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PART 1

Motivation
Table of Contents
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What's this all about?

* Why do we need experiment simulation, if we are actually
going to do the experiment??

* OK, we do simulation, but
- why does everybody call it “Monte Carlo”?
- what is this Geant4 “state of the art” simulation engine?
- what are experiment specific requirements?

- how are certain simulation requirements met by using
Geant4?

e How is it done in a real example

- some simulation related topics from the Compact Muon
Solenoid (CMS) at the Large Hadron Collider (LHC) at
CERN
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Emphasis on:

* Why do we need experiment simulation, if we are actually going to do the
experiment??

e OK, we do simulation, but
- why does everybody call it “Monte Carlo”?

- what is this Geant4 “state of the art”
simulation engine?

- what are experiment specific requirements?

- how are certain simulation requirements met
by using Geant4?
e How is it done in a real example

- some simulation related topics from the Compact Muon Solenoid
(CMS) at the Large Hadron Collider (LHC) at CERN

Experiment Simulation (1) Martin Liendl, CSC 2004 4



Dis- / Ex- Claimer

* For Physics students

if you know already the principles of “Monte Carlo”:

e see, how it's done in Geant4

if you know already basics of Geant4

e enjoy Alberto's in depth lectures about physics in the special track

if you know Geant4 & its physics models in detail

* see how experiment requirements (example: CMS at CERN) are coming in

if you know also this
» well, the beach is not too far ...
e For Computer Science students

- if you want to know why Physicists need a lot of computing power (of the Grid
and more) even before they take data

* see, why Geant4 is guilty (partly, at least)

- if you want to know where lots of “non-physics” computing engineering needs to
be done

* see, why experiment simulation is a good playground

- if you want to play Doom with your colleagues

e well, the exercise room is free now ...
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Remark on handouts and slides:

Your handouts don't contain all of the slides shown.
Slides will be made available on the CSC web.
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Some reasons why we need simulation
in high energy physics experiments

2~ |
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Why Simulation?

e LHC experiments are enormous machines! CMS for example:

~2000 collaborators world wide

First official papers of CMS: 1989/90!!
Data taking (earliest): 2007!!

e Simulation is crucial for

the design of detector components:
detector performance estimation, and measurement quality

the calculation/estimation of detector parameters (such as
trigger rates, efficiencies) to be used in data taking and
analysis

evaluation of a gigantic amount of experiment related
software (reconstruction algorithms, data management, ..)!

data analysis in order to understand measured facts with
simulation prediction
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Rare & Exotic Birds

.. in the Large Hadron Collider

~3000 protons/bunch

. > - - <
~20 p-p colli = = =
per bunch,crossire —w
‘ . .‘ﬁ‘t A2 = il S ———————
.o e = = == . ******>
%ﬂ& " 7TeV Proton Proton
" Bunch Crossing 4*1077 Hz colliding beams

@ v
/

(Events will be stored

(& " Proton Collisions 109 Hz at 100 Hz,
L and the search for
Parton Collisions “rare birds” can only
. . .
T New Particle Production 10" =5 Hz be done within these
(Higgs, SUSY, ...) selected events.)

1 event out of 10,000,000,000,000
1 rare bird in ~1 day (24 hrs)
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The measurement process ...

parton collision -> “stable” particles, signature ->
interaction of “stable” particles with detector (well known physics)
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~7.50m = distance a particle travels in 25ns!
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overlay of ~20 collisions per bunch crossing
overlay of subsequent bunch crossings

~7.50m = distance a particle travels in 25ns!
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Particle through matter

Event generators simulators
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Experiment Simulation (1)
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Signatures

= what the Triggers are
looking for

4 muons in the Tracker

Signature of a Higgs decay
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What happens in parallel ...

= what you read out after the trigger says “yes”

shape

| | | F

0 4 & 12 16
f (25ns units)

(a) (b) (c)
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Measurement Process

Trigger finds signals compatible
with interesting signatures

“Snapshot” is saved (sensitive
channels are read out and data
is saved

Reconstruction taking conditions
into account; save rec-objects
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Measurement Process

Experiment Simulation (1)

Trigger finds signals compatible
with interesting signatures

“Snapshot” is saved (sensitive
channels are read out and data
is saved

Reconstruction taking conditions
into account; save rec-objects

Cuts are applied to select the events
that probably belong to the physics
channel to be studied

- some events are compatible but
belong to different channels
(background events, cuts once more)

- efficiencies of the measurement

are taken into account
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Measurement Process

Trigger finds signals compatible
with interesting signatures

“Snapshot” is saved (sensitive
channels are read out and data

S

|
Cuts = selective, controlled ignorance :
of data i

|

1 usually based on physical and statistical "

. : rents
' reasoning, some times very personal ;..
?<: (N.N.'s cuts were used to ...) D
|

- some events are compatible but
belong to different channels
(background events, cuts once more)

- efficiencies of the measurement

are taken into account
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Measurement Process

What are “interesting
signatures” of yet
unmeasured physics
events?

