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Key Geant4 functionalities

 Geant4 is a general purpose Monte Carlo simulation tool
for elementary particles passing through and interacting
with matter. It finds quite a wide variety of user domains
including high energy and nuclear physics, space
engineering, medical applications, material science,
radiation protection and security.

 Geant4 offers most, if not all, of the functionalities
required for the simulation of elementary particle and
nucleus passing through and interacting with matter.

— Kernel

— Geometry and navigation

— Physics processes

— Scoring

— GUI and Visualization drivers

* Thanks to the polymorphism mechanism of C++, the
users can easily plug-in their extensions without
interfering with the other part of Geant4.

« Extensive user guide documents and examples are
provided.
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Key geometry capabilities

* Richest collection of shapes

— CSG (Constructed Solid Geometry),
Boolean operation, Tessellated solid, etc.

— The user can easily extend

e Describing a setup as hierarchy or ‘flat’
structure

— Describing setups up to billions of
volumes

— Tools for creating & checking complex
structures

— Interface to CAD

* Navigating fast in complex geometry model
— Automatic optimization

« Geometry models can be ‘dynamic’

— Changing the setup at run-time, e.g.
“moving objects”
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Physics models in Geant4

* Geant4 offers
— Electromagnetic processes
— Hadronic and nuclear processes
— Photon/lepton-hadron processes
— Optical photon processes
— Decay processes
— Shower parameterization
— Event biasing techniques
— And you can plug-in more

Geant4 provides sets of alternative physics models
so that the user can freely choose appropriate
models according to the type of his/her application.

— For example, some models are more accurate
than others at a sacrifice of speed.

TGS
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Geant4 History

n

Early discussions, for example at CHEP 1994 @ San Francisco
— “Geant steps into the future” R. Brun et al.

— “Object oriented analysis and design of a GEANT based detector
simulator” K. Amako et al.

* Dec’94 — R&D project start
003 §  Apr’97 - First alpha release
x5 « Jul '98 - First beta release
 Dec 98 - First Geant4 public release - version 1.0
§ » Several major architectural revisions
o — E.g. STL migration, “cuts per region”, parallel worlds, multithreading
s
£ « Dec 8t ’17 — Geant4 version 10.4 release
g — May 25", ’18 - Geant4 10.4-patch02 release 4= Current version
* We currently provide one public release every year.
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Introduction
Geant4 is being used in many different fields where simulation of
radiation passing through and interacting with matter is critical.
User domains include: high energy and nuclear physics, medical
physics and space engineering, shielding protection and more.
Its abstract layers based on robust OO design enables flexibility
and extendibility of the code, and its open-source code and open
collaboration have alk d sub: ial i of the code.

o SO @TRIUMF Ak

Northeastern
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New era - Geant4 version 10 series
The new release of Geant4 —Version 10.0 (December 2013)
include event-level parallelism via multi-threading. To efficienty
use new computing architectures the workload of a single job is
sub-divided to many worker threads each responsible for the
simulation of one or more events. Version 10.0 has already shown
good scalability on a number of different architectures: Intel Xeon
servers, Intel Xeon Phi co-processors and low-power ARM

" “@ENBG 3ZEFermilab

New features are constantly added to the code, while increasing
attention is paid to improving software performance and 3
robustness by employing cutting-edge software engineering v c APY re-design -
technologies. .

processors

New physics

What's new = mewerye

PETIEYN Geant4 design allows it to be applied
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£ % .~ to new physics domains. These include”
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The flexibility and extendibility of
<z E Geant4 design also enables handling rich . "
P PARIS collection of shapes including CSG ¥ mmaee
S {Constructed Solid Geometry). Boolean

operation, Tessellated solid, etc. and the
user can easily add new shapes. Geant4
geometry navigation can deal with
setups up to billions of volumes with
automatic optimization. In addition,
geometry models can be "dynamic’, iLe.
changing the setup at run-time, e.g.
“moving objects™.

Investments for the future
Geant4 collaboration r
explorations of emerging tech
GPU/CUDA. OpenCL. OpenACC, vectorization, DSL. etc.

Software quality assurance

Geant4 uses modern tools to manage the code and improve code
quality: from handling issues with JIRA to continuous testing
integration with CTest/CDash, profiler based optimizations,
Quality/Assurance (Coverity. Valgrind, etc.), and IDE integration
(Xcode, Edlipse,VisualStudio).
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Geant4 version 10 series

n

e Therelease in 2013 was a major release.

— Geant4 version 10 —release date : Dec. 6, 2013
* The highlight is its multi-threading capability.

— The world first large-scale physics software fully multithreaded
« Geant4 version 10 series will be evolving.

— Performance improvements (both in physics and computing)

— Missing functionalities yet to be migrated to multithreading,

— Additional APIs

— Additional functionalities

— New physics

GAMT GAMT
prototype-9.4 prototype-9.5
(2011) (2012)

G4 10.0.beta G4 10.0 G4 10 series

(Jun.2013) (Dec. 2013) (2014~)

* Proof of * MT code * APlre-design ¢ Production e« Further
principle integrated ¢ Example ready refinements
* |dentify into G4 migration e Public
objects to * Furthertesting  release
be shared * First
* First testing optimizations
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We are making it faster!

(4 50 GeV proton FTFP_BERT

Q . | | | I |

ST R AMD Opteron 6128 HE @2.00 GHz

z GCC4.9.2/Linux x86_64
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2 0.7k ® CMS Geometry and Magnetic Field Map |

CCEcs ' = Simple Calorimeter (Cu-Scintilator) and B=4T
0-6 | | | | |

9.4 9.5 9.6 10.0 10.1 10.2
Geant4 Version

ATLAS : “The 10% CPU improvement we gain from the move from G4 9.6 to
10.1 is invaluable to the collaboration.”
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Many core, many thread

el A

CMS geometry (GDML), =~ 50 GeV (FTFP_BERT), B field (4T) - KNL

* For three years we have provided

100 |

Version 10.2-p02 on KNL
(strong-scalability)

20}

support for running Geant4 on KNC.

— ATLAS, CMS successfully
multithreaded

 We will soon extend our support to
KNL.

— With KNL, thanks to x86 binary
compatibility including the use
of gcc, work-flow is

50 100 150 200
Num Threads

%0 tremendously simplified.

System Time to completion (5k events)
Xeon E5-2620 @ 2.1 GHz 570's

(12 cores, 24 threads)

KNC (31s1P) @ 1.0 GHz (228 threads) 1000 s

KNL (7210, quadrant mode, MCDRAM only)
@ 1.3 GHz (255 threads)

378 s (x3 improvement w.r.t. KNC)

KNL (shared library)

480 s (25% slower than static library)

Kernel I - M.Asai (SLAC)
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More memory-efficient, more HPC friendly ., ..

