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Chapter 1. Getting Started

Geant4 uses CMake to configure a build system for compiling and installing the toolkit headers, libraries and sup-
port tools. This document covers the basics of using CMake to build and install Geant4 together with an overview
of the most commonly used advanced features. We also provide a basic overview of how to build an application
that uses Geant4. For moreinformation on CMakeitself, the CM ake Hel p and Documentation should be consulted.

1.1. Supported and Tested Platforms

Geant4 is officially supported on the following operating system and compiler combinations:
 Scientific Linux CERN 5 with gcc 4.1.2 or 4.3.X, 32/64bit
Scientific Linux CERN 6 with gcc 4.6.X, 64bit

Geant4 has also been successfully compiled on other Linux distributions, including Debian, Ubuntu and
openSUSE. Please note that distributions other than SLC are not officially supported. However, we welcome
feedback and patches for non-SLC platforms!

* Mac OS X 10.7 (Lion) and 10.8 (Mountain Lion) with gcc 4.2.1 (Apple), 64bit.

Geant4 has also been successfully compiled on Mac OS X 10.6.8 (Show Leopard) with gcc 4.2.1 (Apple), but
this version of Mac OS X is not officially supported.

» Windows 7 with Visual Studio 10 (VS2010).
The following platforms and compilers are also tested, but not officially supported:
 Scientific Linux CERN 5 with gcc 4.7.X, 64bit.
Scientific Linux CERN 5 with Intel C++ 13, 64bit.
* Mac OS X 10.7 (Lion) and 10.8 (Mountain Lion) with Clang 3.1.
e Windows 7 with Visual Studio 9 (VS2008).

We wel come user feedback and/or bug reports via our HyperNews Forum and Bugzilla.

1.2. Software Required to Build Geant4

The following minimal set of software must be present to build Geant4:
» Geant4 Toolkit Source Code.
* CMake 2.6.4 or higher.

If you intend to use the Clang compiler, then you must use CMake 2.8.2 or higher in order to correctly identify
this compiler.

We recommend version 2.8.X as this includes many extra useful features, but it is not required apart from the
proviso on Clang usage above.

o C++ Compiler:
e Linux: GNU Compiler Collection.
¢ Mac OS X: GCC(g++) (Xcode 4).

In Xcode 4, you will also need to install the command line tools (via Xcode-> Preferences->Downloads ).
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» Windows: Visual Studio 2010, either Express or Higher Editions.
» Linux/Mac only: Make

On Linux, we recommend that you use CMake as provided through the package management system of your dis-
tribution, unless this does not meet the minimum version requirement of CMake 2.6.4. In that case, we recommend
you install it using the Linux binary installer for the latest version of CMake, available with instructions from the
Kitware download site. Thisinstaller is highly portable and should work on the vast magjority of distributions.

On Mac and Windows, CMakeis not installed by default, so we recommend that you install it using the Darwin64
dmg (Mac) or Win32 exe (Windows) installers supplied by the Kitware download site.

On Linux and Mac, it is strongly recommended to use the g++ compiler supplied by the package management
system of your distribution (Linux), or supplied with Xcode (Mac).

1.2.1. CLHEP Library

Geant4 distributes aminimal version of the CLHERP library sources with the toolkit to help cross-platform usage.
This internal version of the CLHERP library is built and used by default, so having an external install of CLHEP
isno longer a prerequisite for Geant4.

However, Geant4 can still be configured to use an existing install of CLHEP if required by your use case. This
configuration is done by passing extra options to CMake, and if your require this feature you should consult
Section 2.3.

1.3. Software Required to Build Optional Compo-
nents of Geant4

Geant4 has severa optional components which if enabled require further software to be preinstalled on your
system. These components and their requirements are listed below.

» GDML Support (All Platforms)

Requires. Xerces-C++ headers and library.
* Qt4 User Interface and Visualization (All Platforms)

Requires. Qt4 headers and libraries, OpenGL or MesaGL headers and libraries.

On Mac OS X, you should use Qt 4.8.X.
e Motif User Interface and Visualization (Linux and Mac OS X)

Requires: Motif and X11 headers and libraries, OpenGL or MesaGL headers and libraries.
e X11 OpenGL Visuaization (Linux and Mac OS X)

Requires: X11 headers and libraries,OpenGL or MesaGL headers and libraries.

On Mac OS X 10.8 (Mountain Lion), X11 can be obtained through the X Quartz project.
* WIN32 OpenGL Visualization (Windows)

Requires: OpenGL or MesaGL headers and libraries.
» Open Inventor Visualization (All Platforms)

Reguires: Coin3D with SoXt(Sowin) graphics binding on Linux/Mac(Windows). Coin3D is a free implemen-
tation of Open Inventor.
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e X11 RayTracer Visualization (Linux and Mac OS X)
Requires: X11 headers and libraries.
On Mac OS X 10.8 (Mountain Lion), X11 can be obtained through the XQuartz project.

OnLinux, itisstrongly recommend that you use the binary packages as supplied through the package management
system of your distribution. If you require a component that uses OpenGL, we also recommend that you install
the OpenGL package supplied for your video card (e.g. NVIDIA). Y ou should consult the documentation of your
distribution for information on the packages that provide the needed software libraries and headers.

On Mac and Windows, we strongly recommend installing any required packagesthrough binary dmg/exeinstallers
supplied through the vendor links above. Note that Mac OS X 10.7 already has OpenGL and X11 installed, and
Visua Studio supplies an install of OpenGL on Windows. Mac OS X 10.8 supplies OpenGL, but if you need
X11 you will need to install the XQuartz app. Installation and use of packages on Mac through MacPorts, fink
or homebrew is not tested or supported, but you may build Geant4 using packages supplied by these package
management systems with that caveat.

1.4. Software Suggested for Use With Geant4

Geant4 includes many cross-platform file-based visualization drivers, together with the lightweight inexlib for
basic analysis. Geant4 does not require any additional software over and above that listed in Section 1.2 to build
and install these components.

However, you may wish to install the software suggested below to make use of these components when running
your Geant4 application. We again emphasize that you do not need these packages to build and install Geant4.

» DAWN postscript renderer (for use with DAWN visualization driver).

» HepRApp Browser (for use with HepRep visualization driver).

WIRED4 JAS Plug-In (for use with HepRep visualization driver).

VRML Browser (for use with VRML visualization driver).
» OpenScientist interactive environment for analysis.
» AIDA implementation such as OpenScientist, iAIDA, JAS3 or rAIDA.

