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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
support 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 more information on CMake itself, the CMake Help 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 6 with gcc 4.8.X, 4.9.X, 64bit
GCC 4.8.X may beinstalled on SLC6 systems via the free Developer Toolset .

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 10.9 (Mavericks) with Clang 3.5 (Apple-LLVM 6.0), 64bit.

Geant4 has also been successfully compiled on Mac OS X 10.7 (Lion) with Clang 3.2 (Apple), and 10.8
(Mountain Lion) with Clang 3.4 (Apple) but these versions of Mac OS X are not officially supported. Please
note that Mac OS X 10.10 (Yosemite) is not officially supported or tested in the initial release. Geant4 has been
successfully installed and applications built and run against it on Yosemite, and official testing and support is
expected in subsequent patches.

» Windows 7 with Visual Studio 12 (VS2013).
Multithreading of Geant4 is currently not supported on the Windows platform.

The Geant4 toolkit and applications can also be compiled for Intel Xeon Phi systems. Though we cannot offer full
support for this architecture, a guide discussing our current experience with the platform is available separately.

The following platforms and compilers are also tested, but not officially supported:
 Scientific Linux CERN 6 with gcc 4.4.X, 4.7.X.
Scientific Linux CERN 6 with Intel 14.X.
* Ubuntu Linux 14 with gcc 4.8.
e Mac OS X 10.8 (Mountain Lion) Clang 3.4.
» Windows 7 with Visual Studio 9 (VS2008) (single threaded only).

We welcome 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 2.8.4 or higher.

Geant4 has al so been successfully configured and built with CMake 3.

o C++ Compiler:
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e Linux: GNU Compiler Collection.
e Mac OS X: Clang (Xcode 5 or 6).
Y ou will also need to install the command line tools (via Xcode-> Preferences->Downloads ).

In Xcode 5 and 6, you may needto runxcode- sel ect --install fromthecommand lineif the above
method does not work.

« Windows: Visual Studio 2012, 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
distribution, unless this does not meet the minimum version requirement of CMake 2.8.4. In that case, we
recommend you ingtall it using the Linux binary installer for the latest version of CMake, available with
instructionsfrom the Kitware download site. Thisinstaller ishighly portable and should work on the vast majority
of distributions.

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

On Linux, it is strongly recommended to use the g++ compiler supplied by the package management system of
your distribution (Linux). On OS X, you must use the clang compiler as supplied with Xcode (Mac).

1.2.1. CLHEP Library

Geant4 distributes aminimal version of the CLHEP 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
Components of Geant4

Geant4 has several 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.
» Qt User Interface and Visualization (All Platforms)
Requires: Qt4 or Qt5 headers and libraries, OpenGL or MesaGL headers and libraries.
Either Qt4 or Qt5 can be used provide that the version of Qt is4.6 or higher on Linux and Windows.
On Mac OS X, you should use Qt 4.8 or better.
» Motif User Interface and Visualization (Linux and Mac OS X)
Requires: Motif and X11 headers and libraries, OpenGL or MesaGL headers and libraries.

» X11 OpenGL Visudization (Linux and Mac OS X)
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Requires: X11 headers and libraries,OpenGL or MesaGL headers and libraries.
On Mac OS X 10.8 and higher, 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)

Requires: Coin3D with SoXt(SoWin) graphics binding on Linux/Mac(Windows). Coin3D is a free
implementation of Open Inventor.

e X11 RayTracer Visualization (Linux and Mac OS X)
Requires: X11 headers and libraries.
On Mac OS X 10.8 and higher, X11 can be obtained through the X Quartz 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 Visual Studio suppliesaninstall of OpenGL on Windows. Mac
OS X supplies OpenGL, but if you need X11 you will need to install the XQuartz app. Installation and use of
packages on Mac through homebrew, MacPorts or fink 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.
» gMocren volume visualizer for Geant4 medical simulations.

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 packagegeant 4. 10. 01. t ar . gz toalocation 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

/ pat h/ t o/ geant 4. 10. 01

We refer to this directory as the source directory. The next step is to create a directory 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 geant4.10.1-build

$1s

geant4.10.01 geant4.10.1-build

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

$ cd /path/to/geant4.10. 1-build
$ crmake - DCVAKE_I NSTALL_PREFI X=/ pat h/ t o/ geant 4. 10. 1-instal | /path/to/geant4. 10.01

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 absolute 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 tunethe 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 in the build directory, passing it
the extra options plus the build directory. For example, after running CMake as above, you may wish to activate
the installation of Geant4's datasets, so you would run

$ cd /path/to/geant4.10.1-build
$ cmake - DGEANT4_| NSTALL_DATA=ON .

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:

$ crmmake - DCMAKE_| NSTALL_PREFI X=/ pat h/ t o/ geant 4. 10. 1-instal | /path/to/ geant4. 10.01
-- The C conpiler identification is G\
-- The CXX conpiler identification is GNU
- 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 ABI info
-- Detecting CXX conpiler ABl info - done
-- Found EXPAT: /usr/lib64/libexpat.so
- Looking for sys/types.h
-- Looking for sys/types.h - found
- Looking for stdint.h
-- Looking for stdint.h - found
- Looking for stddef.h
- Looking for stddef.h - found
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-- Check size of off64_t

-- Check size of off64_t - done

-- Looking for fseeko

-- Looking for fseeko - found

-- Looking for unistd.h

-- Looking for unistd.h - found

-- Pre-configuring dataset GANDL (4.5)

-- Pre-configuring dataset GAEMLOW ( 6. 40)

-- Pre-configuring dataset PhotonEvaporation (3.1)

-- Pre-configuring dataset RadioactiveDecay (4.1)

-- Pre-configuring dataset GANEUTRONXS (1.4)

-- Pre-configuring dataset 4Pl (1.3)

-- Pre-configuring dataset Real Surface (1.0)

-- Pre-configuring dataset (ASAI DDATA (1.1)

-- Pre-configuring dataset G4ABLA (3.0)

-- Pre-configuring dataset GAENSDFSTATE (1.0)

*WARNI NG*

Geant 4 has been pre-configured to | ook for datasets
in the directory:

/ pat h/ t o/ geant 4- 10. 1-i nst al | / shar e/ Geant 4- 10. 0. 0/ dat a

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

GANDL (4.5)

GAEMLOW ( 6. 40)

Phot onEvaporation (3.1)
Radi oacti veDecay (4.1)
GANEUTRONXS (1. 4)

G4API1 (1.3)

Real Surface (1.0)

GASAI DDATA (1.1)
AABLA (3.0)
GAENSDFSTATE (1. 0)

If you want to have these datasets installed autonatically
sinply re-run cnake 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
command |ine, do:

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

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

wi thout any further software being required

Alternatively, you can install these datasets nanual ly
now or after you have installed Geant4. To do this,
downl oad the following files:

http://geant4. cern.ch/ support/source/ GANDL. 4. 5.tar. gz
http://geant4. cern.ch/support/source/ GAEMLOW 6. 40. t ar. gz
http://geant4. cern. ch/ support/source/ G4Phot onEvaporation. 3. 1.tar.gz
http://geant4. cern.ch/support/source/ GARadi oacti veDecay. 4. 1.tar.gz
http://geant4. cern. ch/ support/source/ GANEUTRONXS. 1. 4. tar. gz
http://geant4. cern.ch/support/source/ G4PI1.1.3.tar.gz
http://geant4. cern.ch/ support/source/ Real Surface.1.0.tar.gz
http://geant4. cern.ch/support/source/ GASAl DDATA. 1. 1. tar. gz
http://geant4. cern.ch/ support/source/ GAABLA. 3.0.tar. gz
http://geant4. cern.ch/support/source/ GAENSDFSTATE. 1. 0. tar. gz

and unpack them under the directory:
/ pat h/ t o/ geant 4- 10. 1-i nst al | / shar e/ Geant 4- 10. 1. 0/ dat a

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'
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GEANT4_USE_SYSTEM EXPAT: Using systeminstall of EXPAT

- Configuring done
- Cenerating done
- Build files have been witten to: /path/to/geant4.10.1-build

On Mac OS X, the output will have slight 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 examplecase/ pat h/ t o/ geant 4. 10. 1-
i nstal |l /share/ Geant 4- 10. 1. 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 atime of your convenience.

Datasets are hot 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
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 dual 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 ssmply 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_| 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

$ make 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_10_01. zi p to alocation of your choice. For illustration only,
this guide will assume it's been unpacked in adirectory C: \ User s\ Ben\ Docunent s\ geant 4\ , so that the
Geant4 source package resides in the subdirectory
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C: \ User s\ Ben\ Docunent s\ geant 4\ geant4_10_01

We refer to this directory as the source directory.

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

1. 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.

Value

Browse For Folder

Enter Path ta Source

Visual Studio 2010

Fress Configure to updats and display new v| U My Music

Configwre | | Generate | current Generator: None £ My Pictures

B MyVideos
1 Saved Games

[(makerewroder | [ ok | [ cencel

<
@

SN -or

2. 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 alongside our source directory.

Click onthe Browse Build... button in the top right hand side of the CMake GUI window. Use the file browser
popup to browse back to C. \ User s\ Ben\ Docunent s\ geant 4\ , and click on the Make New Folder
button. Rename the created folder to geant4.10.1-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/ geant 4_10_01 and
C:. / User s/ Ben/ Docunent s/ geant 4/ geant 4. 10. 1- bui | d respectively (Note: CMake always
represents Windows paths with forward slashes).
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A Chake 26121 -

there isthe source code:  CifUsersfBen/Documents/geantigeant4_10_00

[Browse Sou
“Where to buid the binaries:

v [ Browse buid,
Search:

V] Grouped [ Advanced s AddEntry | Remove Entry
Name

Value

Browse For Falder ==

Enker Path ko Build

4 3 Ben
Contacts
J& Desktop
1§ Downloads
Favorites
# Links
4 (1] My Documents
a1l geantd
4 ) geantd 1000
cmake
config
emiranments
examples

Press Configure to update and display new v/ ReleaseNotes
(Baaa | aaaa[ciren corerater Nene

geant4.10.0-build|
Wisual Studio 2010

| Make New Fuusw o || conel |

ale | )

3.

A Chake 2.8.12.1 - C:/lUsers/Ben/Docurments/geantd/geantd 10.0-build
File Tools Options Help

there isthe source code:  CifUsersfBen/Documents/geantigeant4_10_00

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid

v [ Browse buid,
Search:

V] Grouped [ Advanced s AddEntry | Remove Entry
Name

Fress Corfigure to update and display new values in red, then

(Ccorfiqwery [LGemeraie ) Cumont Gansrato: ons

build Fles,

5 e

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.
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A Chake 2.6.12.1 - C/Users/Ben/Documents/geantd/geantd 10.0-build = |[E][=

Whers is the source cads:  CifUUsers/Ben/Documents/geantfgsant4_10_00 [Browss Source..|

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid v | Browse uid... |

search:

V] Grouped [ Advanced s AddEntry | Remove Entry

Name

B
&/ A

Specify the generatar For this project

visual Studio 10

® Use default native complers
Speify native compilers
Specify konichain il for cross-compiling

Specify options for cross-compilng

| Finish [H Caneel |

Press Corfigure to updats new values in red), then build Fles,

rent Generator: None

ORC |20 A |

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 Visual 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. On the latest
versions of CMake, you may also seewarningsrelating to L1 NK_| NTERFACE_LI BRARI ES and these can
be ignored. Any other errors will be reported in this logging window.

A Chake 2.8.12.1 - C:/lUsers/Ben/Docurments/geantd/geantd 10.0-build
File Tools Options Help
Whers is the source cads:  CifUUsers/Ben/Documents/geantfgsant4_10_00 [Browss Source..|

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid v | Browse uid... |

search: ] Grouped [ Advanced | = AddEntry | | 3¢ Remove Enry

Name
CMAKE
GEANT4.

Fress Corfigure to update and display new values in red, then build Fles,

| configure | [ Generate | Current Generator: Visual Studio 10

CNakelises. txe: 159 (include]

The following Geantd festures are enabled:

34 y BN | H

By default, CMakewill configurethe build to install Geant4 under C. / Pr ogr 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
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7.

entry and edit the path directly or via the file browser popup. In this example we will modify this install
directoryto C. / User s/ Ben/ Docunent s/ geant 4/ geant 4. 10. 1-i nstal | .

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. Simply click
on the tick box next to an option to select it if you require. For illustration only, we will enable two
options, GEANT4_| NSTALL_DATA and GEANT4_OPENGL_W N32 which will download and install
physics datasets for you and enable OpenGL support respectively. Note that GEANT4_| NSTALL_DATA
requires aworking network connection so that datasets can be downloaded, so if you are working offline you
should disableit. These, and other options, are documented in Section 2.3.

