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Chapter 1. Introduction

1.1. Scope of this manual

The User's Guide for Application Developersis the first manual the reader should consult when learning about
Geant4 or developing a Geant4-based detector simulation program. This manual is designed to:

« introduce the first-time user to the Geant4 object-oriented detector simulation toolkit,

* provide adescription of the available tools and how to use them, and

« supply the practical information required to develop and run simul ation applications which may beused in real
experiments.

Thismanua isintended to be an overview of the toolkit, rather than an exhaustive treatment of it. Related physics
discussions are not included unless required for the description of a particular tool. Detailed discussions of the
physicsincluded in Geant4 can befound in the Physics Reference Manual. Details of the design and functionality
of the Geant4 classes can be found in the User's Guide for Toolkit Developers.

Geant4 isacompletely new detector simulation toolkit written in the C++ language. Thereader isassumed to have
a basic knowledge of object-oriented programming using C++. No knowledge of earlier FORTRAN versions of
Geant isrequired. Although Geant4 isafairly complicated software system, only arelatively small part of it needs
to be understood in order to begin devel oping detector simulation applications.

1.2. How to use this manual

A very basic introduction to Geant4 is presented in Chapter 2, " Getting Started with Geant4 - Running a
Simple Examplée". It is a recipe for writing and running a simple Geant4 application program. New users of
Geant4 should read this chapter first. It is strongly recommended that this chapter be read in conjunction with
a Geant4 system installed and running on your computer. It is helpful to run the provided examples as they are
discussed in the manual. To install the Geant4 system on your computer, please refer to the Installation Guide
for Setting up Geant4 in Y our Computing Environment.

Chapter 3, " Toolkit Fundamentals" discusses general Geant4 issues such as class categories and the physical
units system. It goes on to discuss runs and events, which are the basic units of a simulation.

Chapter 4," Detector Definition and Response” describeshow to construct adetector from customized materials
and geometric shapes, and embed it in electromagnetic fields. It also describes how to make the detector sensitive
to particles passing through it and how to store this information.

How particles are propagated through a material is treated in Chapter 5, " Tracking and Physics". The Geant4
"philosophy" of particle tracking is presented along with summaries of the physics processes provided by the
toolkit. The definition and implementation of Geant4 particles is discussed and a list of particle properties is
provided.

Chapter 6, " User Actions" isadescription of the "user hooks" by which the simulation code may be customized
to perform special tasks.

Chapter 7," Communication and Control" providesasummary of the commands avail ableto the user to control
the execution of thesimulation. After Chapter 2, Chapters 6 and 7 are of formeost importanceto the new application
developer.

The display of detector geometry, tracks and events may be incorporated into a simulation application by using
the tools described in Chapter 8, " Visualization" .

Chapter 9, " Examples' provides a set of basic, novice, extended and advanced simulation codes which may be
compiled and run "asis" from the Geant4 source code. These examples may be used as educational tools or as
base code from which more complex applications are devel oped.
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Chapter 2. Getting Started with Geant4 -
Running a Simple Example

2.1. How to Define the main() Program
2.1.1. A Sample mai n() Method

The contents of nai n() will vary according to the needs of a given simulation application and therefore must
be supplied by the user. The Geant4 toolkit does not provide amai n() method, but a sample is provided here
as aguide to the beginning user. Example 2.1 is the simplest example of mai n() required to build a simulation
program.

Example 2.1. Simplest example of mai n()

#i ncl ude " G4RunManager . hh"
#i ncl ude " AUl manager . hh"

#i ncl ude "Ex(4Det ect or Constructi on01. hh"
#i ncl ude "Ex&4Physi csLi st 00. hh"
#i ncl ude "ExG4Actionlnitialization0Ol. hh"

int main()
{

/1 construct the default run manager
GARunManager * runManager = new G4ARunManager ;

/1 set mandatory initialization classes

runManager - >Set User I ni ti al i zati on(new ExG4Det ect or Constructi on01) ;
runManager - >Set User I ni ti al i zati on(new ExG4Physi csLi st 00) ;
runhManager - >Set User I ni ti al i zati on(new ExG4Actionlnitialization0l);

/Il initialize G4 kernel
runManager->lnitialize();

/1 get the pointer to the U nmnager and set verbosities
AUl manager* U = AUl manager: : Get Ul poi nter();