For more details on Geant4's visualization and analysis components, you should consult the relevant sectionsin
the Geant4 User's Guide for Application Developers.
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Chapter 2. Building and Installing Geant4

2.1. Building and Installing on Unix Platforms

Unpack the Geant4 source package geant 4. 9. 6. t ar . gz to alocation of your choice. For illustration only,
this guide will assume it's been unpacked in a directory named / pat h/ t 0, so that the Geant4 source package
sitsin a subdirectory

/path/to/ geant4.9.6

We refer to this directory as the source directory. The next step isto create adirectory in which to configure and
run the build and store the build products. Thisdirectory should not be the same as, or inside, the source directory.
In this guide, we create this build directory alongside our source directory:

$ cd /path/to

$ nkdir geant4.9.6-build
$1s

geant4.9.6 geant4.9.6-build

To configure the build, change into the build directory and run CMake:

$ cd /path/to/ geant4.9.6-build
$ cmake - DCMAKE | NSTALL_PREFI X=/ pat h/t o/ geant4.9. 6-install /path/to/geant4.9.6

Here, the CMake Variable CMAKE_| NSTALL_PREFI X is used to set the install directory, the directory under
which the Geant4 libraries, headers and support fileswill beinstalled. It must be supplied as an absol ute path. The
second argument to CMake is the path to the source directory. In this example, we have used the absolute path to
the source directory, but you can also use the relative path from your build directory to your source directory.

Additional arguments may be passed to CMake to activate optional components of Geant4, such as visualization
drivers, or tune the build and install parameters. See Section 2.3 for details of these options. If you run CMake
and decide afterwards you want to activate additional options, simply rerun CMake and pass it the extra options.

On executing the CMake command, it will run to configure the build and generate Unix Makefiles to perform
the actual build. CMake has the capability to generate buildscripts for other tools, such as Eclipse and X code, but
please note that we do not support user installs of Geant4 with these tools. On Linux, you will see output similar to:

$ crmake - DCVAKE_I NSTALL_PREFI X=/ path/to/ geant4.9.6-install /path/to/geant4.9.6
-- The C conpiler identification is GNU
- The CXX conpiler identification is G\U
- Check for working C conpiler: /usr/bin/gcc
- Check for working C conpiler: /usr/bin/gcc -- works
- Detecting C conpiler ABI info
- Detecting C conpiler ABI info - done
- setting default conpiler flags for CXX
- Check for working CXX conpiler: /usr/bin/c++
-- Check for working CXX conpiler: /usr/bin/c++ -- works
- Detecting CXX conpiler ABl info
-- Detecting CXX conpiler ABI info - done
-- Found EXPAT: /usr/lib64/1ibexpat.so
-- Pre-configuring dataset ANDL (4.2)
- Pre-configuring dataset AEM.OW (6. 32)
- Pre-configuring dataset PhotonEvaporation (2.3)
-- Pre-configuring dataset RadioactiveDecay (3.6)
-- Pre-configuring dataset ANEUTRONXS (1. 2)
- Pre-configuring dataset APl (1.3)
- Pre-configuring dataset Real Surface (1.0)
-- Pre-configuring dataset (ASAl DDATA (1.1)
*WARNI NG
Geant4 has been pre-configured to | ook for datasets
in the directory:
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/ path/to/ geant4.9.6-install/share/ Geant4-9. 6.0/ data

but the follow ng datasets are NOT present on disk at
that |ocation:

GANDL (4.2)

GAEMLOW (6. 32)

Phot onEvapor ati on (2. 3)
Radi oacti veDecay (3.6)
GANEUTRONXS (1. 2)

AP (1.3)

Real Surface (1.0)

GASAI DDATA (1.1)

If you want to have these datasets installed automatically
simply re-run cmake and set the GEANT4_| NSTALL_DATA
variable to ON. This will configure the build to downl oad
and install these datasets for you. For exanple, on the
comand |ine, do:

crmake - DGEANT4_| NSTALL_DATA=ON <ot her ar gs>

The variable can al so be toggled in ccnmake or cnake-gui .
If you're running on a Wndows system this is the best
solution as Cvake will unpack the datasets for you

wi t hout any further software being required

Al'ternatively, you can install these datasets nmanual |y
now or after you have installed Geant4. To do this,
downl oad the following files:

http://geant4. cern.ch/support/source/ GANDL. 4. 2. tar. gz
http://geant4. cern. ch/ support/source/ GAEMLON 6. 32. tar. gz
http://geant4. cern.ch/ support/source/ GAPhot onEvaporation.2.3.tar.gz
http://geant4. cern.ch/ support/source/ G4Radi oacti veDecay. 3.6.tar. gz
http://geant4. cern.ch/ support/source/ GANEUTRONXS. 1. 2. tar. gz
http://geant4. cern.ch/support/source/ G4PII.1.3.tar.gz
http://geant4. cern.ch/support/source/ Real Surface.1.0.tar.gz
http://geant4. cern. ch/ support/source/ G4SAl DDATA. 1. 1. tar. gz

and unpack them under the directory:
/ path/to/ geant4.9.6-install/share/ Geant4-9. 6.0/ data

As we supply the datasets packed in gzipped tar files,
you will need the '"tar' utility to unpack them

Nota bene: M ssing datasets will not affect or break
conpilation and installation of the Geant4
libraries.

-- The follow ng Geant4 features are enabl ed:
GEANT4_BUI LD _CXXSTD: Conpi | i ng agai nst C++ Standard ' c++98'
GEANT4_USE_SYSTEM EXPAT: Using systeminstall of EXPAT

-- Configuring done
-- Cenerating done
-- Build files have been witten to: /path/to/geant4.9.6-build

On Mac OS X, the output will have dlight differences, but the last three lines at least should be the same. These
indicate a successful configuration.

The warning message about datasets is simply an advisory. Due to the size of the datasets, Geant4 will try and
reuse any datasetsit can find under the datainstallation prefix, in our example case/ pat h/ t o/ geant 4. 9. 6-
i nstal | /sharel/ Geant 4- 9. 6. 0/ dat a. If any datasets are not found here, it will pre-configure the setup
scripts for using Geant4 (described in Section 3.1 and Section 3.2) to point to this location and emit the message
to advise you on the steps you need to take to manually install the datasets at a time of your convenience.

Datasets are not required to be present to build Geant4, but may be required to run your application, depending on
the physics models you use. If you wish to download and install the datasets automatically as part of your build
of Geant4, simply add the option - DGEANT4_| NSTALL_DATA=ON to the arguments passed to CMake. Note
that this requires aworking network connection and will download around 0.5GB of data. If you already have the
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datasets present on your system, you can point Geant4 to their location. See the GEANT4_| NSTALL_DATADI R
option described Section 2.3.1 for more details.

If you see any errors at this point, carefully check the error messages output by CMake, and check your install of
CMake and C++ compiler first. The default configuration of Geant4 is very simple, and provided CMake and the
compiler are installed correctly, you should not see errors.

After the configuration hasrun, CMake will have generated Unix Makefilesfor building Geant4. To run the build,
simply execute make in the build directory:

$ make -jN

where N is the number of parallel jobs you require (e.g. if your machine has a dua core processor, you could
set Nto 2).

