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This study com pares the PRIMO and GATE Monte Carlo sim u la tion toolkits for mod el ing
pho ton beams from a TrueBeam STx Linac used in ra di a tion ther apy. Var i ous beam con fig u -
ra tions were eval u ated against Varian's Golden Beam Data us ing the Gamma In dex method.
Both toolkits dem on strated good agree ment over all, with GATE gen er ally achiev ing higher
gamma pass rates for per cent depth dose curves than PRIMO.
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INTRODUCTION

Monte Carlo sim u la tion is a math e mat i cal tech -
nique to model and an a lyze com plex sce nar ios in volv -
ing un cer tain events or sys tems. It in volves re peat edly
sam pling ran dom vari ables within spec i fied pa ram e -
ters to sim u late var i ous pos si ble out comes. Un like de -
ter min is tic mod els, which rely on fixed in put val ues,
Monte Carlo sim u la tions con sider ranges of val ues to
pre dict out comes, pro vid ing in sights into the like li -
hood of dif fer ent sce nar ios [1].

The Monte Carlo method is widely uti lized in ra -
dio ther apy for var i ous pur poses and holds sig nif i cant
im por tance by as sist ing in de vice sim u la tions and do -
sim e try. It aids in eval u at ing phys i cal prop er ties, sim u -
lat ing ra di a tion trans port, and study ing pa ram e ters
that are chal leng ing to mea sure ex per i men tally [2].
Sev eral sim u la tion codes based on Monte Carlo meth -
ods are uti lized in ra di a tion ther apy for dose cal cu la -
tion, treat ment plan ning, and do sim e try. Ex am ples in -
clude EGSnrc, Geant4, GATE, PENELOP, PRIMO,
TOPAS, MCNP, and PHITS [3]. These di verse codes
are avail able and ac tively sup ported for clin i cal or re -
search ap pli ca tions [4]. Many stud ies on ap ply ing
Monte Carlo sim u la tion have been con ducted, with
sev eral re sults pub lished in re cent years [5-7]. In the

field of lin ear ac cel er a tor (Linac) beam sim u la tion,
there have also been some no ta ble stud ies [8, 9].

The PRIMO is a com puter soft ware de signed for 
sim u lat ing clin i cal lin ear ac cel er a tors and es ti mat ing
ab sorbed dose dis tri bu tions in phan tom and pa tients.
Uti liz ing Monte Carlo meth ods, PRIMO can sim u late
ra di a tion ther apy treat ment plans, in clud ing in ten -
sity-mod u lated ra dio ther apy (IMRT) and vol u met -
ric-mod u lated arc ther apy (VMAT) plans. The soft -
ware sup ports im port ing DICOM RT Struc ture and
Plan files for sim u lat ing and eval u at ing clin i cal treat -
ment plans. The PRIMO, based on the PENELOPE
com pu ta tional en gine, mod els elec tron, and pho ton
trans port us ing a mixed tech nique for elec tron and
pos i tron col li sions. With a user-friendly graph i cal in -
ter face, PRIMO fa cil i tates con fig ur ing sim u la tions
and an a lyz ing re sults, pro vid ing re search ers and cli ni -
cians with a con ve nient en vi ron ment for as sess ing
dose dis tri bu tions, ver i fy ing treat ment plans, and op ti -
miz ing ra di a tion ther apy tech niques [10, 11].

The GATE (Geant4 Ap pli ca tion for Tomographic
Emis sion) is a Geant4-based sim u la tion toolkit known
for its well-val i dated phys ics mod els, so phis ti cated ge -
om e try de scrip tion, and pow er ful vi su al iza tion ca pa bil i -
ties de signed to sim u late the be hav ior of par ti cles as they
pass through mat ter. The GATE of fered valu able con tri -
bu tions to pho ton beam mod el ing of ra dio ther apy lin ear
ac cel er a tors, dose cal cu la tions, treat ment plan ning, and
re search [12]. The GATE is built and de vel oped us ing a
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layer struc ture, in clud ing the core Geant4 sim u la tion en -
gine and three other lay ers: frame work, ap pli ca tion
classes, and user in ter face.

Both PRIMO and GATE toolkits are widely uti -
lized and highly ac cu rate for ra dio ther apy dose cal cu -
la tion [13]. The PRIMO fea tures a user-friendly in ter -
face tai lored spe cif i cally for ra di a tion ther apy
ap pli ca tions, while GATE of fers ad vanced phys i cal
mod els and geo met ric de scrip tions, po ten tially en -
abling more com pre hen sive sim u la tions.