Ul - >Appl yCommand( "/ run/ ver bose 1");

Ul - >Appl yCommand( "/ event / ver bose 1");

Ul - >Appl yCommand( "/ t r acki ng/ ver bose 1");

/Il start a run
int nunber Of Event = 3;
runManager - >BeanmOn( nunber O Event ) ;

/1 job term nation
del et e runManager ;
return 0;

}

The main() method is implemented by two toolkit classess, ARunManager and
AUl nmanager, and three classes, Ex(ADet ect or Constructi on01l, ExG4Physi csLi st00 and
ExG4Actionlnitialization01,whicharederived fromtoolkit classes. Each of these are explained in the
following sections.

2.1.2. G4RunManager

The first thing mai n() must do is create an instance of the GARunManager class. This is the only manager
classin the Geant4 kernel which should be explicitly constructed in the user'smai n(') . It controlsthe flow of the
program and manages the event loop(s) within arun. If the user wantsto make the simulation code multi-threaded,
GAMIRunManager should be instantiated instead of GARunM anager.

When GARunManager is created, the other major manager classes are also created. They are deleted automat-
ically when GARunManager isdeleted. The run manager is also responsible for managing initialization proce-
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dures, including methods in the user initialization classes. Through these the run manager must be given al the
information necessary to build and run the ssmulation, including

1. how the detector should be constructed,

2. dl the particles and all the physics processes to be simulated,

3. how the primary particle(s) in an event should be produced, and
4. any additional requirements of the simulation.

In the sample mai n() thelines

runManager - >Set User I ni ti al i zati on(new ExG4Det ect or Constructi on01) ;
runManager - >Set User I ni ti al i zati on(new Ex&4Physi csLi st 00) ;
runhManager - >Set User I ni ti al i zati on(new ExG4Actionlnitialization0l);

create objects which specify the detector geometry, physics processes and primary particle, respectively, and pass
their pointers to the run manager. Ex(4Det ect or Const ruct i on01 is an example of a user initiaization

class which is derived from G4VUser Det ect or Const r uct i on. Thisis where the user describes the entire
detector setup, including

* itsgeometry,
» the materials used in its construction,

 adefinition of its sensitive regions and
« the readout schemes of the sensitive regions.

Similarly Ex&APhysi csLi st 01 isderived from (AVUser Physi csLi st and requires the user to define

» the particlesto be used in the simulation,
« al the physics processes to be simulated.

User can also override the default implementation for
* therange cutsfor these particles and

Also ExGAActionlnitializationOl is derived from G4VUser Actionlnitialization and re-
quires the user to define

 so-called user action classes (see next section) that are invoked during the simulation,
« which includes one mandatory user action to define the primary particles.

The next instruction

runManager->lnitialize();

performs the detector construction, creates the physics processes, calculates cross sections and otherwise sets up
the run. The final run manager method in mai n()

int nunber O Event = 3;
runManager - >beanOn( nunber & Event ) ;

begins a run of three sequentially processed events. The beantn() method may be invoked any number of
timeswithinmai n() with each invocation representing a separate run. Once a run has begun neither the detector
setup nor the physics processes may be changed. They may be changed between runs, however, as described in
Section 3.4.4. More information on GARunManager in general isfound in Section 3.4.

As mentioned above, other manager classes are created when the run manager is created. One of theseis the user
interface manager, G4Ul manager . Inmai n() apointer to the interface manager must be obtained

GAUl manager* U = AUl manager: : get Ul poi nter();
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in order for the user to issue commands to the program. In the present exampletheappl yConmand() methodis
called three timesto direct the program to print out information at the run, event and tracking levels of simulation.
A wide range of commands is available which allows the user detailed control of the simulation. A list of these
commands can be found in Section 7.1.

2.1.3. User Initialization and Action Classes
2.1.3.1. User Classes

Therearetwo kinds of user classes, user initialization classes and user action classes. User initialization classesare
used during the initialization phase, while user action classes are used during the run. User initialization classes
should be directly set to GARunManager through Set User | ni ti al i zati on() method, while user action
classes should de defined in G4AVUser Actionlnitializati on class.