The build will now run, and will output information on the progress of the build and current operations. If you
need more output to help resolve issues or smply for information, run make as

$ make -j N VERBCSE=1

Once the build has completed, you can install Geant4 to the directory you specified earlier in
CMAKE_I NSTALL_PREFI X by running

$ make install

in the build directory. The libraries, headers and resource files are installed under your chosen install prefix in a
standard Unix-style hierarchy of directories, described below in Section 3.1. If you are performing a staged install
for packaging or deployment, the CMake generated Makefiles support the DESTDI R variable for copying to a
temporary location. To uninstall Geant4 you can run

$ meke uninstall

which will remove all installed files but not any installed directories.

2.2. Building and Installing on Windows Platforms

Unpack the Geant4 source package, geant 4. 9. 6. zi p to alocation of your choice. For illustration only, this
guide will assume it's been unpacked in a directory C: \ User s\ Ben\ Docunent s\ geant 4\, so that the
Geant4 source package resides in the subdirectory

C: \ User s\ Ben\ Docunent s\ geant 4\ geant 4. 9. 6

We refer to this directory as the source directory.

Whilst CMake can be used from the Windows ¢ nd program, we recommend using the CM ake GUI for configuring
the build. The steps required to use the CMake GUI and Visual Studio to build and install Geant4 are described
below, and a dlideshow of screenshots of the stepsis provided.

* Step1:

Open the CMake (cmake-gui) executable, and click on the Browse Source... button in the top right hand corner
of the window. Use the file browser popup to locate the Geant4 source directory, and click OK.

o Step 2:



http://www2.warwick.ac.uk/fac/sci/physics/staff/research/bmorgan/geant4/installingonwindows
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Now we create a directory in which to create the Visual Studio project files and hold the build products. This
directory should not be the same as, or inside, the the source directory. Here we will create this build directory
aongside our source directory.

Click on the Browse Build... button in the top right hand side of the CMake GUI window. Use the file brows-
er popup to browse back to C. \ User s\ Ben\ Docurrent s\ geant 4\ , and click on the Make New Folder
button. Rename the created folder to geant4.9.6-build, and click on the OK button. The two text entries at
the top of the GUI should now contain C. / User s/ Ben/ Docunent s/ geant 4/ geant4.9.6 and C. /
User s/ Ben/ Docunent s/ geant 4/ geant 4. 9. 6- bui | d respectively (Note: CMake always represents
Windows paths with forward slashes).

Step 3:
Click on the Configure button on the bottom left hand side of the GUI.
Step 4:

In the popup window, select Visual Sudio 2010. Ensure only the Use default native compilers radio box is
checked. Then click on the Finish button.

Step 5:

CMake will then run to check features and provide an initial configuration. All being well, you will see red
highlighted entries in the main options window including CMAKE and GEANT4 entries. Note that the red
highlighting means CMake has not fully resolved all configuration variables yet, not that has been an error.
On Express editions of Visua Studio, you may see a warning about missing system runtime libraries in the
logging window at the bottom of the GUI, but this can be ignored for a standard install. Any other errors will
be reported in this logging window.

Step 6:

By default, CMake will configure the build to install Geant4 under C: / Progr am Fi | es/ Geant 4. If you
do not wish to use this directory, or do not have permission to install there, you can change the installation
location. Click on the arrow next to the the CMAKE entry in the central options display to expand all CMake
specific configuration options. Scroll down to locate the CMAKE | NSTALL _PREFI X entry. Click on the entry
and edit the path directly or viathe file browser popup. In this example we will modify thisinstall directory to
C. / User s/ Ben/ Docunent s/ geant 4/ geant 4. 9. 6-instal | .

If you need to activate extra components of Geant4, click on the expansion arrow next to the GEANT4 entry in
the central options display to expand all Geant4 specific configuration options. We will not adjust any here, but
they are all documented in Section 2.3. Simply click on the tick box next to an option to select it if you require.

Step 7:

Once you have adjusted any options, click on the Configure button again. After this hasfinished, all the options
listed in the central option display should be white. If you till have entriesin red, click Configureto reconfigure
until al entries are white.

Step 8:

Now click on the Generate button to generate the Visual Studio project. All being well, CMake will generate
the solution files and finally report Configuring done, Generating done in the logging window at the bottom
of the GUI. You can now close the CMake GUI.

Step 9:
Now start up Visual Studio, and choose Open Project. This guide is somewhat specific to Visual Studio 2010

Express, but the solutions should appear with the same namesin other versions. Browse to your build directory,
and open the Geant4.sin Microsoft Visual Studio Solutionfile. Notethat it may take sometimetofully configure,
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open and parse all filesin the solution. Y ou may also use the M SBuild command line utility to build the solution
directly if you are familiar with that tool, but we do not as yet document or support this.

» Step 10:

By default, the Visua Studio solution builds the Debug Configuration, so if you want an optimized build, you
should select the Release option from the drop down Solutions Configurations menu in the toolbar (Visual
Studio 2010).

o Step 11:

In the Solution Explorer, right click on the INSTALL solution, and select Build from the popup menu. The
solution will now build and install to the directory you chose for CMAKE_| NSTALL_PREFI X earlier. If you
wish to build a different configuration (Release if you built Debug first, for example), then simply change the
solution configuration as described in the previous paragraph, and build the INSTALL solution again.

» Step12:
If you see a successful build, you can exit Visual Studio.

Thefile and directory structure of the installation follows that of the Unix build, and is described in Section 3.1.

2.3. Geant4 Build Options

Both Section 2.1 and Section 2.2 give the minimal proceedure to build and install Geant4. Many additional options
can be passed to CMake to adjust the way Geant4 is built and installed and to enable optional components.

On the command line, these options may be set by passing their name and value to the cmake command via -
Dflags, for example

$ cnmake - DCMAKE | NSTALL_PREFI X=/ opt / geant 4 - DGEANT4_USE_GDML=ON / pat h/t o/ geant 4. 9. 6

would configurethe build of Geant4 for installation under / opt / geant 4 and compilation of support for GDML.

In the CMake GUI, the options are listed as textbox entries, and values may be set directly by clicking on the
entry for the option and entering the requested information (for example, if a path is required, the GUI will pop
up afile browser).

On Unix, CMake also provides a curses based interface, ccnmake, which can be used to browse and set options
in the terminal. Please see the CMake documentation for more information on this command.

If you have already created abuild directory and used CMake to configure the build, you can awaysrerun CMake
in that directory with new options to regenerate the buildscripts (Makefiles or IDE solutions). The curses based
ccmake command isvery useful inthiscasefor browsing the current configuration and for updating it if required.
In the CMake GUI, you should set the Where is the source code: path to that of your source directory, and the
Where to build the binaries: path to that of the build directory you wish to reconfigure. You will then need to
rebuild and reinstall to pick up the changes. You can also deactivate a previously selected option to remove a
component from the build. For example, we could do

$ crmmake - DCMAKE_| NSTALL_PREFI X=/ opt/ geant 4 - DGEANT4_USE_GDM.=OFF / pat h/to/ geant4.9. 6

to explicitly remove support for GDML from abuild (In the CMake GUI, we would simply uncheck the tick box
for GEANT4_USE_GDM.). Note however that if you reconfigure to unset an option and rebuild and reinstall, your
install may contain files installed by the previously set option (for example headers). In this case, you may wish
to build theuni nst al | target before reconfiguring.

