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The Geant4-based com pre hen sive model has been de vel oped to pre dict ab sorbed frac tion val -
ues for both elec trons and gamma pho tons in spher i cal, el lip soi dal, and cy lin dri cal ge om e -
tries. Sim u la tions have been car ried out for wa ter, ICRP soft-, brain-, lung-, and ICRU bone
tis sue for elec trons in 0.1 MeV-4 MeV and g-pho tons in the 0.02 MeV-2.75 MeV en ergy
range. Con sis tent with ex per i men tal ob ser va tions, the Geant4-sim u lated val ues of ab sorbed
frac tions show a de creas ing trend with an in crease in ra di a tion en ergy. Com pared with NIST
XCOM and ICRU data, the Geant4-based sim u lated val ues of the ab sorbed frac tion re main
within a 4.2% and 1.6% de vi a tion, re spec tively. For elec trons and g-pho tons, the rel a tive dif -
fer ence be tween the Geant4-based com pre hen sive model pre dic tions and those of Stabin and
Konijnenberg's re-eval u a tion re mains within a 6.8% and 7.4% range, re spec tively. El lip soi dal
and cy lin dri cal mod els show 4.9% and 10.1% higher re spec tive val ues of ab sorbed dose frac -
tions rel a tive to the spher i cal model. Tar get vol ume de pend ence of the ab sorbed frac tion val -
ues has been found to fol low a log i cal be hav ior for elec trons and Belehradek's equa tion for 
g-pho tons. Gamma-ray ab sorbed frac tion val ues have been found to be sen si tive to the ma te -
rial com po si tion of tar gets, es pe cially at low en er gies, while for elec tions, they re main in sen si -
tive to them.
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IN TRO DUC TION

Monte Carlo meth ods are com monly used to
sim u late ra di a tion trans port in many fields of sci ences
– such as nu clear en gi neer ing, ra dio ther apy, di ag nos -
tic ra di ol ogy, ra di a tion pro tec tion, and nu clear med i -
cine – to es ti mate the ra di a tion flux, en ergy de po si tion
pro files and other phys i cal quan ti ties of in ter est [1].
With ad vance ments in com puter tech nol ogy, treat -
ment plan ning sys tems based on Monte Carlo sim u la -
tions are now com mer cially avail able for med i cal pur -
poses [2].

Di rect mea sure ment of the ab sorbed dose to var -
i ous body or gans, due to some di ag nos tic or ther a peu -
tic pro ce dures, or due to ex po sure to ac ci den tal re -
leases from nu clear in stal la tions, is very dif fi cult.
Stan dard meth od ol o gies used for ab sorbed dose es ti -
ma tion have been de vel oped by the in ter na tional com -
mis sion on ra dio log i cal pro tec tion (ICRP) and med i -

cal in ter nal ra di a tion dose (MIRD), a com mit tee of the
So ci ety of Nu clear Med i cine [3]. From a phys ics
view point, both meth od ol o gies are con sis tent with
each other. Their dosimetric for mal ism is based on
radionuclide char ac ter is tics, the dis tance of the tar get
or gan from source or gans, bi o log i cal pa ram e ters of the 
source or gan, and en ergy ab sorp tion in the tar get or gan 
emit ted by the source or gan. The ICRP dosimetric
model is based on risk as sess ment of the bi o log i cal ef -
fect of ion iz ing ra di a tion [4].

The for mal ism of MIRD has long been adopted
as the stan dard cal cu la tion method for the es ti ma tion
of ra di a tion doses to or gans from radionuclides dis -
trib uted in the body. The MIRD ab sorbed dose cal cu -
la tion con sists of time in te grated ac tiv ity in the or gan,
mul ti plied by the cor re spond ing S-value (mean ab -
sorbed dose to a tar get or gan per nu clear trans for ma -
tion of the radionuclide in the source or gan) [5]. The
time in te grated ac tiv ity can be es ti mated by ap ply ing
the biokinetic model of the source or gan or by em ploy -
ing SPECT or PET quan ti ta tive im ag ing tech niques.