Mixing of signals, min.
bias, background?

What will my detector be
able to measure?

- if I change part A to B

- if I modify trigger tables

How good are my reco-
algorithms?

Trigger finds signals compatible
with interesting signatures

“Snapshot” is saved (sensitive
channels are read out and data
is saved

Reconstruction taking conditions
into account; save rec-objects

Cuts are applied to select the events
that probably belong to the physics
channel to be studied

- some events are compatible but
belong to different channels
(background events, cuts once more)

- efficiencies of the measurement

are taken into account
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Measurement Process

What are “interesting
signatures” of yet
unmeasured physics
events?

Mixing of signals, min.
bias, background?

What will my detector be
able to measure?

- if I change part Ato B

- if I modify trigger tables

How good are my reco-
algorithms?

Simulation of collisions of
high energetic particles:
“Monte Carlo”
Event Generators

Simulation of particles
passing macroscopic matter;
Simulation of detector
response signals,
trigger acceptances, ...
experiment specific:
Experiment Simulation
“Monte Carlo”
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Some important aspects requiring
experiment simulation

Acceptance
Efficiency

Background

To rule them all - the experimenter's art!
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Acceptance

we measure we want to know

Y
N =

measured

sensitive area /

total area true

%, i
hd

acceptance

Example shown: symmetrical,

radioactive fully covering detector and
isotropic physics -> simple

expression for acceptance.

More complex setups usually need
Monte Carlo techniques!
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we measure we want to know

Detector acceptance corrections ,

measured

sensitive area /

total area true

detector builder
try to avoid as much
as possible dead regions

=i |

no detectors in this
region --> no information

o —— 3§ % |
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Measurement of cross sections

Cross section O: Lorentz invariant measure of the probability
of interactions in a two-particle initial state

cross section to Example: Z decay in hadrons
be determined

i — hadrons
Ideally: N o= Tgga Lint - M
/ T NseI: accept event if a
number of measured integrated beam certain amount of
and selected events luminosity charged tracks are
of the interesting observed

interaction (signal)
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Measurement of cross sections

signal

e+

L

Ideally: N = Gg_gn s

o

Rea].].y: Nse| — O-Signa|.Lint.€ + NbCkg

e

_selected signal events

selection —
efficiency all signal events
bckg S1g nal events N :accept event if a certain
sel amount of charged tracks are
observed
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Measurement of cross sections

selection :selected Monte Carlo signal events
efficiency all Monte Carlo signal events
background Nb = selected non-signal Monte Carlo events
¢ g Nch
800 T B rch
s
] S
|
: S
L 1
e =%
-+ e MC, qgbar

>0

N i

N.. ~MC includes efficiency!
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Measurement of cross sections

2

e
—
o

15

1 -

05 r

accept H, i

reject I,

Consequences:

based on the distributions obtained
by simulation, apply statistical

| methods to set the cut.

* biased/wrong models in your simulations: systematic
errors

* not sufficient simulation statistics: larger uncertainties
in your result

Experiment Simulation (1)
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Simulation overview

* Event generators

- signal channels Event Generators like

- background channels FLUKA, Herwig, ...

- experiment independent not in these lectures

- physics dependent

* Experiment simulation
- interaction of particles with matter
- electronic signal response of detector elements

- many other experiment specific dependencies

Focus on one simulation toolkit only: Geant4
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Experiment simulation overview

* Experiment simulation

- interaction of particles with bulk matter

* depends on physics of particles interacting with macroscopic
matter

* generic tools to simulate
 we will present Geant4

- electronic signal response of detector elements

e conversion of physics interaction in matter into electronic
signals

* experiment specific
* but generic tools, like Geant4, can be supportive
- many other experiment specific dependencies

 geometrical layout of the detector, materials used
* magnetic field

e data formats
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Outline of the following

lectures
e Overview of Geantd  Physics in Geant4
e Units (in Geant4) - principles
e Detector description - influence on tracking
- materials - physics lists
- geometry  Setting up a simulation
- how it's done in Geant4 - user initializations
 Tracking in Geant4 - user actions
- stepping without physics - hits, digitization
- external fields  Simulation in CMS
e Basics of “Monte Carlo” - applications, use of Geant4
- where & why random - illustrative example
numbers - (G)UI aspects
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PART 11
Overview of Geant4

Basic Detector Description:
Units

Materials
Solids
Logical Volumes
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Overview of Geant4

“Geant4 is a toolkit for simulating the passage of
particles through matter. It includes a complete range of
functionality including tracking, geometry, physics
models and hits.”!!

[1] NIM A506 (2003), 250-303

GEANT comes from GEometry ANd Tracking.

The history of GEANT goes back to the 1970s and can be followed through CERN.
http://www.cern.ch/geant4

Geant4 is the C++ successor of the FORTRAN Geant3 (and much more).