A Chake 2.6.12.1 - C/Users/Ben/Documents/geantd/geantd 10.0-build

Whers is the source cads:  CifUUsers/Ben/Documents/geantfgsant4_10_00 [Browss Source..|

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid v | Browse uid... |

search:

] Grouped [] Advanced [ AddEntry | [ 3¢ Remove Entry |

Name

CMAKE
CMAKE_CONFIGLRATION_TYPES

2 [GEANT4.
GEANT4 INSTALL_DATA
GEANT4 INSTALL_DATADIR
GEANT4_USE_GDML

Browse For Folder

GEANT4_USE_INVENTOR
GEANT4_USE_OPENGL WIN22
GEANT4_USE_QT
GEANT4_LISE_SYSTEM_CLHEP
GEANT4_USE_SYSTEM ZLIB

(Scarfigze) [emmeraing]

CNakelises. txe: 159 (include]

Press Corfigure to

e

 Generator: Visual Studio 10

 display new values in red, then

Select Path For CMAKE_INSTALL_PREFIX

& Downloads
Favorites
# Links
My Documents
4 ) geants
geanta.10.0-build
geanta_10_00
Visual Studio 2010
1 My Music
£1 My Pictures
8 My Videos
i Saved Games

Searches

Virtual Machines
The following Geantd festures are enabled:

B Cornputer
€ Network o

Make bewroider | [ ok ) [ cancel

S ol A S|

Once you have adjusted any options, click on the Configure button again. After this has finished, all the

options listed in the central option display should be white. If you still have entries in red, click Configure
to reconfigure until all entries are white.

A Chake 2.8.12.1 - C:/lUsers/Ben/Docurments/geantd/geantd 10.0-build
File Tools Options Help

Whers is the source cads:  CifUUsers/Ben/Documents/geantfgsant4_10_00 [Browss Source..|

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid v | Browse uid... |

search: ] Grouped [ Advanced | = AddEntry | | 3¢ Remove Enry
Name

CMAKE

GEANTS

Press Corfigure to updats

 display new values in red, then build Fles,

[ Corfigre] | Generate | current

enerator: Visual Studio 10

The wing Geantd features are enab
GEANT4_USE_OPENGL_UIN3Z: Build OpenGl driver with Uin3Z support

Configuring done

y - Pt I!I
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8. Now click onthe 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. Y ou can now close the CMake GUI.

A CMake 2.8.12.1 - Cy/Users/Ben/Documents/ geantd/geantd 10.0-build [E=8|E=R[~=
File Tools Options Help

Whers is the source cads:  CifUUsers/Ben/Documents/geantfgsant4_10_00 [Browss Source..|

‘Where to buld the binariss:  C:jUsers/Bn/Documentsjgeant4jgeants. 10.0-buid v | Browse uid... |

search: ] Grouped [ Advanced | = AddEntry | | 3¢ Remove Enry

Name
CMAKE
GEANT4.

Fress Corfigure to update and display new values in red, then build Fles,

| configure | [ Generate | Current Generator: Visual Studio 10

The ot anc4 features are enab
GEANT4_USE_OPENGL_UIN3Z: Build OpenGl driver with Uin3Z support

Configuring done

2| 2]e] Al Comm

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 names in other versions. Browse to your build
directory, and open the Geant4.sln Microsoft Visual Studio Solution file. Note that it may take sometimeto
fully configure, open and parse al 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.

T Start Page - MicrasoftVisual C s 2010 Express
File Edit View Debug Tools “Window Help
e =1 IR | b 1# |GaparticleTable || A e Bl E -

StartPage X

=
OB Vistal C++2010 Express

0 | 2/ Open Project =

[nl @“ ()= <« Documents » My Documerts » geantd » geantd10.0-buid » [ 4 |[ Search geanta1no-buitd o

Organize »  New folder =~ A @

Recent - : elapers quickly create exciting interactive
4] Micrasoft Visual Cos 2010 Expre Documents library Arrsnge by Falder = bxpress development environment, improved
3 Projects geantd.10.0-build idea to great application has never been easier.
7] Close x enter, orfind the Istest and colest projects on

Name Date modified Type
] Showr Favorites

B Deskiop ChiakeFiles /11720131355 File folder
1§ Downlosds data /11720131356 Fille folder
S Recent Places Extemals 20/11/20131356  File folder
InstallTreeFiles 20/11/20131356  File folder
Modules 20/11/20131353 File falder
source 2B/LL/20131355  File folder
Z AL BULD 2B/11/20131355 G+ + Project
Jrafcl: 1S 2B/11/201313:55  YC++ Project
T eaemiow 2B/1/201313:55  VC++ Project
7 eanoL B3 1356 YC++ Project
7 GANEUTRONXS WFL/A0131358 UC++ Project
jralctis o 20/11/20131358  UC++ Project
[ GASAIDDATA 28/11/2013 13:58 VC++ Project
7 Geantd 2B/LL/2013 1358 MlicrossftVisual Sun
& Pictures T genwindef 2B/LL2013 1358 VC++ Project
B videos FmsTALL 2B/11/20131355 G+ + Project -

sla i v

i Libraries
= Documents
My Documents
geant
geantd. 10.0-build
geantd.10.0-install
geantd_10.00
Visual Studio 2010
Public Dacurnents

& Music

File name: Geantd ~ [l Project Files sl tdsustve ~ |

[opn ) [ oo ]

10. By default, the Visual Studio solution buildsthe 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).
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(5] Geanth - Microsoft Visual C+ 2010 Evpress =
File Edit View Project Debug Tools Window Help
P S EH @] S B9 e b Debug - win ~| | # |64particleTable - e Bl -

Debug

= MinSizeRel
Release
Retweh Db
Configuration Manager

=]

(Mame) _64OpenGL-archivy
Project Deper
ProjectFile  ChlUsers\Ben\Doc
Raot Namesp

Show output from; R EE=EY

hetonEvaparation
adinactiveDecay
ealSurface
ninstall
alidate_sources
ERO_CHECK

(Name)
Specifies the project neme,

1331
HAL/2013

- ) m g
11. Inthe 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 chosefor 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.

[E=E R

(5] Geanth - Microsoft Visual C+ 2010 Evpress
File Edit View Project Debug Took Window Help
e A= = A R e N T ~|[winzz ~| | # |64particieTaple - e B -

=

(Marne) INSTALL
Project Deper
ProjectFils  CUsers\Ben\Dacy

5 Root Namesp

Rebuild
Clean

Project Only

Project Dependencies..
Project Build Order.
Build Custornizations.
Add

References

Set 35 Startllp Project

Debug
cut CHrl+x
Paste iy
Remove Del
Renarme F2
Unload Project.

Rescan Solution

Praperties

hetonEvaparation
adinactiveDecay
ealSurface

ninstall
(Name)

Specifies the project neme,

1333
HA1/2013

<y peovm

12. If you see asuccessful build, you can exit Visual Studio.
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T Geartt - Micrasoft isual C++ 2000 Bxpress =T ==
File Edit View Praject Debug Tool Window Help
G | 8 DB 9 - E | b [Release ~| [win32 ~|| (% [s4particieTable Qe B,

roject Properties

=]

(Mame)  INSTALL
Project Deper
ProjectFile  ChlUsers\Ben\Doc
Raot Namesp

Output

Show output from | Build R Q@B ==
79> -- Installing: Ci/Users/Ben/Decuments/geant4/geant4.1@.8-install/include/Geant4/G4VisTrajContext.hh
79> -~ Installing: C:/Users/Ben/Documents/geantd/geantd.10.,0-install/include/Geant4/G4visTrajContext dcc

79> .- jsers/Ben/Documents/geantd/geantd. 10,0 install/1ib/GA0pentL . 11b
79 -~ jsers/Ben/Documents/geantd/geant4. 10. 8- instal1/bin/GA0pentL . d11
785 -~ Installing: C:/Users/Ben/Documents/geantd/geant4.18.6-install/include/Geant4/640penGL.hh
79> -- Installing: Ci/Users/Ben/Decuments/geantd/geant4.18.0-install/include/Geant4/G40penGLInnediateViewer hh

-~ Installing: C:/Users/Ben/Documents/geantd/geants.10.6- install/include/Geant4/G40penGLInmediateScenetandler. i

-~ Installing: C:/Users/Ben/Documents/geantd/geantd.10.0-install/include/Geantd/G40penGLViewer . hh

-~ Installing: C:/Users/Ben/Documents/geants/geantd.10.0-install/includs/Geantd/GA0penGLStoradVisuer .hh

-~ Installing: Ci/Users/Ben/Documents/geant4/geant4.19.8-install/include/Geant4/G40penGLStoredSceneHandler. hh

-~ Installing: Ci/Users/Ben/Documents/geant4/geants.10.0-install/include/Geant4/G40penGLFontBaseStore .hh

-~ Installing: C:/Users/Ben/Documents/geantd/geantd.10.0-install/include/Geantd/G40penGLScenetiandler .hh

-~ Installing: C:/Users/Ben/Documents/geanta/geantd.10.0-install/include/Geantd/G40penGLScenetandler . icc

-~ Installing: C:/Users/Ben/Documents/geantd/geantd.10.0-install/include/Geantd/G40penGLVienertessenger . hh

-~ Installing: Ci/Users/Ben/Documents/geant4/geantd.10.0-install/include/Geantd/G40penGLT rans orm3D. hh
hetonEvaparation -~ Installing: C:/Users/Ben/Documents/geanta/geants.10.0-install/include/Geantd/G40penGL Inmediatenin32 . hn
adinactiveDecay -~ Installing: C:/Users/Ben/Documents/geanta/geantd.10.0-install/include/Geantd/GA0penGL Inmediatein32viewer. h
ealSurface -~ Installing: C:/Users/Ben/Documents/geants/geanta.10.0-install/include/Geantd/GA0penGLStoradking2. hh
ninstall - Installing: C:i/Users/Ben/Documents/geantd/geantd.19.0-install/include/Geantd/G40penGLStoredin32Vicuer .hh

- Installing: Ci/Users/Ben/Documents/geantd/geant4.10.8-install/include,Geant4/G40penGLitin32Viever .hh

alidate_sources ========== Build: 79 succeeded, @ failed, 6 up-to-date, © skipped ()
ERO_CHECK ~ || Seecifies the project name,

i

S

oy 1632
= 612013 |

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 proceedureto 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

$ cmake - DCVAKE | NSTALL_PREFI X=/ opt / geant 4 - DGEANT4_USE_GDM_=ON / pat h/ t o/ geant 4. 10. 01

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 aso provides a curses based interface, ccnake, 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

$ cmake - DCVAKE | NSTALL_PREFI X=/ opt / geant 4 - DGEANT4_USE_GDM_=OFF / pat h/ t o/ geant 4. 10. 01

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
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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
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

¢ Sets the installation prefix for Geant4. Equivalent to - - pr ef i x in Autotools. Its default is platform
dependent:

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_BUI LD MULTI THREADED : (DEFAULT : OFF, Unix Only)

e If set to ON, build Geant4 libraries with support for multithreading. At present, this is only supported on
Unix systems.

REQUI RES:  Compiler with support for Thread Local Storage, pthread libraries and headers.
* GEANT4_| NSTALL_DATADI R : (DEFAULT : CMAKE | NSTALL_DATAROOTDI R)

 Installation directory for Geant4 datasets. It can be supplied asapath relativeto CMAKE_| NSTALL_PREFI X
or as an absolute path. It is always searched for existing datasets, which if present will be reused.

o CEANT4_| 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.
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GEANT4_USE_GDML : (DEFAULT : OFF | ON if XERCESC ROOT DIR is set)
e 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++ installation 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
sufficient to locate Xerces-C++, see the Advanced XERCESC | NCLUDE DI R and XERCESC LI BRARY
options.

GEANT4_USE_G3TOG4 : (DEFAULT : OFF)

o If set to ON, build the G3To(A library for reading ASCII call list files generated from Geant3 geometries.
GEANT4_USE_QT ( DEFAULT : OFF)

e |f set to ON, build Qt4/5 User Interface and Visualization drivers.

REQUI RES : Qt4 or Qt5 and OpenGL libraries and headers. See also the QT _ QVAKE EXECUTABLE and
CMAKE_PREFI X _PATH options if CMake has trouble locating your Qt installation. Qt5 will be searched
for first, and if not found Qt4 will be searched for.

QT_QVAKE_EXECUTABLE

« If your Qt4 installation is in a non-standard location, set this variable to point to the gmake 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 also honor the QTDI R environment
variable).

CVAKE_PREFI X_PATH

 If your Qt5 installation is in a non-standard location, this variable can be set to point to the root directory
where Qt5 isinstalled. If you have a system install on Linux or binary SDK install on other platforms, Qt5
will in general be found automatically. Note that CMAKE _PREFI X PATH is not specifically for Qt5 and
simply provides CMake with additional |ocations to search for packages.

GEANT4_USE_XM ( DEFAULT : OFF, Unix Only)
e |f set to ON, build Motif User Interface and Visualization drivers.

REQUI RES : Motif and OpenGL libraries and headers. In most cases, these should be found automatically,
but if not, see the Advanced MOT| F_I 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)
o If 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.