D AN

Version Intercept ENZIGTCECI e Geant4 has successfully run with
a combination of MT and MPI on
96 (seq)) 115 MB (113 MB) Mira Bluegene/Q Supercomputer
10.0.p02-seq 170 MB (170 MB) (@ANL) with all of its 3 million
10.0.p02-MT 151 MB 28 MB threads
10.3.beta-MT 148 MB 9 MB — Full-CMS geometry & field
Memory space required for Intel Xeon Phi 3120A * |/Oisthe limiting factor to scale

Full-CMS geometry (GDML), 4 Tesla field, 50 GeV pi- (FTFP_BERT) |arge concurrent threads:

# of CPU | # of threads |Speed-up | efficiency — Granular input data files, output
factor data/histograms, etc.
(o)
80 79 98. 8% — 2017 work item

160 Vg 98. 8% — Targeting also Cori @ NERSC
320 317 Q9. 0% 1w i s s i

640 626 97 80g €0 mimenian S—
160 1280 1251 97. 7%
320 2560 2297 89. 7%
5120 3555 69. 4%

Tachyon-2 supercomputer @ KISTI (South Korea)
FTFP_BERT physics validation benchmark

Walltime ¢ Locaton % Queue

Jobld ¢ Project s Run Time ~
B creroyreC 2 00:00:26 01:00:00 MIR-00000-7BFF1-49152 prod-capability
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Without MT

With MT

Py TN

Detector geometry & Transient per event
cross-section tables MEMORY SPACE data (tracks, hits, etc.)

l/ _ AVAILABLE CORES

J\

Actlve cores Unused cores
MEMORY SPACE

Active cores
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Split class — case of particle definition

el A

@k N

* In Geant4, each particle type has its own dedicated object of G4ParticleDefinition class.

— Static quantities : mass, charge, life time, decay channels, etc.,

* To be shared by all threads.

— Dedicated object of G4ProcessManager : list of physics processes this particular
kind of particle undertakes.

* Physics process object must be thread-local.

<shared>

<static singleton>

G4ParticleDefinition

- G4double mass

- G4double charge
- G4double lifetime
- Decay table

-G4int

particlelndex

G4PartDefSplitter TLS pointer
- Array of TLS - Proc man*
pointers of p "
G4ProcessManager rfoc man
_ *
- TLS pointer Proc man
-TLS pointer _
, - Proc man*
- TLS pointer
>TLS pointer
- TLS pointer
- TLS pointer

Kernel I - M.Asai (SLAC)
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User’s code migration

el A

@ e N
e If you have a running code with version 9.6 and you want to stick to sequential mode,

you do not need to migrate. It should run with version 10.0.

— Except for a few obsolete interfaces that you had already seen warning messages
in v9.6.

* Migration of user’s code to multi-threading mode of Geant4 version 10.0 should be
fairly easy and straightforward.

— Migration guide is available.

— Geant4 users guides are updated with multi-threading features.

— Most examples have been migrated to multi-threading.

— Geant4 tutorials based on version 10.0 has already started.
e G4MTRunManager collects run objects from worker threads and “reduces”.
* Toughest part of the migration is making user’s code thread-safe.

— Itis always a good idea to clearly identify which class objects are thread-local.
» Every file I/O for local thread is a challenge

— Input : primary events : examples are offered in the migration guide.

— Output : event-by-event hits, trajectories, histograms

Kernel I - M.Asai (SLAC)




New features in geometry

* New command-based geometry overlap checks
— Built-in check with random points on surfaces
— Resolution and tolerance are tunable

e Introduction of gravity field and magnetic field
gradient
e Optional new AIDA Unified Solid library

— Optimized implementation of a large
number of primitives and constructs

— For example, the time required to compute
intersections with the tessellated solid was
dramatically reduced.

e Several new shapes including extruded solid
e New multi-union structure

— Replace multiple use of binary Boolean
unions

Inside

DistanceToln
DistanceToOut

Number of facets 164.149
Number of voxels 100.000

Memory saved 22%
g—  COMpared with (51MB)

D )
w FE ; —— 4 original Geant4
2 4 2 »
4 %10

— Far better performance
for combining more
than O(10) unions

Y -
el




New features in EM physics

n

Multiple/single scattering
— Introduction of optional displacement on geometrical boundary
— New G4LowEWenzalVIModel for low-energy applications
 Gamma processes
— Photo-effect and Compton cross-sections at low-energy integrated
* High-energy models
— Improvements in gamma->muons, positron->hadrons and positron->muons
— Synchrotron radiation for all particle types
* Atomic de-excitation

— New alternative fluorescence dataset
(Bearden)

* New radiolysis process for water and silicon

— Physics stage followed by physico-
chemical and chemical stage

* Introduction of phonon transport with a new
concept of crystal

* Channeling effect in straight and bent crystal
Lots of code refinements along with MT

Kernel I - M.Asai (SLAC)



New features in hadronic physics

n

 FTFP_BERT is now the recommended physics list for most of high-energy use-cases
* Generation of Isomer (a.k.a. metastable nuclides)

— by default lifetime > 1 nsec
* Neutron_HP is extended to Particle_HP to cover p, d, t, o
e Alternative low-energy neutron model with GND (Generalized Nuclear Data) format
* Liege intra-nuclear cascade model (INCLXX) extended up to 20 GeV
 FTF model extended to nucleus-nucleus and antinucleus-nucleus interactions

* Radioactive decay redesigned 3
with rare decay channels 121 e—e 10.1

* New hadron stopping models  1.1}| *—* 10.0.p03
based on Bertini "~ 10|| *—* 9.6.p03
« Decommission of LHEP and ~ » "9|

CHIPS models S0
=0Tt

0.6

0.5

0.4L L
10° 10! 10°
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Hadronic Model Inventory

Photo-nuclear, electro-nuclear, muon-nuclear >

Electro-nuclear dissociation >
High Prec. Particle QMD (ion-ion)
LEND Wilson Abrasion

High prec. neutron

Evaporation
Fermi breakup Pre- |
Multifragment | compound Quark Gluon string
Photon Evap Fritiof string >

INCL++
Binary cascade

Bertini-style cascade
1 MeV 10MeV 100MeV 1GeV 10GeV 100 GeV 1TeV
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New biasing scheme

n
b
)

* Event biasing (a.k.a. variance reduction) scheme has been fully revised at version 10.
* It allows treating many biasing options in coherent manner.
e Such options include:
— Physics process biasing : alters physics process
* Cross-section biasing, forced interaction, forced passage, etc.
* Biasing final products of an interaction, e.g. distribution
— Non-physics biasing : alters the transportation of particle
* Geometrical importance, splitting / Russian roulette, weight window, etc.
* Easily extensible to new (or user-defined) options
* Well-integrated with built-in scoring functionalities.
« New examples are available.

