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Introduction

MODOSE b ar FGSE [1] mser oode deseloged ar Starford
Lniversity [or madistom therepy neutment plecang dose
calculnuors. MOIXONE can be ussd o smulite the ramspr
ol plolves Jn vlecaws ooa palal gocneay bul o CT
dece Kelsbic clinscl socelersuor beores cao be uaxd [oe any
combinations of gaolry angles, couch angles, collinator
Rions, soures shin Cstancss (3500 00 taan modifers,
MCDOSE car be used 1o compute dese distributions foo
corventonz! teammer: widh photon and lccron beoms,
beamler Esiribvticns Sor imerse ircarment olinming, and the
final dose discributions for imiensity modulmted rociothenpsy
(IMET) using the mulvlzaf ce'limarar (MIC) lenf soaquerces
wererabvad by o Cwsdmeent plone ng aplenicdimm spriere Tha
MODOSE oode b been jirplemented for Climcal dose
venhesin and Cesbment plann g al St oed sinee the emd
ol 1998 |2).

bo this talk, we descnbe the fratmes of the MUDOSE tode
and aresent the mesu’is of the corpisisons of the MCDQOSE
tods with the DOSXYZ [3) code using the phamom
geamesry and berm seup recomrended for the neenrncy and
timing srady (<]

Materinl and methods
Simulation geomerry

MCDOSE car simulate 1he teanspeet of photons and @ sorens
im a 3D rectil near phantom geometry. The valure elements
(voxels) m the phantom cam hove unifoem or worishle
demensaons and Uhe materisl in a voxel can be specilod oy the
user ar cetermomed from the eltrer dens gy dats derived
Trom the paticnt T dala, 7 ssue, bom and aw e used o
simulate Uwe patient geoonty bused on e convers on of the
elecuon densty data on an sisting treromesd [areng
syt Ol maierials ars used 1 sbovs e beam mod| fers
and metal imserts or dental £llngs if peesess.

serm modifier simnarion wirh MCTIOSS has Feen werified
w enerarisoms with che FEOSABEAVDOSRNYZ recults 5],

Suurce modeling und beum commidssivning

MUJOSE vees & nwlagle scuee muodsl or Dot plwtes amd
#lectron beams, Fe photon beams, cur nwtiple source model
(€] zovers all the fAxed componems abdave the jaws im the
acccicraer head Foe ¢lesiren beamm, teo maltple sourcs
model [T] caves all the compenents Sowm 19 the Betom
srmper of the appliente. Thz saare: model pammetes wene
Aerived Prom the mesanred deoroand vosfled nsiog e anaae
spzce ot simmalaged Csing the BGSUBESAM system [R].

Varfance reduction echnigees

Several  viswe  eduction  wohnigues  have  besn
uipcmsutal o MCDOSZ cieling ploloe e seacn
forcimg, Russian romlette, electron raege/region rejection, aud
shectron trick vepeating. The user tan choose whether 1o
wely these rechnigues ir s parent dos: cilenlaton. Ne
pprotimations ar mace in the Satieot shamtem sim.|2tion.
The efect of clectres mnpefreg an wjectics in the sodifler
siemlcion on beemzserahbang prodoction is estimated 10 he
much less thes 1% (FCUT = 2 MeV oe smaller),

Transport parnmeders

The EGS4 ramspor pamarcters used for oo patent dose
cleubiiion s AE « BCUT « 700 ke ol coengy) (or
electroess, AP = POUT = 10 beV o phewes and ESTEPE -
1.2 for elesticr wanspert. Delan )l values aee ssed o the
FRESTA ehection trunspoct algos un 9],

Statistical analysis

The relative datistcal urceriainty of he dose ir a voxel is
estamatsd by

FI SFVIFER

PRV a3 02 2050 L =1a 0
COMOMS KX laNE 3 S0 o
Physica Medica

Arlharsepana e lawe phesianoedioaann

O . e

TEAR A TMES LWL AT A T e me e
MRavass " Ve e Bpron b 'ahme - Migas M b o O Moo
AL I R NELL T E T B S L B T
A e MU s bm e wm By s Taereat s TANR g s g WA e N

TNy ek e MeAed BorasA Y or DA 2 Wi WA ey

icatians for micro and nanoscale simulations (. ..
Ié 77 & Guarelll B Berak et

Ty etond Tower e Aoy Ve hS Do, I o v 7 By ay dmerdy, S A A S e
Aarha

TIEWAT LT R IR R LNl S e 3 Asad .