GEANT4_USE | NVENTOR ( DEFAULT : OFF)

« If set to ON, build the Openlnventor visualization driver.
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REQUI RES : Coin3D Open Inventor implementation, SoXt (Unix) or SoWin (Windows)
binding, and OpenGL libraries and headers. CMake will use coi n-confi g 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.

GEANT4_USE_RAYTRACER X11 (DEFAULT : OFF, Unix only)
« |f set to ON, build RayTracer visualization driver with X11 support.

REQUI RES : X11 Headersand Libraries.

GEANT4_USE_SYSTEM CLHEP (DEFAULT : OFF | ON if CLHEP_ROOT DIR set)

 If 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 GEANT4 to use a specific installation of CLHEP, set this variable to point to the root install
directory of the CLHEP installation you wish to use. This directory should contain thei ncl ude and|l i b
subdirectories containing the CLHEP headers and library respectively. If this is not sufficient to locate
CLHEP, seethe Advanced CLHEP_| NCLUDE DI Rand CLHEP_LI| BRARY options.

GEANT4_USE_SYSTEM EXPAT (DEFAULT : ON)

 If set to 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
installation, see the Advanced EXPAT | NCLUDE DI Rand EXPAT_LI BRARY options.

Whilst Expat is installed on the vast magjority of systems, it may be missing in certain instances. In these
cases, simply switch this option to OFF and Geant4 will build and use itsinternal version of Expat.

REQUI RES : Expat library and headers.
¢ GEANT4_USE_SYSTEM ZLI B (DEFAULT : OFF)

« If set to ON, build Geant4 with an external install of zlib. In this case, the zlib headers and library will be
searched for under the standard system paths. If these are not sufficient to locate the required zlib install ation,
seethe Advanced ZLI B_| NCLUDE DI Rand ZLI B_LI BRARY options.

REQUI RES : Zlib 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 locating 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
Documentation 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
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options will also display alarge number of options and variables used by CMake for build configuration and to
cache the 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.

* CEANT4_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 MEQUT : (DEFAULT : 1500)

» Setsthetimein 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 : aworking network connection.
 BU LD SHARED LIBS : (DEFAULT : ON)
e |If set to ON build Geant4 shared libraries.
e BU LD STATIC LIBS : (DEFAULT : OFF)
o |f set to ON, build Geant4 static libraries.
« CMAKE_I NSTALL_BINDIR : (DEFAULT : bin)

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

o CMVAKE_I NSTALL_I 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_ I NSTALL_LIBDIR : (DEFAULT : |ib(+?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.

« CMVAKE_| NSTALL_DATAROOTDI 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/ xercesc/ util/ Xer cesVer si on. hpp, then set this to /
f oobar).

* XERCESC_LI BRARY

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

« MOTI F_I NCLUDE_DI R
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 |f CMake cannot locate your Motif installation, set this to the directory containing the Motif headers (e.g. if
you have/ f oobar / Xml 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

« If CMake cannot locate your Openlnventor installation, set this to the directory containing the Inventor
headers (e.g. if you have/ f oobar/ | nvent or/ So. h, then set thisto/ f oobar).

I NVENTOR_LI BRARY

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

| NVENTOR_SOW N_LI BRARY (W ndows onl y)

« If 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)

» 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 the full path to the Inventor SoXt binding library,
eg./usr/lib/libSoxXt.so.

CLHEP_| NCLUDE_DIR (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/
lib/libCLHEP. so

EXPAT_| NCLUDE_DIR (I f 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

ZLIB_INCLUDE DI R (If GEANT4_USE_SYSTEM ZLI B sel ect ed)

« If CMake cannot locate your external zlib installation, set this to the directory containing the zlib headers
(e.g.if youhave/ f oobar/ zl i b. h, then set thisto/ f oobar).

ZLI B_LI BRARY (If GEANT4_USE_SYSTEM ZLI B sel ect ed)

« If CMake cannot locate your zlib installation, set this to the full path to the zZlib library, e.g. / usr/1i b/
libz.so
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GEANT4_BUI LD _CXXSTD : (DEFAULT : c++98, Unix Only)

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

REQUI RES : GNU, Clang or Intel C++ compiler.
GEANT4_BUI LD _TLS MODEL : (DEFAULT : initial-exec, Unix Only)

« If building Geant4 with multithreading support, use a specific model for Thread Local Storage (i ni ti al -
exec, | ocal - exec, gl obal -dynani c or | ocal - dynami c). If you set the variable to a model
unknown to the compiler, an error will be emitted.

Geantd's default model of i ni ti al - exec ischosen to give the best performance under a wide variety of
use Cases.

REQUI RES : GEANT4_BUI LD_MJLTI THREADED set to ON, GNU, Clang or Intel C++ compiler.
GEANT4_BUI LD_STORE_TRAJECTORY : (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_CODE : (DEFAULT : ON)

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

GEANT4_BUI LD_EXAMPLES : (DEFAULT : OFF)

e 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)

 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.

GEANT4_USE_USOLI DS : (DEFAULT : OFF)

 If set to ON, replace Geant4 solids with USolids equivalents. WARNING: the use of USolids is experimental
and should be used with caution.

GEANT4_USE_SYSTEM USCLI DS : (DEFAULT : OFF)

o If set to ON, build Geant4 with an external install of USolids. In this case, the USolids headers and library
will be searched for under the standard system paths. If these are not sufficient to locate the required USolids
installation, see the CMAKE_PREFI X_PATH variable, which may be used to point CMake to the root
directory of the USolids installation.

REQUI RES : USolids library and headers.
GEANT4_USE WI' : (DEFAULT : OFF)

e If set to ON, build Geant4 Wt web based visualization driver. WARNING: this driver is experimental and
should be used with caution.

REQUI RES : Wt libraries and headers, OpenGL libraries and headers, Boost headers and Boost signals
library.
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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 -Wio-non-virtual -dtor -Who-1ong-Iong
-Wwite-strings -Whointer-arith -Wverl oaded-virtual -pipe

+ CMAKE_CXX_FLAGS_RELEASE : -2 - DNDEBUG
« CMAKE_CXX_FLAGS DEBUG : -g

« CVAKE_CXX_FLAGS_RELW THDEBINFO : -@2 -g

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

e CMAKE_CXX_FLAGS_RELEASE : -(O2 - DNDEBUG

« CMAKE_CXX_FLAGS DEBUG : -g

« CMAKE _CXX_FLAGS RELW THDEBINFO : -2 -g
* Microsoft Visua C++

« CMAKE_CXX_FLAGS : -GR -EHsc - Znm200 -nol ogo - D _CONSOLE - D W N32 - DW N32 -
DOS - DXPNET - D_CRT_SECURE_NO_DEPRECATE

« CMAKE_CXX_FLAGS RELEASE : -MD -2 - DNDEBUG

« CMAKE CXX_FLAGS DEBUG : -MDd -Od - Zi

e CMAKE_CXX_FLAGS _RELW THDEBI NFO : -MD -2 -Zi
* Intel Cand C++ Compilers

¢« 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

e CMAKE_CXX_FLAGS _RELW THDEBI NFO : -Q2 -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.

When Geant4 is built with support for multithreading (GEANT4_BUI LD_MJULTI THREADED set to ON), the
following additional flags are added to all build types for the GNU, Clang and Intel compilers:

* - DAMULTI THREADED -ftls-nodel =initial -exec -pthread

Note that the model passed to the -ftls-nmodel argument can be changed using the
GEANT4_BUI LD _TLS MODEL option described in Section 2.3.2.
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Please note that at the current time, multithreading support is not available on Windows platforms.

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

. assum ng clang/clang++ are in the PATH ...
$ CC=cl ang CXX=cl ang++ creke <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>_COWPI LER options:

$ crmeke - 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>_COWPI LER argument(s), as the CC and CXX variables
have no effect on subsequent runs of CMake in a given build directory. You may aso need to remove the
CvakeCache. t xt filefrom the build directory before running CMake again. If you are building Geant4 using
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 alows 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. Y ou 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
command line can be tedious and potentially error prone once you start to use a significant number of options.
To ease this task and provide reproducible builds, you can write options as CMake set () commandsinto a so-
called initial cache script. For example, to select Clang as the compiler and enable Qt support, we could write
the following

set (CMAKE_C_COMPI LER cl ang CACHE STRING "*)
set ( OMAKE_CXX_COMPI 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:
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$ cmake - C /hone/ e/ nysettings. cnake /path/to/geant4.10.01

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 O\LY)

| +- geant4.sh (UNI X ONLY)

| +- GAglobal.dll (W NDOAS ONLY)

[+ .

+- include/

|  +- Ceant4/

| +- (4gl obal . hh

| ERERRE

| +- CLHEP/ (W TH | NTERNAL CLHEP ONLY)
| +- tool s/

+- lib/ (MAY BE 1ib64 on LI NUX)

+- libG4global .so (ANDIOR .a, OR G4Qd obal .lib ON W NDOWS)
+- L
+- ant 4-10. 1. 0/
- Geant4Confi g. cnake
Geant 4Conf i gVer si on. cnake
Geant 4Li br ar yDepends. cmake
Geant 4Li br ar yDepends- Rel ease. cnake
UseCeant 4. cmake
Li nux- g++ (OR Darwi n-g++ UNI X ONLY SOFTLINK -> ..)
+- Modul es/
+- share
+- Ceant4-10.1.0
+- geant4-10.1.0
+- dat a/ (1 F GEANT4_| NSTALL_DATA WAS SET)
+- exanpl es/
+- geant 4make/
+- geant 4make. csh
+- geant 4neke. sh
+- config/

+ 4+ 4+ o+ o+
T+ +

If you wish to make the Geant4 binaries and libraries available via your PATH and library path
(LD_LI BRARY_PATH on Linux, DYLD LI BRARY_PATH on Mac OS X), together with default environment
variables for locating datasets, you should source the relevant script in CMAKE | NSTALL_PREFI X/ bi n

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

$ . geant4.sh

Thiscommand can &l 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
containing it. The C shell script cannot be sourced directly inside other shell scripts due to a limitation of the C
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
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cd CVAKE_ | NSTALL_PREFI X/ bi n ; source geant4.csh

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_I NSTALL_PREFI X/ bi n

where as above you should replace CMAKE | NSTALL _PREFI X/ bi n with the directory where geant 4. csh
islocated.

In addition to shell scripts, a modulefile for the Environment Modules system is provided at
CMAKE | NSTALL_PREFI X/ shar e/ Geant 4-10. 1. 0/ geant 4- 10. 1. 0. Use of this modulefile will
depend on how you use Environment Modules on your system. If you have a private install of Geant4, you
can simply copy CMAKE | NSTALL PREFI X/ shar e/ Geant 4- 10. 1. 0/ geant 4- 10. 1. 0 to $HOVE/
privat enodul es/ geant 4- 10. 1. 0. Here, $SHOVE/ pr i vat enbdul es isthe standard location supported
by Environment Modules for persona modulefiles. Geant4 may then be configured using the standard module
commands:

$ nodul e | oad use. own
$ nodul e | oad geant4-10.1.0

If you are integrating Geant4 as a system wide tool using Environment Modules as the configuration system, the
modulefile may be copied directly to your custom location for modulefiles. Y ou may rename the file if you need
to support multiple versions. Paths in the modulefile are absolute to permit such copying, but can be patched if
you requirerelative (to the modul efile or other location) paths. We do not provide toolsto perform such operations
due to the variety of filesystem hierarchies used to manage tools under Environment Modules.

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

1. Open the Windows Control Panel.

CFe| Microsoft Visual Cos 2010 Express >

A Chake (crnake-gui)

Visual Studio Command Prompt
el )

-1 Getting Started

H_ Connect to a Projector

.,; Remote Desktop Connection
Sticky Motes

“%‘3 Snipping Tool

J Calculator

at ) Paint

> AllPrograms

[152arch programs and fites 2] [ o

= 2%

B &

2. Open the Systemitem in the Control Panel.
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[E=8 =R )

A

[B3» control Panel » &l Control PanelTtems »

Adjust your computer's settings

¥ Action Center

¥ Backup and Restore

@ Credential Manager
[ Desktop Gadgets

& Display

' Folder Options

+ HomeGroup
(] Java 32-bit)
£ Mail (32-bit)
& Netification Area Icons
W Performance Information and Tools
& Power Options

# Region and Language

Speech Recognition

\L Taskbar and Start Menu
B Windows CardSpace

Windows Update

3. Click on the Advanced system settings link on the System window (on Windows XP, click on the Advanced

tah).

