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Geant4 pist MeTUIIMHBI

Four major use cases
Beam therapy
Brachytherapy
Imaging

Irradiation study


http://nica.jinr.ru/
http://nica.jinr.ru/

Geant4 i1s a component of muon
tomography

V.lvanchenko, Geant4



Geant4 for HEP experiments

Monte Carlo simulation of
particle interaction in pp
collision at LHC or
collisions at other
accelerators is
performed by special
Monte Carlo tools

For example, PHYTHIA

Geant4 is responsible for
Monte Carlo simulation
of particle transport in
experimental setup

Hits in detectors

Simulation of electronics
and pileup is performed
by specialized user code

DIGI step

V.lvanchenko, Geant4



$GA4INSTALL/ /source/

analysis g3tog4 materials readout
CMakelL.ists.txt geometry parameterisations run
digits_hits global particles track
error_propagation graphics_reps persistency tracking
event intercoms physics_lists visualization
externals interfaces processes

$GAINSTALL/ /source//processes

biasing decay History parameterisation transportation
CMakeL.ists.txt electromagnetic management scoring
cuts hadronic optical solidstate

$GAINSTALL/ /source/processes/ hadronic/ models/



$GAINSTALL/ /source/processes/ hadronic/ models/

abla de_excitation Inclxx pre_equilibrium
abrasion em_dissociation lend gmd

binary cascade  fission lepto_nuclear quasi_elastic
cascade gamma_nuclear particle _hp radioactive_decay

coherent_elastic im_r_matrix  parton_string theo _high_energy

$GAINSTALL/ /source/processes/ hadronic/ models/parton_string

diffraction hadronization History management ggsm

FTF model String fragm. Quark-gluon
string model



Fritiof mode| B.Andersson et al. Nucl. Phys. B281 289 (1987);
B.Nilsson-Almquist, E.Stenlund, CPC 43 387 (1987).
Hadron-hadron interactions are modeled as binary reactions
atb—a’+b, m>m, mS>m, dW
where a’and b’ are excited states of the initial hadrons a and b.
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Fritiof mode| B.Andersson et al. Nucl. Phys. B281 289 (1987);
B.Nilsson-Almquist, E.Stenlund, CPC 43 387 (1987).
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Charmed particle production in Geant4, FTF model

FTF model: string fragmentation details

For mesons

For baryons,
a’la Kaidalov



hA and AA interactions?

M2 >= M1

36 years old question!
Now, M3 => M2 !



FTF model description of inclusive one-particle distributions ...
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FTF cannot describe K+, K- pro-
duction at 20, 31 and 40 GeV/c.
At higher energies all O.K.

Are exp. data correct? 1o



Problem

Fritiof 1.6, Fritiof 7.0, Hijing, UrQMD 3.3, pp-interaction: NA49 exp. data

0.6 pp->p+X, 158 GeV/c
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Arxiv: 1404.2026 [hep-ph] Toward Description of pp and pC Interactions at High
Energies:

Problems of Fritiof-based Models, V.
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Description of baryon spectrais the problem in all MC models

Exp. Data: V. Blobel et al., Nucl. Phys., B69(1974) 454.

There are some problems with a description of meson spectra

12



Monte Carlo Event Generators
must be validated!

Production of A-hyperons in inelastic p+p interactions at 158 GeV/c

Fritiof 1.6, Fritiof 7.0, Hijing,
UrQMD 3.3, pp-interactions
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New exp. data by NA61/SHINE collab. On Ar-40
+ Sc-45 interactions at high energies (2024)
0 — 10 % centrality

K Teopermueckoii nHTeprnperanun JAHHBIX 0 B3auMOJEHCTBUSX daep
NeW FTF - aAproHa ¢ sapaMi IPH BEICOKAX 3HEPrAAX

B.B. Vaxuncxuii 7Y, A, €. Tanoan™, H. A, Yannii*
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CoBepuieHHO
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0Ka3aJ10Ch TO, YTO
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New FTF:

APproHa C dApaMi IIPHA BBICOKUX HEPIAAX

B.B. Vakunexuit ™Y, A, €. Tanoan™. H. A, Yaunii*
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Quark-gluon string model —-QGSM, a’la Kaidalov
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http://nica.jinr.ru/
http://nica.jinr.ru/

WEB resources

Main Geant4 web includes references to

Download page
Documentation
Main Geant4 publications
we ask to cite these publications in your articles
User forum
This is a place to discuss problems with developers and other users
Bug report system
Announcements
Open-source license
Geant4 virtual machine

It is possible to install a player and ready to use virtual machine to your
PC
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https://geant4.web.cern.ch/
https://geant4.lp2ib.in2p3.fr/

How to start?

Read documentation

Install Geant4 according to manual
Compile Geant4 and examples of interest

Alternatively install virtual machine
Geant4, ROOT, and QT visualization driver will be pre-installed for you

Try to use Geant4 examples
Basic SG4INSTALL/example/basic

Electromagnetic
SGA4INSTALL/examples/extended/electromagnetic/TestEm5
It is possible to used macro files from the example directory or use you own
Study penetration of particles via target — various histograms built-in
SG4INSTALL/examples/extended/electromagnetic/TestEm7
Study profile of energy deposition in the target for various particle type
Observe the Bragg peak of ionization

Hadronic

SG4INSTALL/examples/extended/hadronic/Hadr01
Study profile of energy depositionin the target
Study production of secondary particles
Study neutron flux after the target

describes physics interactions
simulated in Geant4.
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https://geant4.web.cern.ch/docs/getting-started
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/index.html

geantd/examples/basic
Bl B2 B3 B4 B5

geant4/examples/extended/hadronic
CMakeLlists.txt Hadr01 Hadr0O4 Hadr07
Hadr10 ParticleFluence
FissionFragment Hadr02  Hadr05 Hadr08
History README

Hadr00 Hadr03 Hadr06 Hadr09
NeutronSource

Monte Carlo Event Generators
must be validated!
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