Z. Rahman, et al.: Geant4-Based Com pre hen sive Study of the Ab sorbed Frac tion ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 4, pp. 341-351 341

* Cor re spond ing au thor; e-mail: nmm@pieas.edu.pk



The S-val ues of an or gan can be es ti mated by us ing a
spe cific ab sorbed frac tion (SAF) in that tar get struc -
ture/tis sue for the cor re spond ing radionuclide of in ter -
est. SAF val ues can be eval u ated by es ti mat ing the en -
ergy de po si tion in the se lected tis sue/tar get. Ab sorbed
frac tions for uni formly dis trib uted tis sues can be eval -
u ated by Monte Carlo codes [6, 7], Point Ker nels or by
an a lyt i cal meth ods [8]. The SAF or AF (ab sorbed frac -
tion) val ues in this study pri mar ily rely on Monte
Carlo ra di a tion trans port cal cu la tions us ing com pu ta -
tional an a tom i cal mod els, also known as vir tual hu -
man phan toms.

Loevinger and Berman first in tro duced the con -
cept of AF for ab sorbed dose es ti ma tion. Their work
was pub lished in the first is sue of MIRD pub li ca tions.
Since then, the meth od ol ogy de vel oped by Loevinger
has been ac cepted and used by a ma jor ity in the sci en -
tific com mu nity work ing in the area of nu clear med i -
cine and  ra di a tion pro tec tion [5]. Later on, Berger
eval u ated en ergy ab sorp tion by im ple ment ing the mo -
ment an a lyt i cal method for g-pho tons from point
sources in spheres of var i ous sizes, us ing wa ter as ma -
te rial. The en ergy de po si tion for monoenergetic
g-pho tons of an en ergy range of 0.015 MeV to 3 MeV
was con sid ered. The data was pub lished in MIRD
pamphlet No. 2, along with the build-up fac tors and
other re lated data in a tab u lated form [8]. Brownell et
al. es ti mated the pho ton ab sorbed frac tion for cy lin -
dri cal, spher i cal and el lip soi dal vol umes us ing Monte
Carlo cal cu la tions, with the de tails pre sented in MIRD 
pamphlet No. 3. AF val ues were es ti mated in tis -
sue-equiv a lent  ma te rial for spheres  and  cyl in ders  of 
masses  rang ing  from 2 kg to 200 kg and el lip soids of
mass rang ing  from 0.3 kg to 6 kg, for pho ton en er gies
in the 0.02 MeV-2.75 MeV range [9].

Akabani et al. eval u ated the AF val ues in small tu -
mors mod eled by spheres siz ing 10–3 to 2×10–2 m in ra -
dius. They used EGS as the Monte Carlo code for the
eval u a tion of the ab sorbed frac tion in small tis sue equiv -
a lent ma te rial uni formly dis trib uted spheres for beta ra di -
a tions from a num ber of se lected radionuclides. An en -
ergy range of 0.05 MeV to 4 MeV was con sid ered for
monoenergetic elec trons, us ing cut off en er gies of 10 and
1 keV for elec trons and g-pho tons, re spec tively, as sim u -
la tion pa ram e ters [10].

The ab sorbed frac tion val ues were es ti mated by
Siegel and Stabin for spher i cal, uni formly dis trib uted 
b– and elec tron sources of var i ous sizes (of masses up
to 1000 g), within the en ergy ranges of 0.062 MeV to
1.428 MeV and 0.025 MeV to 4 MeV, re spec tively, us -
ing Berger's  an a lyt i cal meth od ol ogy [11]. Their study
re eval u ated ab sorbed frac tion val ues for g-pho tons
and elec trons in ho mo ge neous spheres of the unit den -
sity tis sue-equiv a lent com po si tion of var i ous sizes.
AF val ues for elec trons and g-pho tons were pub lished
in MIRD pam phlets 3 and 8, pow ered by two mod ern
Monte Carlo codes: EGS4 and MCNP-4B. The en ergy 
ranges for elec trons and g-pho tons of 0.1 MeV to 4

MeV and 0.02 MeV to 2.75 MeV were con sid ered, re -
spec tively. The au thors rec om mend an av er age value
of the two Monte Carlo codes for AF, for all spher i cal
sizes and en er gies, for both elec trons and g-pho tons
[11].