1994-1998: R&D phase (~100 scientists from >10 experiments world wide;
first production release in 1998; today's release: 6.2
=> 10 years of work!!

Areas of application: high energy physics, medicine, space
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Quantities, Units

Q
%
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/\/‘b

Is the speed in km/h or fractions of c?
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Quantities, Units

Is the speed in km/h or fractions of c?
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Quantities, Units

“For those who want some proof
that physicists are human,
the proof is in the idiocy of all
the different units which they
use for measuring energy.”

The Character of Physical Law (1967) R.P.Feynman

Is the speed in km/h or fractions of c?
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Quantities, Units

Experiment simulation consists of many simulation
packages. Each one may or may not be based on a
common simulation package like Geant4. Each one
may or may not have a consistent use of unit
definitions.
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Quantities, Units

Experiment simulation consists of many simulation
packages. Each one may or may not be based on a
common simulation package like Geant4. Each one
may or may not have a consistent use of unit
definitions.
Geant4 consistently uses CLHEP
Units/SystemsOfUnits.h

Experiment Simulation (1) Martin Liendl, CSC 2004 37



Quantities, Units

Experiment simulation consists of many simulation
packages. Each one may or may not be based on a
common simulation package like Geant4. Each one
may or may not have a consistent use of unit
definitions.
Geant4 consistently uses CLHEP
Units/SystemsOfUnits.h

Simple Rules:
* all quantities are represented by a double.

* to pass/create a physical quantity, mulitply the

numerical value by its unit
e to read/use a physical unit, divide the numerical

value by the unit you want to have
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Quantities, Units

Attention:
Different quantities are not Any simulation
seperately typed! E.g. pe based on a
energies and lengths share the /S or-YelsWoJals
same type: a double. use of unit
Thus, one can easily & wrongly
convert incompatible quantites
into each other!!

Simple Rules:

* all quantities are represented by a double.

* to pass/create a physical quantity, mulitply the
numerical value by its unit

* to read/use a physical unit, divide the numerical

value by the unit you want to have
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CLHEP/Units/SystemO{Units.h Example

Code: Result:
double energy = 1. *GeV] :
cout << "Energy of 1 GeV:" << endl; E.ner gy of _ 11€4e-2)/é
coukt << " 1n evw " << enecgySeV << endl In ev - €
¢< " in Joule: " << energy/joule << endl; In Joule: 1.60218e-10
double h = 50. *60. %s; Vel ocity of 20 knl h:
dovble welocity = Z0. *km/h; : :
cont << "Welocity of 20 km/h:" << endl I nt ernal : 5. 95556e- 06
<< " 1nternal : " << welocity << endl knt h 0 20
£¢ " km/h 0 " << welocity/ (Jm/h) << endl m sec . 5. 55556
£ " mfsec "< welocity/imSs) << endl;

Simple Rules:
* all quantities are represented by a double.
* to pass/create a physical quantity, mulitply the

numerical value by its unit
e to read/use a physical unit, divide the numerical
value by the unit you want to have
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Properties of Materials

A detector is made of

Materials
(like anything else
in the world)

Materials have properties:

- mechanical (construction)

- for particle detection

- for other external in-
fluences: magnetic field, ...
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Materials for Geant4 based Simulations

e What is the required material description for the
Geant4 Physics model?

* How can an application developer describe materials
comfortably/naturally?
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Materials for Geant4 based Simulations

* What is the required material description for the
Geant4 Physics model?

- Particles interact with materials

- Physical properties influence the way these interactions
occur

* How can an application developer describe materials
comfortably/naturally?
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Materials for Geant4 based Simulations

* What is the required material description for the
Geant4 Physics model?

- Particles interact with materials

- Physical properties influence the way these interactions
occur

* How can an application developer describe materials
comfortably/naturally?

- Describe them as “known from the textbook”

- Compose mixtures / composites naturally from their
“ingredients”
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Materials in Geant4 are static entities

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...
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Materials in Geant4 are static entities

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...

S, VI
lllll
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Materials in Geant4 are static entities

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...

- Particle interaction does not harm!

* No irradiation effects or radiation damages
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Materials in Geant4 are static entities

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...

- Particle interaction does not harm!

* No irradiation effects or radiation damages
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Materials in Geant4 are static entities

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...

- Particle interaction does not harm!
* No irradiation effects or radiation damages

- Not affected by external influences. Materials don't
change physical properties under

* Mechanical influences (stresses, pressures)

 External electromagnetic fields, i.e. materials don't get
magnetized, electrostatically charged
(-> see later: description of external fields)
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But what to do, if you need
to simulate these things?

- Materials are not affected by time

* Gas does not diffuse, liquids don't flow

e No thermodynamics: no heat transfer, no state changes
(water <-> ice), ...

You have to use a different simulation package
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But what to do, if you need
to simulate these things?

You have to use a different simulation package

* No irradiation effects or radiation damages
- Not affected by external influences. Materials don't

... and/or use Geant4 to calculate the doses/energies ...
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But what to do, if you need
to simulate these things?