ARTICLI INTO AtLoRALCT

Ny Qrerg oy edoh

multy 4 urdczth bedicr gy ornadincatibe-

TV N MIENTIST AN ESY

Fhor. Med Bl 8820110 34 01

L L
vy i Ve Tuoe 10 pe. 221
Sy i 2T

sarbie colte 1T Spembse D0¢

e
ferrsadnng

e otey

wav s rened
Yomra e wbi a

EELL BS- T lm 2 ms.. durard heoxadul ln:mwz Or R TR 8
dreisieals s s comul ol peedefz s Rinape Al cllaba 5 UM Kez, ane
AU aan 8 T A randis w0 deroile paniake dziadeas w lgad v G UK (waie e
Tead Pk cae Cernd TOL Ywkuy THEC poars comeetly raeces s coeplee 30 o sk
s i be mwear g mwd A b e b e e of uet e A leped ante s awlloe
Jovzhgemeones f2r bz oredaling of smixe redsdnib.

Aroe s Coantd-UNT 3w bir wopaz o ar rvndpalzog o2 NS ad NV coamul teer
e e ave Lulrn"nq-t . -qpmn thqnn\lnyw LIRS -irhdrwq--l
v s Lo Dorhrad aal il sl 10 Cike. SO STiarn e Nide wa B0 oz il i s deal

dH e ity cmvrinend i yRTTe s
Whie Trat RN e v e el wdlilml e By 0 vm-. Wie hmh Aoy e

Jeooriaod by dral g thc bxrainrn. cbs roviow pager arx d .

A gyt it ainn o gL rg e el x 4 [ aunlm wpn
T e L LI e e T R e CLL A L |
LIELT N

LAV e e b £ T e My e aaed T Nawer bl 21 e el

FArthaenahey ard comriratiranl watsle spesnbing the caer -
PAN AR 3304 SIUODR it Awdt ediducn ndacu ol
Lonad bavs doca wad sman b vy 18 3 1962 theowmch
|11 4rs peztenred 2 oraTyematicd oz which sooaxanly frsd
rprnreniil dys et coll ecrerasl =e 2 Srmmwr Al atesrhed Soes It
wie the e rradel ar rrercesd o cameslidane mearies af

A dow diasa wiid paant drucis Jasenns
cazsac by belsg radiaiza Ir mazizsxyic ndezizizgzal nec:
clsischas Cxacwles] srzdlscale Derantour s corsclicand Inne
3 e darslyial ms*rirc rerescantier the large eecle hevandenr
oda pban VWlals Lo ety wre (ol i aran Xor spald o
T, Wy ane e ool overge) Dapenb e ey e sk

fOavgrgtg vatr o Cotwd F liediy S Teheml ! Soab
frew o Do Taleip a SO VeI LR I IN ued
Craluiom. adedt nadu. ' sl

renge of hipur porxrecers A phipscel, chenk and tokegxzl
Eraraxions of mdichr withiy an organk msclam are siechasle
WAL A A TIEN TR PNl R INYEINAT ST I aATe Tam I
[ CCTSETE BT P TONTE IR T ST U Y DT T BT P
wrel dedtadnnaly o mnnus baaeweny ¢ Uamilian 1 v g
fron sple anlyvcal mocels o moce plissically rabac siochas.
e Rersa Codal medae
e Worme Carn vdee head ce s cncdetese Bleary spprech
Ly ki BGS 5] PEMELUIS |4) LEVNLE oo/ end RO (2|
alarge urksrof collBlzn prodasses s SCLIACIREEar of “cone
denzod’ o 3 sngle " wmIpT This apoecatt made ik Nexwe Grla
venilelen cfevsmose pariels mranociwr ey el faadie,
2 s mannndy s edxies W oosanby pa bk sl suun
ALl g smndee s e omen Gen FBamily ean e et oata
NoRal xzckaln xthe dils clndadoa famag: b toegxsl
woecrles b hesr Ireare peans o tha TINA and eslelar Teoel by
werneal cowse dAsclryed Uame Cardn cnwtee rsacred T e mvee
Y HTTRERT] BN

