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i Structure and logistics - 1

= This course is organized in a mixture of theoretical lectures and practical
hands-on sessions

= The hands-on sessions require real C++ coding to build up a
simplified Geant4 application

= Staged approach in tasks
= http://geantd4.1lns.infn.it/alghero2025/introduction
= A pre-installed virtual machine is provided for the hands-on sessions
= Includes Geant4 11.3.p02 on a Linux environment
= You should already have it downloaded and tested
= Please let us know ASAP if you have problems



i Structure and logistics - 2

= You can try to install Geant4 on your (Linux/Mac) laptop, if you wish
= The course is not meant to show that, though

= All lectures (pdf) will be uploaded on-the-fly on the course indico
page
» https://agenda.infn.it/event/38168/timetable/
= Please I"'# 1$""%&'%* (+, -.")&/'+ , either during the
lectures , during the exercises or during the breaks

= Solutions of the exercises will be uploaded after the end of each
exercise session



https://agenda.infn.it/event/38168/timetable/
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What Monte Carlo (MC)
i techniques are for?
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i MC in science
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i A bit of history
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i A bit of history
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A bit of history
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The simplest MC application:
i numerical estimate of
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& Geant4
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i What is & GeEant4

A SIMULATION

o "HS%& (M) & HHFYE () &+,- 4 (P, "#& "(&F+'%,&+)-.&%"," ('
[09$,0%%+ "' /%&*($$%)
= physics processes (EM, hadronic, optical) cover a _
comprehensive set of particles, materials and over a wide

energy range

= Offers a complete set of support functionalities (tracking,
geometry)

= 0N&$/1.&"2 software production and management: developed
by an /+&"$+(&/'+(#%3 ##(L'$(&)'+
HE%& )+ -
. 011234'5$#)8677+5)5%)2" 8+9235+1:231)8+05)2":$+$,*+0"'$
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=« Takes advantage from the Object Oriented software technology
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http://geant4.org




Geantd

Toolkit for the simulation of the passage of particles through matter. Its areas

Getting started
' /

of application include high energy, nuclear and accelerator physics, as well as
studies in medical and space science. : ’

5 Anr,
() Get started <. Download B Docs A News 5 More
Everything you need to get started with Geant4 source code and installers are Documentation for Geant4, along with 16 Feb 2024
Geant4. available for download, with source code tutorials and guides, are available online. Release 11.2.1
under an open source license. o
08 Dec 2023
I'm ready to start! Read documentation T
Latest: 11.2.1 Release 11.2

Release 11.1.3
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Events » Mc
25/3/2024 - 29/3/2024 Geant4 tutorial at JLAB, Jefferson Lab, Newport News (Virginia, USA)
25/3/2024 - 26/3/2024 Geant4-DNA International tutorial, Osaka University, Osaka (Japan)

The 5th Geant4 International User Conference at the Physics - Medicine - Biology frontier, Osaka University
27/3/2024 - 29/3/2024 .
Nakanoshima Center, Osaka (Japan)

h ./lgeant4.or
11/4/2024 - 11/4/2024 61st Geant4 Technical Forum, CERN, Geneva (Switzerland) ttps L) g u g
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22/4/2024 - 27/4/2024 Geant4 Course at the VIEnna Workshop on Simulations 2024 (VIEWS24), Campus Akademie, Vienna (Austria)
Geantd Course at the XXI Seminar on Sortware 1or Nuclear, Sub-nuclear and Applied Physics, POIto conte, Alghero
9/6/2024 - 14/6/2024

(Italy)
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!'_ Basic concept of Geant4
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i Toolkit and User Application

I"HS%&'2,'H (%) *(+GQ'#'5)66"5%2)$')3'%))6,H
= i.e. you cannot “run” it out of the box
= You must write an application, which uses Geant4 tools

! ()$,"R*"$5",S
= There are no such concepts as “Geant4 defaults”

= You must provide the necessary information to configure your
simulation

= You must deliberately choose which Geant4 tools to use

o F20#$5"S'1#S; &' #$W&-+ #+':+)J29"9
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i Basic concepts

o T-#%S)*Y /01 '9)S
= Describe your experimental set-up
= Provide the primary particles input to your simulation