You have to use a different simulation package,

and tell the results to Geant4

(e.g. [ron becomes magnetic in an external B-field,
that chamber contains contains Xenon of 3 bar, ...)

* Mechanical influences (stresses, pressures)

 External electromagnetic fields, i.e. materials don't get
magnetized, electrostatically charged
(-> see later: description of external fields)
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So, what are G4 Materials?

 All materials are represented as objects of a single class:
AMat eri al

* AMateri al is a concrete class that
- provides all necessary accessor methods for G4

- represents a homogeneous material made of elements,
compounds, or mixtures of other materials

- Internally, Geant4 decomposes every material into its
constituting elements

 Users can access any material through a static registry:
static const (AMateri al Tabl e* AMateri al :: Get Materi al Tabl e() ;

* There are several ways to define a material in a user-
friendly way through helper classes.
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There's more than one way to do it ...

Material “from scratch” made of a single element:
GAdoubl e z;

// tell the density: (mass per voltime)
Adoubl e density = 1. 390*g/ cnB,;

//. tell the mass of one mole (nmumerically: — atomic weight)
Adoubl e a = 39. 95*g/ nol €;
AMaterial * | Ar =

new AMaterial ("liqui dArgon", z=18., a, density);

/* Note:

* Always create materials on the heap using the new operator.
~ Be extremely careful with the specification of physical units,
~ as Geant4 does not provide many self-consistency checks,

» and the values directly or indirectly enter cross-section

» calculations in the various physics processes employed!!!




There's more than one way to do it ...

Material from compounds:

A compound is made of several elements
(composition by number of atoms)

AString synbol ; Giddoubl e y; G4int nconp, nat ons;
a = 1. 01*g/ nol e; // mass per mole
AElement* elH =

new AEl enent (" Hydr ogen”, synbol ="H", z=1. , a) ;

= 16. 00* g/ nol e;

AEl ement* el O =

new AEl enent (" Oxygen", synbol =" O', z=8. , a) ;
density = 1. 000*g/cnB; // tell the materials density
GAat erifal * H2O = // tell the number off componets

new GANVateri al ("Water"”, density, nconp=2) ;
H20O >AddEl enent (el H, nat ons=2) ;
H20O >AddEl enent (el O, nat ons=1) ;
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There's more than one way to do it ...

Material by elements by fraction of mass

= 14. 01* g/ nol e;
AEl enent* el N =
new AEl enent (nane="Ni trogen", synbol ="N"', z= 7., a);
= 16. 00* g/ nol e;
AEl enent* el O =
new AEl enent (nane=" Oxygen", synbol =" O", z= 8., a);
density = 1.290* ng/ cnB;
AMaterial * Alr =
new AMat eri al (nane="Air", densi ty, nconponent s=2) ;
Al r- >AddEl enent (el N, 70. 0* per Cent ) ;
Al r - >AddEl enent (el O, 30. 0* per Cent ) ;
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There's more than one way to do it ...

Material by mixing (elements & materials)

AEl enent * el C // define “carbon” element
GAhvaterial* SIO2 = ...; // define “quartz” material
ANaterial * HO = ..; // define “water” material

density = 0. 200*g/ cn8B,;
AMateri al* Aerog =

new GAMat eri al (" Aerogel ", densi ty, nconponent s=3) ;
Aer og- >AddMat eri al (SI O2, fract i onnass=62. 5* per Cent ) ;
Aer og- >AddMat eri al (H20O , fracti onnmass=37. 4* per Cent ) ;
Aer og- >AddEl enent (el C ,fracti onmass= 0. 1*per Cent ) ;
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Summary: Materials

e Materials are static entities
- ... and what that means ...

e The concrete class G4Material is the main interface
to material related information

e Materials are stored by name in a static table

* Materials are created/defined directly and/or via
helper classes G4Element, G4Isotope

e And remember:
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Summary: Materials

e Materials are static entities
— ... and what that means ...

e The concrete class G4Material is the main interface
to material related information

e Materials are stored by name in a static table

* Materials are created/defined directly and/or via
helper classes G4Element, G4Isotope

e And remember:

There's more than one way to do it ...

There's more than one way to do it ...
There's more than one way to do it ...
There's more than one way to do it ...
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Geometry

Have you ever wondered where such pictures come from?

In many cases these are visual representations of
the detector representations underlying the
detector simulation program!
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General Requirements on Geometry

e Must be “realistic” for the Physicist

- Particles tracked through the detector must “see” / “feel” a
realistic environment in order to deliver realistic simulations

results

- One has to know which details of the detector are essential and
which can be safely ignored with respect to physics

* e.g., one often can safely ignore glass fiber cables, while inter
crystal gaps (of the same order of magnitude as the cables!!) in
the electromagnetic calorimeter can severely influence the
prediction of the energy resolution ...
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General Requirements on Geometry

* Must conform to several constraints coming from the Geant4
particle-tracking sub-system

- For efficiency reasons the tracking algorithm assumes several
properties of / constraints on the geometry

- Violations of these rules lead to unpredictable simulation results if
not program crashes!

