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CEDAR

A collaborative project betwen UCL (London)
and IPPP (Durham)
“Collaborative e-Science Data Analysis
Resource” (don’t panic — I’ll barely mention
the Grid!)
Central aim is tuning of MC event generators
to data: Rivet, RivetGun
Also data archival and presentation: HepData,
JetWeb
Also development tools: HepForge
http://www.cedar.ac.uk
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Event generation - in words

Modern Monte Carlo methods for event generation are complex
and multi-faceted:

Matrix element generation and phase space integration
(LO, NLO)
QCD radiation cascade: dipole shower, parton shower
Hadronization and decays
Underlying event: hard and soft
Next generation of generators specialise in merging LO
multi-parton and NLO ME results with parton showers:
CKKW, MLM, MC@NLO. . .
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Event generation - in pictures
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Generator parameters

Since the generator models can’t be exact, uncalculable
parameters are unavoidable:

Merging parton shower with ME
Cluster fragmentation mass / Lund params
Flavour generation in hadronization
Jet definition in multi-jet/ME merging
Endpoint of parton cascade (pTmin / angular cutoff)
Proton density functions
Proton matter distribution (for UE modelling)

Models using these parameters need to be validated using real
data.
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The real data: HepData

Established archive of published HEP data from O(30yrs)

Concentrates on cross-sections and similar distributions —
PDG RPP covers “single figure” measurements such as
branching ratios, asymmetries. . .
Legacy database is being upgraded from
FORTRAN-accessed BDB to a modern relational database
http://projects.hepforge.org/hepdata
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HepData upgrade

New version handles data more semantically
via a Java 5 object model
Object-relational mapping via Hibernate (DB)
and Castor (XML)
New front-end via Java servlets/Tapesty, build
and deployment by Maven
Data plotting/export via (J)AIDA
User input of data will be more direct: HepML
/ Web form. Grid authentication?
Currently useable internally on a per-paper
basis — HepML-based migration to a
complete database approaching completion
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New HepData structure and interaction

Web interface

JetWeb

Query system Object model

HepData
database

Persistency
system

HepML
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Rivet: a new tuning framework

And now back to the tuning:
Rivet is a C++ replacement for FORTRAN HZTool
Combination of tools, analysis handler and analyses
Structure based on auto-cached Projections acting on
HepMC events
Analysis routines use projections to make distributions
Binning, optional histogramming etc. via AIDA interfaces
Comes bundled with a HepData-exported AIDA XML file
for each analysis - histograms can be auto-booked with
correct binnings
http://projects.hepforge.org/rivet
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A Rivet Projection
Multiplicity.hh

class Multiplicity : public Projection {
public:

inline Multiplicity(FinalState& fsp) : ..., _fsproj(&fsp) { }

inline string name() const { return "Multiplicity"; }

inline const unsigned int totalMultiplicity() const {
return _totalMult; }

protected:
void project(const Event & e);

int compare(const Projection & p) const;

private:
unsigned int _totalMult, ...;

FinalState* _fsproj;
};
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A Rivet Projection
Multiplicity.cc

int Multiplicity::compare(const Projection& p) const {
const Multiplicity& other = dynamic_cast<const Multiplicity&>(p);
return pcmp(*fsproj, *other.fsproj);

}

void Multiplicity::project(const Event& e) {
Log& log = getLog();
log << Log::DEBUG << "Getting multiplicity" << endl;

const FinalState& fs = e.applyProjection(*fsproj);
_totalMult = fs.particles().size();

}
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A Rivet Analysis
TestAnalysis.hh

class TestAnalysis : public Analysis {
public:

inline TestAnalysis() : p_mult(p_fs), p_thrust(p_fs) { }

inline string name() const { return "Test"; }

void init();

void analyze(const Event & event);

void finalize();

private:
FinalState p_fs;

Multiplicity p_mult;

AIDA::IHistogram1D* _histTot;
};

Andy Buckley Durham University

CEDAR: HepData, JetWeb and Rivet



Intro Event generation HepData Tuning HepForge Summary

A Rivet Analysis
TestAnalysis.cc

// Book histograms
void TestAnalysis::init() {

_histTot = bookHistogram1D("TotalMult", "Total multiplicity",
100, -0.5, 999.5);

}

// Do the analysis
void TestAnalysis::analyze(const Event& event) {

Log log = getLog();
log << Log::DEBUG << "Starting analyzing" << endl;

const Multiplicity& m = event.applyProjection(p_mult);
log << Log::INFO << "Total multiplicity = "