= Decide which particles and physics models you want to use
out of those available in Geant4 and the precision of your
simulation (cuts to produce and track secondary particles)

o U)* #,2+,%-"+3,4(
= To interact with Geant4 kernel to control your simulation
= To visualise your simulation configuration or results
= To produce histograms, tuples etc. to be further analysed
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i Main Geant4 capabilities
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i Multi-thread mode

V" W#6$$80.'#6,.( QU0+/7/$$08/)% 980#-6,.Q
)80+#-/)%("+'
- F(-'&#%()* (2#'%)-#%($H& D& (Va#*. OPO*9AL9T
0PO*%d#2(2
= different events are processed by different cores

O H'&E&IA,) (W %% S+ &/ HPH(&#1&0.1H80,*.
HS(02. 1 . 2'12%H# % HBH( 120 .)+.2(-'&#%()*2

- #3452* $)49.>-#2%0,C.)+=0)-0%,9 #*8.4/92($2
= All cores have them as read-only (saves memory)
. CN<1/07" )8-$/.(@,+ 1(.%#.%5¥6.)"/10( -87+
- G/0.:G. 4,)=#--(*= ,O0W'(,02 2)-0. $#,0X*008 %).
#P)(8 $)*+&($%40%300*%/,0#82
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& Concept for multi-thread ..
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& .. vs. parallelisation
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Interaction with the Geant4

i kernel - 1

VA" WHT+ (="#$S082(7+ H(5 1O80#/#6'+0#
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x 2)'%"66'%- " +$ "@8) %"+, 21*6#%62)$5)$32=*+#%62)$’
o Z) 2$%"+HAD6-1"HSY& W'+$"6'2%6,"63

- V+/" \WH#.88,'#980#6'+0#(".+0/).(8"#/02E5)-
%(055)5
s U)*5+"#%"2"95+"34+1"415&(&+1%,-- '9"+2J"9'3+)1
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Interaction with the Geant4

i kernel - 2

OSH#-1")5  1BOHV+" \WH@/+#),/"+;

. 725/40%/-205)-%(055)54080#6'+0#(".+0/).(8"#
2),["+# J0.("=#1(.%# VWA
o 1,"+9"+2J"9'5)$5+"% " 56#,, ", #+" #,48,("52
o 1" +H9%)21:6"1"$%' %" *+"6;J2+%6 46" %-)9,

- +#"%4)/)-205)-%(055)5 #21(.%8&14/.0( #76--&#
7+9/6, #-+.%87'3#980#6'+0#(".+0/).(8"
o |,"HO"+2J"9'56#,," H+" "S(*"4, %+
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i User Classes

T'1110(15011#"-%(055)5 79%611##7-%(055)5
Invoked at the initialization | Invoked during the execution loop

s G4VUserDetectorConstruction | =« G4VUserActionInitialization

= G4VUserPhysicsList s CMNO'+3F3)D-3EC+*+3-(&3$1()&*
= CMO'+3G0*$1()&*#6P:
s CMO+3=L+*($1()&*

Global: only one instance of s CMO'+3>3-1Q)*%$1()&*

them exists in memory, shared x CMO'+3!(-1Q)*%$1()&*

by all threads (readonly). s CMO'+3!(+RR)*%$1()&*
Managed only by the master

thread. Local: an instance of each action

class exists for each thread.
I"HS%&'$()*+,-.*/0$122'&345%$*3$6'7$
810-37$1*4$'*3$6'7$-973140



i The mandatory user classes

,48,("52+1%,--&-+
*4+47; <& 4A(=+/-&5+
:$$%*!,(*"4

9

r @ G4VUserDetectorConstruction
describe the experimental set-up

@ G4VUserPhysicsList
select the physics you want to activate

@ G4VUserActionInitialization

. takes care of the user initializations
H#H-MNO'+3F3)D-3EC+*+3-(&3$1()&*

_(H@ANO(@+TCHT+I(, (#.YorH:. +).60+
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i Optional user classes