e LOUCERDEL B2 SAM 0]

najor enhancement of the GATE
ptform enabling modelling of CT and

S !, 10 Bennit?, b Bechews ', 1 Gt B Cassol®, P Beseon

T Friwson’, L Grevillot”, wa mmpe © MoreF, ¥ Tersot’,
N Rehfedd . D Surrut’ nnsa.-n" S Stute umm'" D Visvikis',
N Zizhro” and T Ruvet’

Vs L) i), Uerranat L Lnemm: Atomagus. Urar. 1 rnec
TIVMAC UMR G CNRS Pui d esd Poi 1 Universies, 15 vee Sooges Cléu conva,
b 18906 Dn s Coder, Frnx

" IGSERM U892 Conox Resecroh Ceriar Unbvewsky of Narzs, Names, Froes
S Niv car Ml et imeerrery Lsepetal ol Meoeen, aetra, Lreees
S e da vt ydgn co mamiburie: e Mavdlls, CUXE G IIFS enc Dkt da ¢
Mia wer, Au-dasalle Lo, avenee ve L, 15032 Nawe lls cosa U, s
TN LS  avetaer en Itemzst o iskemerns Ve ol 130 M) O Mo,
Bust Fans
 Unyershd de Lyon, CRENTIS, CVRS UMRARID Irseme U520, INSA Ly, Urlverche Lo
l Coikip LénBdiad. Fluw

S tobonarni = Fryeiy s Crepasaalyi= %4 Armene s Tandats Y177 Annte (roer, e
Pt eanly A odumdae el dos Dicoias 5 SWas Liogsan, MAoheae 15
THM SRR, e Nefhcrarde
" Baveeds Conie Jus de hiesiue o Neusdnee ond Mol n: anl Dopatan s ol Plras.
Liehamry o Winrens], Gamerry

Letisal. Luve Wsnm il

Regeived & Avgurt 20170, in firal forme 29 November 2010
Peolisazd 13 January 2211
Onlne at stecdop.ocg FAE S SEEL

Abatract

CATL iGearnd Applcation for Cmissice Tomography| s a Mone Cedo
damlover plarferm developed hy e OpeGATE salnbenrics cinee 2001
2 Jisl puld Ay celessed i 2000 Delicaded 1o e modeling of plasy
scnbigraphy, sing.: pacioe cmission tomputed tomograpky (SPECT) azd
st rome oo oenowegd oy FF T et o 1 pla oo s wnds vy el
wasnis PEand SPECT iesvacle A el encnzwos ol Laspladonn, oddeeseld
Dy e OpeiGATE collaburmioe =5 GATE V0, s alsw eneoler txodelling of
vy eomaoed] womoenaby ord rodindan therapy ccperimerss. This paper
preczcals e e e off e o ooc s e e e Esoonplen ented oo

DIATE woee be ponbestos o e watial HATE vgee Losoan ol 0N Ehye
144 fAlad 40 A4 L% Th. e wde s mon mwulole e wladk’e dn TOTT