Options are divided into Standard options, which any user or developer can set directly, and Advanced options,
which in general are only needed by advanced users, developers or to give very fine control over the build and
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and install. Some options enable components of Geant4 which require external software (aslisted in Section 1.2).
If these options are enabled, the required software will be searched for, and hence there are also options which
control where CMake should look for these packages. If a required software package is not found, then CMake
will exit with an error message detailing what was not found.

2.3.1. Standard Options

We list standard options here in logical order. If you use CMake's curses or GUI interfaces, they will be listed
alphabetically.

* CMAKE_| NSTALL_PREFI X

« Setstheinstallation prefix for Geant4. Equivalent to - - pr ef i x in Autotools. Its default is platform depen-

dent:
Unix: / usr/ | ocal
Windows: C:. \ Program Fi | es\ Geant 4

It should be supplied as an absolute path, otherwise CMake will interpret its value relative to your build
directory.

See also the CMAKE_| NSTALL_XXXDI R Advanced Options for fine control of installation locations.

« CMAKE_BUI LD TYPE : (DEFAULT : Rel ease)

< Controlsthetype of build, at present only the additional flags passed to the compiler. It defaultsto Rel ease

which gives an optimized build with no debugging symbols. The most useful values are:
Rel ease : Optimized build, no debugging symbols

Debug : Debugging symbols, no optimization

Rel W t hDebl nf o : Optimized build with debugging symbols

Note that if you use a build system which supports multiconfiguration builds (e.g. Xcode, Visual Studio),
this variable has no effect as all build types are available inside the CMake generated project.

GEANT4_| NSTALL_DATADI R : ( DEFAULT : CMAKE | NSTALL_DATARCOTDI R)

* Installation directory for Geant4 datasets. It can be supplied asapathrelativeto CMAKE_| NSTALL_PREFI X

or as an absolute path. It is always searched for existing datasets, which if present will be reused.

GEANT4_| NSTALL_DATA : (DEFAULT : OFF)

* If set to ON, download and install any Geant4 datasets missing from GEANT4_| NSTALL_DATADI R. Each

dataset will be unpacked and installed in the directory pointed to by GEANT4_| NSTALL_DATADI R

REQUI RES : A working network connection. It is highly recommended to switch this option on if you
have a network connection to give the best integration with application devel opment.

GEANT4_USE_GDM. : (DEFAULT : OFF | ON if XERCESC ROOT DIR is set)

o If set to ON, build the (Aper si st ency library with support for GDML.

REQUI RES : Xerces-C++ libraries and headers, see the XERCESC _ROOT_DI R option.

XERCESC_ROOT DI R

* If your Xerces-C++ ingtallation is in a non-standard location, set this variable to the root directory of the

installation (i.e. the directory containing thei ncl ude and| i b subdirectoriesfor Xerces-C++). If thisisnot
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sufficient to locate Xerces-C++, see the Advanced XERCESC | NCLUDE DI R and XERCESC LI BRARY
options.

« GEANT4 USE G3TOG4 : (DEFAULT : OFF)

e |f setto ON, build the G3To&A library for reading ASCII call list files generated from Geant3 geometries.
« GEANT4_USE_QT (DEFAULT : OFF)

e |f setto ON, build Qt4 User Interface and Visualization drivers.

REQUI RES : Qt4 and OpenGL libraries and headers. See aso the QT_QVAKE_EXECUTABLE option if
CMake has trouble locating your Qt4 installation.

« QT_QVAKE_EXECUTABLE

« If your Qt4 installation is in a non-standard location, set this variable to point to the gnake executable of
the Qt4 installation you wish to use. If you have a system install on Linux or the binary SDK install on other
platforms, Qt4 will in general be found automatically (CMake should aso honor the QTDI R environment
variable).

e GEANT4_USE XM (DEFAULT : OFF, Unix Only)
¢ |f set to ON, build Motif User Interface and Visudization drivers.

REQUI RES : Motif and OpenGL libraries and headers. In most cases, these should be found automatically,
but if not, see the Advanced MOTI F_| NCLUDE_DI Rand MOTI F_LI BRARI ES options.

« GEANT4_USE_OPENGL_X11 (DEFAULT : OFF, Unix Only)
« If set to ON, build the X11 OpenGL visualization driver.
REQUI RES : X11 and OpenGL libraries and headers.
» GEANT4_USE OPENGL_W N32 (DEFAULT : OFF, W ndows Only)
¢ |f set to ON, build the Win32 OpenGL visualization driver.

REQUI RES : OpenGL libraries and headers. If you are using Visual Studio, then this should supply the
needed headers and libraries.

e GEANT4_USE | NVENTOR ( DEFAULT : OFF)
« If set to ON, build the Openlnventor visualization driver.

REQUI RES : Coin3D Open Inventor implementation, SoXt (Unix) or SoWin (Windows) bind-
ing, and OpenGL libraries and headers. CMake will use coi n-config and soxt-config
if present to locate the Coin3D and SoXt implementation respectively, and will honor the
CO NDI R environment variable. In case of issues with locating the Inventor implementation, see the
Advanced | NVENTOR_| NCLUDE_DI R, | NVENTOR_LI BRARY, | NVENTOR_SOXT_I NCLUDE_DI R,
| NVENTOR_SOXT_LI BRARY and | NVENTOR_SOW N_LI| BRARY options.

KNOWN | SSUE : Use of clang compiler and Debug build mode will cause the Inventor driver build to fail
with errors relating to Inventor specific debugging functions.

e GEANT4_USE _RAYTRACER X11 (DEFAULT : OFF, Unix only)
 |f set to ON, build RayTracer visualization driver with X11 support.
REQUI RES : X11 Headers and Libraries.

« GEANT4_USE_SYSTEM CLHEP (DEFAULT : OFF | ON if CLHEP_ROOT_DIR set)
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 |f set to ON, build Geant4 with an external install of CLHEP. Y ou should not set this unless your usage of
Geant4 mandates a specific external CLHEP installation (e.g. if your experiment's software uses CLHEP in
other tools and requires consistent use of the same CLHEP across the software). If the CLHEP_ROOT _DI R
option is not set, CLHEP will be searched for under standard system paths.

REQUI RES : CLHEP libraries and headers.
 CLHEP_ROOT_DI R

 If you wish GEANTA4 to use a specific installation of CLHEP, set this variable to point to the root install di-
rectory of the CLHEP installation you wish to use. Thisdirectory should containthei ncl ude and! i b sub-
directories containing the CLHEP headers and library respectively. If thisis not sufficient to locate CLHEP,
see the Advanced CLHEP_| NCLUDE_DI Rand CLHEP_LI| BRARY options.