- Example: Geometry must fit into memory ...

 Simulation speed, coherency of simulation

- Unfortunately, Geant4 does not help you very much to enforce
these constraints ...
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General Requirements on Geometry

e Must be compatible with detector models employed by other
experiment software:

- Engineering data / CADs: describe the same detector as it is
actually planned to be built!

- Event reconstruction: In your simulation, if you save the
information that a track has passed silicon wafer No. 4032, the
reconstruction SW should also know about No. 4032 (especially
where in 3D space itis ...)

- Field calculations: very often a specialized SW suite is necessary
to perform complex magnetic field calculations using its own
representation of “the detector”
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General Requirements on Geometry

e Model compatibility

The following focuses on the Geant4 geometry model.

However, bear in mind that for a successful experiment
simulation all three issues are essential!

Later in the lectures, we will come back to
these issues in the scope of CMS.

Experiment Simulation (1) Martin Liendl, CSC 2004 04



Geant4 Geometry Model

* An instance of the Geant4 geometry model (the
“geometry”) represents the detector

 Simulated particles are tracked through the
geometry

- Ray-tracing capability of Geant4

* Properties of the geometry affect the interactions of
particles and thus the way their path is calculated

* Besides geometrical properties, other information
relevant for simulation is attached to the geometry

- Geometry is a natural choice for these properties

 In order to be a valid Geant4 geometry several
constraints must be fulfilled
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Properties of the Geometry Model

* Hierarchical model
* Concept of “logical volume” / “volume”

- Mandatory properties of a volume:

 Has a shape, i.e. there's an inside and an outside of each
volume

e Has a material, i.e. the material that fills the inside of the
volume homogeneously

- Optional properties:

* Can contain children volumes (“daughter volumes” in G4
lingo) placed in the inside of the parent volume

 External field description in the inside
e Data extraction during simulation: sensitivity, cuts

 Extensible model
- Add your custom made shapes!
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* Concept of “logical volume” / “volume” =

- Mandatory properties: cl ass HALogi cal Vol une

e H h - cl ass AVSol i d
as @ shape cl ass AMat eri al
e Has a material 4—'_

GdLogicalVolume| . GaVsolid

-fhame: 45t ng

1

ki
GAMaterml

Experiment Simulation (1) Martin Liendl, CSC 2004 067



* Concept of “logical volume” / “volume” =

- Mandatory properties: cl ass HALogi cal Vol une

e H h <«—Jclass AVsol | d
as a shape cl ass AMat eri al
e Has a material 4—'_

Note: solids and materials can be shared among volumes!

G4LogicalVolume * G4VSolid

-fhame: 45t ng

3
1

ki
GAMaterml
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* Concept of “logical volume” / “volume” =

- Mandatory properties: cl ass HALogi cal Vol une

e H h - cl ass AVSol i d
as a Shape cl ass AMat eri al
e Has a material 4—'_

Note: solids and materials can be shared among volumes!

Example:
T — e CMS Electromagnetic Calorimeter
_fna:e.msmﬂ: i ~80.000 crystals which come in
B 1 ~30 shapes
% and are all made of lead-tungstate (PbWO 4).
1
W/

GAMaterml

. . . Two crystals of the CMS ECAL
Experiment Simulation (1)
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* Concept of “logical volume” / “volume” =

- Mandatory properties: cl ass HALogi cal Vol une

S Sl &) o b - cl ass AVSol | d
pe cl ass AMat eri al
e Has a material 4—'_

Note: solids and materials can be shared among volumes!

Example:
T ———— e CMS Electromagnetic Calorimeter
_fna:E.mmﬂ k ~80.000 crystals which come in
| : 1 ~30 shapes
% and are all made of lead-tungstate (PbWO 4).
=>
1 for describing 80.000 crystal volumes we need only:
mmlfﬂh, 1 instance of G4Material describing lead-tungstate

~30 instances of G4VSolid describing the shapes

(We will soon see that we don't necessarily
need 80.000 instances of G4LogicalVolume

to describe all crystals because of the hierarchical character of
the geometry model.)