The TrueBeam STx, an up graded gen er a tion of the 
TrueBeam se ries, is an ad vanced lin ear ac cel er a tor sys -
tem (Varian Med i cal Sys tems, USA) used in ra di a tion
ther apy. It is par tic u larly suit able for treat ing
hard-to-reach tu mors.  The sys tem of fers a wide range of
treat ment mo dal i ties, in clud ing stereotactic radiosurgery
(SRS), stereotactic body ra di a tion ther apy (SBRT),
IMRT, VMAT, and im age-guided ra di a tion ther apy
(IGRT) [14]. The TrueBeam STx Linac has a multi-en -
ergy con fig u ra tion that de liv ers pho ton and elec tron
beams at dif fer ent en ergy lev els. In ad di tion, apart from
the flat tened fil tered (FF) pho ton beam, the Linac also
has the flat tened fil tered-free (FFF) pho ton beam mode.
Golden Beam Data (GBD) of the Linac model, in clud ing 
per cent age depth dose (PDD) and pro file of pho ton beam 
data, were col lected and stan dard ized from hun dreds of
TrueBeam world wide.

Some stud ies have uti lized GATE or PRIMO tools
in de pend ently to model pho ton beams of Linac in gen -
eral, in clud ing the TrueBeam STx. Ad di tion ally, sev eral
com par a tive stud ies have an a lyzed and com pared these
two toolkits for sim u lat ing pho ton beams on a ra dio ther -
apy lin ear ac cel er a tor. Aamri et al. [15] sim u lated a 6 MV 
FFF pho ton beam of a TrueBeam us ing the PRIMO and
EGSnrc code, com par ing the re sult of PDD and
cross-beam pro files. Sim i larly, Sadoughi et al. [16] com -
pared the PDD and beam pro files of 6 MV FF Elekta
Com pact Linac us ing elec tro mag netic (EM) phys ics
pack ages of GATE ver sus Monte Carlo N Par ti cle eX -
tended (MCNPX) in sim u la tion. How ever, to date, no
stud ies have com pared pho ton beam sim u la tion re sults
of the TrueBeam STx Linac be tween the two toolkits of
PRIMO and GATE.

In this study, the ac cu racy of the PRIMO and GATE
sim u la tion toolkits is com pared by eval u at ing their sim u -
la tion re sults of PDD and cross-pro files of TrueBeam STx
Linac pho ton beams in com par i son with GDB.

MATERIALS AND METHODS

Simulation setup

The TrueBeam STx Linac pho ton beams are mod -
eled,  in clud ing  four  FF  beams  with  en er gies  of  6  MV,
8 MV, 10 MV, and 15 MV, and two FFF beams with en er -
gies of 6 MV and 10 MV.

The sim u la tion was con ducted with a field size of
10 cm × 10 cm and a source sur face dis tance (SSD) of

100 cm. The PDD pro files were re corded on the cen tral
axis of  the beam, while  cross pro files were ob tained at a
depth of 10 cm in a vir tual wa ter phan tom. The voxel res -
o lu tion for dose re cord ing was set to 2 cm × 2 cm × 2 cm.
The  phan tom  size  used  for  dose  cal cu la tion  was 30 cm 
× 30 cm × 35 cm  (x × y × z).

For con ve nience, phase-space files lo cated up -
stream of the sec ond ary collimator were uti lized.
These files, pro vided by the man u fac turer Varian via
the MyVarian website, are writ ten in IAEA-for mat
codes and can be sim u lated us ing PRIMO or GATE
[15].

THE PRIMO simulation toolkit

The PRIMO was in stalled on the Win dows op er -
at ing sys tem and in cor po rates a de tailed model for
sim u lat ing lin ear ac cel er a tors. It in te grates nu mer ous
Linac mod els com monly used world wide by man u fac -
tur ers such as Varian and Elekta. The PRIMO com -
bines these mod els with source mod els, tal lies, tech -
niques for re duc ing vari ance, and the abil ity to
eval u ate both, quad ric and voxelized ge om e tries [11].
These Linac se ries are ei ther pre-built in terms of geo -
met ric struc ture and ma te ri als or are hy po thet i cally
con structed ac cord ing to de sign spec i fi ca tions. Many
stud ies have val i dated the ac cu racy of dose dis tri bu -
tion pro duced by these Linac mod els, dem on strat ing
highly ac cu rate sim u la tion re sults com pared to ex per i -
men tal data. As a re sult, us ers only need to make sim -
ple dec la ra tions on the soft ware in ter face to ini ti ate a
sim u la tion.