« GEANT4_USE_SYSTEM EXPAT (DEFAULT : ON)

 If setto ON, build Geant4 with an external install of Expat. In this case, the Expat headers and library will be
searched for under the standard system paths. If these are not sufficient to locate the required Expat installa-
tion, see the Advanced EXPAT_| NCLUDE_DI Rand EXPAT_L| BRARY options/

REQUI RES : Expat library and headers.

2.3.2. Advanced Options

Most builds should never need to touch the advanced options, but should you need more control or CMake has
problems | ocating needed software packages, they can be very helpful. We only list the options and variables most
relevent for Geant4. For help on core CMake variables and options, you should consult the Reference Documen-
tation section of the main CMake documentation , and specifically the sections on Variables.

Advanced options are not displayed by default in CMake's curses and GUI interfaces, but can be displayed by
pressing t in ccmake, or clicking the 'advanced' check box in the CMake GUI. Note that displaying advanced
options will also display alarge number of options and variables used by CMake for build configuration and to
cachethe locations of Third Party packages. On the command line, advanced options and variables can be set like
the standard ones listed earlier using - D arguments.

* GEANT4_USE_NETWORKDAWN : ( DEFAULT : OFF, Unix Only)

o If set to ON, build network server/client support for DAWN visualization driver. You do not need this to
view DAWN files.

GEANT4_USE_NETWORKVRML : (DEFAULT : OFF, Unix Only)

« If setto ON, build network server/client support for VRML visualization driver. Y ou do not need thisto view
VRML files.

GEANT4_| NSTALL_DATA TI MEOUT : (DEFAULT : 1500)

» Setsthetime in seconds allowed for download of each Geant4 dataset. The value can beincreased if you are
on aslow network connection and require more time to download.

REQUI RES : awaorking network connection.

GEANT4_| NSTALL_EXAMPLES : (DEFAULT : OFF)

o If set to ON, install Geant4 example application source code under CMAKE | NSTALL _DATARQOOTDI R.

BUI LD SHARED LIBS : (DEFAULT : ON)
o |f set to ON build Geant4 shared libraries.
e BU LD STATIC LIBS : (DEFAULT : OFF)
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» |f set to ON, build Geant4 static libraries.
CMAKE | NSTALL_BINDIR : (DEFAULT : bin)

e Installation directory for Geant4 executables. It can be supplied as a path relaive to
CMAKE | NSTALL_PREFI X or as an absolute path.

CMAKE_| NSTALL_| NCLUDEDI R : (DEFAULT : i ncl ude)

e Installation directory for Geant4 C/C++ headers. It can be supplied as a path relative to
CMAKE_| NSTALL_PREFI X or as an absolute path. The headers will always be installed in a subdirectory
of CMAKE_| NSTALL_| NCLUDEDI R named Geant 4.

CMAKE_| NSTALL_LIBDIR : (DEFAULT : i b(+?SUFFI X))

e Installation directory for object code libraries. It can be supplied as a path relative to
CMAKE_| NSTALL_PREFI X, or an absolute path. When the default is used, SUFFI X will be set to 64 on
64bit Linux platforms apart from Debian systems.

CMAKE_| NSTALL_DATARQOTDI R : (DEFAULT : share)

 Installation directory for read-only architecture-independent data files. It can be supplied as a path relative
to CMAKE | NSTALL_PREFI X, or an absolute path.

XERCESC_| NCLUDE_DI R

« If CMake cannot locate your Xerces-C++ installation, set this to the directory containing the Xerces-C++
headers (e.g. if you have / f oobar/ xer cesc/ uti |l / Xer cesVer si on. hpp, then set thisto / f oo-
bar).

XERCESC LI BRARY

 If CMake cannot locate your Xerces-C++ installation, set thisto the full path to the Xerces-C++ library, e.g.
/usr/lib/libxerces-c.so

MOTI F_I NCLUDE_DI R

 If CMake cannot locate your Motif installation, set this to the directory containing the Motif headers (e.g. if
you have/ f oobar / Xmf Xm h, then set thisto/ f oobar ).

MOTI F_LI BRARI ES

 If CMake cannot locate your Motif installation, set thisto the full path to the Motif library, e.g./ usr/1i b/
i bXm so

| NVENTOR | NCLUDE_DI R

« |f CMake cannot locate your Openlnventor installation, set thisto the directory containing the Inventor head-
ers(e.g. if youhave/ f oobar/ | nvent or/ So. h, then set thisto/ f oobar ).

I NVENTCR_LI BRARY

 If CMake cannot locate your Inventor installation, set thisto the full path to the Inventor library, e.g. / usr/
lib/libCoin.so

| NVENTOR_SOW N_LI BRARY (W ndows only)

« |f CMake cannot locate your Inventor installation, set this to the full path to the Inventor Sowin binding
library, eg. C: \ Program Fi | es\ Coi n\sowi n.dl | .

| NVENTOR_SOXT_| NCLUDE_DI R (Uni x onl y)
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« If CMake cannot locate your Inventor installation, set this to the directory containing the Inventor SoXt
binding headers (e.g. if you have/ f oobar/ | nvent or/ SoXt / SoXt . h, then set thisto/ f oobar).

| NVENTOR_SOXT_LI BRARY (Uni x onl y)

* If CMake cannot locate your Inventor installation, set thisto thefull path to the Inventor SoXt binding library,
eg./usr/lib/libSoXt.so.

CLHEP_| NCLUDE DI R (1f GEANT4_USE_SYSTEM CLHEP sel ect ed)

 If CMake cannot locate your external CLHEP installation, set this to the directory containing the CLHEP
headers (e.g. if you have/ f oobar / CLHEP/ Vect or / def s. h, then set thisto/ f oobar).

CLHEP_LI BRARY (If GEANT4_USE_SYSTEM CLHEP sel ect ed)

 If CMake cannot locate your CLHEP installation, set thisto the full path to the CLHEP library, e.g. / usr/
i b/1ibCLHEP. so

EXPAT | NCLUDE_DI R (1f GEANT4_USE_SYSTEM EXPAT sel ect ed)

« If CMake cannot locate your external EXPAT installation, set this to the directory containing the EXPAT
headers (e.g. if you have/ f oobar / expat . h, then set thisto/ f oobar ).

EXPAT LI BRARY (If GEANT4_USE_SYSTEM EXPAT sel ect ed)

« If CMake cannot locate your EXPAT installation, set thisto the full path to the EXPAT library, e.g. / usr/
lib/libexpat.so

GEANT4_BUI LD_CXXSTD : (DEFAULT : c++98, Unix Only)

e Compile Geant4 against given C++ standard ( c++98, including addenda, c++0x, or c++11. Geant4 is
writtenin c++98, and you should use this option if your application requires support for the newer standards.
If you set the variable to a standard the compiler does not support, and error will be emitted.

REQUI RES : GNU, Clang or Intel C++ compilers.
GEANT4_BUI LD_STORE_TRAJECTCRY : (DEFAULT : ON)

« If setto ON, storetragjectoriesin event processing. It can be switched to OFF to give a degree of performance
improvement, but you will not be able to visualize events.

