η Z-boson
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Technical Implementation

The HepMC Analysis Tool currently provides ready made analyses for:

Di-jet, Top, W+Jet, Z, Etmiss, UE, Elastic Scattering
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Validation of MC generators
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Validation of MC generators

Validations have been done for the lastest GENSER builds of the
following processes and generators:

Validation philosophy: 
Compare new releases with previous generator versions.
Differences should be understood.

Pythia8 Pythia6 Herwig++ Herwig6 CASCADE Tauola (with 
Herwig6)

Di-jet OK OK OK OK OK -

Top OK OK OK OK only latest 
version

-

Tau OK OK OK OK - Only latest 
version

W OK OK OK OK - -

Z OK OK OK OK - -

W+Jet OK OK OK OK - -

Z+Jet OK OK OK OK - -

UE OK OK OK - - -

Elastic 
scat

OK - - - - -

More processes and generators to come...
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Validation examples

Top production in Pythia 6.4.11 / 6.4.21

Transverse momentum spectra of top
quarks.

A bug was found in 6.4.11. This was fixed in 
6.4.19 and later version.

Tau production in Herwig 2.4.0-2.4.3
qqbar → Z → ττ

Large deviation between 2.4.0 and 2.4.1.
but possibly fixed in 2.4.2.

Release notes for 2.4.2 concerns boosts and 
tau decays, e.g.: “Fixes to the numerical stability
of tau decays which should address many
of the momentum violation problems that
have been reported.”

Need to clarify with authors...
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Validation examples

Top production in Pythia 8.125 - 8.135

Transverse momentum spectra of top
quarks.

Underlying event in Herwig 2.4.0-2.4.3

Averaged charged mean multiplicity
transverse to the leading jet in di-jet events.

But in most cases things look good:
2/2
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Generator Validation web page
Genser Homepage:       http://lcgapp.cern.ch/project/simu/generator/
Generators Validation              Validation using HepMC Analysis Tool

http://lcgapp.cern.ch/project/simu/generator/
http://lcgapp.cern.ch/project/simu/generator/genval.html
http://lcgapp.cern.ch/project/simu/generator/hepmcanalysis/hepmcanalysis.html
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Generator validation
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Generator validation

+ many more distributions. Example for top analysis:

●transversal momentum of top and antitop
●transversal momentum of top and antitop
●eta of top and antitop
●phi of top and antitop
●transveral momentum of stable particles (without neutrinos)
●eta of stable particles (without neutrinos)
●phi of stable particles (without neutrinos)
●transveral momentum of charged stable particles
●eta of charged stable particles
●phi of charged stable particles
●number of charged particles in the event
●transvers momentum of top pair
●phi between W from top and W from tbar
●phi between top and tbar
●phi between W (from top) and top (also for tbar)
●transversal momentum of W
●eta of W
●phi of W
●Nr of Jets
●Leading Jet Transverse Momentum
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Generator validation

Typical steering
card for the
HepMC analysis
tool...
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Generator validation

... and so on...
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Generator validation
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Generator validation

Direct links to the other processes

●Scripts for creating similar web-pages are provided for the user 
  in the HepMC Analysis Tool tar-ball.

●To be added soon:
- Link to log-file, e.g. for debugging.
- More info: e.g. beam particles and c.o.m.



Outlook and Summary
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Outlook / Plans

 
● Fine tuning of scripts, web-page, plots, etc.

● Include more generators and processes in the validation.

● Higher statistics for better visual validation of tails...

● Complement histos with info from numerical tests:
- Chi2 and Kolmogorov–Smirnov already implemented 
  and used by the HepMC analysis crew (Johnert et al)

● Interface for studies on 4-vectors in the Les Houches Event Files
  as given by the MC generators

● Goal: Automatic validation of the nightly GENSER builds

The visual histogram validation for GENSER is fully functional, 
but we want to do more...
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Summary

● The HepMC Analysis Tool and its usage for GENSER validation
   were presented.

● The validation is fully functionally and performed for the majority
  of the multipurpose generators.

● Work in progress and more ideas for improvements (suggestions welcome)

albert.knutsson@cern.ch