The ab sorbed frac tions were es ti mated by
Amato et al. for el lip soi dal, uni formly dis trib uted
g-pho tons and monoenergetic elec trons of var i ous
sizes in the en ergy range of 0.01 MeV to 1 MeV and
0.01 MeV to 2 MeV, re spec tively, us ing the Geant4
Monte Carlo code [12]. ICRP (Pub li ca tion 89) soft tis -
sue was adopted as the ma te rial for said mod eled vol -
umes [13, 14].  Helio et al. also pre sented the ab sorbed
frac tion data for elec tron and g-pho tons in uni formly
dis trib uted spheres of var i ous sizes, us ing the MCNP
and Geant4 Monte Carlo codes. Wa ter, ICRU44 soft
tis sue, red bone mar row, bone, and lung tis sues, were
adopted as con stit u ent ma te ri als for all spher i cal vol -
umes [15].

To the best of our knowl edge, there are no pub -
lished data of ab sorbed frac tions for uni formly dis trib -
uted cy lin dri cally mod eled tar gets. The ex ist ing work
is lim ited to wa ter and ICRU soft tis sue only while, in
prac tice, a wide va ri ety of other types of tis sue are en -
coun tered, in clud ing brain, lung and bone tis sue. Also, 
cur rent stud ies are con fined to a lim ited range of sizes
as well as en ergy val ues. In prac tice, one may en coun -
ter much larger ranges in both cases. To our un der -
stand ing, a com pre hen sive model that cov ers all three
ge om e tries – the el lip soi dal, spher i cal and cy lin dri cal
ones – does not ex ist for both elec trons and pho tons.

The goal of this pa per is to eval u ate the dis crep -
an cies in the es ti ma tion of the ab sorbed frac tions for
pho ton and elec tron sources in var i ous geo met ri cal
mod els in re la tion to dif fer ent bi o log i cal tis sues as ma -
te rial, us ing the Geant4 Monte Carlo code which,
now a days, is among the most world wide used code,
em ployed by med i cal phys i cists for dose es ti ma tion
orig i nat ing from ex ter nal, as well as from in ter nal ra -
di a tion sources [16]. In this study, we have em ployed
spher i cal, el lip soi dal, and cy lin dri cal geo met ri cal
mod els. The spher i cal model is em ployed to rep re sent
nod ules and tu mors or other small up take re gains. El -
lip soi dal mod els are used to model not only small tar -
get tis sue such as thy roid nod ules, but also en tire or -
gans like kid neys, ova ries, spleen, tac ti cal, thy mus,
and blad der. The hu man trunk, small and large in tes -
tine, head, neck, and ex trem i ties are mod eled cy lin dri -
cally.

The ab sorbed frac tions for elec trons and pho -
tons dis trib uted uni formly in spheres and el lip soids
have been re ported by many au thors. In this work, the
study was ex tended to cy lin dri cal ge om e try and an
over all pic ture of the ab sorbed frac tion for the three
geo met ri cal mod els of var i ous sizes and a range of
pho ton and elec tron en er gies. Fur ther sim u la tions
have been car ried out for wa ter, ICRP soft, brain, lung,
and ICRU bone tis sue as the ma te rial for these mod els.
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The en ergy range adopted in our study cov ers most of
the en er gies emit ted by radionuclides cur rently em -
ployed in nu clear med i cine pro ce dures or any ac ci den -
tal in ha la tion/in jec tion of radionuclides. The en ergy
range con sid ered for elec trons is 0.1 MeV to 4 MeV,
while that for g-pho tons is 0.02 MeV to 2.75 MeV.