Five of 100 MeV neutrons on Pb/Scinti calorimeter. oIy Z |
Left : analogue simulation Right : splitting with geometrical/importance and probability c¢ntre,




New features in analysis, GUI and visualization

(ad BV g
Dh AN

* New built-in fully-multithreaded histogramming tool
— 1-D and 2-D histograms and scatter plots, n-tuples
— Data format compatible with ROOT, XML, AIDA, CSV

8 0 0 microbeam

 Extensible to other format Y —T———

Help = History |

* GUI and visualization e

' ' Svcenlgrefjvi']e.:z::;k(:l:esnclStoredQl)
— New Qt driver with OpenGL v Py

v ™ [H Boite [0]
* Viewer properties and picking B B ooty
. ™ Dlsobutane [0]
panel, dock-able widgets 4B
» ™ KM [0]

* Multithread output filtering & O tame_0

— More than 30% faster drawing on | s
Show all [ Hide all
OpenGL | |

— Magnetic field lines e e | 0@

auxiliaryEdge False

background 0001 _

culling 1 @ Threads: | All
cutawayMode union

defaultColour 1111 TEWIL

=
4WT0 > -> Total r £ ticl by th tor :
defaultTextColour 0011 G 0 'otal number of particles detected by e gas detector 3

G4WTO >
edge False ERROR: Viewer "viewer-0 (OpenGLStoredQt)"” not found - "/vis/viewer/list"
explodeFactor 1 1mm __to see possibilities. ) . ) :
globalLineWidthScale |1 ERROR: Viewer "none” not found - "/vis/viewer/list

to see possibilities.

g!obaIMarkerScaIe 1 Visualization verbosity changed to errors (2)

hiddenEdge False /tracking/storeTrajectory 2

hiddenMarker True Attributes available for modeling and filtering with
lightsMove object "/vis/modeling/trajectories/create/drawByAttribute” and
0 N "/vis/filtering/trajectories/create/attributeFilter" commands:
I!ghtsThetaPhl 54.7356 ... G4TrajectoriesModel:

lightsVector 111 Event ID (EventID): G4int

lineSegmentsPerCircle | 24 Run ID (RunID): Géint

picking False G4smoothTrajectory:

projection orthogonal

rotationStyle constrain...

Session :
» Picking informations
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S. Agostinelli et al.
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ScienceDirect J. Allison et al. Journals
Recent developments in Geant4

NIM A, vol. 835, pp. 186-225, 2016
Article outline (| Show full outline
. Nuclear Instruments and Methods in
ighlights
Abstract Physics Research Section A: Accelerators,
R Spectrometers, Detectors and Associated
2. Multithreading Equipment
3. Kernel functionalities
4. Recent developments in physics mod... Volume 835, 1 November 2016, Pages 186—225
4.4. Results
5. Toolkit extensions .
v Recent developments in GEanT4
7. Outlook for the next decade , .
Acknowledgments J. Allison®?, K. Amako® 2, J. Apostolakis®, P. Arce®, M. Asai’, T. Aso9, E. Bagli", A. Bagulya', S. Banerjee,

References G. Barrand®, B.R. Beck/, A.G. Bogdanov™, D. Brandt", J.M.C. Brown®, H. Burkhardt?, Ph. Canal,

* Show more

Figures and tables https://doi.org/10.1016/j.nima.2016.06.125 Get rights and content

Under a Creative Commons license

Open Access

= Highlights

» Multithreading resulted in a smaller memory footprint and nearly linear speed-up.
 Scoring options, faster geometry primitives, more versatile visualization were
added.
* Improved electromagnetic and hadronic models and cross sections were
developed.
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BaBar

« BaBar at SLAC is the pioneer experiment in HEP in use of Geant4
— Started in 2000

— Simulated ~2*10'0 events so far

— Produced at 20 sites in North America and Europe

N ﬁ&x\‘*\“ > i i.inii;;i
Now simulating PEP beam line —
as well (-9m < zr < 9m) =

& Courtesy of D.Wright (SLAC)



Large Hadron Collider (LHC) @
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Geant4 in High Energy Physics (ATLAS at LHC)
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Geant4 has been successfully employed for

« Detector design
« Calibration / alignment
« First analyses

T. LeCompte (ANL)
GEANT4 Comparisons with the Calorimeters

- , —r — e
Q200 [ Non diffractive Minimum Bias MC, "/ signals . .

3 F ! O Non GHiractive Minkmum Bias MC. :3.|:~]k:?o‘u1uz 1 Response of the calorimeter to single
® -~ ?a"’ 2000 (V8900 GeV) isolated tracks. To reduce the effect of
£ 150 - Backopound componentol e B noise, topological clusters are used in
Z - summing the energy.

This plot agreed better than we ever
expected. (I sent the student who made it
back to make sure that they didn’ t
accidentally compare G4 with G4.

[ Beam 2009 \s=900GeV 1, [T]
ATLAS Preliminary *

800 1000 1200
m,, [MeV]

Normalized

Invariant mass of pairs of well-isolated
electromagnetic clusters.

—e— Data

The =° mass is within 0.8 + 0.6% of 1072 E
— MC MinBias 1

expectations.

The n° mass is within 3 + 2% of 107
expectations.

-
<
WAL BELELRLLLL B TTTTTrTT_ LILALLL |

t object

The detector uniformity is better than 2%. 5 0 o6 1 15 2 25

E(dR<0.1)p Figures from CMS
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E™ [GeV] £ [GeV]
2 CMS Preliminary 2010 :
1k v —+— Before cleaning
~N
g,os —— After cleaning

I Simulation

This is one of the hardest
things to get right. MET
incorporates everything
measured in the detector
and attempts to identify
non-interacting particles,
such as neutrinos or dark
matter.

Agreement is astounding.

You can even see that the
ATLAS detector is not
quite centered — in both
data and MC.

A GEANT4 event.
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Data and simulation agreements
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ATLAS cavern background study
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¢ X-ray detectors
(CCDs)

Launch December 1999
Perigee 7000 km
apogee 114000 km

Flight through the
radiation belts

& Baffles



High Dispersion Reflection Grating Plate

X-ray diffracted
Gold Reflecting Surface to Cgo Strip

at secondary
focus

50% Non Dispersed X-rays

As the outcome of the simulation, beam shutter

Low-E (~100 keV to few MeV), low-angle
was introduced.

)O_=0 inoe
(~0°-5°) proton scattering: The shutter is closed while XMM is passing

Obscure problem; not much analysed through the radiation belt.

1 A ﬁ :
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1 Some Dimensions are Distorted
e rm I for Clarity of Presentation

Complete GLAST
4 x 4 Array of Towers

v astrophysics

F—1.68 m
? Anticoincidence
hiel

> Shield

y-ray bursts

BeppoSAX Observation of Gamma-Ray Burst

-
on February 28, 1997 =
L
-
L8
—
5 —
3 -
3| =
s (==
g \E) = |
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| Ps of 0.
= | rad Ier?coneas
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GLAST / Fermi
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Courtesy of Fabrizio Fiore and the BeppoSAX Team / ‘ | — : I

GLAST Hits Display

File Name HITS_O.dat
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Event ID 15

Typical telescope: || e , .
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’ Calorimeter IR "
’ / Anticoincidence

New Center
Reset 3D

Save as Gif
View X3D
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’ = electron interactions iy
’ = multiple scattering ' E ’
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Geant4 in space

‘j“
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Akebono RHESST ACE  New Horizons LISA Pathfinder  LISA JWST INTEGRAL
3 i Messenger . Fermi SOHO Herschel Cassini

Astro-H

XMM-Newton
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MSL Radiation Assessment Detector (RAD)

o1 AR

« RAD is a compact, highly capable radiation analyzer to characterize the
full spectrum of space radiation (both charged & neutral particle).