- [27™ 5)$5+"%™M8#,"56#,,",' 4-)," J2+%*#6'1"18"+'3*$5%2)3,
%_lll*,ll+l1#;l)Jll++29Ill%)I:#2$l !II4(5II% l)3l%_lll’21*6#%2)$l#%l
JH+2)* " Yort=",

n <=>")21"# 0;#'3,

] :2)3 $(ﬁ&ZO;#'g_’#,3 e.g. actions to be done
. <;>--;2 5-)*+ v s <@  the beginning and
. <=>")2/'&00-#. O:#3, end of each event

- W5-'1"18"+'3*$5%2)$)3'%-"'8#,"'56#,,","-#, # O*11;'
21:6"1"$%#%2)B$)% *+"6;'I2+%*#6H
= I51#6+'518)5) #$#'3,2+ *3)"+,3#(', @
s AB)22%) 3,8&6#()+5)H#(3*"  #($#63: ,))*

= User action classes must be $"4/)&"$"2 to the Run Manager via

the G4VUserActionlnizialization
28



!'_ The mandatory user classes
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i The geometry

>'+0# /"#1%éﬁ/o#7+ 0(@+'#.%+#=+8-+.0&H#
("%+ (.#90864VUserDetectorConstruction #

["7# 0+=(".+0+7¢#.%+#UG"#4/"/=+0
- A(0.6/HQ /' +#),["#.%+#560+,&#7(0.6/ ,#-+.%8-6L#
@+#(-$,+-+".47
. G4VPhysicalVolume* Construct () =0

= Must return the pointer to the world volume: all other
volumes are contained in it

$.(8",,& *#(-$,+-+".#.%+#7(0.6/,#-+.%87#
. voild ConstructSDandField 0);
= Defines sensitive volumes and EM fields

30



i Select physics processes

- BO#*%B)02* 1%./#P0#*9. 80+# &%t ,%($&02.),.4,)$02202
- Y0,(P09)", .)3*. $)*$,0%0.5&#2f,)-.%/0.
G4VUserPhysicsList . #12%,#$%.1#20.$&#22
= 9"32%"#66'$"5", #+;" #+%256",
= 9"32$"#66'$"5", #+;"+)5",,", 'HSOH, 2=$'%-"1'%)"+)"+'
#+%256",
s 9"32$"1]"":+)9*5%2)$%-+" -)69,' G2$'%"+1,)3'+#$="H
- J,0.P(,%'#&-0%/)82.)+. G4VUserPhysicsList
3'+)&$.5&6($&/5#") 78

: =T t be implemented by the user
3'+)&$.586$'5"))") 78 mus |
9"83.8)78 in his/her concrete derived class
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i Action Initialization

- >'+0#),/"#-6'H#  ("%+0(908-#
G4VUserActionlnitialization #'71#0+=(".+0+7#
("#.%+#UG"#4/"/=+0

=S, +-+" £ %+ $60+,&#72(0.64£.%87 #

. void Build () =0;

. D*P)Z08.(*20W'0*%(#&.-)80#*8.(*.:G.-)80.19.  #&&.
3),Z0,2

2%, (*2%H* b (#%0h. & 0H 804, (-#,9.=0%0,4#%),

- $.(8"/,# ?(0.6/,#-+.%87
. void BuildForMaster  ();

. D*P)Z08.19.%/0#2%0,.(*.:G.-)801.K44&(02. &3%.%).
@™ K$%()*. >#&&.)%/0,."20, #$%()*2.#,0.%/ HH&C



i Primary generator

- >'0#),["#-6'. % ("%+0(808-#
G4VUserPrimaryGeneratorAction #
. @0=(2%0,098).9%/0D"*.:#*#=0,. P(#.%/0.
K$%()*D*(6(#&(%#%()*
o 1-$,+-+"#.%+# $60+,&#7?(0.6£K.%87 #
. void GeneratePrimaries (G4Event*)=0;
. #&&089.%/0@"*:##=0, 8',(*= %/00P0*%&))47.%).
=0*0,#%0.%/@,(-#,9 P0,%($E2#,%($&02
>+ (M+0",,& H#)8M)0+.+H#(M./")+  89#
G4VPrimaryGenerator  2+S=G#ParticleGun 3#.8%
78#.%+#a8@
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The main() program




i The main() program - 1

"#$%&'9)"," 4"( ':+)J29"%-""main()

=« Geant4 is a toolkit!