2.1.3.2. User Initialization Classes

All three user initialization classes are mandatory. They must be derived from the abstract base classes provided
by Geant4:

e (AVUser Det ect or Constructi on
* (AVUser Physi cslLi st
e AVUserActionlnitialization

Geant4 does not provide default behavior for these classes. GARunManager checks for the existence of these
mandatory classeswhenthel niti al i ze() and BeantOn() methods are invoked.

As mentioned in the previous section, G4VUser Det ect or Const r uct i on requiresthe user to define the de-
tector and G4VUser Physi csLi st requiresthe user to define the physics. Detector definition will be discussed
in Sections Section 2.2 and Section 2.3. Physicsdefinition will be discussed in Sections Section 2.4 and Section 2.5.
Theuser action G4VUser Pri mar yGener at or Act i on requiresthat theinitia event state be defined. Primary
event generation will be discussed in Section 2.8.

AVUser Actionlnitialization should include a least one mandatory user action class
AAVUser Pri mar yGener at or Act i on. All user action classes are descrived in the next section.

Example 2.2. Simplest example of EXG4Act i onl nitializati on01

#i ncl ude "ExG4Actionlnitialization0l. hh"
#i ncl ude "ExXGAPri maryGener at or Acti onO1. hh"

void ExGAActionlnitialization0l1::Build() const

Set User Acti on( new EXGAPri mar yCGener at or Acti on01) ;
}

2.1.3.3. User Action Classes

HAVUser Pri mar yGener at or Act i on isamandatory class the user has to provide. It creates an instance of
aprimary particle generator. EXGAPr i mar yGener at or Act i on01 isan example of auser action classwhich
is derived from GAVUser Pri mar yGener at or Act i on. In this class the user must describe the initial state
of the primary event. This class has a public virtual method named Gener at ePri mari es() which will be
invoked at the beginning of each event. Details will be given in Section 2.6. Note that Geant4 does not provide
any default behavior for generating a primary event.

Geant4 provides additional five user hook classes:

e (AUser RunActi on
e (AUser Event Acti on
e AUser St acki ngActi on
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e AUser Tracki ngActi on
* (AUser St eppi ngActi on

These optional user action classes have several virtual methods which allow the specification of additional proce-
dures at all levels of the simulation application. Details of the user initialization and action classes are provided
in Chapter 6.

2.1.4. AU manager and Ul CommandSubmission

Geant4 provides a category named intercoms. (AUl nanager isthe manager class of this category. Using the
functionalities of this category, you can invoke set methods of class objects of which you do not know the pointer.
In Example 2.3, the verbosities of various Geant4 manager classes are set. Detailed mechanism description and
usage of intercoms will be given in the next chapter, with alist of available commands. Command submission
can be done all through the application.

Example 2.3. An exampleof mai n() using interactive terminal and visualization. Code
modified from the previous example are shown in blue.

#i ncl ude "AARunManager . hh"
#i ncl ude " 4Ul nanager . hh"

#i f def G4AUl _USE
#i ncl ude " AVi sExecuti ve. hh"
#endi f

#i ncl ude "ExXADet ect or Const ructi on01. hh"
#i ncl ude "Ex&4Physi csLi st 00. hh"
#i ncl ude "EXGAPri maryGener at or Acti onO1. hh"

int main()

{
/1 construct the default run nmanager
GARunManager * runManager = new GARunManager;

/'l set mandatory initialization classes
runManager - >Set User I ni ti al i zati on(new ExG4Det ect or Const ructi on01) ;
runManager - >Set User I ni ti al i zati on(new ExG4Physi csLi st 00) ;

/1 set mandatory user action class
runManager - >Set User Acti on( new EXGAPri mar yGener at or Act i on01) ;

I/ initialize &4 kernel
runManager->lnitialize();

/] Get the pointer to the User Interface manager
G4AUl manager * Ul manager = GAUl nanager: : Get Ul poi nter();

if (argc == 1) {
/'l interactive node : define U session
#i fdef AUl _USE
G4Ul Executive* ui = new G4Ul Executive(argc, argv);
U manager - >Appl yCommand( "/ control / execute init.nmac");
ui ->SessionStart();
del ete ui;
#endi f
}
el se {
/1 batch node
G4String conmand = "/control / execute "
GAsString fil eNanme = argv[1];
Ul manager - >Appl yComrand( command+f i | eNane) ;

}

// job term nation
del ete runManager ;
return 0O;
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2.1.5. HAcout and HAcerr

Although not yet included in the above examples, output streams will be needed. G4cout and KAcerr are
iostream objects defined by Geant4. The usage of these objectsis exactly the same as the ordinary cout and cerr,
except that the output streams will be handled by GAUI nanager . Thus, output strings may be displayed on
another window or stored in afile. Manipulation of these output streamswill be described in Section 7.2.4. These
objects should be used instead of the ordinary cout and cerr.

