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Geant4 and Analysis

Geant4 does not contain any analysis tools
Geant4 is a particle transport simulation package: Data
analysis is not its primary objective
A user must introduce his/her own analysis functionalities
Many advanced tools exist, which may be used for analysis
of the simulation output

Basic strategy
Store simulation output in an appropriate format

Adopt your own approach (plain ascii file, csv,...)
Use advanced packages: AIDA-compliant tools, ROOT, ...

Process the data after the simulation using analysis tools
Gnuplot, Matlab, Octave, ...
AIDA-compliant tools (JAS, OpenScientist, ...), ROOT, PAW...

Choose an analysis tool according to your needs
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Geant4 Analysis Example

See: examples/extended/analysis/AnaEx01

HEP Tools

Geant4 was originally developed for high energy
physics (HEP) applications

Natural choice for many users to adopt analysis tools
commonly used in the HEP community

Nowadays, Geant4 users work in many different
domains (Medical physics, ...)

The requirements concerning analysis have changed
Still, in many cases people use HEP tools
However, you are free to use any tool you want

A few HEP analysis tools are presented in the following
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AIDA
http://wwwasd.web.cern.ch/wwwasd/lhc++/AIDA/

AIDA only defines interfaces

There are several packages which are
AIDA-compliant (see second part of the
presentation)

Anton Lechner Analysis



Analysis Tools - a brief overview
AIDA - Abstract Interfaces for Data Analysis

OpenScientist
http://openscientist.lal.in2p3.fr/

AIDA-compliant
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JAS3
http://jas.freehep.org/jas3/

AIDA-compliant
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PI
http://lcg-pi.web.cern.ch/lcg-pi

AIDA-compliant

Not supported anymore
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Root
http://root.cern.ch/
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PAW
http://cern.ch/paw

Not supported anymore

Listed for completeness
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Analysis based on AIDA (Abstract Interfaces for Data Analysis)

Powerful interfaces

AIDA contains a set of
interfaces, that can be
used regardless of the
actual analysis system
adopted for your
application

To use them with AIDA,
analysis tools must be
AIDA-compliant

Interfaces available in
C++ and Java

User Application
e.g. Geant4

AIDA

Analysis Tool 1
e.g. iAIDA

Analysis Tool 2
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Analysis based on AIDA (Abstract Interfaces for Data Analysis)

Advantages

Users need to get familiar
only with one set of
interfaces , even if they
use different tools.
Interoperability between
(AIDA-compliant) tools is
improved

E.g. Data exchange in
common storage format

Web

http://aida.freehep.org

XML: AIDA DTD
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AIDA-compliant analysis systems

Tools providing an implementation of AIDA interfaces

PI (Physics Interface) - not maintained anymore
C++ and Python
http://lcg-pi.web.cern.ch/lcg-pi

iAIDA - PI refactored
C++
http://iaida.dynalias.net/iAIDA.html

JAS
Java
http://jas.freehep.org/jas3/

OpenScientist
C++
http://openscientist.lal.in2p3.fr/
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AIDA Interfaces for Analysis Objects (not all listed)

What does AIDA support?

1D, 2D and 3D histograms ( IHistogram1D , ...)
Filling and extracting data
Projections
Histogram arimethics (bin by bin: +,-,*,/)

1D, 2D and 3D clouds ( ICloud1D , ...)
unbinned histograms (can be transformed into binned ones)

N-Tuples ( ITuple )
Storing and retrieving N-tuple data
Ten different types of columns: the eight primitive types (int,
short, long, float, double, char, boolean, byte), String and
Object.
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More AIDA interface definitions

What does AIDA support?