Monte Carlo frameworks

6" GeanT4 PARTRAC| pyPENELOPE = FFRIMI

A SIMULATION TCOLKIT

Code Radiation Energy Medium References
cpa100 e >10eVe Water (1) Terrissol and Beaudre (1990)
DELTA € 10eVto10keVe Water (v) Zaider et al. (1983)
EPOTRAN e .e' 7.4eV1to10keV Water (v, Champion et al. (2012)
ETRACK e  H', He’ 10eVto 10 keV e Water (v) lto (1987)
KURBLC e >10eVe , 1keVto 300 MeV H, 1keVto e . water See Table 11
H, He, C"” 8 MeV He, 1 keVu "to 10MeVu ' C (v,])
lons:
water (v)
mcd e . ions >10eVe ,H He>03keVu ' Water (v,]) Emfietzoglou et al. (2006)
moca-14 lons >10eVe . >03keVu 'ions Water (v) Wilson and Paretzke (1981)
MOCA-8 £ 10 eV 10 100 keV e Water (v) Paretzke (1987)
NOREC e >10eVe Water (v,l) Semenenko et al. (2003)
NOTRE DAME € . 10NS >10eVe , >0.3keVu 'ions Water (v 1) Pimblott and LaVerne (2002),
Pimblott et al. (1996)
OREC e . ions >10eVe ", >0.3keVu ' ions Water (v l) Hamm et al. (1985)
PARTRAC e". photons >10eVe , 1keVto1GeVHand He, Water (v l) Dingfelder et al. (1998), Friedland
H and He?, ~1MeVu 'to1GeV u ' heavier ions et al. (2011)
heavier ions
PITs04 e . ions ~10eVe, >0.3keVu 'ions Water (1) Wilsan et al. (2004)
PITS99 e . ions ~10eVe, >0.3keVu 'ions Water (v 1), Wilson and Nikjoo (1999)
ice, G
PROTON H 0.3-1.5 MeV H Water (v) Zaider et al. (1983)
SHERBROOKE € , iONS >10eVe , >03keVu 'ions Water (v 1) Cobut et al. (1998)
STBRGEN e . ions ~10eVe , =03 keVu ' ions Water (v l) Chatterjee and Haolley (1993)
TILDA lons Medium to high nonrelativistic velocity Water (v) Champian et al. (2005)
TRACE| e .ions ~>10eVe , >03keVu 'ions Water (v,1) Tomita et al. (1997)
TRION e, ions ~10eVe , =03 keVu ' ions Water (v,) Lappa et al. (1993)

The code simulates all ion charge states.

“Full-slowing-down simulations.



Praca domowa

Physics in Medicine & Biology  Geant4, FLUKA,
(4.174) MCNPX C++ i Fortran radioterapia (protony)
Computational Neuroscience MCell C, C++, Phyton neurobiologia
(1,453)
Technology in Cancer Research & MCAUTOQO, Cos radioterapia (protony)
Treatment (2,8706) Geant4, TOPAS PIa P Y
Journal of Biomedical Optics L .
(2.379) MCLTmx C++ radiobiologia
Radiation Physics and Chemistry Geantd Coa hadronoterapia
(2,779)
Journal of Nuclear Science and FLUKA, PHITS, Cortran i Gt dorvmetria neutronowa
Technology (1,126) Geant y
Medical physics (4,500) GATE C++ obrazowanie




Powtorzenie



lerminal

Ubuntu

é - gate@vgate: ~

HHEHE FHHHE . REH#H
HALERRIHRR H HHRRERE LInnIoos
peae Hun HHg HAndRd pidis g s
#HHE #H# HEE#HH HHAEEHEH

#H  HREREF  AEERE ##E2.1

k%% gate @ vgate *¥*

Welcome in vGate version 2.1.
This 1s a camplete Ubuntu 12.64 | TS machine that includes all GATF related

prograns and environments. Try to type 'Gate' or 'recot
If you want help or information about GATE and this virtual machine,
just launch the web browser Google Chrome.

gate@vgate:~$ Cate I

@S E gate@vgate: ~
just lLaunch tThe web browser Google Chrome.

gate@vgate:~S Gate

G4

lc4- TExETTETETTkkkkkkkkkkkkkkkkkkkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkikikdddddi

G4~ Geant4 version Name: geant4-99-05-patch-01 (2@-March-2612)