This study uti lizes PRIMO ver sion 0.3.64.1814
with the phys i cal PENELOP low-en ergy elec tro mag -
netic model, which in cor po rates var i ous pro cesses to
sim u late the in ter ac tion and trans port of elec trons,
pos i trons, and pho tons in dif fer ent ma te ri als. These
pro cesses in clude Ray leigh scat ter ing, Compton scat -
ter ing, pho to elec tric ef fect, pair pro duc tion, ion iza -
tion, brems strah lung, and pos i tron an ni hi la tion [17].

The Varian CLinac 2100 model is uti lized to de rive 
the FF beam of the TrueBeam STx Linac, whereas the
FakeBeam model is em ployed for the FFF beams.

The sim u la tion was ex e cuted on a Dell Pre ci sion
351 com puter sys tem with an Intel (R) Core (TM)
i7-10875H CPU, fea tur ing 8 cores, 16 log i cal pro ces -
sors, and 32 GB RAM.

THE GATE simulation toolkit

The GATE is an open-source soft ware pack age
de signed to run on the LINUX op er at ing sys tem. This
study uti lizes GATE ver sion v9.1, which op er ates on
Geant4.10.7, and em ploys the phys i cal in ter ac tion
model G4EmStandardPhysics_option3 [18-20].

The G4EmStandardPhysics_option3 model en -
com passes var i ous phys i cal in ter ac tion pro cesses for
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sim u lat ing elec tro mag netic in ter ac tions of var i ous
types of par ti cles (in clud ing gamma, lep tons, mesons,
baryons, and ions) with mat ter, as well as elec tro mag -
netic in ter ac tions for gamma and elec trons; nu clear
stop ping, mul ti ple scat ter ing, and brems strah lung and
pair pro duc tion for muons and had rons [20]. The
model ac cu rately ac counts for en ergy de po si tion, scat -
ter ing, and sec ond ary par ti cles gen er a tion, pre cisely
sim u lat ing par ti cle be hav ior in de tec tors or ma te ri als
[21].

For this study, GATE was in stalled on Ubuntu
18.04, run ning on a Dell Pre ci sion M4700 com puter
sys tem fea tur ing an Intel (R) Core (TM) i7-3740QM
CPU with 4 cores, 8 log i cal pro ces sors, and 16 GB
RAM.

A num ber of events of 2×109 were set in the code.
Vari ance re duc tion tech niques were em ployed, and
pho ton and elec tron cut-off en er gies were ad justed to
0.05 MeV and 0.1 MeV, re spec tively. Ad di tion ally, ef -
forts were made to main tain the sta tis ti cal un cer tainty
of Monte Carlo re sults at less than 1 %. 

Golden beam data

Man u fac tur ers typ i cally pro vide GBD for spe -
cific Linac mod els. The GBD re fers to a set of bench -
mark mea sure ments or ref er ence data rep re sent ing the
ideal or ex pected per for mance of a Linac's pho ton
beams. These data are usu ally ob tained dur ing the
com mis sion ing pro cess of the Linac and serve as a
stan dard for com par i son in qual ity as sur ance and
treat ment plan ning sys tems [22].

The GBD en com passes pa ram e ters such as PDD 
curves, out put fac tors, and pro files. These pa ram e ters
char ac ter ize the en ergy spec trum, beam qual ity, and
dose dis tri bu tion of the pho ton beams pro duced by the
Linac. Cru cially, these data en sure do sim e try ac cu racy 
in ra di a tion ther apy treat ments [23].

Gamma index method

The dose dis tri bu tion of the PDD and beam
cross-pro files was sim u lated and com pared to the
GBD us ing the Gamma In dex method. The Gamma
In dex uses two sep a rate cri te ria: the dose dif fer ence
(DD) at a cer tain point and the dis tance-to-agree ment
(DTA) value that was ex pressed in eq. (1) [24]

g = +
D Dx

DTA

D

DD

2

2

2

2
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where Dx is the dis tance be tween the ref er ence point
and the clos est cal cu lated point and DD – the dose dif -
fer ence. In this work, a code DEV++C-based run to
eval u ate the Gamma in dex, the pass ing cri te rion used

1 %/1 mm, 2 %/2 mm, and 3 %/3 mm for the dose dif -
fer ence and the dis tance to agree ment, re spec tively.
The per cent age of pass points eval u ates the fi nal re sult
passed the test gamma pass rate (GPR).