Experiment Simulation (1)
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* Concept of “logical volume” / “volume”

- Constructor:

ALogi cal Vol ume(
AVSol 1 d* s,
HAMaterial * m

const (AString& nane,

AFi el dManager* fm = 0,
AVSensi tiveDetector* sd=0,
HAUser Li mts* ul =0,

Abool optim se=true)

The (mandatory) const G4String& argument is the
name of the volume. It's not required to be
unique, but it's a good & common practice to choose
unique names ...
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[ame Type Parametars

: AddDaughter (md) inline woid (G4VPhysicalVWolume +)
° EecomeEnvelopeForFastSimulation{md) inline wvoid (GdFastSinvlationManager *)
Q ClearDaughters (md) inline woid ]
ClearEnvelopeForFastSimulation(md)  woid (GdLogicalWolume *)
E ~GdLogicalVolume (md) int ]
GdLogicalW¥olume (md) int (Gd¥solid *, GdMaterial *, const GdString &, GAFi1
= GetBiasWelght (md) inline Gddouble 0
[ | GetDaughter (md) inline G4VPhysicalVolume * (const Gdint)
° GetFastSimulationManager (md) inline G4dFastSimulationManager * 0
> GetFieldManager (md) inline G4FieldManager * ]
ol GetMaterial (md) inline GdMaterial * 0
a GetMaterialCutsCouple (md) inline const G4MaterialCutsCouple * ()
GetName (md) inline Gd5tring ]
Q GetMoDaughters (md) inline Gdint ]
ops| GetRegion (md) inline G4dReqgion * ]
a GetSensitiveletector (md) inline G4¥SensitiwveDetector * ]
° GetSmartless (md) inline Gddouble ]
d GetSolid(md) inline G4¥Solid + ]
GetUserLimits (md) inline G4UserLimits * ]
Q GetVishttributes (md) inline const GdVisAttributes + i
Q GetWoxelHeader (md) inline GdSmartVoxelHeader * ]
Istncestor (md) Gdbool (const G4¥PhysicalVolume *)
H IsDanghter (md) inline G4dbool (const G4WPhysicalWolume +)
° IsRegion{md) inline G4dbool i
IsRootRegion (md) inline Gdhool ]
Q IsTolptimise (md) inline Gdbool ]
Q operator==(md) int (const G4LogicalVWolume &)
PropagateRegion (md) inline woid ]
G RemoveDanghter (md) inline woid (const G4¥PhysicalVolume *)
t SetBiasWeight (md) inline woid (Gddouhle)
SetFieldManager (md) woid (G4FieldManager *, Gdbool)
Q SetMaterial (md) inline woid (GdMaterial *)
“ SetMaterialCutsCouple (md) inline woid (GdMaterialCutsCouple *)
= SetMame (md) inline woid fconst GdString &)
o Setlptimisation (md) inline woid (Gdhool)
SetRegion (md) inline woid (G4Region *)
0 SetRegionRootFlag (md) inline woid (Gdbool)
: SetSensitiveletector (md) inline woid (Gd¥sSensitiveletector *)
a SetSmartless (md) inline woid (Gddouhle)
SetSolid(md) inline woid (Gd¥solid *)
= SetUserLimits (md) inline woid (GdUserLimits *)
m Set¥Wisattributes (md) inline woid (const GdVisattributes &)
SetVisadttributes (md) inline woid (const GdVisdttributes *)

Experiment Simul SetVoxelieader (md) inline woid (GdSmart¥oxelHeader #*)



inline void i wsicalWolume +)
orFastSimulationi{md) dinline wvoid [ G stSimulationianager *)
inline woid 3

Don't be scare!
I - Many G4-classes have a rich public interface

- Most methods have obvious signatures,
e.g. G4Material* GetMaterial() const;

- Unfortunately, allover Geant4 a clear distinction
between user-methods and methods
internally used by the Geant4 kernel only
is lacking ...

- Read the official G4-documentation!

- ... and don't be scared!
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G4LogicalVolume

-fhame: G45trng

*

Solids

1

GAMaterml

Experiment Simulation (1)
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Solids

GAdLogicalVolume| . Gavsolid

T

1 G4dBoolean5Solid G405 Golid

1 i

GaMaterial
G4UnioSolid U G4SubtractionS olid G4Box GATubs

-fhame: G45tH ng

* (Geant4 ships with a large set of solid classes

e The G4 kernel uses solids only via their abstract
interface G4VSolid
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Properties of Solids
e A G4VSolid has

- a well defined inside, outside, and boundary/surface within certain
numerical tolerances

surface
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Properties of Solids
e A G4VSolid has

- a well defined inside, outside, and boundary/surface within certain
numerical tolerances

- has a cartesian system of reference

surface
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Properties of Solids
e A G4VSolid has

- a well defined inside, outside, and boundary/surface within certain
numerical tolerances

- has a cartesian system of reference

- supports a set of geometrical calculations w.r.t. its reference system,
e.g.
* Is point (x,y,z) inside, outside, or on surface?

* Being at point (x,y,z) and looking into direction (u,v,w), what is the
distance to the surface? A

y

inside
surface
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Properties of Solids
e A G4VSolid has

- a well defined inside, outside, and boundary/surface within certain
numerical tolerances

- has a cartesian system of reference

- supports a set of geometrical calculations w.r.t. its reference system,
e.g.
* Is point (x,y,z) inside, outside, or on surface?