1 Administrative Tools

e Bitlocker Drive Encryption
Date and Time

) Device Manager

@ Esse of Access Center

IA Fonts

& Indexing Options

€ Keyboard

& Mouse

B NVIDIA Control Panel

& personalization

{8 Programs and Features

5 RemoteApp and Desktop Connections

® sync Center

& Troubleshooting

Windows Defender

[ 42| [ Seorch Controi Panet £

Viewby:  Small icons ¥

g AutoPlay

 Color Management

@ Default Programs

& Devices and Printers

Flash Player (32-bit)
Getting Started
Internet Options

[ Location and Other Sensors

& Network and Sharing Center

Parental Controls

] Phone and Modem

P Recoven

% Sound

8 User A5 tem

B i e o hange s or

hardware, performance, and remote
connectio

QU

Control Panel Home

» Control Panel » All Control Panelltems b Systern

[ 42| [ Seorch Controi Panet

View basic information about your computer

Device Manager
Remote settings

System protection

Windows edition

Windows 7 Enterprise

Copyright © 2003 Microsoft Corporation. All rights reserved.

Service Pack1

System

Rating:

Processor:

dows Experience Index

Installed memory (RAM): A EEG———

System type:
Pen and Touch:

Computer name, domain, and workgroup settings

Action Center
Windows Update

Performance Information and
Tools

= CEIEIPIL]

Computer name:
Full computer name:

Computer description

Workgroup:

Windows activation

Windows is activated

5 Change settings

4. Click on the Environment Variables button in the System Properties window.

-

= i3
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&3 ()= » Control Panel » Al Contral PanelTrems » System

Control Panel Home

¥ Device Manager
& Remote settings
# System protection
# Advanced system settings

Action Center
Windows Update

Performance Information and
Tools

View basic information about your computer

Windows ef
Windo
Copyti

Service

System
Rating:
Process|
Installe:
System

Pen an
Computer
Compy
Full co
Compy
Workgr|
Windows 2

Windo:

System Properties =

Computer Name | Hardware | Advanced | System Protection | Remote

Vau onas tomake most of
Perfomance

Visual sifests. processor scheduing, memory usane, and vitusl memory
| Settings... |

User Profiles

Deskiop settings related o your lagon
Seflings.

Startup and Recovery

System stantup. system Failre, and debugging infomation

[ Settings... |

[ Environment Vibles |

ok || cancel |

v [+ | [ Scarch Control Pansi

5 Change settings

{

5. Select the PATH entry in the User variables list, and click the Edit button. If PATH is not present, click on

the New and createit.

@\ )=+ Control Fanel » AllContral Panel ierns » Systern

Control Panel Home

¥ Device Manager
& Remote settings
# System protection
# Advanced system settings

Action Center
Windows Update

Performance Information and
Tools

= EEIRICIET

L

View basic information about your computer

Windows ef
Windo
Copyti

Service

System
Rating:
Process|
Installe:
System
Pen an

Computer
Compu
Full co
Compu

Workgr|

Windows

Window_|

Systern Properties

Computer Name | Hardware | Advanced | System Protection | Remote

=

Enviranment Variables ==

User variables for Ben

Varizble value

TEMP “USERPROFILE “hAppDatalLocaliTemp.
™ USERPROFILEY%|AppDatalLocaiTemp

New... || Emt[ ] [ Delete

System varisbles

varizble value

Comspec C:iwindows\systemaz|emd exe
FP_NO_HOST_C... MO

NLMBER_OF P... 2

] windows_NT o

New.. || Ede.. ][ Delete |

ok | [ cancel |

v [ 44| [ Scarch Controt Pansi

5 Change settings

- ) P im I!I

In the popup Edit User Variable window, append the directory in which the Geant4 dlls are installed to the

Variablevalue 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 variableis empty, or you've just created
it, you can simply set the value to the directory in which the Geant4 dlls are installed. Once you have edited,

click OK.
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& ()= Control Panel » AllControl FanelTeerns » Systern T4 [[Search Contro Panet

Control Panel Home
View basic information about your computer

) Device Manager indoys edition

@ Remote settings Wi System Properties =

Fy System protection €9 [Computer Name | Haidware| Advanced | System Protection | Remols

% Advanced system settings Sl
=

< For Ben

Value
CillUsersiBen’|Dacumentsigant4igzant...
%USERPROFILE%\AppDatalLocahTemp
“%USERPROFILE “%hAppDatalLocaliTemp.

==

Documentsigeantdigeantd. 10.0-nstalibi|

o [ canal |
Action Center
EEE AT

Windows Update R —

Performance Information and new.. | [ edt.. | [ peete |
Tools

o ) [ )

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 4Conf i g. cmake" 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. cnake located in:

+- CMAKE_| NSTALL_PREFI X
+- lib/
+- Ceant 4-10. 1. 0/
+- Geant 4Confi g. cneke

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 CvakelLi 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.

We'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 thelatest 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. txt
+- exanpl eBl. cc
+- i nclude/
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Here, exanpl eBl. cc contains nai n() for the application, with i ncl ude/ and src/ containing the
implementation class headers and sources respectively. This arrangement of source files is not mandatory when
building with CMake, apart from the location of the CvakeLi sts. t xt file in the root directory of the

. headers.hh ...
+- src/
. sources.cc ...

application.

The text file CvakelLi st s. t xt isthe CMake script containing commands which describe how to build the

exampleB1 application:

For clarity, the above listing has stripped out the main comments (CMake comments begin with a"#") you'll find

# (1)
crmake_mi 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 REQUI 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 ${PRQIECT_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.nmc
runl. mac
run2. mac
Vi s. mac

)

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

endf or each()

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

in the actual file to highlight each distinct task:

1

Basic Configuration

The cnmake_m ni mum requi red commandsimply ensureswe're using asuitableversion of CMake.
The project command setsthe name of the project and enables and configures C and C++ compilers.

Find and Configure Geant4

The aforementioned  fi nd_package command isused 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
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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. Wewrap thecallsto fi nd_package ina conditional block on
the option value. This allows usto configure the use of Geant4 Ul and Visualization drivers by exampleB1
viatheui _all vis_all "component" argumentsto fi nd_package . These componentsand their
usage is described later.

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 toload aCMake script supplied by Geant4. The CMake variable
named Geant 4_USE_FI LEisset tothe path to thismodulewhen Geant4 islocatedby fi nd_package
.Weusethe include_directories command toadd the Bl header directory to the compiler's
header search path. The CMake variable = PROJECT_SOURCE DI R pointsto the top level directory of
the project and is set by the earlier call tothe  proj ect command.

List the Sourcesto 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 is only used here as a convenience. The expansion of the glob only
happens when CMake is run, so if you later add or remove files, the generated build scripts will not know
a change has taken place. Kitware strongly recommend listing sources explicitly as CMake automatically
makes the build depend on the CvakelLi st s. t xt file. Thismeansthat if you explicitly list the sourcesin
CMakelLi st s. t xt, any changes you make will be automatically picked when you rebuild. This is most
useful when you are working on a project with sources under version control and multiple contributors.

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, we usethe  target _|ink_libraries command to link it with the
Geant4 libraries. TheGeant 4_LI1 BRARI ESvariableissetby fi nd_package whenGeant4islocated,
andisalist of all thelibraries needed to link against to use Geant4.

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 thelist of scriptswe constructed, and  configure_fil e to performtheactua copy.

Here, the CMake variable PRQIECT_BI NARY_DI R is set by the earlier cal to the proj ect
command and points to the directory where we run CMake to configure the build.

If Required, Install the Executable

Usethe install commandto createaninstal target that will install the executableto abi n directory
under CVAKE_| 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
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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.

WEeIl illustrate this configure and build process on Linux/Mac using Makefiles, and on Windows using Visual
Studio. The example script and Geant4's Geant 4Conf i g. cmake script are vanilla CMake, so you should be
able to use other Generators (such as X code and Eclipse) without issue.

3.2.1.1. Building ExampleB1 with CMake on Unix with Makefiles

WEe'll 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
i ncl ude/
src/

+ 4+ 4+ 4+
L .

Here, our sourcedirectoryis/ hone/ you/ B1, inother wordsthedirectory holding the CMakelLi st s. t xt file.

Let's also assume that you have aready installed Geant4 in your home area under, for illustration only, / home/
you/ geant 4-install.

Our first step isto create abuild directory in which build the example. We will create this alongside our B1 source
directory asfollows:

$ cd $HOMVE
$ 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
$ cnake - DGeant4_Dl R=/ hone/ you/ geant 4-install/lib64/ Geant4-10.1.0 $HOVE Bl

Here, the first argument points CMake to our install of Geant4. Specifically, it is the directory holding the
CGeant 4Conf i g. cmake 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=/ hone/ you/ geant 4-instal | /i b64/ Geant 4-10. 1. 0 $HOVE/ Bl
-- The C conpiler identification is G\
- 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 ABl info - done
- Check for working CXX conpiler: /usr/bin/c++
-- Check for working CXX conpiler: /usr/bin/c++ -- works
- Detecting CXX conpiler ABI info
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Det ecting CXX conpil er ABI
Configuring done

Gener ating done

Build files have been witten to:

info - done

/ home/ you/ B1-bui | d

On Mac OS X, you will see dlightly different output, but the last three lines should be identical.

If you now list the contents of you build directory, you can see the files generated:

$1s

CMakeCache. t xt exanpl eBl.in init_vis.mac run2.mc
CMakeFi | es exanpl eBl. out Makefile Vi s. mac
cneke_install.cmake init.nmac runl. nac

Notethe Makef i | e andthat all the scriptsfor running the exampleB 1 application we're about to build have been
copied across. With the Makefile available, we can now build by simply running make:

$ make -jN

CMake generated Makefiles support parallel builds, so can set N suitable for the number of cores on your machine
(e.g. on adual core processor, you could set N to 2). When make runs, you should see the output

$ nmake
Scanni ng dependenci es of target exanpleBl

[ 169 Building CXX
[ 3394 Buildi
[ 509 Buil di
[ 669 Buildi

839 Buil di
[10094 Buil di

ng
ng
ng
ng
ng
ng

CXX
CXX
CXX
CXX
CXX

obj ect
obj ect
obj ect
obj ect
obj ect
obj ect

CMakeFi | es/ exanpl eB1.
CMvakeFi | es/ exanpl eB1.
CMakeFi | es/ exanpl eB1.
CMvakeFi | es/ exanpl eB1.
CMakeFi | es/ exanpl eB1.
CMvakeFi | es/ exanpl eB1.

ir/exanpl eBl.cc.o
ir/src/BlPrimaryGeneratorAction.cc.o
ir/src/BlEvent Action.cc.o
ir/src/BlRunAction.cc.o
ir/src/BlDetectorConstruction.cc.o
ir/src/BlSteppi ngAction.cc.o

Li nki ng CXX execut abl e exanpl eBl
[10094 Built target exanpleBl

CMake Unix Makefiles are quite terse, but you can make them more verbose by adding the VERBOSE argument
to make:

$ make VERBOSE=1

If you now list the contents of your build directory you will see the exampleB1 application executable has been
created:

$1s

CMakeCache. t xt exanpl eBl init.mc runl. mac

CMakeFi | es exanpl eBl.in init_vis.mac run2.mc

cmake_instal | . cnake exanpl eBl. out Makefile vis. mac
Y ou can now run the application in place:

$ ./ exanpl eBl

Avail able U session types: [ GAG tcsh, csh ]

E R R R

Geant 4 version Nane: geant4-10-01-ref-00 [ MI] (5- Decenber - 2014)
<< in Multi-threaded node >>

Copyri ght Geant 4 Col | aboration
Reference : NIM A 506 (2003), 250-303
WAW : http://cern.ch/ geant4

E R R R

<<< Reference Physics List QBBC

Vi sual i zati on Manager instantiating with verbosity "warnings (3)"...
Vi sual i zati on Manager initialising...

Regi stering graphics systens...
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Note that the exact output shown will depend on how both Geant4 and your application were configured. Further
output and behaviour beyond the Regi st eri ng graphics systens... linewill depend on what Ul
and Visualization drivers your Geant4 install supports. If you recall the use of theui _al | vis_all inthe
fi nd_package command, this results in all available Ul and Visualization drivers being activated in your
application. If you didn't want any Ul or Visualization, you could rerun CMake as:

$ cmake - DW TH_GEANT4_Ul VI S=OFF - DGeant 4_Dl R=/ hone/ you/ geant 4-i nstal | /1i b64/ Geant 4- 10. 1. 0 $HOVE/ B1

This would switch the opt i on we set up to false, and result in fi nd_package not activating any Ul or
Visualization for the application. Y ou can easily adapt this pattern to provide options for your application such
as additional components or features.

Once the build is configured, you can edit code for the application in its source directory. Y ou only need to rerun
mak e in the corresponding build directory to pick up and compile the changes. However, note that due to the use
of CMake globbing to create the source file list, if you add or remove files, you need to rerun CMake to pick up
the changes! Thisis another reason why Kitware recommend listing the sources explicitly.

3.2.1.2. Building ExampleB1 with CMake on Windows with Visual
Studio

WEe'll assume, for illustration only, that you've copied the exampleB1 sources into a directory

C:\ User s\ Ben\ Docunent s\ exanpl es\ basi c\ Bl

Let's now use the CMake GUI to configure the build and generate a Visual Studio solution for it, and then use
Visual Studio to build the application from this solution. This process involves several steps, which we break
down asfollows.