For the val i da tion of our code, we have com pared
the Geant4-based AF for g-pho tons and elec trons with
the al ready pub lished AF data. The Geant4-based to tal
cross-sec tion for g-pho tons and CSDA (con tin u ous
slow ing down ap prox i ma tion) range of elec trons were
intercompared with the NIST XCOM cross-sec tion data
and ICRU re port 37, re spec tively [17, 18].

MA TE RIAL AND METH ODS

In nu clear med i cine, sev eral pro ce dures are in use as 
di ag nos tic and ther a peu tic tools. Radiopharmaceuticals
are ad min is tered to pa tients orally or in tra ve nously. When
a radionuclide en ters the or gan, it acts as a source which ir -
ra di ates the rest of the or gans as well as the body it self, up
to its phys i cal de cay or ex cre tion from the body. The mag -
ni tude of the ab sorbed dose to var i ous or gans de pends on
the char ac ter is tics of the radionuclide, dis tance of the tar -
get or gan from source or gans and the ab sorbed frac tion
(AF) or spe cific ab sorbed frac tion F( )T S¬  de fined as

F( )
( )

T S
T S

m
¬ =

¬f

T

(1)

where f( )T S¬  is the ab sorbed frac tion and mT – the
mass of the tar get. The ab sorbed frac tion is de fined as

f( )T S
E

E
¬ = T

S

(2)

where ET is the de pos ited en ergy in the tar get of in ter -
est and ES – the en ergy emit ted by the source re gion. In
this sim u la tion, both the tar get and the source are the
same.

Geant4 is a Monte Carlo sim u la tion tool kit for
ra di a tion trans port. For the sim u la tions, Geant4 uti -
lizes the full func tion al ity of hadronic, elec tro mag -
netic and op ti cal phys ics [12]. Geant4 of fers
PENELOPE, LIVERMORE, and STAN DARD phys -
ics mod els for low and high-en ergy par ti cle sim u la -
tions. World wide, the sci en tific com mu nity uses
Geant4 in ac cel er a tor phys ics, par ti cle phys ics, as tro -
phys ics, med i cal phys ics and high en ergy phys ics
(HEP) ex per i ments, due to its flexibilities in phys ics
mod els and pro cesses. The va lid ity and ac cu racy of
Geant4 phys ics mod els and pro cesses for elec trons
and g-rays has been stud ied by sev eral au thors, with
the cor re spond ing dis crep an cies pre sented  [19].

In our sim u la tions, the Geant4 stan dard elec tro -
mag netic phys ics model has been em ployed for all
phys ics pro cesses. The pack age cov ers en er gies rang -
ing from 1 keV to 100 TeV for elec tron and g-ray trans -
por ta tion. Phys ics pro cesses such as Compton scat ter -

ing, elec tron-pos i tron pair pro duc tion and the pho to -
elec tric ef fect were taken into ac count for g-ray trans -
por ta tion. Brems strah lung and Moller scat ter ing for
elec tron and Bhabha scat ter ing for pos i tron are also
avail able phys ics pro cesses in this model.

In or der to check the phys ics pro cesses of the
Geant4 elec tro mag netic Stan dard Phys ics model, we
have com pared the to tal cross-sec tion for g-pho tons
and CSDA range of elec trons with the pub lished data.
For this pur pose, the Geant4-based to tal cross-sec tion
for g-pho tons and CSDA range of elec trons were
intercompared with the NIST XCOM cross-sec tion
data and ICRU re port 37, re spec tively [17, 18].