<< m.totalMultiplicity() << endl;
_histTot->fill(m.totalMultiplicity(), event.weight());

}

// Finalize
void TestAnalysis::finalize() { } //< e.g. normalize histos
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RivetGun

RivetGun is an executable which steers generators and
runs Rivet analyses
Isolates the generator steering from Rivet (cf. HZSteer)
Generators accessed through OO wrappers: library called
AGILe: “A Generator Interface Library (+ e)”
Current “static” version can only be built against libraries
which avoid symbol clashes
Final version will use dlopen/ltdl to dynamically load
requested generator libraries - no symbol restrictions
Supported generators: FHerwig, FPythia, AlpGen, Sherpa,
Herwig++, Pythia8
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A RivetGun session

Generate events and run generator using RivetGun:
$ rivetgun-static -g FPythia -n 50000
-a HEPEX0409040
-beam1 PROTON -mom1 980
-beam2 ANTIPROTON -mom2 980
-P fpythia.params -l RivetGun:WARN

Read event files with JAS, PAIDA or other tool:
$ jas3 Rivet.aida

Rivet and RivetGun are built with GNU autotools. Some
dependencies, which can be handled with a bootstrapping
script for now, packaging later.
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JetWeb

The last part of “CEDAR-proper” is an archive of
simulated analysis results, indexed by model
parameters: JetWeb

Java-based: uses MySQL and Apache
Tomcat as a back-end
AIDA rendering of distributions
Obtains reference data direct from HepData
using HD object model
Can generate processes / extra stats on
Web-user request
Grid-based distribution of simulation jobs
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JetWeb screenshots - searching
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JetWeb screenshots - models
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JetWeb screenshots - papers
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JetWeb screenshots - plots
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Tuning with Rivet
As so often happens, params are highly correlated
So no point in tuning one param at a time. . .
We have a high-dimensional parameter space, n > O(10)

Data from LEP, RHIC, HERA, (Tevatron)
Expt data should be corrected back to final state particle
level to be really useful — not “parton level”! PGS?
Delphi tuning: fit MC results to quadratic in n variables:

XMC(~p) = A0 +
n∑

i=1

Bipi +
n∑

i=1

n∑
j=i

Cijpipj

Being reimplemented with Rivet machinery: AB +
Hendrick Hoeth (Wuppertal) + Dresden group
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HepForge

Online development environment for free HEP projects
(mainly for CEDAR, but supported)
For those who want to provide quality multi-use software
for HEP (and who don’t find what they want in CERN’s
Savannah installation)
Subversion version control, Trac issue tracker/wiki/SVN
browser, Mailman mailing lists, Web space, shell account,
backups, downloads management. . .
We don’t provide large volume storage or CPU resources,
though!
Currently about 40 projects, 80 users
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HepForge screenshots - projects list
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HepForge screenshots - downloads system
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HepForge screenshots - a project Web page
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HepForge screenshots - a project wiki
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HepForge screenshots - SVN browser
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HepForge screenshots - SVN change log
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HepForge screenshots - SVN changeset
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HepForge screenshots - project tickets

Andy Buckley Durham University

CEDAR: HepData, JetWeb and Rivet



Intro Event generation HepData Tuning HepForge Summary

Summary
Rivet/RivetGun system provides a unified mechanism to
re-generate expt analysis distributions with MC models
HepData archive is being re-written and is used as a data
source for Rivet and JetWeb (plus others in future?).
Java-based re-write has proceeded well and many good
tools have been identified on the way.
JetWeb generates and archives Rivet/HZTool distributions
with a Web interface
HepForge accounts are available for suitable projects
(current list includes, Herwig++, Sherpa, LHAPDF. . .∼40
in total)
Rivet will be combined with the Professor tuning system to
automatically tune generators based on Rivet/HepData
mechanisms
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Status
Rivet / RivetGun beta releases for version 0.9 available.
Full 1.0 release in next few months: more analyses,
projections, stable API.
HepData new object model and persistency almost
complete - migration completed soon. Work is progressing
on the UI re-engineering and the search mechanism
(Hibernate + ANTLR)
JetWeb is now available again, with large-scale
restructuring “under the hood”.
HepForge’s management system is being re-written in
Python for greater reliability. Otherwise stable.
Professor+Rivet being developed from now by AB + H.
Hoeth + Dresden HEP
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