1. If you browse the contents of the source directory, you can see that it containsthe CVakeLi st s. t xt file.
So our source directory is C: \ User s\ Ben\ Docunent s\ exanpl es\ basi c\ B1, in other words the
directory holding the CVakelLi st s. t xt file.

(= [EEEE=T
@[ 1 » Libraries » Documents » MyDocuments » examples » basic » B1 » [ 1 | [ Seorch 81 2]
e/
File Edit View Tools Help
Organize v Share with ¥ New folder =~ O @
437 Favorites Bo(uments library A —
B Desktop
 Downlosd Name ‘ Date modified Type Size
Recent Pl
QAVMBIESE Filefolder
5 Libraries ALAATISTE File folder
2 Docurnent: 264120131226 README File 3K8
My Document s 6/1LMZILZE Test Documen it IKE
exarmples YMZILLE Cos Source 5KB
pasic 0045 INFile 1KE
g 1AW 004S OUTFile ke
{Q‘ude WAL File 1K
e WMBSA File )
geantd 0SLL2012 1131 MACFile 1k
Visual Studio 2010 OS2 AL MAC File 1KB
Public Dacuments WAL File K6
I Music US/LLIMZILIT MAC File 18
i Pictures 1YIYMI0945 MAC File 18
B videos /1M1 MAC File 4KE
418 Computer
&, Local Disk (€
S Network
15 ftems
0 3] _
@ = = ) -t i

2. Open the CMake (cmake-gui) executable, and click on the Browse Source... button in the top right hand
corner of the window.
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3.

=5 (EeE 55

B File Tools Options Help
Where i the source codet ‘Emwseinul/(\e |
Where to build the binaries: | v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

W | nare

Press Configure ko update and display new values in red, then press Generate to generate selected bild Fies,

configure | | Generate | current Generator: hone

@ € = y BN | H

A CMake 28,121~ = |[@ =

Where i the source codet [Browse source...|
Where to buid the binaries: ~ | Browse Build... |
Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

W | hare

Browse For Falder

Enker Path ko Source

B Desktop
3 Libraries
B Ben
Contacts
& Desktop
& Downloads
Favorites
# Links
My Documents
xamples
Press Configure to update and display 4 ), basic

Corfigwe] (_Generats_ current Generator fone LN
influde

src
geantd
Visual Studio 2010
My Music

| Make New Folder |

@ € = y BN | H

Now we create the build directory in which to create the Visua Studio project files and hold the build
products. This directory should not be the same as, or inside, the source directory. Therefore, let's create this
build directory alongside our source directory.

Click on the Browse Build... button in the top right hand side of the CMake GUI window. Use the file
browser popup to browse back to C. \ User s\ Ben\ Docunent s\ exanpl es\ basi ¢, and click on the
Make New Folder button. Rename the created folder to B1-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/ exanpl es/ basi ¢/ Bl
andC. / User s/ Ben/ Docunent s/ exanpl es/ basi ¢/ B1- bui | d respectively (Note: CMake dways
represents Windows paths with forward slashes).
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\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|
WWhere ta buld the binaries:
Search:

~ | Browse Build... |

V] Grouped [] Advanced [ 9P Add Entry | Remove Entry

Browse For Falder

Enker Path ko Build

B Desktop
3 Libraries
4B Ben
Contacts
& Desktop
& Downloads
Favorites
# Links

4 1 My Docurnents

2 | eamples
Press Configure to update and display 4 ), basic

al Bl

configure | | Generate | current Generator: hone

include

geantd

Visual Studio 2010

[MakeNewrFoder | [ ok [N [ Ganeel |

- Pt H
5.

Before we can configure the project, we need to tell CMake where to find Geant4. To do this, click on the
Add Entry button in the top right corner of the CMake GUI.

A CMake 2.8.12.1 - CUsers/Ben/Dacuments/examples/basic/B1-build
EN File Tools Options Help

=5 (EeE 55
Uhere s the source code:  C:/Users/BenDocumentsfexamples/basic/B1

the binaries:  Ciil

e )
Search:

~ | Browse Build... |

Advanced [P Add Eztyy ] Remove Entry

[(Add New Entry ]

] Grouped

Press Configure to update and display new values in red, then press Generate to generate selected buld fes.
configure | | Generate | current Generator: hone

- ) P im H
6. Inthe Add Cache Entry window that popsup, set the Name of the entry to Geant4_DIR. Set the Typeto PATH




8.
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A CMske 28,121~ CyfUsers/Ben/Docurments/examples /basic/B1-build

= |[@ =

Whereis the source code:  C:fUsers/BenjDocLmentsfexamples basicjs1

the binaries:  Ciil

e )
Search:

~ | Browse Build... |

advanced [P Add Entry |
M hane

] Grouped Remove Ertry

A Add Cache Entry

Mame: Geant4_DIR.

e (B

BOOL
valugt

FILEPATH
Description: | srRingG

ok [ conesl |

Press Configure ko update and display new values in red, then press Generate to generate selected bild Fies,

configure | | Generate | current Generator: hone

- Pt H
In the Add Cache Entry window, click the browse button on the right hand side of the Value to pop up the
Browse For Folder window. Browse to find your install of Geant4, and select the folder which contains the

Ceant 4Confi g. cnmake file. Thisisgeneraly located inthel i b/ Geant 4- X. Y. Z (whereX. Y. Zisthe
Geant4 version number) folder inside the directory in which you installed Geant4.

A CMske 28,121~ CyfUsers/Ben/Docurments/examples /basic/B1-build

= |[@ =

Whereis the source code:  C:fUsers/BenjDocLmentsfexamples basicjs1

the binaries:  Ciil

e )
Search:

~ | Browse Build... |

advanced [P Add Entry |
| e

] Grouped Remove Ertry

corfigure | | Generate

A Add Cache Entry

Browse For Falder

Mame:
Type:
valugt

Descrption;

Press Configure to update and display|
Current Generator: None

Geantd_| Select Path
[parn

My Documents
examples
geantd

geant4.10.0

bin
include

lib

Gezntd—l%ﬂ
Module

geant4.10.0-build
geant4.10.0-install

share [ Date created: 26/11/2013 16:2

Visual Studio 2010
U My Music
£ My Pictures
8 Myideos
B Saved Garnes

| Make New Folder | oK

J [ cancel |

-

= i3

With Geant4_DIR set, click on the Configure button in the bottom left hand corner of the GUI.
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EN File Tools Options Help
\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|

the binaries:  CifL buid v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

W | e

Geantd_DIR 10 10,00

Press Configure ko update and display new values in red, then press Generate to generate selected bild Fies,

(Censg ] [t | corrren ere

@ € = y BN | H

9. Inthe pop up window, select Visual Studio 10 (or 9 if you have that version installed) and ensure the Use
default native compilersradio button isticked. Click on the Finish button. CMake will run to check that your
system can perform the build and that Geant4 can be found. It will output information on its status and any
errors in the logging window at the bottom of the GUI.

CMake 2.8.12.1- CifUsers/Ben/Docurments/examples basic/B1-build = |[@ =
P

\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|

the binaries:  CifL buid v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

| ane
Geant4_DIR 10, 10,00

A

&/

Specify the generatar For this project

visual Studio 10

® Use default native complers
Speify native compilers
Specify konichain il for cross-compiling

Specify options for cross-compilng

Press Configure to v [ F\mih [ canea |

configure | | Generate | current Generator: hone

@ € = Ah BN | H

10. After a successful configuration, you will see Configuring done in the logging window at the bottom, and
some red highlighted entries in the main window, including one for CMake. The red color does not aways
mean there has been an error, but denotes that CMake needs to rerun to resolve options it has found in the
build. Simply reclick the Configure button to rerun CMake.
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EN File Tools Options Help
\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|

the binaries:  CifL buid v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

| Hame

Ungrouped Entries
CHAKE
Ungrouped Entries

Press Configure ko update and display new values in red, then press Generate to generate selected bild Fies,

[ Gt ] [ senerate | current Generator: visual Studio 10
Detecting © BT
ete

@ € = y BN | I!I

11. After afurther successful configuration, you will see Configuring done in the logging window at the bottom,
and there should be no red colored entries in the main window. Now click on the Generate button to create
the Visual Studio solution.

EN File Tools Options Help
\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|

the binaries:  CifL buid v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

Ungrouped Enries

Press Configure ko update and display new values in red, then press Generate to generate selected bild Fies,

ot | [y curee s s 10

Configuring dome

@ € = y BN | I!I

12. After generation, you should see Configuring done, Generating done in the logging window at the bottom
of the GUI. CMake has run successfully, and a Visual Studio solution has been created. Y ou can now exit
the CMake GUI.
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A CMske 28.12.1- CifUsers/Ben/Docurments/examples/basic/B1-build [E=n[E=R =]
File Tools Options Help

\Whereis the source code:  C:Users/Ben/Document sfexamples fbasic/B1 [Browse source...|

the binaries:  CifL v | Browse Buid,., |

Search; 7] Grouped [ advanced [P AddEntry | | 92 Remove Eriry

Rarne

Ungrouped Entries
CMAKE

Press Configure to update and display new values in red, then press Generate to generate selected buld fes.
Configure | | Generate | current Generator: visusl Studio 10

Configuring dome
Ganerating done

(2 = S

13. Now start up Visual Studio and choose Open Project. This guide is somewhat specific to Visual Studio 2010
Express, but the solution files should appear with the same names in both 2008 and 2010. Browse to your
build directory and open the B1.sln Microsoft Visual Studio Solution file. It may take some time for Visual
Studio to fully open the project and parse all the sources.

T Start Page - MicrasoftVisual C s 2010 Express =& =
File Edit View Debug Tools “Window Help

aE el - I ) EFVEEEN (% | GaParticleTable || A e Bl E -

StartPage X

=
OB Vistal C++2010 Express

0 | 2/ Open Project =

& @“ \/‘;‘ <« Docurnents » My Documents » ecmples » basic » Bl-build » = [#4][ search g1-buits 2|

Organize v New folder =~ [0 @

Recent - : elapers quickly create exciting interactive

5] Micrasoft Visual C+-+ 2010 Expre Documents library Arrsnge by Falder = bxpress dewelopment environment, improved

2} Projects B1-build idea to great application has never been easier.
R enter, orfind the latest and coalest projects on

Name Dote modified Type

Favorites

CMakeFiles 27/11/2013 16:44 File folder

B Desktop
1§ Downlosds 7 aLL_BULD 2FL01316:44 UC++ Praject
S Recent Places /1120131644 Microsaft Visual S
/1013 16:44  UC++ Project
/L/01316:44 UC++ Praject
/LG4 YT+ Project
[FZERG_CHECK /120131644 G+ + Project

i Libraries

= Documents
My Documents
eamples
basic
a1
B1-build
ChakeFiles
geant
Visual Studio 2010
Public Documents

& Music

b

File narme; 1 ~ [l Project Files sl tdsustve ~ |

Compy 1 [ome
T ElE -or

14. Inthe Solution Explorer, you can click on the exampleB1 to view the sources for the project.
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T2 BL- MicrosoftVisual Crs 2010 Express [E=N =R =n)

File Edit View Project Debug Tools ‘Window Help
P S o & @]9 - & | b [Debug -} [win3z ~| | # |64particieTaple Q= e BB .,

- Propertie:

(Global Scope) .|
17
/1 Detector construction
runbanager->SetUserInitialization(new BlDetectorConstruction());

exampleB1

{3 Btemal Dependencies

| Header Files
BlactionInitializatior |
BlDetectorConstruct|

/7 physics list
G4vodularphysicsList* physicsList = new QBBC;
physicsList->Setverboselevel(1);

runManager->SetUserInitialization(physicsList);

O /1 User action initialization
| BlPrimaryGeneraton runbanager->SetUserInitialization(new BlActionInitialization());
|| B2Run.hh
[ BtRundctionh /7 Initialize G4 kernel
|| BSteppingaction.h]
(= Source Files
€] BlActionlnitializatior s e es
€ BiDetectorConstruct]
€ BlEventiction.ce
&
cj pepnatyenetto Show outaut fom: EIEIEEY
7 BiRundction.cc
-] BlSteppingAction.c
& exampleBLec
| CMakelists.bt
INSTALL
ZERO_CHECK

runtianager->Initialize();

<y peovm

17:
27712013 |

Click on the Solution Configuration drop down, and change the configuration to Release. In general, it's best
to build your application with the same configuration as your Geant4 installation. In this example, we built
Geant4 in Release mode, so we build the B1 example in the same mode.

{2l B1- Microsoft Visual C++ 2010 Express o [ & =)

File Edit View Project Debug Took Window Help

AR = I N REE T R S N - Win32 ~|| 2 [6eparticieTable Qe B,

Debug

MinSizeRel

- - Prapertie
e

f———————— RelwithDel
(lobal Scope| e

T
/1 Detector construction
runblanager->SetUserInitialization(new BlDetectorConstruction());

.| @ main(int arge, char ** argy)

Manager.