= The main() is part of the user application
[$'-2,]-"+' 1#2BGH7'%-""*,"+'#9-(

= construct G4ARunManager

= notify the G4ARunManager mandatory user classes derived

from

. G4VUserDetectorConstruction

. G4VUserPhysicsList

. G4VUserActionlnitialization C#$D)"+;$2)+39+E2'5$26F

=« The G4RunManagerFactory  will pick the Sequential/MT
version of the G4RunManager
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i The main() program - 2

o Z-" ' 1#,9"32%" 1 29-2,]-" 1 1#28GH
= optional user action classes
= VisManager, (G)UI session

o Z-""HHE,)-#,'%) YRW T SEE)3 +1'%+2" J28$9

H#J2$5=%-"+"6"I#P%$3)+1#%2)F+)1'%-",21*6%#%2)$'

G!"#%$%&'4266'$)%'9)'%-#%'8;'9"3#*6%H

36



i An example of main()

SSHT3+-(+#(5+#30*#D-*96+346, +BEH-%6+3U-1(& 3B +1)V+H)WEL> #+XO0+()-, #8. 3%
&(5+3: "HHHHHS S>E+HW, - % H#WIEDHCMGO*4-*-%+3>ER+Y#I+3)-, #4>

HHO(&PBO*4-*-%+3 #Z
8& Q&+ +-.101-2340566 70/-3/)*+,-+-./0 6CMG0*4-*-%+3>ER+8/09-: :[##

HSH(#D-*V-(&3E#0'+3%)*)()- )I-()&*#1,-"+'
H#AEH+(+1(&3T&*'(301()&P#V+(+1(&3#HZA*HEH+(+1(&3TE&*' (301 () &*
#B80*4-*-%+3 " 8/3;</0=+939-:9>-394+ 6V+(+1(&3:]

#AEF5E"1'J)'( PARSE")1'))' (##*+]# AEF5E")1'J)'( [

#80*4-*-%+3 " 8/3;</0=+939-:9>-394+ @DEF5E")1'J)'( ;[

BB (HD-AV-(8IEH0+34-1() &1, "+
HBO*A-*0%+3" 8/3:</072394+ B*+]# AESL& 240 N-08&% ]

#
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http://geant4.org

i Documentation

. R&E"D =%$3%1%J%*1%5& (4"8S"%$([& /6%K"

- R$S$,()/.(8"#7+?+,8%+0-/"6/,
- O%&'()'-1"6/,

- .%+0.88," [?/(,/@,+

. N\@ $)80.,04)2(%),9
! \ﬂ20p+0f-

! ]5:6(8M§#
. B(%"'1 $)80.,04)

https://github.com/Geant4

B On this page

Introduction to Geant4
Installation Guide

User guides

For Application Developers

For Toolkit Developers
Physics Reference Manua
Physics List Guide
Examples
Frequently Asked Questions

Geant4 source code
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i Examples

 T"%02: FE)HA" B7" S"%$(186661%5%(*)$7
8'9%=61"K&Y'& (#*/3("2 D*(4&S"%$(l
. A+08=887'./0.("= $8(". 980#"+16'+0'
 U4#"&3%("7)EQ9%=61"TC

. 67',4+6 X.),(0*%08.9%6)P($0.'20,2. #*8.$)P0, (*=.%/0.
)2%.9%94($H&. TDH#202.)+.#.BO#* % U #44&($H%()*.3(%
Z004(*=.2(-48($(%9.#*8.0#20.)+.'20]

. 6%8*3(%(6  X.$)P0,2.-#*9. 240$(+($.'20.$#202),.
#$%'#&.80%0$%),.2(- &#%()*|

 6'(9'3+%6  X.3/0,0. ,04&R(+0.$)-4&0%0 . #A4E&($HY%()*
+),.8(++0,0%%.2(-'&#%()*.2%'8(02.#,0.4,)P(808.
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i Examples

. R®"/6%K"8D*(4&)9:K"$&2)53="3(%(*)$&*7&
06J%*1%/1"&EW&(4"&/%T*5G"9("$2"2&"9%=61"7

Main Page Related Pages Modules l Namespaces ] Classes | Files ] Q- Search

Basic Examples

The set of basic examples is oriented to "novice" users and covering many basic general use-cases typical of an "application"-oriented kind of development.