« MSL RAD is currently characterizing the radiation environment on the

surface of Mars. Mass = 1.56 kg
Power=42W

S
| Journal of Geophysical Research: Planets

RESEARCHARTICLE ~ Charged particle spectra obtained with the Mars Science
Laboratory Radiation Assessment Detector (MSL/RAD)
on the surface of Mars

Bent Ehresmann’, Cary Zeitlin', Donald M. Hassler', Robert F. Wimmer-Schweingruber?,
Eckart Bohm?, Stephan Bottcher?, David E. Brinza?, Sénke Burmeister?, Jingnan Guo?,
Jan Kohler?, Cesar Martin?, Arik Posner?, Scot Rafkin', and Giinther Reitz®

10.10

TSouthwest Research Institute, Boulder, CO, USA, 2Christian-Albrechts-Universitat zu Kiel, Kiel, Germany, 2 Jet Propulsion
Laboratory, California Institute of Technology, Pasadena, CA, USA, *Science Mission Directorate, NASA Headquarters,
Washington, District of Columbia, USA, *Deutsches Zentrum for Luft- und Raumfahrt, Cologne, Germany

Key Points:
2  We present charged particle mea-
surements on the Martian surface

Journal of Geophysical Research: Planets

Neutron spectrum

10° = 10
. AN A -~ Planetocosmics
RESEARCHARTICLE ~ Measurements of the neutron spectrum on the Martian : - T bowertow imversion
1 3 539 surface with MSL/RAD - o 2. |3 & Full 16-bin inversion
Spedial Sectlo J.Kéhler!, C. Zeitlin?, B. Eh 3, R.F. Wi h ber', D. M. Hassler’, G. Reitz*, 5 5 S
D.E. Brinza®, G. Weigle®, J. Appel', S. Béttcher!, E. Bohm', S. Burmeister', J. Guo', C. Martin', = = LJ -
A.Posner’, s. Rafkin?, and O. Kortmann® + 1o + 1o 1 =
ife Bay Institute of Experimental and Applied Physics, Christian-Albrechts-University, Kiel, Germany, 2Earth, Oceans and Space = = f
Department, Southwest Research Institute, Durham, New Hampshire, USA, ?Space Science and Engineering Division, > 10° 2 100 IR RES i
Key Points: Southwest Research Institute, Boulder, Colorado, USA, *Aerospace Medicine, Deutsches Zentrum for Luft- und Raumfahrt, 2 I 2 JEN)
+ We calculated the Martian netron Cologne, Germany, *Jet Propulsion Laboratory, California Institute of Technology, Pasadena, Califonia, USA, ©Big Head g R\ ] N
and ganim spocta Endian, LLC, Burden, Kansas, USA, 7Science Mission Directorate, NASA Headquarters, Washington, District of Columbia = = N
+ We compare the results to Planeto- Y 107 10 .
commiee amulations USA, 8Space Science Laboratory, University of California, Berkeley, California, USA N
\\
10° o 2 3 10° o 1 2 3
10 10" 10° 10 10 10 10° 10

E [MeV] E [MeV]
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International Space Station
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2\ PlanetoCosmics et ac
5 Geant4 simulation of Cosmic Rays
in planetary Atmo-/Magneto- spheres

28th International Cosmic Ray Conference — 4277 Cutoff ngldltles Vs pOSition

Geant4 Simulation of the Propagation of Cosmic Rays
through the Earth’s Atmosphere

L. Desorgher, E. O. Fluckiger, M. R. Moser, and R. Biutikofer
Physikalisches Institut, University of Bern, CH-3012 Bern, Switzerland




Solar event gamma-rays

« Electron Bremsstrahlung — induced gammas in
solar flares

« Compton back-scattering
—> observable gamma-ray spectrum
much softer than predicted by simple
analytic calculations

Effects of Compton scattering on the Gamma Ray

Spectra of Solar flares

1.0000 E Jun'ichi KOTOKU
1 National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, JAPAN
b . junichi.kotoku@nao.ac.jp
0.1000F =& E Kazuo MAKISHIMA! and Yukari MATSUMOTO?
E) E ; Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo, 115-0022
} I i and
@ 0.0100 Mitsuhiro KOHAMA, Yukikatsu TERADA and Toru TAMAGAWA
o F RIKEN (Institute of Physical and Chemical research), Wako-shi, Saitama
5 i ! Also at RIKEN
8 0.0010 I 2 Present address: Mitsubishi Electric Co., Ltd.
E (Received ; accepted )
I Abstract
0.0001

Using fully relativistic GEANT4 simulation tool kit, the transport of ener-

Phot c (MeV) getic electrons generated in solar flares was Monte-Carlo simulated. and resultant
oton Ener e -
_gy bremsstrahlung gamma-ray spectra were calculated. The solar atmosphere was ap-



RADSAFE on SEE in SRAMs

= Drain MO

= Drain M8

TCAD Cell gt
Structure: Single Charge Deposition
SRAM Cell
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SRAM Cell Upset

in TCAD: Ne+W Event
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Geant4 Geometry and

0.1 1
Deposited Charge (pC)
523 MeV Neon Event

MRED Energy Deposition for 108 Events
Geant4 Applications in NASA Space Missions - M. Asai (SLAC)




Simulation of Radiation Events

— . — . SLAT
* 63-MeV proton incident on a SiGe Heterojunction Bipolar Transistor (HBT)
* Iso-charge surfaces following a nuclear reaction
100~
80-
@ 60- = 5HP No Buried Layer
= ] = 5HP With Buried Layer
o i
O 40-
20- :I
=] 0- =,

000 005 010 045 0.20
Collected Charge (pC)
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Observed and Predicted SEU Rate for an SRAM e An
™ J

* SRAM used on NASA Messenger
spacecraft

* Observed Average SEU Rate: MU|ti'|ayer6d
Stack

— 1x10° Events/Bit/Day
* Vendor predicted rate using CREME96:

10797 ¢
— 2x10'2 Events/Bit/Day - ® 27 Day Averaged Observed SEU Rate
— Classical Method nearly a os | | RADSAFE Rate
10 — IRPP Method [8]
factor 500 lower than observed rate ’<>;. ;
ks _
* MRED rate (includes reaction products): 2 09 | ifﬁif ? ;¢ ¢ i T o
) i | from known
— Between 1.3x101% and 1.3x10° c [ systematic
q>’ I errors in
Errors/Bit/Day % 10710 Geantd
©
o
10°1
10-12 :