7 exarnpleB1
> fa External Dependencies
4 [ HeaderFiles

BlactionInitializatior |
BlDetectorConstruct|

/7 physics list
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To build the project, right click on ALL_BUILD in the Solution Explorer and click Build in the dialog box.
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17. Visua Studio will perform the build, and report on progress in Output.
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18. Whilst you can run the built applicationin Visua Studio, it can betricky to set up all the paths correctly (see
below). It's therefore easiest to open a cmd.exe window and cd to the build directory (the directory where
the Visual Studio solution was generated). Y ou can then run the built application directly from the command
line. Note that because Visual Studio supports multiple configurations and we've built in Release mode, the
application islocated at Release\exampleBl.exe.
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19. On execution, the exampleB1 application should pop up a Ul window, and a visualization window if your
install of Geant4 was installed with OpenGL visualization.
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20. The exampleB1 can be controlled from the Geant4 CLI as normal, here we have run 10 events.
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As noted above, you can also run the application through the Visual Studio debugger, although we have seen
issues with setting the directory to run incorrectly. The executable locates the macro files by assuming they arein
the current working directory, so the executable must be run from a directory containing the macros.

One key CMake related item to note goes back to our listing of the headers for the application in the call to
add_execut abl e. Whilst CMake will naturally ignore these for configuring compilation of the application, it
will add them to the Visual Studio Solution. If you do not list them, they will not be editable in the Solution.

3.2.1.3. Usage of Geant4Config.cmake

CGeant 4Conf i g. cmake isdesigned to be used with CMake's  fi nd_package command. When found, it
sets several CMake variables and provides a mechanism for checking and activating optional features of Geant4.
Thisallows you to use it in many ways in your CMake project to configure Geant4 for use by your application.

The most basic usage of Geant 4Conf i g. cnake in a CMakelists.txt file is just to locate Geant4 with no
requirements on its existence, version number or components:

find_package( CGeant 4)

If you must find Geant4, then you can use

find_package(Geant 4 REQUI RED)

Thiswill cause CMake to fail should aninstall of Geant4 not be located.

When an install of Geant4 is found, the module sets a sequence of CMake variables that can be used elsewhere
in the project:

e CGeant 4_FOUND
Set to CMake boolean true if an install of Geant4 was found.
e Geant4_I NCLUDE DI RS

Set to alist of directories containing headers needed by Geant4. May contain paths to third party headers if
these appear in the public interface of Geant4.
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Geant 4_LI BRARI ES
Set to thelist of libraries that need to be linked to an application using Geant4.
Geant 4_DEFI NI TI ONS

The list of compile definitions needed to compile an application using Geant4. This is most typicaly used to
correctly activate Ul and Visualization drivers.

CGeant 4_CXX_FLAGS
The compiler flags used to build thisinstall of Geant4. Usually most important on Windows platforms.
Geant 4_CXX_FLAGS_<CONFI G

The compiler flagsrecommended for compiling Geant4 and applicationsin mode CONFI G(e.g. Release, Debug,
etc). Usually most important on Windows platforms.

Geant 4_CXXSTD
The C++ standard, e.g. "c++98" against which thisinstall of Geant4 was compiled.
Geant4_TLS_MODEL

The thread-local storage model, e.g. "i ni ti al - exec" against which this install of Geant4 was compiled.
Only set if the install was compiled with multithreading support.

Geant 4_USE_FI LE

A CMake script which can be included to handle certain CM ake steps automatically. Most useful for very basic
applications.

Geant4_buil tin_cl hep_FOUND

A CMake boolean which is set to true if thisinstall of Geant4 was built using the internal CLHEP.
CGeant 4 _builtin_expat FOUND

A CMake boolean which is set to true if thisinstall of Geant4 was built using the internal Expat.
Geant4_builtin_usolids_FOUND

A CMake boolean which is set to true if thisinstall of Geant4 was built using the internal USolids.
Geant4 _builtin_zlib FOUND

A CMake boolean which is set to true if thisinstall of Geant4 was built using the internal zlib.
Geant 4_DATASETS

A CMake list of the names of the physics datasets used by physics models in Geant4. It is provided to help
iterate over the Geant 4_DATASET XXX _YYY variables documented below.

Geant 4_DATASET_<NAME> ENWVAR

The name of the environment variable used by Geant4 to locate the dataset with name <NAVE>.

Geant 4_DATASET_<NANME> PATH

The absolute path to the dataset with name <NAME>. Note that the setting of this variable does not guarantee

the existence of the dataset, and no checking of the path is performed. This checking is not provided because
the action you take on non-existing data will be application dependent.
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You can accessthe Geant 4 DATASET XXX _YYY variablesin a CMake script in the following way:

fi nd_package( Geant 4_REQUI RED) # Find Geant4

foreach(dsname ${Geant 4_DATASETS}) # lterate over dataset nanes
i f (NOT EXI STS ${ Geant 4_DATASET_${dsname} PATH}) # Check exi stence
nessage( WARNI NG "${dsnane} not |ocated at ${Geant4_DATASET_${dsnane}_PATH ")
endi f ()
endf or each()

A typical use case for these variables is to automatically set the dataset environment variables for your
application without the use of the shell scripts described in Section 3.1. This could typically be viaashell script
wrapper around your application, or runtime configuration of the application environment via the relevant C/
C++ API for your system.

Thetypical usage of f i nd_package and these variables to configure a build requiring Geant4 is thus:

find_package(Geant 4 REQUI RED) # Find CGeant4

i ncl ude_directories(${Geant 4_| NCLUDE_DI RS}) # Add -1 type paths
add_def i ni ti ons(${Geant 4_DEFI NI TI ONS}) # Add -D type defs
set (CMAKE_CXX_FLAGS ${ Geant 4_CXX_FLAGS}) # Optional

add_execut abl e( myg4app mnyg4app. cc) # Conpil e application

target _link_libraries(mygdapp ${CGeant4_LIBRARIES}) # Link it to Geant4

Alternatively, the CMake script pointed to by Geant 4_USE_FI LE may be included:

find_package( Geant 4 REQUI RED) # Find Geant4
i ncl ude(${ Geant 4_USE_FI LE}) # Auto configure includes/flags
add_execut abl e( myg4app myg4app. cc) # Conpil e application

target _link_libraries(nygdapp ${Geant4_LIBRARIES}) # Link it to Geant4

When included, the Geant 4_USE_FI LE script performs the following actions:

1
2.

Adds the definitionsin Geant 4_DEFI NI TI ONS to the global compile definitions.

Appendsthedirectorieslistedin Geant 4_1 NCLUDE_DI RSto thosethe compiler usesfor search for include
paths, marking them as system include directories.

Prepends Geant 4_CXX_FLAGS to CMAKE_CXX_FLAGS, and similarly for the extra compiler flags for
each build mode (Release, Debug etc).

This use file is very useful for basic applications, but if your use case requires finer control over compiler
definitions, include paths and flags you should use the relevant Geant 4_NAME variables directly.

By default, CMake will look in severa platform dependent locations for the Geant 4Confi g. cnake file
(see find package for listings). You can aso specify the location directly when running CMake by setting
the Geant 4_DI R variable to the path of the directory holding Geant 4Conf i g. cnake. It may be set on the
command line viaa - D option, or by adding an entry to the CMake GUI. For example, if we have an install of
Geant4 located in

+- opt/
+- Ceant 4/
+ lib/
+- | i bG4gl obal . so
+- L.
+- Geant 4-10. 1. 0/
+- Ceant 4Confi g. cnake

then we would pass the argument - DGeant 4_DI R=/ opt / Geant 4/ | i b/ Geant 4- 10. 1. 0 to CMake. The
CMAKE_PREFI X_PATH variable may also be used to point CMake to Geant4 by adding, to take the example
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above, / opt / Geant 4 to thelist of pathsit holds. This may be set either on the command line or as a path-style
UNIX environment variable.

You can aso, if you wish, build an application against a build of Geant4 without installing it. If you look
in the directory where you built Geant4 itself (e.g. on UNIX, where you ran nake), you see there is a
Geant 4Conf i g. cmake file. Thisisaperfectly validfile, so you can also point CMaketo thisfilewhen building
your application. Simply set Geant 4_DI R to the directory where you built Geant4. This feature is most useful
for Geant4 developers, but it can be useful if you cannot, or do not want to, install Geant4.

A version number may also be supplied to search for a Geant4 install greater than or equal to the supplied version,
eg.

find_package(Geant4 9.6.0 REQU RED)

would make CMake search for a Geant4 install whose version number is greater than or equal to 9.6.0. An exact
version number may also be specified:

find_package(Ceant4 10.1.0 EXACT REQUI RED)

In both cases, CMake will fail with an error if a Geant4 install meeting these version requirementsis not located.

Geant4 can be built with many optional components, and the presence of these can also be required by passing extra
"component”" arguments. For example, to require that Geant4 is found and that it support Qt Ul and visualization,
we can do

find_package(Geant4 REQUI RED qt)

Inthiscase, if CMake finds a Geant4 install that does not support Qt, it will fail with an error. Multiple component
arguments can be supplied, for example

find_package(Geant4 REQUI RED qt gdmi)

requires that we find a Geant4 install that supports both Qt and GDML. If the component(s) is(are) found,
any needed header paths, libraries and compile definitions required to use the component are appended to
the variables Geant _| NCLUDE_DI RS, Geant 4_LI BRARI ES and Geant 4_DEFI NI TI ONS respectively.
Variables Geant 4_<COVPONENTNAME> FOUND are set to TRUE if component COVPONENTNAME is
supported by the installation.

If you want to activate options only if they exist, you can use the pattern

find_package(CGeant 4 REQUI RED)
find_package(Geant4 QUI ET COVPONENTS qt)

whichwill require CMaketo locate acoreinstall of Geant4, and then check for and activate Qt support if theinstall
provides it, continuing without error otherwise. A key thing to note here is that you can call fi nd_package
multipletimesto append configuration of components. If you usethis pattern and need to check if acomponent was
found, you can usethe Geant 4 _<COVPONENTNAME> FOUND variables described earlier to check the support.

The components which can be suppliedto f i nd_package for Geant4 are as follows:
e static
Geant4_stati c_FOUNDis TRUE if theinstall of Geant4 provides static libraries.

Use of thiscomponent forcesthevariable Geant 4_L1 BRARI ESto contain staticlibraries, if they areavailable.
It can therefore be used to force static linking if your application requires this, but note that this does not
guarantee that static version of third party libraries will be used.
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mul tithreaded
Geant4_nul tithreaded_FOUNDis TRUE if theinstall of Geant4 was built with multithreading support.

Notethat thisonly indicates availability of multithreading support and activatesthe required compiler definition
to build a multithreaded Geant4 application. Multithreading in your application requires creation and usage of
the appropriate C++ objects and interfaces as described in the Application Devel opers Guide.

usol i ds

Geant 4_usol i ds_FOUND is TRUE if the install of Geant4 was built with USolids replacing the Geant4
solids.

Note that this only indicates that the replacement of Geant4 solids with USolids has taken place. Further
information on the use of USolids applications is provided in the Application Devel opers Guide.

gdm
Geant 4_gdm _FOUNDis TRUE if theinstall of Geant4 was built with GDML support.
g3t og4

Geant 4_g3t og4_FOUNDis TRUE if the install of Geant4 provides the G3ToG4 library. If so, the G3ToG4
library isadded to Geant 4_L| BRARI ES.

ui _tcsh

Geant4_ui _tcsh_FOUNDisTRUE if theinstall of Geant4 providesthe TCsh command line User Interface.
Using this component allows use of the TCsh command line interface in the linked application.

ui _w n32

Geant4_ui _wi n32_FOUND is TRUE if the install of Geant4 provides the Win32 command line User
Interface. Using this component allows use of the Win32 command line interface in the linked application.

nmot i f

Geant4_notif_FOUND is TRUE if the install of Geant4 provides the Motif(Xm) User Interface and
Visualization driver. Using this component allows use of the Motif User Interface and Visualization Driver in
the linked application.

qt

Geant 4_qt _FOUNDIisTRUE if theinstall of Geant4 providesthe Qt4 User Interface and Visualization driver.
Using this component allows use of the Qt User Interface and Visualization Driver in the linked application.
wt

Geant4_wt FOUNDis TRUE if theinstall of Geant4 provides the Wt Web User Interface and Visualization
driver. Using this component allows use of the Wt User Interface and Visuaization Driver in the linked
application.

Vi s_net wor k_dawn

Geant4_vi s_networ k_dawn_FOUNDis TRUE if theinstall of Geant4 providesthe Client/Server network
interface to DAWN visualization. Using this component allows use of the Client/Server DAWN Visualization
Driver in the linked application.

vis_network_vrm

Geant4_vis_network_vrm _FOUNDisTRUEIf theinstall of Geant4 providesthe Client/Server network
interface to VRML visualization. Using this component allows use of the Client/Server VRML Visualization
Driver in the linked application.
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e vis_opengl x11

Geant 4_vi s_opengl _x11 FOUND is TRUE if the install of Geant4 provides the X11 interface to the
OpenGL Visualization driver. Using this component allows use of the X11 OpenGL Visualization Driver in
the linked application.