e Example B1
o Simple geometry with a few solids
o Geometry with simple placements (G4PVPlacement)
o Scoring total dose in a selected volume user action classes
o Geantd physics list (QBBC)
e Example B2
o Simplified tracker geometry with global constant magnetic field
o Geometry with simple placements (G4PvPlacement) and parameterisation (G4PVParameterisation)
o Scoring within tracker via G4 sensitive detector and hits
o Geantd physics list (FTFP_BERT) with step limiter
o Started from novice/NO2 example
e Example B3
o Schematic Positron Emitted Tomodranhy svstem

https://geant4 - userdoc.web.cern.ch/Doxygen/examples_doc/html/index.html 40



!'_ Who/why is using Geant4?



i Experiments and MC

O I"B-& <"81,+7=+*D(()*)41&)"/5 = %/?+/#2-80+#
8O#+"  7+./(,+73#96Q)/,+# 48" .+#5/0,8#(-6,/.(8"
X+ (E"HS%/ +
- IPH&'#W()*.)+1#$2Z=,)"*8.
- 54%(-(6#%())+.20%'4.%)#"(-(60  2$(0*%(+9H0&8
= Minimize background, maximize signal efficiency
CUB™('= b"L& (T $%/+
- F'44),% )+.8#%#*#&92(201=14,)P(80 O++($(0*$9),.
2(=*#&.1#%2=,)*87.3)(*$(80*$027 Yott==(*%._CI

= Often, Monte Carlo is the only way to convert relative

rates (events/day) in absolute yields
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Why Geant4 is a common
i choice in the market

. 540%.2),$0. #48.)1HO$H(0*%0E RR
L F)' 86#5W)a
 [+"6; #IH26#80F #666#%3)+1,

= (#$'8"™ "#,26;"a%"$9"9 #$9'5*,%)12V"98;" *,2$= %-"
"a2,%2%$2%%"+3#5",

= New processes, new primary generators, interface to ROOT
analysis, ...

. [#+8&0 $)-4&0" =0)-0%,(02

. @0='8#80P0&)4-0*97 ' 48#%0Z.1'=. +("02#*8.
P#&(8#%()*

. B))8 4/92($27$'2%)-(6#1&040,.'20 T$#202

\1¥8 TOOJO*8. 2(-'8#%()* HE&&H Yo(SEDRSE S (*= ) 4% (SHE
4)%)*2 C
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LHC @ CERN

- R,,9860@ (=#=+-
)*141&)"/5 %/?+ [#
V+" \WH(-6./.(8"

L)+ P)&-02
- J/92($2 #98/6/0GO0Q2$#&0

. C+")%-/0< 1(.%#
+. Q@+ T1.I#

. c+& 08,+980#. %+
d(==""+/0)%-+



i Space applications

19%("LL*("BR. Y7 (#)64: T*57:8&61%$" (%o#: & 75*"$5" 7 <
. '3$2*$K&E#H)=&VIR

Typical telescope:
Tracker
Calorimeter
Anticoincidence




Nuclear spectroscopy

06()'#!!

"#$%&'



$ Medical applications

94)0/&)"/-'(0""1"3- 080+#
%/708".%+0/$&"7#$08.8" Q
90+0/P&H'&" . +-'

= D#6 S'9"62J"+'9)," %) %-"96*1)+
4-26"  #+2$=%-"-"H6%-;'0%02, *".

= <6%' +$#%2J ) @"52," G#$9'
5)11"+52#6H'Zb',)3%4#+"

A+70)] # (-1=("=#

U/I7(/.(8"# 9(+,7'#908-#-+7()/ #
[))+,+0/.80'%#% ["7T# 7+7?()+'

= medical linac

= gamma knife

= brachytherapy
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Dosimetry with Geant4

Effects on electronics

Space science Radiotherapy components




I Nano -Dosimetry U/7(8)%+-(.0&
iwith Geant4E -DNA ur7(@(s=&

e %l
7 TN

DNA fibre Chromatine fibre Fractal geometry Cell nucleus

EANT4

A SIMULATION TOOLKIT

6 Geantd 49