G4~ Copyright : Geant4 Collabecraticn

G4~ Reference : NIM A 506 (20683), 256-363

G1’ Add : http://cern.ch/geant4

64- TxETTETETTkkkkkkkkhkkkkkkkkkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkikddddd*

G

Core-0] Initialization of geometry

Corc 0] Initialization of physics

Core 0] Initialization of actors

Corc 0]

Corc o] rrrhthdtdrdrdrdrdrhbbbbbdbdbdbdbdbdbdbdbdbdbdbdddddddddddddddddddddddddddd A A I I I I drrr
Core-0] GATLC version name: gate v6.2

Core-0] Copyright : OpenGATLC Collabecration

Core-0] Reference : Phys. Med. Bicl. 49 (2004) 4543-4561
Core-0] Reference : Phys. Med. Bicl. 56 (2611) 881-901

Core-0] ddd : http://www.opengatecollaboration.org

[cOre- o] % 3% % Je Je e Fe de de de e de e e e de de e e de e de de de e e e de e e e e e e e e e e e e e e de e e e e e e e ek bk hk kb ddd o www




/ |akich katalogow sktada
sie Wasza symulacja”

data: baza materiatow wykorzystywanych w ymulacii

mac: wszystkie makra do wykonania w Gate, w tym makro gtowne

output: pliki, w ktorych zapisane sg wyniki symulacii




Zapuszczanie symulacil

wywotywanie makra odbywa sie zawsze z katalogu, do
ktorego sciezka dosepu zdefiniowana jest w makrze
gtownym:

Z terminala: Gate moj.mac
z Gate: |dle>/control/execute moj.mac

Z iInnego makra: /control/execute moj.mac



Jak rozpoznac gtowne makro”?

/control/execute mac/visu.mac

/gate/geometry/setMaterialDatabase ../../
GateMaterials.db

WORLD

/gate/world/geometry/setXLength 150. crr
/gate/world/geometry/setYLength 150. crr
/gate/world/geometry/setZLength 150. cm

/control/execute mac/camera.mac

clag dalszy nastgpi...




Struktura symulaci

lub >Gate
|ldle> /control/execute mac/hello _world

>Gate mac/hello_world.mac

Zapisanie danych w katalogu Output

Analiza danych

lub




GATE Geant4 Year

9.2 11.0 2022

9.1 10.7 2021

............ 9.0 10.6 2020

8.2 10.5 2019

3.1 10.4 2018

------------- 8.0 10.3 2017
10.2 2016




GATE vs GEANT4

GATE (Geant4 Application for Emission Tomography)

User Ie_vel

Application layer

\‘-\‘




Scorers and actors

--------------------------------------------------------------------------------------------------------------------

G4VModularPhysicslList
Cuts management CatePhysicsList

Physics options

Main simulation management

:‘<:jth7ung(gkﬂxﬂ<ﬂock)

G4RunManager

E G4VUserPrimaryGeneratorAction

GatePrimaryGeneratorAction
Genennapﬁnnaﬁes;:>’—._mmm

GateSingleParticleSource

G4VUserDetectorConstruction §

GateSourcePhaseSpace GateMaterialDatabase

GateSourceVoxellized GateSystemListManager
GateSourcelLinacBeam ¢ magnetic field
GateVSource GCateSourceMgr
GateSourceFastYs0 B e optical
GateSourceTPSPencilBeam
G4Box, GASphere ...
GateExtendedVSource
................................................................................................................................... G4logicalVolume
ol G4VPhysicalVolume
GateRandomEngine G4VNestedParameterisation
8 ngeton GateVVolume
: G4UImessenger GateMessageManager GateCylindricalPETSystem
GateSPECTHeadSystem
G4VisManager GateVisManager