* vis_opengl _w n32

Geant4_vis_opengl _w n32_FOUNDisTRUE if theinstall of Geant4 providesthe Win32 interfaceto the
OpenGL Visualization driver. Using this component allows use of the Win32 OpenGL Visualization Driver in
the linked application.

e Vi s_openi nvent or

CGeant 4_vi s_openi nventor _FOUND is TRUE if the instal of Geant4 provides the Openlnventor
Visualization driver. Using this component allows use of the Openlnventor Visualization Driver in the linked
application.

e ui _all
Activates all available Ul drivers. Does not set any variables, and never causes CMake to fail.
e vis_all
Activates all available Visualization drivers. Does not set any variables, and never causes CMake to fail.

Please note that whilst the above ams to give a complete summary of the functionality of
CGeant 4Conf i g. cmake, it only gives a sampling of the ways in which you may use it, and other CMake
functionality, to configure your application. We also welcome feedback, suggestions for improvement and bug
reportson Geant 4Conf i g. cnake.

3.2.2. Using Geant4Make to build Applications:
binmake.gmk

Geant4Make isthe Geant4 GNU Make toolchain formerly used to build the toolkit and applications. It isinstalled
on UNIX systems (except for Cygwin) for backwards compatibility with the Geant4 Examples and your existing
applications which use a GNUmakefile and the Geant4Make bi nmake. gk file. However, please note that the
systemis now deprecated, meaning that it is no longer supported and may be removed in future releases without
warning. You should migrate your application to be built using CMake via the Geant 4Conf i g. cnmake script,
or any other build tool of your choice, using the geant 4- conf i g program to query the relevant compiler/
linker flags.

Thefiles for Geant4Make are installed under:

+- CMAKE_| NSTALL_PREFI X/
+- share/
+- geant 4make/

+- geant 4nake. sh

+- geant 4nake. csh

+- config/
+- bi nmake. gnk
+- L.

The system is designed to form a self-contained GNUMake system which is configured primarily by
environment variables (though you may manually replace these with Make variables if you prefer). Building a
Geant4 application using GeantdMake therefore involves configuring your environment followed by writing a
GNUmakefile using the Geant4M ake variables and GNUMake modules.

To configure your environment, simply source the relevant configuration script  CMAKE_| NSTALL_PREFI X/
shar e/ Geant 4- 10. 1. 0/ geant 4make/ geant 4nake. (c) sh for your shell. Whilst both scripts can be
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sourced interactively, if you are using the C shell and need to source the script inside another script, you must
use the commands:

cd CMAKE_I NSTALL_PREFI X/ shar e/ Geant 4-10. 1. 0/ geant 4make
sour ce geant 4nake. csh

or aternatively

sour ce CMAKE | NSTALL_PREFI X/ shar e/ Geant 4- 10. 1. 0/ geant 4nake/ geant 4nake. csh \\
CMAKE_I NSTALL_PREFI X/ shar e/ Geant 4- 10. 1. 0/ geant 4nake

In both cases, you should replace CMAKE_| NSTALL_PREFI X with the actual prefix you installed Geant4 under.
Both of these commands work around alimitation in the C shell which prevents the script locating itself.

Please also note that due to limitations of Geant4Make, you should not rely on the environment variables
it sets for paths into Geant4 itself. In particular, note that the G4I NSTALL variable is not equivalent to
CMAKE_INSTALL_PREFIX.

Once you have configured your environment, you can start building your application. Geant4Make enforces a
specific organization and naming of your sources in order to simplify the build. We'll use Basic Example B1,
which you may find in the Geant4 source directory under exanpl es/ basi ¢/ B1, as the canonical example
again. Here, the sources are arranged as follows

~

GNUmekefi |l e
exanpl eBl. cc
i ncl ude/
. headers. hh ..
src/
. sources.ccC ...

R T A o ~

As before, exanpl eBl. cc contains mai n() for the application, with i ncl ude/ and src/ containing the
implementation class headers and sources respectively. You nmust organise your sources in this structure with
these filename extensions to use Geant4Make as it will expect this structure when it tries to build the application.

With this structure in place, the GNUmakefile for exampleB1 isvery simple:

nane : = exanpl eBl
GATARGET : = $(nane)
GAEXLIB : = true

. PHONY: al
all: lib bin

i ncl ude $(G4I NSTALL)/ confi g/ bi nmake. gnk

Here, nane is set to the application to be built, and it must match the name of the file containing the mai n()
program without the . cc extension. The rest of the variables are structural to prepare the build, and finaly the
core Geant4Make module isincluded. The G4 NSTALL variableis set in the environment by the geant 4nake
script to point to the root of the Geant4Make directory structure.

With this structure in place, simply run make to build your application:

$ nake

If you need extra detail on the build, you append CPPVERBOSE=1 to the make command to see a detailed log
of the command executed.
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The application executable will be output to $( AWORKDI R) / bi n/ $( ASYSTEM) / exanpl eB1, where
$( GASYSTEM is the system and compiler combination you are running on, e.g. Linux-g++. By default,
$( AWORKDI R) isset by the geant 4make scriptsto $( HOVE) / geant 4_wor kdi r, and also prepends this
directory to your PATH. Y ou can therefore run the application directly onceit's built:

$ exanpl eBl

If you prefer to keep your application builds separate, then you can set GAWORKDI Rinthe GNUnakef i | e before
including bi nmake. gnk. In this case you would have to run the executable by supplying the full path.

Further documentation of the usage of Geant4M ake and syntax and extensionsfor the GNUMakef i | e isdescribed
in the FAQ and Appendices of the Geant4 User's Guide for Application Developers.

Please note that the Geant4Make toolchain is provided purely for conveniance and backwards compatibility. We
encourage you to use and migrate your applicationsto the new CMakeand geant 4- conf i g tools. Geant4Make
is deprecated in Geant4 10.0 and later.

3.2.3. Other Unix Build Systems: geant 4-confi g

If you wish to write your own Makefiles or use a completely different buildsystem for your application, asimple
command line program named geant 4- confi g is installed on Unix systems to help you query a Geant4
installation for locations and features. It isinstalled at

+- CMAKE_| NSTALL_PREFI X
+- bin/
+- geant4-config

It may berunusing either afull or relative path, or directly if CMAKE_| NSTALL_PREFI X/ bi n isinyour PATH.

This program provides the following command line interface for querying various parameters of the Geant4
installation:

$ geant4-config --help

Usage: geant4-config [OPTION...]
--prefix output installation prefix of Geant4
--version out put version for Ceant4
--cxxstd C++ Standard conpil ed agai nst
--tls-nodel Thread Local Storage nodel used
--libs output all linker flags
--cflags output all preprocessor

--libs-wi thout-qgui

--cflags-w thout - gui

--has-feature FEATURE

--dat asets

--check-dat asets

--install-datasets

Known Feat ures:

sta
mul
clh

ticlibs[no]
tithreading[yes]
ep[yes]

and conpiler flags

output |inker flags w thout

GUJl conponents

out put preprocessor and conpiler
flags without GUI conponents

output yes if FEATURE is supported,
or no if not supported

out put dataset nane, environnent variable
and path, with one |line per dataset

out put dataset nane, installation status and
expected installation location, with one line
per dataset

downl oad and install any m ssing datasets,
requires a network connection and for the dataset
path to be user witable
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expat [ no]

zli b[yes]

gdm [ no]

usol i ds[ no]

g3t 0g4[ no]

gt[ no]

noti f[no]
raytracer-x11[ no]
opengl - x11[ no]
openi nvent or [ no]

Hel p opti ons:
-?, --help show this hel p nessage
--usage di splay brief usage nessage

You are completely free to organise your application sources as you wish and to use any buildsystem that can
interface with the output of geant 4- confi g.

The - - cf | ags argument will print the required compile definitions and include paths (in - | <pat h> format)
to use Geant4 to stdout. Note that default header search paths for the compiler Geant4 was built with are filtered
out of the output of - - cf | ags. The- -1 i bs argument will print thelibraries (in - L<pat h> - nanel ...
-1 nanmeN format) required to link with Geant4 to stdout. Note that this may include libraries for third party
packages and may not be reliable for static builds. By default, al the flags and Geant4 libraries needed to activate
al installed Ul and Visualization drivers are provided in these outputs, but you may use the - wi t hout - gui
variants of these arguments to suppress this.

You may also check the availability of features supported by the install of Geant4 with the - - has- f eat ur e
argument. If theargument to - - has- f eat ur e isknown to Geant4 and enabled in the installation, yes will be
printed to stdout, otherwise no will be printed.

The- - dat aset s argument may be used to print out atable of dataset names, environment variables and paths.
No checking of the existence of the pathsis performed, as the action to take on a non-existing dataset will depend
on your use case. The table is printed with one row per dataset, with space separated columns for the dataset
name, environment variable name and path. As with Geant 4Conf i g. cnake, thisinformation is provided to
help you configure your application environment to locate the Geant4 datasets without a preexisting setup, if your
use case demands this.

The - - check- dat aset s argument may be used to check whether the datasets are installed in the location
expected (as set by the configuration of Geant4). A tableis printed with one row per dataset, with space separated
columnsfor the dataset name, installation status and expected path. If the expected path isfound, the status column
will contain | NSTALLED, otherwiseit will contain NOTFOUND. Notethat this check only verifiesthe existence of
the dataset path. It does not validate that the dataset filesare al present nor that the relevant environment variables
are set.

If you did not usethe GEANT4_| NSTALL_DATA option to install datawhen Geant4 itself wasinstalled, you can
usethe- - i nst al | - dat aset s argument to perform thistask at alater time. Running geant 4- conf i g with
this argument will download, unpack and install each dataset to the location expected by the Geant4 installation.
These steps require a working network connection, the local dataset installation path to be writable by the user
running geant 4- conf i g and the presence of the cur | , openssl andt ar programs. Note that no changes
to the environment are made by the data installation, so you may need to update this using the relevant scripts
documented in Section 3.1.

Due to the wide range of possible use cases, we do not provide an example of using geant 4- confi g to build
an application. However, it should not require more than appending the output of - - cf | ags to your compiler
flagsand that of - - | i bs to thelist of libraries to link to. We welcome feedback, suggestions for improvement
and bug reportson geant 4- confi g.

3.3. Note on Geant4 Datasets

If you built and installed Geant4 configured with the option GEANT4_| NSTALL_DATA set, then the Geant4
datasets will have been downloaded and installed automatically.
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Inthiscase, thegeant 4. (¢) shandgeant 4nmake. ( ¢) sh scriptswill set up the needed environment variables
required by Geant4 to |ocate these datasets. On Windows, you will need to set the needed environment variables

listed below by hand. This can be done asfollows

1. Open the Windows Control Panel.

e Microsoft Visual Ca.+ 2010 Express >

A CMake (crnake-gui)

Visual Studie Cammand Prompt
@010
| Getting sirtea »
BE convecteo sprojector
.n Rernote Desktop Connection
Sticky Motes
S Snipping Tool

J Caleulstor

/) Paint

> AllPrograms

[152arch programs and fites r)

2. Open the Systemitem in the Control Panel.

=R R

A

Adjust your computer's settings

¥ Action Center
¥ Backup and Restore
@ Credential Manager
[ Desktop Gadgets
B Display
' Folder Options
+ HomeGroup
(] Java G2-bit)

& Notification Area Icons
W Derformance Information and Tools
& Power Options
# Region and Language
Speech Recognition
L Taskbar and Start Menu
indows CardSpace

ndows Update

el

[B5» control Panel » &l Control PanelTtems »

1 Administrative Tools

e Bitlocker Drive Encryption
Date and Time

) Device Manager

@ Esse of Access Center

IA Fonts

& Indexing Options

€ Keyboard

3 se

B NVIDIA Control Panel

& personalization

] Programs and Features

5 RemoteApp and Desktop Connections

& Troubleshooting

ows Defender

[ 42| [ Seorch Controi Panet £

Viewby:  Small icons ¥

g AutoPlay
 Color Management
@ Default Programs
& Devices and Printers
Flash Player (32-bit)
| Getting Started
€2 Internet Options
[ Location and Other Sensors
5 Network and Sharing Center
& Parental Controls
] Phone and Modem
& Recovery

H Seund

ind

computer, and change settings for
hardware, performance, and remote

tem
,{ View information about your
connections

-

i

3. Click on the Advanced system settings link on the System window (on Windows XP, click on the Advanced

tab).
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@\/?"" » Control Panel » All Control PanelTtems » System [ 42| [ Seorch Controi Panet
Control Panel H
bl View basic information about your computer
Device Manager Windows edition

Remote settings Windows 7 Enterprise

S EERD Copyright © 2003 Microsoft Corporation. All rights reserved.