IO and Trees ( ITree)
Creating hierarchical structures of analysis objects
(histograms, clouds, ...)
Saving and restoring analysis objects from files and
databases

Functions and fitting ( IFunction , IFitter )
Definiting functions and applying fitting algorithms
Unbinned and binned fits

Plotting ( IPlotter )
Creating plots
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Factories

Using factories to create AIDA objects

New AIDA objects are instantiated by factories
A user is not required to instantiate analysis objects
(histograms,..), plotters, trees, ... by himself
Different AIDA implementations might return different
objects, but they all respect the defined interfaces

Example: Instantiating a histogram

1D Histogram (100 bins, lower/upper boundary = 0.0/1.0)

AIDA::IHistogramFactory* histogramFactory = ... // see later how to create a histogram factory

AIDA::IHistogram1D* hist1D = histogramFactory->createHistogram1D("MyHistogram",100,0,1.0);

Anton Lechner Analysis



Analysis Tools - a brief overview
AIDA - Abstract Interfaces for Data Analysis

What is AIDA?
AIDA Interfaces
Examples

AIDA User Manual
http://aida.freehep.org/doc/v3.3.0/UsersGuide
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API documentation
http://aida.freehep.org/doc/v3.3.0/api/index.html

Anton Lechner Analysis



Analysis Tools - a brief overview
AIDA - Abstract Interfaces for Data Analysis

What is AIDA?
AIDA Interfaces
Examples

AIDA: A simple example

Creating, filling and storing a 1D histogram (XML)

AIDA::IAnalysisFactory* analysisFactory = AIDA_createAnalysisFactory();

AIDA::ITreeFactory* treeFactory = analysisFactory->createTreeFactory();

AIDA::ITree* tree = treeFactory->create("output.xml",
"xml",false, true,"uncompressed");

delete treeFactory;

AIDA::IHistogramFactory* histogramFactory =
analysisFactory->createHistogramFactory(*tree);

AIDA::IHistogram1D* aidaObject = histogramFactory->createHistogram1D("H",100,-0.5,0.5);
delete histogramFactory;

for(int i = 0; i < 100000; i++) {
double val = CLHEP::RandGauss::shoot(0.0, 0.2);
aidaObject -> fill(val);

}

tree -> commit();
tree -> close();
delete tree;
delete analysisFactory;
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AIDA: A simple example

Basic strategy

Deriving a histogram
1 Use

AIDA_createAnalysisFactory to
get the analysis factory (AF)
instance (singleton)

2 Use the AF to create a tree
factory (TF)

3 Use the TF to create a tree
4 Use the AF to create a

histogram factory (HF) using
the tree as argument

5 Use the HF to create a
histogram

Derive analysis factory

Create a tree factory

Create a tree

Create a histogr. factory

Create a histogram
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AIDA: A simple example

Creating several histograms and clouds in a tree structure

AIDA::IHistogramFactory* histogramFactory =
analysisFactory->createHistogramFactory(*tree);

tree -> mkdir("/histograms");
tree -> cd("/histograms");
AIDA::IHistogram1D* hist1 = histogramFactory->createHistogram1D("H1",100,-0.5,0.5);
AIDA::IHistogram2D* hist2 = histogramFactory->createHistogram2D("H2",100,-0.5,0.5,

60,-0.2,0.2);

tree -> mkdir("/clouds");
tree -> cd("/clouds");
AIDA::ICloud1D* cloud1 = histogramFactory->createCloud1D("C1");
AIDA::ICloud2D* cloud2 = histogramFactory->createCloud2D("C2");

delete histogramFactory;

// /
// |-- clouds Illustration of
// | |-- C1 the object hierarchy
// | ‘-- C2 in the current example
// ‘-- histograms
// |-- H1
// ‘-- H2
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AIDA: A simple plotting example

Plotting a 1D histogram

After filling a histogram it can
be plotted using IPlotter:

AIDA::IPlotterFactory* plotterFactory =
analysisFactory -> createPlotterFactory();

AIDA::IPlotter* plotter =
plotterFactory -> create("Plot");

plotter -> region(0) -> plot(*aidaObject);
plotter -> writeToFile("histogram.ps","PS");

delete plotter;
delete plotterFactory;

This example plot was
created with iAIDA and
Grace (plotting tool)
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AIDA: A simple example

Retrieving a 1D histogram from a XML file

AIDA::IAnalysisFactory* analysisFactory = AIDA_createAnalysisFactory();

AIDA::ITreeFactory* treeFactory = analysisFactory->createTreeFactory();

AIDA::ITree* tree = treeFactory->create("output.xml",
"xml",true, false);

delete treeFactory;

AIDA:IManagedObject* obj = tree -> find("H1");

if(obj) AIDA::IHistogram1D* histogram = dynamic_cast<AIDA::IHistogram1D*>(obj);

delete tree;
delete analysisFactory;
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