6/12/04 11/9/04 4/8/05 9/5/05 2/2/06 7/2/06
Date




Time evolution of the activation background

Comparison with Geant4

1 hour after irradiated 1 day after irradiated

> > H
Q Q 1 . .
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% Simulation results agrees with experimental data
within a factor of two in terms of the line intensities




Geant4 @ Medical Science

* Four major use cases
— Beam therapy
— Brachytherapy
— Imaging
— Irradiation study
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4D RT Treatment Plan

ource: Lei Xing, Stanford University

»> _
|
ol Y. Yang, S. Huq, L Xing, Med.
A 7hys, 2006
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Lateral Motion of Lung Tumor
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Single cell irradiation

el A

@ e N
 Example of single cell irradiation by 3 MeV alpha particles in a high-resolution cellular
phantom

— 4h or 24h incubated cell
— 64 x 64 x 60 resolution
— 0.36x0.36 x 0.16 um?3 voxel size
* Full CENBG microbeam irradiation setup simulated

i G

m Courtesy of Sebasien Incerti (IN2P3-CNRS / CENBG) u




most common DNA conformation in cells




Condensed Matter Physics in Geant4

*Phonon propagation, including focusing based on
elasticity tensor (right)

¢-/h+ transport, including conduction band
anisotropy and Luke-Neganov emission, under
development (below)
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e-/h propagation with Luke

phonon emission in Ge crystal

Electrons: E = 1.0 V/cm; 20 scatters; TWe =0.007 pn s; V.= -29.5 km/s

0 2 4 X [mm)]

Ho'~ Trajectories: E= 1.0 V/cm; 10 scatters; Time S 3.5ns
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Bent crystal as a collimator

el AL
* Bent crystal can be used as a collimator to deflect particles of beam halo. e
* This study will be extended for T-513 experiment at SLAC LCLS ESTB
Channeled
%eooo—
O h
14000 —
12000
o NOt channeled
8000?— l
20005: A
O ——Zo 20 0 20 20608000

Deflection Angle [urad]

Counts
)
B
TTTT I'ITI"_I_|

10?

o e b v L L v L Ly

Enrico Bagli (INFN/Ferrara) B A ey

« W. Scandale et al., Phys. Lett. B 680

(2009) 129



Complex Vacuum Geometries.” J.Singal, J. Langton, R.
Schindler, Int J Mod Sim Sci Comp, in p&zessﬁéa%\#-ﬁeii

“Geant4 Applications for Model|rfg-Mu+ecu-Iar-'H-aﬁspeFt—m~




Ssymmetry

Those exterior walls, made of concrete 10 feet thick, offer their own
challenge. Based on computer simulations run with the particle physics
software GEANT4, the walls are expected to reduce the resolution to
about 30 centimeters.

In addition, the team must also prepare for the high radiation levels
present just outside of the reactor units.

ors (shown here in green) on either side of
ecord the path of muons (represented by the
rough the reactor. By determining how the

pctors, scientists will compile the first picture of

b with Shawna X.

As time ticks down to the restart of
the Large Hadron Collider,
scientists are making sure their
detectors run like clockwork.

99
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Evaluating remediation of radionuclide contaminated forest
near lwaki, Japan, using radiometric methods
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Muon tomography for nuclear threat detection

Incoming muons (p*) (from natural cosmic rays)

Micro-pattern gaseous -—s—:""/ gt

detector layers for j ---Ju---.-...?
o e ~1¢cm -.**.--.-...‘
Main idea: Multiple Coulomb scattering {
is basically proportional to Z, so we can better than 100 ym .
use it to discriminate materials by Z spatial resolution possible. Aaso s macrincs
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Muon tomography for nuclear threat detection




Simulating x-ray cargo radiography
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nature.com > scientific reports > article

ol Ay
MENU V SC|E§}T|F|C D NS
B__ B Altmetric: 170  Views: 808 More detail »
Article | OPEN

Uncovering Special Nuclear Materials by
Low-energy Nuclear Reac

Figure 1: Illustration of the imaging method using a low-energy

P.B. Rose, A. S. Erickson B, M. Mayer, J. Nattress & |. Jovano Duclear reaction radiation source.

a Neutron/gamma
discriminating detectors

Scientific Reports 6, Article number: 24388 Recei\
(2016) R . . FOE
doi:10.1038/srep24388 e . . b

Download Citation

Applied physics Imaging techniques
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The New Geant4 License

o1 A
L= | =7 gu \ 3
In response to user requests for clarification of Geant4’s distribution policy,
the collaboration recently announced a new license.
866 Geant4: License
[ < »| \E\ |E| €3 http:/ /geant4.web.cern.ch/geant4/license/ ~lQ-
.Makes Clea r the user,s W|de- Download | User Forum | Gallery Icii:]stzalgtdsg )
ranging freedom to use, Geant 4 | | Gearch Ceanct)
extend or redistribute Gea nt4, Home > License Related Links
even as pa rt Of Some for-prOfIt The Geant4 Software License . goc?r:l;re
Ventu re . Established 30 June 2006 for Geant4 release 8.1, subsequent patches and releases. . éﬁS?Cie.COdC
The Ilcense Was released Previous releases are covered by the disclaimer included in the release. douniod.
a|0ng W|th the Iatest Gea nt4 Copyright Holders of the Geant4 Collaboration
Last revision: 30 June 2006
release 8 ) 1 ) The collabpration has established the folloyving list of institutions qnd i.ndividL.JaI.s who
SiMple eNouUGh that yOU CaN st s s s o s s oo
. who holds copyright over it, by writing to John.Apostolakis@cern.ch.
read and understand it. P,
Bath University, Bath, UK
Budker Institute Nuclear Physics, Novosibirsk, Russia
. . Bud_ape_st Technical University, Budapest, Hungary
http://cern.ch/geant4/license/  gaen reuweorroamocey fesadona 08 oo
CIEMAT, Madrid, Spain -
Z
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The Geant4 License

License has 8 points. The points are written clearly and simply.

N

1,2 and 3) Tell the world who the software came from, and don’t claim you are
us.

Installation, use, reproduction, display, modification and redistribution of this software, with or
without modification, in source and binary forms, are permitted on a non- exclusive basis. Any
exercise of rights by you under this license is subject to the following conditions:

1. Redistributions of this software, in whole or in part, with or without modification, must
reproduce the above copyright notice and these license conditions in this software, the user
documentation and any other materials provided with the redistributed software.

2. The user documentation, if any, included with a redistribution, must include the following notice:
"This product includes software developed by Members of the Geant4 Collaboration ( http://
cern.ch/geant4 )."

If that is where third-party acknowledgments normally appear, this acknowledgment must be
reproduced in the modified version of this software itself.

3. The names "Geant4” and “The Geant4 toolkit” may not be used to endorse or promote software,
or products derived therefrom, except with prior written permission by license@geant4.org. If this
software is redistributed in modified form, the name and reference of the modified version must be
clearly distinguishable from that of this software.
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The Geant4 License

4) If you choose to give it away free to everyone, we can have it for free too.
5) You can’t patent the parts we did.