Rel a tive dose dif fer ence (dd) is also used to com -
pare the sim u la tion re sults to GDB, do nated by eq. (2)
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where dd is the de vi a tions, ex pressed as %, DMC – the
cal cu lated dose by Monte Carlo (PRIMO or GATE) at
a par tic u lar point, and DGBD – the dose from GBD at
the same point in the phan tom.

RESULTS AND DISCUSSION

Compare the percentage
depth dose

Fig ure 1 il lus trates the pho ton beam PDD sim u -
la tion re sults us ing the PRIMO and GATE toolkits,
com pared to GBD. All PDD dis tri bu tion curves were
nor mal ized to the depth of the max i mum dose (dmax).
Ta ble 1 pro vides a com pre hen sive com par i son of the
sim u la tion re sults ob tained from PRIMO and GATE
codes with the GBD. The re sults re veal nuanced dif -
fer ences in the per for mance of the two Monte Carlo
toolkits un der vs. eval u a tion cri te ria. No ta bly, when
as sessed us ing the widely adopted 3 %/3 mm cri te rion, 
the GPR of GATE sur passes that of PRIMO across
most en ergy lev els and beam con fig u ra tions. Spe cif i -
cally, GATE dem on strates a su pe rior per for mance
with a pass rate reach ing 100 % for cer tain beam con -
fig u ra tions, such as 8 MV FF and 10 MV FFF, com -
pared to PRIMO's slightly lower pass rate of 99 % for
10 MV FFF. How ever, a shift in per spec tive emerges
when em ploy ing the stricter 1 %/1 mm cri te rion,
wherein GATE's over all GPR tends to de cline, par tic -
u larly ev i dent at higher en ergy lev els where it falls be -
low 90 %, ex em pli fied by the 15 MV FF en ergy level
where GATE only achieves an 87 % pass rate.

On the other hand, by adopt ing the more strin -
gent cri te rion rec om mended by the Amer i can As so ci -
a tion of Phys i cists in Med i cine (AAPM) at 2 %/2 mm,
both PRIMO and GATE ex hibit com pa ra ble per for -
mance, with GPR ex ceed ing 95 % across all PDD and
cross-pro file com par i sons. This ob ser va tion un der -
scores the sen si tiv ity of GPR to eval u a tion cri te ria,
high light ing the im por tance of se lect ing ap pro pri ate
cri te ria based on the clin i cal con text and de sired level
of pre ci sion.

Fur ther more, the de tailed anal y sis de picted in
fig. 1 sheds light on the dd ob served at var i ous depths,
re veal ing a pro nounced dis crep ancy, par tic u larly at
the sur face and depths around 30 cm. This phe nom e -
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non res o nates with find ings from pre vi ous stud ies,
such as those by Mesbahi A. et al. [25], which un der -
score the chal lenges en coun tered in ac cu rately mod el -
ing dose dis tri bu tions, es pe cially at nar row depths.
These find ings em pha size the need for con tin u ous re -
fine ment and val i da tion of Monte Carlo sim u la tion
meth od ol o gies to en sure their re li abil ity and ac cu racy
in clin i cal prac tice.

Compare the cross-profile 

Fig ure 2 il lus trates the cross-pro file sim u la tion re sults 
us ing the PRIMO and GATE toolkits, com pared to GBD.

Ta ble 2 pro vides a com pre hen sive over view of
the GPR re sults for the cross-pro files ob tained from
PRIMO and GATE sim u la tions, jux ta posed against
GBD.  No ta bly, GATE dem on strates a slightly higher
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    Fig ure 1. Com par i son of the PDD sim u la tion re sults of the TrueBeam STx pho ton beam us ing PRIMO and GATE code with GBD

Table 1. The GPR in comparison of PDD between
PRIMO, GATE simulations with GBD for the TrueBeam 
STx photon beam

Photon beams PDD
GPR [%]