* Being at point (x,y,z) and looking into direction (u,v,w), what is the
distance to the surface? A

y

surface
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G4vVSolid — wG4BooleanSolid —  wBdIntersectionSolid

| wGdS5vbtractionSolid

L wG4UnionSolid

— wG4BRFPSol1dBox

| w G4BREPSolidCone

|y G4BREPSolidCylinder
| w B4BRFPSo0l1dPCone

L G4BREPSolidPolyhedra
L w G4BREPSolidSphere
% G4BRFPS0lidTorus

% G4BRFPSolid

| wG4ACSGSo0lad _ wG4Box

= G4Cons

| wG40rb

L wG4Para
. G4Sphere
L wG4Torus
_ wG4Trap
L G4Trd
% G4Tubs

| w G401 splacedSolid
L »G4Elliptical Tube
L w GdHype

L wG4ReflectedSolid
[ »G4VESGiaceted

— »G4Polycone
| »G4Polyhedra
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G4vVSolid — wG4BooleanSolid

% G4BRFPSolid

% G4CSG6S0lid

—  wBdIntersectionSolid

| wGdS5vbtractionSolid

L wG4UnionSolid

— = G4BRFPSol1dBox

| G4BRFPSolidCone

| G4BREPSolidCylinder
| B4BRFPSo0lidPCone

L G1BREPSolidPolyhedra
L wG4BREPSolidSphere
% G4BRFPS0lidTorus

— 3 Gd4Box
= G4Cons
| G40rb
. G4Para
__wG4Sphere
L G4Torus
= G4Trap

L 5 G4Trd

L wGdHype

| wGAVCSGLaceted

Experiment Simulation (1)

| . G4dTubs

| w G401 splacedSolid
L »G4Elliptical Tube

|y GdReflectedSolid

— »G4Polycone
| G4Polyhedra

One instance of one of
these classes defines

a solid which is treated
as a whole (atomic) by
the Geant4 kernel.

Constructors

take the parameters
for the dimensions of
the solids.
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“Atomic” Solids

G4vVSolid — wG4BooleanSolid —  wBdIntersectionSolid

| wGdS5vbtractionSolid

L wG4UnionSolid

— = G4BRFPSol1dBox

| G4BRFPSolidCone

| G4BREPSolidCylinder
| B4BRFPSo0lidPCone

L G1BREPSolidPolyhedra
L wG4BREPSolidSphere
% G4BRFPS0lidTorus

% G4BRFPSolid

Trapezoid

_ »G4Box

% G4CSG6S0lid

= G4Cons

. G40rb V4
|y G4Para V4
__wG4Sphere 7

| . G4Toxrus 7

AT0d

= G4Trap /7

'S9U0D0

L 5 G4Trd _

| wG4DisplacedSolid ) ——
/ N ¥

|, G4E1lipticalTube b & _—

. 7 o i

— 4}[&'1]& / /

____»GdReflectedSolid / ”

[ »G4VESGiaceted — »G4Polycone ”

| G4Polyhedra
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G4¥VSolid

— wG4BooleanSolid —  wBdIntersectionSolid

| wGdS5vbtractionSolid

| wGdlinionSolid

—»G4BREPS0lidBox GAdoubl e xHal f, yHal f, zHal f;
| GIBRFPSolidCone

| B4BREPSolidCylinder AVSol i d* solid =
| G4BREPSolidPCone new ABox(“Wafer”,
|, G4BREPSolidPolyhedra xHal f=3. 2*cm

: Hal f =2. 7*cm
_pﬂiﬂREPSulz-LdSphere >z/HaI f=1 1% I’TTT) :
| » G4BREPS0lidTorus

% G4BRFPSolid

% G4CSG6S0lid

_ »G4Box ~N
| GdCons ~N y

. ~ xHal f
——— - I iy \
. BG4Para ~
__wG4Sphere
| . BiTorus \

= G4Trap

LJIEH/(
S

| G4Trd Z
| GdTubs

| w G401 splacedSolid
L »G4Elliptical Tube
L wGdHype

| wG4ReflectedSolid

[ »G4VESGiaceted — »G4Polycone

| G4Polyhedra
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G4¥VSolid

% G4BRFPSolid

% G4CSG6S0lid

L wGdHype

| wGAVCSGLaceted

Experiment Simulation (1)

— wG4BooleanSolid

Composite Solids

— e hBdIntersectionSolid

| s GdSupbtractionSolid

L »G4TmionSolid

— = G4BRFPSol1dBox

| G4BRFPSolidCone

| G4BREPSolidCylinder
| B4BRFPSo0lidPCone

L G1BREPSolidPolyhedra
L wG4BREPSolidSphere
% G4BRFPS0lidTorus

— 3 Gd4Box
= G4Cons
| G40rb
. G4Para
__wG4Sphere
L G4Torus
= G4Trap

L 5 G4Trd

| . G4dTubs

| wGdD1splacedSolid
L »G4Elliptical Tube

| GdReflectedSolid

— »G4Polycone
| G4Polyhedra

One instance S of a
composite solid refers
to at least one other
instance of a solid S'

S defines certain
operations on S'
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Boolean Solids