4. You are under no obligation to provide anyone with any modifications of this software that you
may develop, including but not limited to bug fixes, patches, upgrades or other enhancements or
derivatives of the features, functionality or performance of this software. However, if you publish or
distribute your modifications without contemporaneously requiring users to enter into a separate
written license agreement, then you are deemed to have granted all Members and all Copyright
Holders of the Geant4 Collaboration a license to your modifications, including modifications
protected by any patent owned by you, under the conditions of this license.

5. You may not include this software in whole or in part in any patent or patent application in
respect of any modification of this software developed by you.

Kernel I — M.Asai (SLAC)




The Geant4 License

We don’t claim that it works, and we’re not responsible if it doesn't.

6. DISCLAIMER

THIS SOFTWARE IS PROVIDED BY THE MEMBERS AND COPYRIGHT HOLDERS OF THE
GEANT4 COLLABORATION AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF
MERCHANTABILITY, OF SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR
PURPOSE OR USE ARE DISCLAIMED. THE MEMBERS OF THE GEANT4 COLLABORATION
AND CONTRIBUTORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT, COPYRIGHT, TRADE
SECRET OR OTHER PROPRIETARY RIGHT.

7. LIMITATION OF LIABILITY

THE MEMBERS AND COPYRIGHT HOLDERS OF THE GEANT4 COLLABORATION AND
CONTRIBUTORS SHALL HAVE NO LIABILITY FOR DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES, LOSS OF USE, DATA OR PROFITS, OR BUSINESS INTERRUPTION, HOWEVER
CAUSED AND ON ANY THEORY OF CONTRACT, WARRANTY, TORT (INCLUDING
NEGLIGENCE), PRODUCT LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

8. This license shall terminate with immediate effect and without notice if you fail to comply with
any of the terms of this license, or if you institute litigation against any Member or Copyright
Holder of the Geant4 Collaboration with regard to this software.
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Terminology (jargons)

* Run, event, track, step, step point
« Track <— trajectory, step <— trajectory point
 Process
— Atrest, along step, post step
« Cut = production threshold
* Sensitive detector, score, hit, hits collection,

Kernel I — M.Asai (SLAC)




Run in Geant4

ey An

P | B o\
As an analogy of the real experiment, a run of Geant4 starts with “Beam On”.

Within a run, the user cannot change
— detector setup
— settings of physics processes

Conceptually, a run is a collection of events which share the same detector
and physics conditions.

— Arun consists of one event loop.

At the beginning of a run, geometry is optimized for navigation and cross-
section tables are calculated according to materials appear in the geometry
and the cut-off values defined.

G4RunManager class manages processing a run, a run is represented by
G4Run class or a user-defined class derived from G4Run.

— Arun class may have a summary results of the run.

G4UserRunAction is the optional user hook.

Kernel I — M.Asai (SLAC)




Event in Geant4

« An event is the basic unit of simulation in Geant4.

« At beginning of processing, primary tracks are generated. These primary tracks
are pushed into a stack.

« Atrack is popped up from the stack one by one and “tracked”. Resulting
secondary tracks are pushed into the stack.

— This “tracking” lasts as long as the stack has a track.
 When the stack becomes empty, processing of one event is over.

« G4Event class represents an event. It has following objects at the end of its

(successful) processing.
— List of primary vertices and particles (as input)
— Hits and Trajectory collections (as output)

« G4EventManager class manages processing an event. G4UserEventAction is

the optional user hook.
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Track in Geant4

Track is a snapshot of a particle.

— It has physical quantities of current instance only. It does not record
previous quantities.

— Step is a “delta” information to a track. Track is not a collection of
steps. Instead, a track is being updated by steps.

« Track object is deleted when
— it goes out of the world volume,
— it disappears (by e.g. decay, inelastic scattering),

— it goes down to zero kinetic energy and no “AtRest” additional
process is required, or

— the user decides to kill it artificially.
* No track object persists at the end of event.
— For the record of tracks, use trajectory class objects.

« G4TrackingManager manages processing a track, a track is represented
by G4 Track class.

« G4UserTrackingAction is the optional user hook.
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Step in Geant4

(ad BV g
Dh AN

« Step has two points and also “delta” information of a particle (energy loss on the
step, time-of-flight spent by the step, etc.).

« Each point knows the volume (and material). In case a step is limited by a
volume boundary, the end point physically stands on the boundary, and it
logically belongs to the next volume.

— Because one step knows materials of two volumes, boundary processes
such as transition radiation or refraction could be simulated.

« G4SteppingManager class manages processing a step, a step is represented
by G4Step class.

«  G4UserSteppingAction is the optional user hook.

Boundary

Step

Post-step point
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Trajectory and trajectory point

« Track does not keep its trace. No track object persists at the end of event.

« GA4Trajectory is the class which copies some of G4Track information.
G4 TrajectoryPoint is the class which copies some of G4Step information.

— G4Trajectory has a vector of G4 TrajectoryPoint.

— At the end of event processing, G4Event has a collection of G4Trajectory
objects.

« [tracking/storeTrajectory must be set to 1.
« Keep in mind the distinction.
— G4Track «<— G4Trajectory, G4Step «<— G4TrajectoryPoint

« Given G4Trajectory and G4TrajectoryPoint objects persist till the end of an event,
you should be careful not to store too many trajectories.

— E.g. avoid for high energy EM shower tracks.
» (G4Trajectory and G4 TrajectoryPoint store only the minimum information.

— You can create your own trajectory / trajectory point classes to store information
you need. G4V Trajectory and G4VTrajectoryPoint are base classes.
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Particle in Geant4

« Aparticle in Geant4 is represented by three layers of classes.
« G4Track

— Position, geometrical information, etc.

— This is a class representing a particle to be tracked.
» G4DynamicParticle

— "Dynamic" physical properties of a particle, such as momentum, energy, spin,
etc.

— Each G4Track object has its own and unique G4DynamicParticle object.
— This is a class representing an individual particle.
» G4ParticleDefinition

— "Static" properties of a particle, such as charge, mass, life time, decay
channels, etc.

— G4ProcessManager which describes processes involving to the particle

— All G4DynamicParticle objects of same kind of particle share the same
G4ParticleDefinition.
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Tracking and processes

« Geant4 tracking is general.

— ltis independent to
 the particle type
 the physics processes involving to a particle

— It gives the chance to all processes
 To contribute to determining the step length
» To contribute any possible changes in physical quantities of the track
* To generate secondary particles
» To suggest changes in the state of the track

— e.g. to suspend, postpone or Kill it.
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Processes in Geant4
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* In Geant4, particle transportation is a process as well, by which a particle interacts with

geometrical volume boundaries and field of any kind.

— Because of this, shower parameterization process can take over from the ordinary

transportation without modifying the transportation process.