3 %/3 mm 2 %/2 mm 1 %/1 mm

PRIMO vs.
GBD

6 MV FF 98 98 97

6 MV FFF 98 98 97

8 MV FF 96 96 95

10 MV FF 97 96 95

10 MV FFF 99 99 94

15 MV FF 97 96 96

GATE vs.
GBD

6 MV FF 98 98 93

6 MV FFF 98 98 95

8 MV FF 100 98 95

10 MV FF 98 97 94

10 MV FFF 100 99 96

15 MV FF 99 98 87



GPR com pared to PRIMO across all three pass ing cri -
te ria eval u ated.  Un der the 3 %/3 mm and 2 %/2 mm
cri te ria, the GPR for all beam con fig u ra tions ex ceeds
90 %, in di cat ing a ro bust agree ment be tween the sim u -
lated cross pro files and the ref er ence GBD. How ever,
when em ploy ing the stricter 1 %/1 mm cri te rion, the
GPR ra tios for cer tain beams, par tic u larly those sim u -
lated by PRIMO, fall be low the 90 % thresh old.

A po ten tial con trib ut ing fac tor to these dis crep -
an cies, es pe cially no ta ble in PRIMO's re sults, could
be the re duced num ber of par ti cles in the phase space
file for the 6 MV FF beam con fig u ra tion, lead ing to in -
creased sta tis ti cal un cer tainty. Con se quently, the ob -
served rel a tive er ror be tween the sim u la tion toolkits
and GBD be comes more pro nounced, par tic u larly at
the edges of the beams and in the out-of-field re gions.

These find ings un der score the im por tance of
me tic u lous at ten tion to de tail and care ful con sid er -
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Fig ure 2. Com par i son of the cross-pro file sim u la tion re sults of the TrueBeam STx pho ton beam us ing PRIMO
and GATE code with GBD

Table 2. GPR in comparison of cross-profile between
PRIMO, GATE simulations with GBD for the TrueBeam 
STx photon beam

Photon beams PDD
GPR [%]

3 %/3 mm 2 %/2 mm 1 %/1 mm

PRIMO vs.
GBD

6 MV FF 92 90 85

6 MV FFF 94 92 87

8 MV FF 98 97 91

10 MV FF 94 92 87

10 MV FFF 95 93 87

15 MV FF 91 90 86

GATE vs.
GBD

6 MV FF 94 93 92

6 MV FFF 94 93 87

8 MV FF 99 97 92

10 MV FF 97 96 93

10 MV FFF 100 97 94

15 MV FF 98 95 92



ation of sta tis ti cal un cer tain ties when in ter pret ing sim -
u la tion re sults, es pe cially in re gions sus cep ti ble to
higher un cer tain ties. Fur ther re fine ment and op ti mi za -
tion of sim u la tion pa ram e ters and meth od ol o gies are
war ranted to mit i gate these dis crep an cies and en hance
the ac cu racy and re li abil ity of cross-pro file sim u la -
tions for clin i cal ap pli ca tions.

Com pared with find ings from other stud ies, our
in ves ti ga tion re veals a no ta ble fluc tu a tion in the
agree ment be tween sim u la tion and ex per i men tal data,
high light ing the in her ent vari abil ity in Monte Carlo
sim u la tions and the sen si tiv ity of re sults to sim u la tion
pa ram e ters and meth od ol o gies. For in stance, Efendi et 
al. [26] sim u lated a 6 MV FF pho ton beam of the
TrueBeam STx us ing the PRIMO code with strin gent
ac cep tance cri te ria of 1 %/1 mm. Their study re ported
a pass ing cri te rion of 98.53 % for 10 cm × 10 cm open
field  PDD,  with  the  pass ing cri te rion for pro files at
10 cm depth slightly lower at 88.96 %. Sim i larly, Ro -
dri guez et al. [27] uti lized the PRIMO code to sim u late 
6 MV, 8 MV, 10 MV, and 15 MV FF beams of the
TrueBeam, achiev ing a GPR ex ceed ing 99 % for all
beams with a 2 %/2 mm cri te rion when com pared to
GBD.

Ad di tion ally, Belosi et al. [28] con ducted a com -
par a tive anal y sis of 6 MV and 10 MV FFF beams us ing
the PRIMO code against ex per i men tal data, re port ing
gamma agree ments of 98.8 % and 96.3 % for  6  MV and
10  MV   FFF  beams,  re spec tively,  with  a 1 %/1 mm cri -
te rion. Fur ther more, Ton et al. [29] sim u lated 6 MV FF
beams of the TrueBeam STx Linac and com pared them
to ex per i men tal data, achiev ing a GPR greater than 98 %
and   94  %  for  PDD  and   pro files,   re spec tively,  with  a
2 %/2 mm cri te rion and a 10 cm × 10 cm field size at a
depth of 1.5 cm.