GEANT4_BUI LD_VERBOSE_CCODE : (DEFAULT : ON)

 If set to ON, build Geant4 libraries with extra verbosity. It can be switched to OFF to give a degree of per-
formance improvement, but you will not have as much information output should you run into problems or
need to debug.

GEANT4_BUI LD_GRANULAR LI BRARIES : (DEFAULT : OFF) (DEPRECATED)

» If set to ON, build Geant4 libraries in granular mode. WARNING: this option is deprecated, intended for
Geant4 developers only and does not provide afully usable Geant4 install. No support is, or will be, provided
for user applications built with granular libraries.

GEANT4_BUI LD_EXAMPLES : (DEFAULT : OFF)

o If set to ON, build all Geant4 example applications using current Geant4 build. WARNING: this optionisfor
Geant4 system testing only and is not intended for use by users studying and working on the examples. No
support is, or will be, provided for user builds of the examples using this option.

GEANT4_ENABLE_TESTI NG : (DEFAULT : OFF)
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 If set to ON, build and run Geant4 testing suites. WARNING: this option is for Geant4 system testing only
and is not intended for use by users. No support is, or will be, provided for user builds with this option.

2.3.3. Selecting a Different Compiler and Changing Flags

CMakewill, by default, select thefirst C and C++ compilersit findsin your path. Geant4's CM ake scripts configure
adefault set of flags based on the compiler identity, as follows

» GNU Compiler Collection

e CMAKE CXX FLAGS : -W-Wall -pedantic -Wo-non-virtual -dtor -Wo-1ong-1ong
-Wwite-strings -Wointer-arith -Wverl oaded-virtual -pipe

« CMAKE_CXX_FLAGS RELEASE : -2 - DNDEBUG
« CMBKE_CXX_FLAGS DEBUG : -g

« CMAKE_CXX_FLAGS RELW THDEBINFO : -2 -g

» Clang
e CMAKE_CXX_FLAGS : -W -Wall -pedantic -Wo-non-virtual-dtor -Who-Iong-
long -Wwite-strings -Wointer-arith -Wverl oaded-virtual -pipe -Qnused-
argunents

 CMAKE_CXX_FLAGS RELEASE : -2 - DNDEBUG

 CMAKE_CXX_FLAGS DEBUG : -g

« CMAKE_CXX_FLAGS RELWTHDEBINFO : -2 -g
* Microsoft Visua C++

« CMAKE_CXX_FLAGS : -GR -EHsc - Zm200 -nol ogo - D_CONSOLE -D W N32 - DW N32 -
DOS - DXPNET - D_CRT_SECURE_NO DEPRECATE

e CMAKE_CXX_FLAGS _RELEASE : -NMD -2 - DNDEBUG

« CMAKE_CXX_FLAGS DEBUG : -Mdd -Od - Zi

e CVAKE_CXX FLAGS RELW THDEBINFO : -MD -2 -Zi
* Intel C and C++ Compilers

e« CMAKE CXX FLAGS : -wl -Wio-non-virtual-dtor -Wointer-arith -Wwite-
strings -fp-nodel precise

+ CMAKE_CXX_FLAGS_RELEASE : -2 - DNDEBUG
« CMAKE_CXX_FLAGS_DEBUG : -g
+ CMAKE_CXX_FLAGS_RELW THDEBINFO : -2 -g

For the GNU, Clang and Intel compilers, an additional flag selecting the C++ standard to compile against will
be set. By default, this will use the c++98 standard. This can be changed if the compiler version supports it by
setting the GEANT4_BUI LD _CXXSTD to the required standard, as described in Section 2.3.2.

If you are using an unsupported or unrecognized (by Geant4) compiler, CMake will default to a standard and very
simple set of flags for that compiler. We strongly recommend that you use the default compiler and flags, but
both can be modified if your use case requires it. To specify the C and C++ compilers to be used, you can set
the CC and CXX variables
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. assum ng clang/clang++ are in the PATH ...
$ CC=cl ang CXX=cl ang++ cnake <ot herargs>
.oor ...

$ export CC=cl ang
$ export CXX=cl ang++
$ cmake <ot herargs>

You can aso specify afull path should the compilers not be in the PATH. Y ou can also specify the C and C++
compilers viathe CMAKE_<LANG>_COWVPI LER options:

$ cmake - DCVAKE_C_COWPI LER=cl ang - DCMAKE_CXX_COWPI LER=cl ang++ <ot her ar gs>

Use of CMAKE_<LANG>_COWPI LER will take precedence over any setting of CC or CXX in the environment
or on the command line.

Whilst you can change the compiler after an initial configuration with CMake, it is not recommended as you
may need to reset some variables by hand. If you do perform this step, it can only be done by rerunning CMake
and passing the new compiler via the CMAKE_<LANG>_COVPI LER argument(s), as the CC and CXX variables
have no effect on subsequent runs of CMake in a given build directory. You may also need to remove the
ChvakeCache. t xt file from the build directory before running CMake again. If you are building Geant4 us-
ing several compilers and/or versions, we strongly recommend creating one build directory per compiler system.
Whilst this takes extra disk space, it provides a clean separation between different builds and also allows fast
incremental builds against a single source directory.

Compiler flags can be interactively modified through the ccnake and CMake GUI interfaces. As compiler flags
are an advanced option, you will need to activate viewing of advanced options. You may then edit the flags as
you wish.

CMake is dso aware of the CFLAGS and CXXFLAGS variables, so you may set these on the command
line or as environment variables. However, note that this will only prepend extra flags to the default
CVAKE_<LANG>_FLAGS.

If you need to completely change the compiler flags, then you can set CMAKE_<LANG>_FLAGS directly asa- D
option to CMake. Thiswill override all defaults set by Geant4's CMake scripts.

2.3.4. Using an Initial Cache File for Build Options

As Geant4, and CMake in general, has many configurable options, remembering and typing out the CMake com-
mand line can be tedious and potentially error prone once you start to use a significant number of options. To ease
thistask and provide reproducibl e builds, you can write optionsas CMake set () commandsinto aso-caled ini-
tial cache script. For example, to select Clang as the compiler and enable Qt support, we could write the following

set (CMAKE_C_COWPI LER cl ang CACHE STRING "")
set (CMAKE_CXX_COWPI LER cl ang++ CACHE STRING "")
set (GEANT4_USE_QT ON CACHE BOOL "")

into afile, say, myset ti ngs. cnake. We could then passthisfile to CMake to configure the Geant4 build with
these settings:

$ cmake -C /home/ me/ nysettings. cnake /path/to/geant4.9.6

Any settings in the supplied script will take priority over the defaults, so this can be a useful way to manage
different builds in areproducible way. Note that the set () commands must use the CACHE argument to ensure
they are loaded into the CMake cache.
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Chapter 3. Setting Up and Using an Install of
Geant4