* Each particle has its own list of applicable processes. At each step, all processes listed are
invoked to get proposed physical interaction lengths.

* The process which requires the shortest interaction length (in space-time) limits the step.
* Each process has one or combination of the following natures.
— AtRest
* e.g. muon decay at rest
— AlongStep (a.k.a. continuous process)
* e.g. Celenkov process
— PostStep (a.k.a. discrete process)

* e.g. decay on the fly
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Cuts in Geant4
« ACutin Geant4 is a production threshold.

— Not tracking cut, which does not exist in Geant4 as default.
 All tracks are traced down to zero kinetic energy.
— ltis applied only for physics processes that have infrared divergence
* Much detail will be given at later talks on physics.
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Track status o1 As
« At the end of each step, according to the processes involved, the state of a track
may be changed.
— The user can also change the status in UserSteppingAction.

— Statuses shown in green are artificial, i.e. Geant4 kernel won'’t set them, but
the user can set.

« fAlive

— Continue the tracking.
« fStopButAlive

— The track has come to zero kinetic energy, but still AtRest process to occur.
« fStopAndKill

— The track has lost its identity because it has decayed, interacted or gone
beyond the world boundary.

— Secondaries will be pushed to the stack.
« fKillTrackAndSecondaries

— Kill the current track and also associated secondaries.
« fSuspend

— Suspend processing of the current track and push it and its secondaries to
the stack.

« fPostponeToNextEvent
— Postpone processing of the current track to the next event.
— Secondaries are still being processed within the current event.
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Step status

ol AR
« Step status is attached to G4StepPoint to indicate why that particular step was =
determined.
— Use “PostStepPoint” to get the status of this step.
— “PreStepPoint” has the status of the previous step.
Step

« fWorldBoundary PreStepPoint PostStepPoint

— Step reached the world boundary

fGeomBoundary

— Step is limited by a volume boundary except the world
fAtRestDoltProc, fAlongStepDoltProc, fPostStepDoltProc

— Step is limited by a AtRest, AlongStep or PostStep process
fUserDefinedLimit

— Step is limited by the user Step limit
fExclusivelyForcedProc

— Step is limited by an exclusively forced (e.g. shower parameterization)
process

fUndefined
— Step not defined yet

If you want to identify the first step in a volume, pick fGeomBoudary status in
PreStepPoint.

» If you want to identify a step getting out of a volume, pick fGeomBoundary status
in PostStepPoint



Sequential mode
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main()

G4RunManager

G4EventManager

\

G4TrackingManager

G4SteppingManager
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Multi-threaded mode
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main() Master thread

GauTRunManager [—] | Gékun |

///-\\\
G4WorkerRunManager - hager - ser —-
G4EventManager —- ger —- r —-
G4TrackingManager -—- hager —- ger _-
G4SteppingManager —- nager—- er -_-
Worker thread #0 | Worker thread #1 Worker thread #2
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Shared? Thread-local?

* In the multi-threaded mode, generally saying, data that are stable during the event
loop are shared among threads while data that are transient during the event loop are

thread-local.

* In general, geometry and physics tables are shared, while event, track, step, trajectory,
hits, etc., as well as several Geant4 manager classes such as EventManager,
TrackingManager, SteppingManager, TransportationManager, FieldManager,
Navigator, SensitiveDetectorManager, etc. are thread-local.

 Among the user classes, user initialization classes (G4VUserDetectorConstruction,
G4VUserPhysicsList and newly introduced G4VUserActionlnitialization) are shared,
while all user action classes and sensitive detector classes are thread-local.

— It is not straightforward (and thus not recommended) to access from a shared class
object to a thread-local object, e.g. from detector construction to stepping action.

— Please note that thread-local objects are instantiated and initialized at the first
BeamOn.

 To avoid potential errors, it is advised to always keep in mind which class is shared and
which class is thread-local.
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Extract useful information

« Given geometry, physics and primary track generation, Geant4 does proper
physics simulation “silently”.

— You have to do something to extract information useful to you.
 There are three ways:
— Built-in scoring commands
* Most commonly-used physics quantities are available.
— Use scorers in the tracking volume
« Create scores for each event
« Create own Run class to accumulate scores
— Assign G4VSensitiveDetector to a volume to generate “hit”.

* Use user hooks (G4UserEventAction, G4UserRunAction) to get event /
run summary

* You may also use user hooks (G4UserTrackingAction, G4UserSteppingAction,
etc.)

— You have full access to almost all information
— Straight-forward in sequential mode, but do-it-yourself
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Unit system

* Internal unit system used in Geant4 is completely hidden not only from user’s

code but also from Geant4 source code implementation.
« Each hard-coded number must be multiplied by its proper unit.
radius = 10.0 * cm;
kineticE = 1.0 * GeV;
 To get a number, it must be divided by a proper unit.
G4cout << eDep / MeV << “ [MeV]” << Gdendl;
* Most of commonly used units are provided and user can add his/her own units.

« By this unit system, source code becomes more readable and importing /

exporting physical quantities becomes straightforward.

— For particular application, user can change the internal unit to suitable

alternative unit without affecting to the result.
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G4cout, G4cerr

* G4cout and G4cerr are ostream objects defined by Geant4.
— G4endl is also provided.
G4cout << "Hello Geant4d!” << G4dendl;

« Some GUIs are buffering output streams so that they display print-outs on

another window or provide storing / editing functionality.
— The user should not use std::cout, etc.

» The user should not use std::cin for input. Use user-defined commands provided

by intercoms category in Geant4.

— Ordinary file 1/0 is OK.
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G4cout in multithreaded mode
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* By default, every G4cout string is displayed on the screen in the order as it is generated.

— Aline made by a worker thread is preceded by the worker identifier.
* Itis not very readable if lines of several worker threads interleave.

/control/cout/ignoreThreadsExcept <threadlD>

— Omit cout from worker threads except the specified one.

— If specified thread ID is greater than the number of threads, no cout is displayed
from worker threads. -1 to reset.

/control/cout/useBuffer <true/false>
— Send cout stream to a buffer dedicated to each worker thread.

— The buffered text will be printed at the end of the job for each thread at a time, so
that output of each thread is grouped.

/control/cout/setCoutFile <fileName> <appendFlag>
— Send G4cout stream to a file dedicated to a thread.

— If append flag is true output is appended to the existing file, otherwise file output is
overwritten.

— To return to a display output, use special file name "**Screen**".
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Geant4 kernel

»

»

Geant4 consists of 17 categories.

» Independently developed and maintained

by WG(s) responsible to each category.

» Interfaces between categories (e.g. top

level design) are maintained by the

global architecture WG.

Geant4 Kernel

» Handles run, event, track, step, hit,

trajectory.