These find ings col lec tively un der score the vari -
abil ity in sim u la tion out comes across dif fer ent stud ies, 
em pha siz ing the im por tance of thor ough val i da tion
and care ful con sid er ation of sim u la tion pa ram e ters to
en sure ac cu rate and re li able re sults in ra di a tion ther -
apy treat ment plan ning and qual ity as sur ance prac -
tices.

The ac cu racy of Monte Carlo sim u la tions in ra -
dio ther apy hinges upon nu mer ous fac tors, each play -
ing a cru cial role in de ter min ing the fi del ity of the sim -
u lated dose dis tri bu tions. These fac tors in clude the
char ac ter is tics of the pri mary beam, en com pass ing pa -
ram e ters such as en ergy spec trum, beam pro file, and
an gu lar dis tri bu tion. Ad di tion ally, the choice of phys -
ics mod els gov ern ing par ti cle in ter ac tions with mat ter, 
as well as the fi del ity of the Linac head ge om e try rep -
re sen ta tion, pro foundly im pacts sim u la tion ac cu racy.
The ef fec tive ness of vari ance re duc tion meth ods em -
ployed to op ti mize com pu ta tional ef fi ciency while
pre serv ing ac cu racy is also par a mount. More over, fac -
tors such as tis sue heterogeneities, pa tient anat omy,
and the pres ence of treat ment ac ces so ries fur ther con -
trib ute to the com plex ity of the sim u la tion pro cess and

its ac cu racy. Thus, me tic u lous at ten tion to de tail and
com pre hen sive val i da tion against ex per i men tal data
are es sen tial to en sure the re li abil ity and pre ci sion of
Monte Carlo sim u la tions in guid ing ra di a tion ther apy
treat ment plan ning and qual ity as sur ance protocols.

In this work, it's im per a tive to note that the same
Phase-Space Files (PSF) were uti lized as in put data for 
both Monte Carlo codes. By en sur ing con sis tency in
the in put data, par tic u larly about the pri mary beam
char ac ter is tics, any ob served dif fer ences in sim u la tion 
re sults be tween the two codes can not be at trib uted to
vari a tions in the ini tial beam prop er ties. This ap proach 
helps iso late the im pact of other fac tors, such as vari -
ance re duc tion meth ods, phys ics mod els, and Linac
head ge om e try rep re sen ta tions, on the dif fer ences ob -
served in the sim u la tion re sults. By em ploy ing iden ti -
cal PSF for both codes, the fo cus shifts to wards un der -
stand ing the in flu ence of these fac tors on sim u la tion
ac cu racy and con sis tency, fa cil i tat ing a more ro bust
com par i son and in ter pre ta tion of the sim u la tion
outcomes.

In con trast to GATE, where us ers must man u ally
con struct and de clare in put data for the Linac head ge om -
e try and ma te rial struc ture com po nents through com -
mands, PRIMO pro vides pre-built and ver i fied in for ma -
tion readily avail able to us ers. This cru cial dis tinc tion
re duces the un cer tainty stem ming from sub jec tive rea -
sons in build ing the geo met ric struc ture and de clar ing the 
ma te rial com po nents of the Linac head, po ten tially min i -
miz ing dis crep an cies in sim u la tion re sults. By le ver ag -
ing pre-ex ist ing and val i dated geo met ric and ma te rial
data in PRIMO, us ers can ben e fit from en hanced con sis -
tency and re li abil ity in sim u la tion out comes. This
stream lined ap proach in PRIMO not only sim pli fies the
sim u la tion pro cess but also con trib utes to re duc ing the
like li hood of er rors as so ci ated with man ual data con -
struc tion and dec la ra tion. Con se quently, PRIMO of fers a 
more user-friendly and re li able so lu tion for ac cu rately
mod el ing Linac head ge om e try and ma te rial struc ture
com po nents in Monte Carlo sim u la tions, by fa cil i tat ing
ro bust and con sis tent dose cal cu la tions in ra dio ther apy
plan ning and qual ity as sur ance prac tices.