3.1. Geant4 Installation Locations

If you choose the default installation paths, then your install of Geant4 is completely contained under the directory
you chose for CMAKE_| NSTALL_PREFI X, with the structure

+- CMAKE_I NSTALL_PREFI X

+- bin/

| +- geant4-config (UNI X ONLY)

| +- geant4.csh (UNI X ONLY)

| +- geant4.sh (UNI X ONLY)

| +- GAglobal.dll (W NDOAS ONLY)
|+

+- include/

| +- Geant4/

| +- (4gl obal . hh

| + L

| +- CLHEP/ (W TH | NTERNAL CLHEP ONLY)
| +- tools/

+ lib/ (MAY BE |ib64 on LI NUX)

+- |libG4global .so (ANDIOR .a, OR G4d obal .lib ON W NDOWB)
+-

+- ant 4-9. 6. 0/

|
|
|
| +- Ceant 4Confi g. cnake
| +- Geant 4Confi gVer si on. cmake
| +- Ceant 4Li br ar yDepends. crake
| +- Geant 4Li br ar yDepends- Rel ease. cake
| +- UseGeant 4. cnake
| +- Li nux- g++ (OR Darwi n-g++ UNI X ONLY SOFTLINK -> ..)
| +- Modul es/
+- share

+- Geant4-9.6.0

+- data/ (1 F GEANT4_| NSTALL_DATA WAS SET)

+- geant 4make/
+- geant 4make. csh
+- geant 4make. sh
+- confi g/

To make the Geant4 binaries and libraries available on your PATH and library path (LD_LI BRARY_PATH
on Linux, DYLD LIBRARY_PATH on Mac OS X), you should source the relevant script in
CMAKE_|I NSTALL_PREFI X/ bi n

On interactive bourne shells (e.g. bash), do (assuming you are in CMAKE_| NSTALL_PREFI X/ bi n):

$ . geant4.sh

Thiscommand can a so be used to setup the Geant4 environment in other Bourne shell scripts. Y ou can a so supply
the full path to the script rather than changing to the directory containing it.

On interactive C shells, do (assuming you arein CMAKE | NSTALL_PREFI X/ bi n):

$ source geant4.csh

In an interactive session you can also supply the full path to the script rather than changing to the directory con-
taining it. The C shell script cannot be sourced directly inside other shell scripts due to a limitation of this shell
which prevents the script being able to locate itself. If you need to source the C shell script inside another, then
you can use the command

cd CVAKE_| NSTALL_PREFI X/ bi n ; source geant4.csh
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where you should replace CMAKE_| NSTALL_PREFI X/ bi n with the directory you installed geant 4. csh in.
Y ou can also use the command

source CMAKE_| NSTALL_PREFI X/ bi n/ geant 4. csh CMAKE_| NSTALL_PREFI X/ bi n

where as above you should replace CVAKE | NSTALL_PREFI X/ bi n with the directory where geant 4. csh
islocated.

On Windows, you should add the directory containing the Geant4 dll files to your PATH environment variable.
On Windows 7/XP, this can be done via the Control Panel asfollows

* Step1:
Open the Windows Control Panel.
o Step 2:
Open the Systemitem in the Control Panel.
* Step 3:
Click onthe Advanced system settings link on the System window (on Windows XP, click on the Advanced tab).
o Step 4:
Click on the Environment Variables button in the System Properties window.
o Step 5:

Select the PATH entry in the User variables list, and click the Edit button. If PATH s not present, click on the
New and create it.

o Step 6:

In the popup Edit User Variable window, append the directory in which the Geant4 dlls are installed to the
Variable value entry of the PATH variable (Note that on Windows, path entries are separated by semicolons).
It's very important to append the Geant4 dll path if you have an existing PATH, otherwise other programs may
stop working correctly! If the Variable value entry of the PATH variable is empty, or you've just created it, you
can simply set the value to the directory in which the Geant4 dlls areinstalled. Once you have edited, click OK.

3.2. Building Applications with Geant4

To build an application that uses the Geant4 toolkit, it is necessary to include Geant4 headers in the application
sources and link the application to the Geant4 libraries. The details of how to implement source code for an
application are described in detail in the Geant4 User's Guide for Application Developers. Here, we describe how
you can build your sources into an application and compile and link it against Geant4.

We provide three main tools to help with building applications: a CMake "Geant 4Confi g. cnmake" config
file, aGNUMake module"bi nmake. gnk" and aUNIX-only command line program "geant 4- conf i g". The
following sections give an overview of each tool and how to use them to build a simple application.

3.2.1. Using CMake to build Applications:
Geant4Config.cmake

Geant4 installs afile named Geant 4Conf i g. cnmake located in:
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+- CMAKE | NSTALL_PREFI X
+- lib/
+- Geant4-9.6.0/
+- Ceant 4Confi g. cnake

which is designed for use with the CMake scripting language fi nd_package command. Building a Geant4
application using CMake therefore involves writing a CMake script CMakelLi st s. t xt using this and other
CMake commands to locate Geant4 and describe the build of your application against it. Whilst it requires a bit
of effort to write the script, CMake provides a very powerful and flexible tool, especialy if you are working on
multiple platforms. It is therefore the method we recommend for building Geant4 applications.

WEe'll use Basic Example B1, which you may find in the Geant4 source directory under exanpl es/ basi c/ B1,
to demonstrate the use of CMaketo build aGeant4 application. Y ou'll find linksto the latest CM ake documentation
for the commands used throughout, so please follow these for further information. The application sources and
scripts are arranged in the following directory structure:

+ B1/
CMakelLi sts. t xt
exanpl eBl. cc
i ncl ude/

. headers. hh ..
src/

. sources.cc ...

+7 + + +

Here, exanpl eB1. cc containsmai n() for the application, withi ncl ude/ andsr ¢/ containing the imple-
mentation class headers and sourcesrespectively. Thisarrangement of sourcefilesis not mandatory when building
with CMake, apart from the location of the CMakeLi st s. t xt fileinthe root directory of the application.