G4¥VSolad — w»G4BooleanSolid — wG4IntersectionSolid
L wG4SubtractionSolid
L »G4TmionSolid
% G4BRFPSolid — wG4BRFPSol1dBox
| w G4BREPSolidCone
|y G4BREPSolidCylinder
| w B4BRFPSo0l1dPCone
L G4BREPSolidPolyhedra
L w G4BREPSolidSphere
% G4BRFPS0lidTorus
% G4CSG6S0lid — 3 Gd4Box
= G4Cons
| B4k
G
Y ||||I||‘M'lim
|
o f
E K
S L
| w G401 splacedSolid
L »G4Elliptical Tube
L w GdHype
L wG4ReflectedSolid
[ »G4VESGiaceted — »G4Polycone
| »G4Polyhedra

Experiment Simulation (1)

C = G4UnionSolid(A,B)

C = G4SubtractionSolid(A,B)

T

e el d C = G4IntersectionSolid(A,B)
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Displaced Solid

G4vVSolid — wG4BooleanSolid —  wBdIntersectionSolid

| c4SubtractionSolid Displaces the frame of
[ »G4UnionSolid I‘eference

— »G4BREPS0lidBox

| w G4BREPSolidCone
|y G4BREPSolidCylinder
| w B4BRFPSo0l1dPCone

L G4BREPSolidPolyhedra
L w G4BREPSolidSphere
% G4BRFPS0lidTorus

% G4BRFPSolid

S' = G4Trap

_ wG4Box

% G4CSG6S0lid

| »G4Cons
| wG40rb
e S = G4DisplacedSolid(S',T,R)
| wG4Torus A

_ wG4Trap
L % G4ATrd

L »G4Elliptical Tube
L w GdHype

L wG4ReflectedSolid
| wG4VCSGfaceted

— »G4Polycone
| »G4Polyhedra
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Reflected Solid

G4vVSolid — wG4BooleanSolid —  wBdIntersectionSolid

| wGdS5vbtractionSolid

L wG4UnionSolid

— wG4BRFPSol1dBox

| w G4BREPSolidCone

|y G4BREPSolidCylinder
| w B4BRFPSo0l1dPCone

L G4BREPSolidPolyhedra
L w G4BREPSolidSphere
% G4BRFPS0lidTorus

% G4BRFPSolid

_ wG4Box

% G4CSG6S0lid

____wG4Cons

| wG40rh
____»GdPara
. G4Sphere
___ »G4Torus

_ wG4Trap

| % G4Trd
| GdTubs

| w G401 splacedSolid
L »G4Elliptical Tube

L w GdHype

| wGAVCSGLaceted

— »G4Polycone
| »G4Polyhedra
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Reflected Solid

G4vVSolid — wG4BooleanSolid —  wBdIntersectionSolid

| wGdS5vbtractionSolid

L wG4UnionSolid
— wG4BRFPSol1dBox
| w G4BREPSolidCone
|y G4BREPSolidCylinder
| w B4BRFPSo0l1dPCone

L G4BREPSolidPolyhedra
L w G4BREPSolidSphere
% G4BRFPS0lidTorus

% G4BRFPSolid

_ wG4Box

% G4CSG6S0lid

____wG4Cons

| wG40rh
____»GdPara
. G4Sphere
___ »G4Torus

_ wG4Trap

| % G4Trd
| GdTubs

| w G401 splacedSolid
L »G4Elliptical Tube

L w GdHype

| wGAVCSGLaceted

— »G4Polycone
| »G4Polyhedra
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— wG4BooleanSolid

% G4BRFPSolid

% G4CSG6S0lid

_ w G4BRFPS0lidBox

— 3 Gd4Box
= G4Cons

| wG40rb

L wG4Para
. G4Sphere
L wG4Torus
_ wG4Trap
L G4Trd

| . G4Tubs

| w G401 splacedSolid
L »G4Elliptical Tube

L w GdHype

|y GdReflectedSolid

| wGAVCSGLaceted

Experiment Simulation (1)

— »G4Polycone
| »G4Polyhedra

—  wBdIntersectionSolid
| wGdS5vbtractionSolid
| wGdlinionSolid

| »G4BREPSolidCone

|y G4BREPSolidCylinder
 »G4BREPSolidPCone

L G4BREPSolidPolyhedra
L w G4BREPSolidSphere

| G4BREPS0l1dTorus

By implementing the
G4VSolid interface,
you can extend the

list of solids by your
own solids!

smallprint:

... but looking into the G4 code
for existing solids, you'll soon

realize, that it's not so easy ...
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What we have up to now:
* Physical Unit
- multiply, divide

e Material
- simple, composites
* Solid

- frame of reference,
inside, outside, surface

- atomic, composite
* Logical Volume

- points to a mandatory
solid and a mandatory
material

Experiment Simulation (1)

Material: PbOWO,

How can we
? describe a ?
O complex detector ©
using these ingredients?
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