The GATE uti lizes the stan dard EM pack age of
Geant4, namely the G4EmStandardPhysics phys ics list, 
orig i nally de signed for high-en ergy phys ics sim u la -
tions, cov er ing the en ergy range from 1 keV to 10 PeV
[20]. In con trast, PRIMO em ploys the phys ics mod els
of PENELOP, op ti mized spe cif i cally for low-en ergy
elec tro mag netic phys ics sim u la tions, with val i da tion
span ning the en ergy range of 250 eV to 100 GeV [30].
This dis tinc tion in phys ics pack ages is un der scored by
the find ings of Sadoughi et al. [16] who com pared the
Stan dard and Penelope EM phys ics pack ages of Geant4 
in the sim u la tion of a 6 MV pho ton Elekta Com pact
Linac, re veal ing sig nif i cant dis crep an cies in the sim u la -
tion re sults.

Fur ther more, in PRIMO, the num ber of par ti cle
his to ries em ployed in sim u la tions var ies de pend ing on 
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the phase space of each beam, rang ing from 560-900
mil lion par ti cles. Con se quently, the sta tis ti cal un cer -
tain ties in PRIMO sim u la tions may be higher, po ten -
tially im pact ing the ac cu racy of re corded re sults com -
pared to GATE. Ad di tion ally, vari ance re duc tion
tech niques uti lized in both plat forms, while es sen tial
for re duc ing com pu ta tion time, may in tro duce com -
plex i ties and trade-offs that could af fect the over all ac -
cu racy of sim u la tion re sults.

These fac tors, col lec tively, un der score the
nuanced con sid er ations and po ten tial chal lenges as so -
ci ated with Monte Carlo sim u la tions in ra dio ther apy.
While each plat form of fers unique ad van tages and ca -
pa bil i ties, care ful at ten tion to sim u la tion pa ram e ters,
val i da tion meth od ol o gies, and in ter pre ta tion of re sults 
is es sen tial to en sure the re li abil ity and ac cu racy of
Monte Carlo sim u la tions in guid ing clin i cal de ci -
sion-mak ing and treat ment plan ning pro cesses.

CONCLUSIONS

Over all, both PRIMO and GATE sim u la tions
dem on strated good agree ment with the GBD. Uti liz -
ing the cri te ria rec om mended by the Amer i can As so ci -
a tion of Phys i cists in Med i cine (AAPM) of 2 %/2 mm,
GPR ex ceeded 95 % and 90 % for GATE and PRIMO,
re spec tively.

Upon com par ing PRIMO and GATE re sults,
GATE sim u la tions ex hib ited slightly higher GPR for
PDD and cross-pro files across all three ac cepted cri te -
ria (3 %/3 mm, 2 %/2 mm, and 1 %/1 mm). How ever, it
is note wor thy that PRIMO dem on strated less dis crep -
ancy, com pared to GATE, par tic u larly when em ploy -
ing the 1 %/1 mm cri te rion for PDD, showcasing its ro -
bust ness in match ing the GBD.

These find ings un der score the re li abil ity and ac cu -
racy of both PRIMO and GATE sim u la tions in rep li cat -
ing the dose dis tri bu tions of TrueBeam STx Linac pho -
ton beams. While GATE dem on strates a slightly su pe rior 
per for mance of GPR, PRIMO ex hib its com mend able
con sis tency and re li abil ity, par tic u larly when strin gent
ac cep tance cri te ria are ap plied. These re sults high light
the im por tance of se lect ing ap pro pri ate sim u la tion tools
and cri te ria based on the de sired level of ac cu racy and
clin i cal re quire ments in ra di a tion ther apy treat ment plan -
ning and qual ity as sur ance prac tices.
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Hong Lam FAM, Tien Dung FAN, Ti Hoang Anh LE, Kuang Trung FAM

MODELOVAWE  FOTONSKOG  SNOPA  ‡  PORE\EWE  PRIMO  I  GATE
SIMULACIJSKIH  ALATA  ZA  TrueBeam STx  LINEARNI  AKCELERATOR

U radu su upore|eni PRIMO i GATE Monte Karlo alati za simulaciju modelovawa snopa
fotona iz TrueBeam STx linearnog akceleratora koji se koristi u terapiji zra~ewem. Razli~ite
konfiguracije snopa procewene su u odnosu na Varianove podatke zlatnog snopa kori{}ewem gama
indeksne metode. Oba kompleta alata u celini pokazala su dobro slagawe, pri ~emu je GATE
generalno iskazao ve}e prolazne gama ja~ine za krive doza u procentima po dubini, nego PRIMO.

Kqu~ne re~i: snop fotona, TrueBeam STx, Monte Karlo simulacija, GATE, PRIMO