GateCPETSystem

-
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo




Repozytorium GATE

Pliki zrodtowe (C++): 600 klas, 3200 plikow | 780000 linii kodu

geometry: physics: digits_hits:
zawiera klasy zwigzane z definicja zawiera klasy zwigzane z listami fizyKki, zawilera klasy zwigzane ze wszystkimi
objetosci, ksztaitem, materiarem, zarzgdzaniem cieciami i wszystkimi rodzajami | metodami zliczania, w tym wszystkimi
potozeniem itp., w tym zarzadzaniem zrodet czastek (takich jak zrodto wokselowe aktorami | zarzgdzaniem procesem
wokselowanymi objetosciami; lub Zzrédto dedykowane do skanowania wigzka | digitalizacji detektorow (np. sortowanie
otowkowag w hadronoterapii); koincydencii dla systemow PET);

general: externals:

zawiera ogolne narzedzia i klasy stuzace zawiera zewnetrzne kody (open

do zarzadzania petng symulacja; source) URIeCOWeNS [PIZ82 e
organizacje.




GateDoseActor

GatePhaseSpaceActor

GateSimulationStatisticActor

GateLETActor

GateAnnihilationRangeActor

GateComptonCameraActor

GateEmCalculatorActor

GateEnergySpectrumActor

GateFixedForcedDetectionActor

GateKillActor

GatePromptGammaTLEActor

GateSETLEDoseActor

GateAngleFilter

GateCreatorProcessFilter

GateEnergyFilter

GateMaterialFilter

GateParticleFilter

GateVolumeFilter

GateVActor

\

GateVFilter //

G4vDigitizerModule

GatePulseProcessorChain

GateCoincidencePulseProcessorChain

GateToDigt

GateToOpticalRaw

GateVoxelOutput

CateOutputMgr GateVOutputModule
R GateToBinary
GateToRoot
G4UserRunAction
[
' GAUserEventAction
GCateRunAction /4,
[ ‘*5\ G4UserTrackingAction
\ GdUserSteppingAction



/Zalety GATE

® zaimplementowane modele fizyczne | detektory;
® geometria (nawet ta najbardzie] skomplikowana);
® wizualizacja 3D;

® wsparcie techniczne;

® nie wymaga umiegjetnosci programowania w C++

France l l Europem

d U892 Inserm, Nantes Q Delft University of Technology, Delft, The Netherlands
Q U1101 Inserm, Brest W Forschungszentrum Juelich, Germany
Q IMNC CNRS, Orsay Q National Technical University of Athens, Greece

O LPC CNRS, Clermont Ferrand

Q IPHC CNRS, Strasbourg

Od UMR5515 CNRS, CREATIS, Lyon
d CPPM CNRS, Marseille

W Subatech CNRS, Nantes

W SHFJ CEA, Orsay

Rest of the world= L 0,

 Memorial Sloan-Kettering Cancer Center, New York, USA

Q University of California, Los Angeles, USA

Q University of Santiago of Chile, Chile

Q Sungkyunkwan University School of Medicine, Seoul, South Korea

# CRYSTAL

/block/daughters/name crystal
/block/daughters/insert box
[crystal/geometry/setXLength 30 mm
[erystal/geometry/setYLength 4.4 mm
[crystal/geometry/setZLength 4.4 mm
[crystal/setMaterial BGO

# REPEAT CRYSTAL INSIDE BLOCK

[crystal/repeaters/insert cubicArray
[crystal/cubicArray/setRepeatNumberX 1

[crystal/cubicArray/setRepeatNumberY 8
[crystal/cubicArray/setRepeatNumberZ 8
[crystal/cubicArray/setRepeatVector 0. 4.5 4.5 mm

# REPEAT BLOCK INSIDE RING
/block/placement/setTranslation 125. 0. 0. mm

/block/repeaters/insert ring
/block/ring/setRepeatNumber 18




/Zastosowanie GATE
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Phys. Mzd. Bio.. 49 12004) 4543-4561 PIL: S0031-9155(04)30763-2 Phys. Med. Biol. 56 (2011) 881-901 doi: 10.1088/0031-9155/56/4/001 A review of the use and potentlal of the GATE Monte Carlo simulation code
for radiation therapy and dosimetry applications
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