» Provides frameworks of geometrical

representation and physics processes.
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Geant4 as a state machine

* Geant4 has seven application states.
— (G4State_Prelnit
* Initial condition
— G4State_Init
* During initialization
— GA4State_lIdle
* Ready to startarun
— GA4State_GeomClosed

initialize

beamOn

* Geometry is optimized and ready to process —Q\J— -----
an event Q.
ol
— G4State_EventProc ~ |
* An eventis processing "é :
— GA4State_Quit o N
L 3 ol
* (Normal) termination g ~-

— GA4State_Abort

» A fatal exception occurred and program is
aborting

Note: Toggles between GeomClosed and EventProc occur
for each thread asynchronously in multithreaded mode.
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To use Geant4, you have to...

 Geant4 is a toolkit. You have to build an application.
« To make an application, you have to
— Define your geometrical setup
« Material, volume
— Define physics to get involved
» Particles, physics processes/models
* Production thresholds
— Define how an event starts
* Primary track generation
— Extract information useful to you
* You may also want to
— Visualize geometry, trajectories and physics output
— Ultilize (Graphical) User Interface
— Define your own Ul commands
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User classes St AG

*  main()
— Geant4 does not provide main().
« Initialization classes
— Use G4RunManager::SetUserlnitialization() to define.
— Invoked at the initialization
» G4VUserDetectorConstruction
» G4VUserPhysicsList
» G4VUserActionlnitialization
« Action classes
— Instantiate in your G4VUserActionlnitialization.
— Invoked during an event loop
» G4VUserPrimaryGeneratorAction
« G4UserRunAction
» G4UserEventAction

« G4UserStackingAction
. G4USerTrackingAction Note : classes written in red are
mandatory.

» G4UserSteppingAction
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The main program

« (Geant4 does not provide a main().
* In your main(), you have to

— Construct G4RunManager (sequential mode) or G4AMTRunManager

(multithreaded mode)
— Set user mandatory initialization classes to RunManager
» G4VUserDetectorConstruction
» G4VUserPhysicsList
» G4VUserActionlnitialization

* You can define VisManager, (G)UI session, optional user action classes,

and/or your persistency manager in your main().
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Describe your detector

« Derive your own concrete class from G4V UserDetectorConstruction

abstract base class.

 In the virtual method Construct(), that is invoked in the master thread

(and in sequential mode)
— Instantiate all necessary materials
— Instantiate volumes of your detector geometry

« In the virtual method ConstructSDandField(), that is invoked in each

worker thread (and in sequential mode)

— Instantiate your sensitive detector classes and field classes and set
them to the corresponding logical volumes and field managers,

respectively.
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Select physics processes

« Geant4 does not have any default particles or processes.
— Even for the particle transportation, you have to define it explicitly.

» Derive your own concrete class from G4V UserPhysicsList abstract

base class.
— Define all necessary particles
— Define all necessary processes and assign them to proper particles

— Define cut-off ranges applied to the world (and each region)

* Primarily, the user’s task is choosing a “pre-packaged” physics list, that
combines physics processes and models that are relevant to a typical
application use-cases.

— If “pre-packaged” physics lists do not meet your needs, you may
add or alternate some processes/models.

— If you are brave enough, you may implement your physics list.
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Generate primary event

« This is the only mandatory user action class.

» Derive your concrete class from G4VUserPrimaryGeneratorAction abstract

base class.

« Pass a G4Event object to one or more primary generator concrete class objects

which generate primary vertices and primary particles.

« Geant4 provides several generators in addition to the

G4VPrimaryParticlegenerator base class.
— G4ParticleGun
— G4HEPEvtInterface, G4HepMClinterface

* Interface to /hepevt/ common block or HepMC class
— G4GeneralParticleSource

» Define radioactivity
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Optional user action classes cr 2
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« All user action classes, methods of which are invoked during “Beam On”, must
be constructed in the user’s main() and must be set to the RunManager.

* G4UserRunAction
— G4Run* GenerateRun()
 |nstantiate user-customized run object
— void BeginOfRunAction(const G4Run*)
» Define histograms
— void EndOfRunAction(const G4Run*)
« Analyze the run

« Store histograms
« G4UserEventAction
— void BeginOfEventAction(const G4Event®)
« Event selection
— void EndOfEventAction(const G4Event*)
» Output event information
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Optional user action classes

« G4UserStackingAction

— void PrepareNewEvent()
* Reset priority control

— GA4ClassificationOfNewTrack ClassifyNewTrack(const G4Track™)
* Invoked every time a new track is pushed

» Classify a new track -- priority control

— Urgent, Waiting, PostponeToNextEvent, Kill
— void NewStage()
* Invoked when the Urgent stack becomes empty
» Change the classification criteria

« Event filtering (Event abortion)
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Optional user action classes

« G4UserTrackingAction
— void PreUserTrackingAction(const G4Track™)
» Decide trajectory should be stored or not
» Create user-defined trajectory
— void PostUserTrackingAction(const G4 Track™)
« Delete unnecessary trajectory
» G4UserSteppingAction
— void UserSteppingAction(const G4Step™)
 Kill / suspend / postpone the track

» Draw the step (for a track not to be stored as a trajectory)
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Sequential mode

main()

N\

G4RunManager

UserRunAction

G4EventManager

G4TrackingManager

UserPrimaryGeneratorAction

UserEventAction

UserStackingAction

G4SteppingManager

UserTrackingAction

UserSteppingAction
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Multi-threaded mode
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main() Master thread
G4AMTRunManager UserRunAction
£ UserR UserR UserR
serRun serRun serRun
G4WorkerRunManager Action anager Action ger Action
/ UserPrimary UserPrimary UserPrimary
GeneratorAction GeneratorAction GeneratorAction
G4Event
Manager UserEventAction T UserEventAction ™ UserEventAction
\ UserStackingAction UserStackingAction UserStackingAction
G4TrackingManager UserTrackingA \ger UserTrackingA UserTrackingA
ction ction ction
G4SteppingManager UserStc-apping ager UserStgpping UserStgpping
Action Action Action

E Worker thread #0 Worker thread #1 Worker thread #2 |



Instantiate user action classes

« G4VUserActionlnitialization has two virtual methods.
* Build()
— Invoked at the beginning of each worker thread as well as in sequential

mode
— Use SetUserAction() method to register pointers of all user actions.

— In multithreaded mode, all user action class objects instantiated in this

method are thread-local.

e User run action instantiated in this method is for thread-local run
* BuildForMaster()
— Invoked only at the beginning of the master thread in multithreaded mode

— Use SetUserAction() method to register pointer of user run action for the

global run.
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Let me remind you...

Define material and geometry
=>» G4VUserDetectorConstruction
Material and Geometry lectures
» Select appropriate particles and processes and define production threshold(s)
=» G4VUserPhysicsList
Physics lectures
* Instantiate user action classes
=» G4VUserActionlnitialization
Hands-on
» Define the way of primary particle generation
=» G4VUserPrimaryGeneratorAction
Primary particle lecture
* Define the way to extract useful information from Geant4
=» G4VUserDetectorConstruction, G4UserEventAction, G4Run, G4UserRunAction
=» G4SensitiveDetector, G4VHit, G4VHitsCollection

Scoring lectures
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