2.2. How to Define a Detector Geometry

2.2.1. Basic Concepts

A detector geometry in Geant4 is made of a number of volumes. The largest volumeis called the World volume.
It must contain, with some margin, al other volumesin the detector geometry. The other volumes are created and
placed inside previous volumes, included in the World volume. The most simple (and efficient) shape to describe
the World is a box.

Each volume is created by describing its shape and its physical characteristics, and then placing it inside a con-
taining volume.

When avolume is placed within another volume, we call the former volume the daughter volume and the latter
the mother volume. The coordinate system used to specify where the daughter volume is placed, is the coordinate
system of the mother volume.

To describe a volume's shape, we use the concept of a solid. A solid is a geometrical object that has a shape and
specific values for each of that shape's dimensions. A cube with a side of 10 centimeters and a cylinder of radius
30 cm and length 75 cm are examples of solids.

To describe avolume'sfull properties, we use alogical volume. It includes the geometrical properties of the solid,
and adds physical characteristics: the material of the volume; whether it contains any sensitive detector elements;
the magnetic field; etc.

We have yet to describe how to position the volume. To do thisyou create a physical volume, which places a copy
of thelogical volumeinside alarger, containing, volume.

2.2.2. Create a Simple Volume

What do you need to do to create a volume?

* Createasolid.
» Create alogical volume, using this solid, and adding other attributes.

Each of the volume types (solid, logical, and physical) has an associated registry (VolumeStore) which contains
alist of all the objects of that type constructed so far. The registries will automatically delete those objects when
requested; users should not deleted geometry objects manually.

2.2.3. Choose a Solid

To create a simple box, you only need to define its name and its extent along each of the Cartesian axes.

Example 2.4. Creating a box.

G4doubl e worl d_hx
GAdoubl e wor | d_hy

3.0
1. 0*
G4doubl e worl d_hz 1. 0*

*
SR=R=

G4Box* wor | dBox
= new HABox("World", world_hx, world_hy, world_hz);
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This creates a box named "World" with the extent from -3.0 meters to +3.0 meters along the X axis, from -1.0 to
1.0 metersin Y, and from -1.0 to 1.0 metersin Z. Note that the G4Box constructor takes as arguments the halfs
of thetotal box size.

Itisalso very simpleto create a cylinder. To do this, you can use the AATubs class.

Example 2.5. Creating a cylinder.

G4doubl e i nner Radi us
G4doubl e out er Radi us
HAdoubl e hz = 25. *cm
G4doubl e start Angl e = 0. *deg;

G4doubl e spanni ngAngl e = 360. *deg;

0.*cm
60. *cm

G4Tubs* tracker Tube
= new GATubs("Tracker",
i nner Radi us,
out er Radi us,
hz,
start Angl e,
spanni ngAngl e) ;

This creates afull cylinder, named "Tracker", of radius 60 centimeters and length 50 cm (the hz parameter repre-
sentsthe haf length in Z).

2.2.4. Create a Logical Volume

To create alogica volume, you must start with a solid and a material. So, using the box created above, you can
create asimplelogical volume filled with argon gas (see Section 2.3) by entering:

GALogi cal Vol ume* wor | dLog
= new GALogi cal Vol une(wor| dBox, Ar, "Wrld");

Thislogical volume is named "World".

Similarly we create alogical volume with the cylindrical solid filled with aluminium

GALogi cal Vol ume* trackerLog
= new GALogi cal Vol une(tracker Tube, A, "Tracker");

and named "Tracker"

2.2.5. Place a Volume

How do you place avolume? Y ou start with alogical volume, and then you decide the aready existing volume
inside of which to placeit. Then you decide whereto placeits center within that volume, and how to rotate it. Once
you have made these decisions, you can create a p