%EW_L Service Pack1

System
Rating: dows Experience Index
Processor: SermmeSwSRRRCPU  U300S@IR0GHEID0CH
Installed memory (RAM): A EEG———
System type: | GBSO
Pen and Touch: | MeberrorToucinputissveiiableforhisdismiey

Computer name, domain, and workgroup settings
Computer name: #) Change settings
Full computer name:
Action Center Computer description
‘Windows Update Workgroup:

Performance Information and

Windows activation
Tools

Windows is activated

3 |53 | S o [

4. Click on the Environment Variables button in the System Properties window.

@\ /v"" » Control Panel » All Contral PanelTterns » Systern v [ 44| [ Scarch Controt Pansi

Control Panel Home
View basic information about your computer

Device Manager W
9 Windows & g te Properties B
Remote stings Windo

Computer Name | Hardware | Advaned | System Protection | Remote
System protection Copyri

Advanced system settings Service| | You onas tomake mostof
Performance:
Visual sifests. processor scheduing, memory usane, and vitusl memory

Sytem ==

Rating: User Prfles

Brocess| Desklop settings related to you logon
Installe JE—
Setings
System e —
Penan Startup and Recovery

Computer System statup, spstem Faire, and debugging information

Compy ([(eting) 5 Change settings

Full co

Action Center Compuj [ Environment Vailes ]

Windows Update Workgr|

Performance Information and —_—
‘Winds
o inous [ Gonea ]

Windo:

5. For each dataset, click on the New button to create a new entry
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@\ ) w[fE Control Panel + Al Contral Panelems » Systerm +[45 | [ Search Controi Panet

Control Panel Home
View basic information about your computer

B Device Manager Windows Systern Properties £

& Remote settings y
o Windo| | Computer Name | Hardware | Advanced | System Frotesiion | Remate

B System protection Copyr|
Ol e syeterm setings s Envirenment Yariables ==
User variables for Ben

value
System CillsersiBeniDocumentsigeantHigzant .,
aatin UUSERPROFILE®:|AppDatail ocallTemp
9 WUSERPROFILE % ApeDatailocaliTemp
Proce:
Instal [
Syster 1
Pena Spstem varisbles
Compute] Veriable value
Comspec CiiWindows\system32iand exe )
Comp FP_NO_HOST_C... NO # Change settings
Full o NUMEER_OF P... 2
o5 windows_NT -
Action Center Comp =
Windows Updat Workg) Mewoo | [ Edt. | [ Delete |
Performance Information an:
Windows
Tools 0
Windo

ok [ camen | ||

ORC - EIES o [
6.

@\ )=+ Control Panel » Al Contral Panelierns » Systern <42 | [ search Controt Panet

Centrol Panel Home
View basic information about your computer

% Device Manager Windows { Systern Properties

B Remote settings A
g Windol [ Corputer Name | Hadware| Advanced |System Protestion | Remole

# System protection Copyr|

N e || Ervironment Varibles
User variables for Ben

Wariable Value

System PATH Ci\usersiBen|Documents|geant|geant ..
TEP LUSERPROFILE®|AppDatail ocallTemp

New User Variable ==

Variable name: GILEDATA

Rating|

Proce:
Install
Syster

pena Variable value: sharelGeant4-10.0.Oldatal G4EMLOWS 35

Computer ok [y [ coneel |

Comp FP_NO_HOST_C... MO iy Change settings
Full col NUMBER_OF P.., 2
o5 windows_NT d

Action Center Comp|
Windows Update Werkg) vew... | [ edt. | [ Delets |

Performance Information and Windows

: A
windd o [ o]

"

If you chose not to install the datasets, but require them later, the geant 4- conf i g program may be used to
install them on Unix platformsviaits- - i nst al | - dat aset s argument. Thisis documented in Section 3.2.3.

On Windows platforms, you will need to download and unpack them by hand to the location you specified for
GEANT4_| NSTALL_DATADI R. If you did not set this, it defaults to CMAKE_| NSTALL_PREFI X/ shar e/
CGeant 4- 10. 1. 0/ dat a. Unpacking the datasets in this location will result in Geant4 automatically locating
them oncegeant 4. (¢) sh or geant 4rmake. ( ¢) sh have been sourced.

If you have datasetsin adifferent location, then you will need to manually set thefollowing environment variables:
e (ALEDATA
Set to the path to the GAEMLOW6.40 dataset.
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* ALEVELGAMVADATA

Set to the path to the PhotonEvaporation3.1 dataset.
o ANEUTRONHPDATA

Set to the path to the GANDL 4.5 dataset.
o ANEUTRONXSDATA

Set to the path to the GANEUTRONXS1.4 dataset.
« (API | DATA

Set to the path to the G4P111.3 dataset.
* (ARADI CACTI VEDATA

Set to the path to the RadioactiveDecay4.1 dataset.
* AREALSURFACEDATA

Set to the path to the Real Surfacel.0 dataset.
* (ASAI DXSDATA

Set to the path to the GASAIDDATALL.1 dataset.
« (AABLADATA

Set to the path to the G4ABLA3.0 dataset.

In Geant4 10.1, a new dataset GAENSDFSTATEL.0 has been introduced. Whilst this dataset is downloaded and
installed for convenience, it isonly required in afew special use cases described in the Geant4 Guide for Toolkit
Developers. It is therefore not configured by default (meaning that the environment variable pointing to the data
is not set) and you should not do so unless your application has the specific use cases discussed in that guide.
Please see the Application Developer's Guide for information about these use cases and how to configure the use
of GAENSDFSTATEL.0.




Chapter 4. CMake and Build Tools For Geant4
Developers

Geant4 devel opers can make use of several powerful features of CMake to help with their work. The key concept
and working practice is the separation of the source directory, which is where the sources you edit reside, and
the build directory, where the buildscripts and compiled products reside. The reason for enforcing this separation
istwofold:

* It provides separation of CMake generated files (e.g. Makefiles) from the Geant4 sources under revision control.

« It alows multiple builds against a single source directory, giving fast incremental builds without having to
reconfigure.

4.1. Developing Geant4 using Make, Xcode, Visual
Studio and Eclipse

CMake is a buildsystem generator that can create scripts for many buildsystems including Make, Xcode, Visual
Studio and Eclipse, anong others. To find out which systemsyour install of CMake can generate scriptsfor, consult
the"GENERATORS" section of the CMake man page, or click onthe"Gener at e" buttoninthe CMake GUI. The
resulting scripts can be used within the buildsystem of choice to perform the actual build, install and packaging.

Whilst weonly support Make and Visua Studio for Unix and Windows user buildsrespectively, Geant4 devel opers
are welcome, and encouraged, to use their buildsystem of choice. Scripts for developing Geant4 using these
systems can be generated by choosing the CMake generator when running CMake for the first time.

Onthe command line, one can select thetool using the - Gargument of CMake. For example, to generate an X code
project for Geant4 using the example from Section 2.1:

$ nkdir -p /path/to/geant4.10. 1-buil d-xcode
$ cd /path/to/ geant4. 10. 1- bui | d- xcode
$ crmake - G Xcode - DCMAKE_| NSTALL_PREFI X=/ pat h/ t o/ geant 4. 10. 1-instal | /path/to/ geant4.10.1

The resulting / pat h/ t o/ geant 4. 10. 1- bui | d- xcode/ Geant 4. xcodepr o] project may be opened
with Xcode.

In the CMake GUI, the generator will be asked for the first time you click on Configure button (see Section 2.2),
whereit can be selected from a drop down list.

Note that in all cases, you can only have one buildtool configuration in a given build directory (e.g. you cannot
have Unix Makefiles alongside an X code project).

Support for these buildtools is still preliminary, so feedback is welcome, whether bug reports, guides or general
comments.

4.1.1. Using the Eclipse IDE
Eclipse projects using M akefiles can be generated via the command:

$ cmake -G'Eclipse CDT4 - <TYPE> Makefil es" <otherargs>

where <TYPE> is platform dependent and one of Uni x, M nGWor N\Vaik e. Note that only asingle build modeis
supported here because the projects are Makefile based. This means that you will need to supply CMake with the
command line argument - DCMAKE_BUI LD_TYPE=<MODE>, where <MODE>, is the required mode if you want
to change the default mode. By default, Geant4 is built in "Rel ease" mode.
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With out-of-source builds enforced in Geant4, there are two issues that need to be worked around due to the
way Eclipse expects project directories to be organised. These are to do with the integration of version control
support and code editing/navigation/autocompletion. Both issues, together with their resolution are described in
the CMake Wiki entry on Eclipse CDT4 under the "Qut - of Sour ce Bui | ds" section.

4.2. Command Line Help with Make

If you develop using the command line and Make, you can get information on the targets available by "building"
the hel p target in your build directory:

$ make help

The followi ng are sone of the valid targets for this Mkefile:
. all (the default if no target is provided)
. clean
. depend

.furthertargets.

Y ou may build any target individually, and it will be built together with al of its dependencies. CMake's generated
makefiles only output minimal information by default, so if you need to see the full commands used, you can run
make with the extra VERBOSE argument:

$ make VERBOSE=1

to output every command in full.

If you want to quickly check that your target compiles, without checking and rebuilding any of its dependencies,
you can append / f ast to the target name, e.g.

$ make G4run/f ast

Thiswill finish with an error if any dependents of the target do not exist, but can be useful for rapidly checking
that your sources simply compile.

4.3. Building Quickly and Efficiently with Multiple
Build Directories

The many ways in which Geant4 can be configured with optional components can make compilation and testing
under different configurations time consuming.

Asthe CMake generated scriptslivein abuild directory isolated from the source directory, one can create several
build directories configured against the same source directory. Each directory can have a different configuration,
for example

$ cd /path/to

$1s

geant4.10.1

$ nkdir geant4.10. 1-buil d-rel ease geant 4. 10. 1- bui | d- debug
$ cd geant 4. 10. 1- bui | d-rel ease

$ crmake - DCVAKE_BUI LD TYPE=Rel ease ../geant4.10.1

...output...
$ make -j8
...output...

$ cd ../geant4-buil d-debug
$ crmake - DCMAKE_BUI LD_TYPE=Debug ../geant4.10.1

...output...
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$ make -j8

...output...

The above example uses Unix Makefiles, but the same technique works on all platforms. It may not seem to have
gained you much, but when you edit and develop codethat isliving under / pat h/ t o/ geant 4. 10. 1, you only
need to rebuild in each directory:

.. work on code ...
$ cd /path/to/geant4.10. 1-buil d-rel ease
$ make -j8

. incremental build ...

$ cd /path/geant4. 10. 1- bui | d- debug
$ neke -j8

. increnmental build ...

The builds pick up the changes you make to the source and build separately without needing reconfiguration.
This is particularly powerful if the different configurations you need to test (for example, different versions of
an external package) would require significant recompilation if the configuration were changed. Naturally, this
power comes at the cost of some disk space, so may not beidea in all cases.

Note that whilst this technique works on al platforms and buildtools, some IDEs (Xcode or Visual Studio for
example) automatically support multiple build modes such as Release and Debug. In this case, you do not need
separate build directories as the IDE handles this for you. However, you would still need two separate build
directories if you, for example, wanted to develop and test against two versions of an external package such as
Xerces-C.

4.4. Building Test Applications Against Your
Development Build

A key feature of Geant4's CMake scripts is that you do not need to install your current build to be able to use it.
A typical use case here is that you have a ssmple testing application which you want to build against your latest
development build of Geant4.

Versions of the geant 4cnake. (c¢) sh (described in Section 3.2.2), Geant 4Conf i g. cmake (described in
Section 3.2.1) and geant 4- conf i g (described in Section 3.2.3) scriptsare created in the build directory. These
versions are all configured to use the libraries as they exist in the build directory, and headers from the source
directory, without installation.

You can therefore use these scripts as described earlier in Chapter 3 to build your test applications against a
specific build tree. Y ou therefore don't need to install Geant4 everytime you make a small update.
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Chapter 5. Help And Support
5.1. Getting Help

Whilst every effort has been made to make the build of Geant4 robust and reliable, the multitude of platforms
and system configurations mean we cannot guarantee that problems will not be encountered on platforms other
than those listed in Section 1.1.

In case of issueswith building and installing Geant4, wewel come questions aswel | asfeedback viaour HyperNews
Forum. To help us deal with your problem as quickly as possible, please include as much detail as possible on the
problem you have encountered. At minimum, you should let us know the platform and operating system version,
your C++ compiler type and version, CMake version and any error messages. It also helps to have the sequence
of commands you used so we can try and reproduce the issue.

Please note that as discussed earlier we can only support user installs on Unix viaCMake and Unix Makefiles, and
on Windows via CMake and Visua Studio. Developers however are welcome to try CMake and other buildtools
like Xcode and Eclipse, and we welcome your feedback here.

If you feel you have found a genuine bug in the Geant4 CMake build, please report in to the CM ake category on
our Bugzilla. Aswith reportsto HyperNews, please include as much information as possible so that we can triage
the bug and track it down quickly. We also welcome general feature requests and feedback on the system.

5.2. Further Information

* CMake Documentation
* CMake Wiki

e CMake Tutorid
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