The text file CMakelLi st s. t xt isthe CMake script containing commands which describe how to build the
exampleB1 application:

# (1)
crmake_m ni mum requi red( VERSI ON 2. 6 FATAL_ERROR)
proj ect (B1)

# (2)
opti on(WTH GEANT4_U VIS "Build exanple with Geant4 U and Vis drivers" ON)
i f (WTH GEANT4_Ul VI S)
find_package(Geant4 REQU RED ui _all vis_all)
el se()
find_package(Geant 4 REQUI RED)
endi f ()

# (3)
i ncl ude(${ Geant 4_USE_FI LE})
i nclude_directories(${ PROOECT_SOURCE_DI R}/ i ncl ude)

# (4)
file(G.OB sources ${ PRQIECT_SOURCE_ DI R}/src/*. cc)
file(GLOB headers ${ PRQJECT_SOURCE_DI R}/ i ncl ude/ *. hh)

# (5)
add_execut abl e(exanpl eB1 exanpl eBl. cc ${sources} ${headers})
target _link_libraries(exanpl eBl ${Geant4_LI BRARI ES})

# (6)

set ( EXAMPLEB1_SCRI PTS
exanpl eBl.in
exanpl eBl. out
init.mc
init_vis.mc
runl. mac
run2. mac
Vi s. mac

)

foreach(_script ${EXAMPLEB1_SCRI PTS})
configure_file(
${ PRUECT_SOURCE_DI R}/ ${ _scri pt}
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${ PROJECT_BI NARY_DI R}/ ${ _scri pt}
COPYONLY

endf or each()

#(7)
i nstal | (TARGETS exanpl eB1 DESTI NATI ON bi n)

For clarity, the above listing has stripped out the main comments (CMake comments begin with a"#") you'll find
in the actual file to highlight each distinct task:

1. Basic Configuration

The crake_mi ni mum requi red command simply ensureswe're using a suitable version of CMake.
The project command setsthe name of the project and enables and configures C and C++ compilers.

2. Find and Configure Geant4

The aforementioned  fi nd_package command is used to locate and configure Geant4 (we'll see how
to specify the location later when we run CMake), the REQUI RED argument being supplied so that CMake
will fail with an error if it cannot find Geant4. The opti on command specifies a boolean variable which
defaultsto  ON , and which can be set when running CMake viaa - D command line argument, or toggled
in the CMake GUI interfaces. We wrap the calls to fi nd_package ina conditional block on the
option value. Thisalows usto configure the use of Geant4 Ul and Visualization drivers by exampleB1 viathe
ui _all vis_all "component" argumentsto  fi nd_package . These components and their usage
is described later.

3. Configure the Project to Use Geant4 and B1 Headers

To automatically configure the header path, compiler flags and compiler definitions needed for linking to
Geant4, weusethe i ncl ude command toloadaCMake script supplied by Geant4. The CMake variable
named Geant 4_USE_FI LE isset to the path to this module when Geant4 islocated by  fi nd_package
.Weusethe include_directories commandtoaddtheB1 header directory tothe compiler's header
search path. The CMakevariable PRQIECT_SOURCE DI R pointsto thetop level directory of the project
and is set by the earlier call tothe  proj ect command.

4. List the Sources to Build the Application
Use the globbing functionality of the  fil e command to prepare lists of the B1 source and header files.

Note however that CMake globbing isonly used here as a convenience. The expansion of the glob only happens
when CMake isrun, so if you later add or remove files, the generated build scripts will not know a change has
taken place. Kitware strongly recommend listing sourcesexplicitly as CM ake automatically makesthe build de-
pend onthe CVakeLi st s. t xt file. Thismeansthat if you explicitly list the sourcesin CVakelLi st s. t xt ,
any changes you make will be automatically picked when you rebuild. Thisis most useful when you are work-
ing on a project with sources under version control and multiple contributors.

5. Define and Link the Executable

The add_executabl e command definesthe build of an application, outputting an executable named
by its first argument, with the sources following. Note that we add the headers to the list of sources so that
they will appear in IDEs like X code.

After adding the executable, weusethe target |ink |ibraries commandtolinkitwiththeGeant4
libraries. The Geant 4_LI BRARI ES variableissetby fi nd_package when Geantdislocated, andis
alist of al the libraries needed to link against to use Geant4.

6. Copy any Runtime Scripts to the Build Directory

Because we want to support out of source builds so that we won't mix CMake generated files with our actual
sources, we copy any scripts used by the B1 application to the build directory. Weuse f oreach toloop
over the list of scriptswe constructed, and confi gure_fil e toperformthe actua copy.
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Here, theCMakevariable PRQIECT Bl NARY DI R issetby theearlier call tothe proj ect command
and pointsto the directory where we run CMake to configure the build.

7. If Required, Install the Executable

Usethe install command to create aninstal target that will install the executable to abi n directory
under CMAKE | NSTALL_PREFI X.

If you don't intend your application to be installable, i.e. you only want to use it locally when built, you can
leave this out.

This sequence of commandsis the most basic needed to compile and link an application with Geant4, and iseasily
extendable to more involved use cases such as using other third party packages (via  fi nd_package )or
platform specific configuration.

With the CMake script in place, using it to build an application is a two step process. First CMake is run to
generate buildscripts to describe the build. By default, these will be Makefiles on Unix platforms, and Visual
Studio solutions on Windows, but you can generate scripts for other tools like Xcode and Eclipse if you wish.
Second, the buildscripts are run by the chosen build tool to compile and link the application.

A key concept with CMake is that we generate the buildscripts and run the build in a separate directory, the so-
called build directory, from the directory in which the sources reside, the so-called source directory. Thisisthe
exact same technique we used when building Geant4 itself. Whilst this may seem awkward to begin with, it isa
very useful technique to employ. It prevents mixing of CMake generated files with those of your application, and
allows you to have multiple builds against a single source without having to clean up, reconfigure and rebuild.

WEe'l illustrate this configure and build process on Linux/Mac using Makefiles, and on Windows using Visua
Studio. The example script and Geantd's Geant 4Conf i g. cnake script are vanilla CMake, so you should be
able to use other Generators (such as Xcode and Eclipse) without issue.

3.2.1.1. Building ExampleB1 with CMake on Unix with Makefiles

WEe'l assume, for illustration only, that you've copied the exampleB1 sources into a directory under your home
area so that we have

+- /[ hone/you/ B1/
+- CMakelLi sts. txt
- exanpl eBl. cc
- include/
- src/

+
+
+
+
Here, our sourcedirectoryis/ hone/ you/ B1, in other wordsthe directory holding the CvakeLi st s. t xt file.

Let's also assume that you have already installed Geant4 in your home area under, for illustration only, / homre/
you/ geant4-install.

Our first stepisto create abuild directory in which build the example. We will create thisalongside our B1 source
directory asfollows:

$ cd $HOVE
$ nkdir Bl-build

We now changeto thisbuild directory and run CM ake to generate the M akefil es needed to build the B1 application.
We pass CMake two arguments:

$ cd $HOVE/ Bl-build
$ cmake - DCGeant4_Dl R=/ horme/ you/ geant 4-install/lib64/ Geant4-9.6.0 $HOVE/ Bl
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Here, the first argument points CMake to our install of Geant4. Specificaly, it is the directory holding the
Geant 4Confi g. cnake file that Geant4 installs to help CMake find and use Geant4. Y ou should of course
adapt the value of this variable to the location of your actual Geant4 install.

The second argument is the path to the source directory of the application we want to build. Here it'sjust the B1
directory as discussed earlier. Y ou should of course adapt the value of that variable to where you copied the B1
source directory.

CMake will now run to configure the build and generate Makefiles. On Linux, you will see the output

$ cmake -DGeant4_Dl R=/ home/ you/ geant 4-install/lib64/ Geant4-9.6.0 $HOVE/ Bl
-- The C conpiler identification is GNU

-- T