Ab sorbed frac tions for elec trons and pho tons dis -
trib uted uni formly in spheres, cyl in ders and el lip soids
have been es ti mated. The ab sorbed frac tion for each
value of the par ti cle en ergy is es ti mated by the en ergy de -
po si tion in the tar get. Prin ci ple axes 1/1/0.75 and 1/0.50
for the cyl in der and the el lip soid, re spec tively, were con -
sid ered in this work. Fur ther sim u la tions for wa ter, ICRP
soft, brain, lung & ICRU bone tis sue as ma te rial for these
mod els were car ried out. The el e men tal com po si tion of
the ma te rial used in our sim u la tions is shown in tab. 1.
The en ergy range adopted in this study cov ers most of the 
en er gies emit ted by radionuclides cur rently used in nu -
clear med i cine pro ce dures or any ac ci den tal in ha la tion/
in ges tion of radionuclides. For elec trons, the en ergy
range of 0.1 MeV to 4 MeV and, for g-pho tons, that of
0.02 MeV to 2.75 MeV, were con sid ered. Stabin's and
Konijnenberg's sug gested ranges of vol ume for spher i cal 
and el lip soi dal shapes were also con sid ered, for both
g-pho tons and elec trons [11]. In cy lin dri cal ge om e try,
vol ume val ues up to 0.1 m3 were con sid ered in or der to
meet the re quire ments of the frac tion ab sorbed by the hu -
man trunk.

For good sta tis ti cal re sults, 107 his to ries (num -
ber of par ti cles) were gen er ated for each cal cu la tion
point in Geant4 sim u la tions. The rel a tive dif fer ence
be tween the ref er ence value and the Geant4 cal cu lated
value is found as DGeant4 cal cu lated by

DGeant4
Geant ref

ref

=
-æ

è
çç

ö

ø
÷÷×

f f

f
4 100 (3)

where DGeant4 is the Geant4-based ab sorbed frac tion,
while fref cor re sponds to the value of the ab sorbed
frac tion of ref er ence. Sta tis ti cal un cer tain ties es ti -
mated in the sim u lated re sults are be low 1%. All sim u -
la tions con ducted in this work were car ried out us ing
the Geant4 ver sion 9.5.

RE SULTS AND DIS CUS SION

Com par i son of mi cro scopic and
mac ro scopic quan ti ties

Geant4 sim u la tions are val i dated by the com par -
i son of sim u la tion re sults with pub lished data. For this

Z. Rahman, et al.: Geant4-Based Com pre hen sive Study of the Ab sorbed Frac tion ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 4, pp. 341-351 343



pur pose, two types of val i da tion are per formed.  First
the mi cro scopic quan ti ties such as the to tal cross-sec -
tion of gamma pho tons and CSDA range of elec trons
in wa ter were com pared. Then mac ro scopic quan ti -
ties, in clud ing sim u la tion out comes such as the en ergy
de pos ited in unit den sity tis sue spheres, were com -
pared with the pub lished data. Mi cro scopic quan ti ties,
in clud ing the to tal cross-sec tion of g-pho tons and
CSDA range of elec trons, are com pared with NIST
XCOM data, ICRU re port 37, re spec tively, for wa ter.
Fig ure 1. shows the vari a tion of the to tal cross-sec tion
of g-pho tons used in Geant4 sim u la tions, along with
the per cent age er ror, for the en ergy range of 10 keV to
100 MeV. The rel a tive dif fer ence of Geant4 and NIST
XCOM data re mains within 4.2%. Sim i larly, the
CSDA range of elec trons was com pared with ICRU
re port 37 data for wa ter. Fig ure 2 shows the com par i -
son of the two data sets for a range of en er gies. The

per cent age dif fer ences be tween the two data sets
shown in fig. 2 amounted up to 1.6%.

For the val i da tion of Geant4 sim u la tions, we
have com pared the ab sorbed frac tion re sults with
Stabin and Konijnenberg data, es ti mated for spher i -
cally uni form dis trib uted elec tron sources of var i ous
sizes (masses 0.01 g to 1000 g range) in the en ergy
ranges of 0.02 MeV to 4 MeV, re spec tively. Ta ble 2
shows the com par i son of the two data. It pres ents the
Geant4-com puted ab sorbed frac tion val ues, along
with par ent age de vi a tions from Stabin and
Konijnenberg data for a range of en er gies and sizes.
The rel a tive dif fer ences be tween the two data sets
range from 0.09% to 6.8% over the en tire en ergy and
size range con sid ered in this work. Sim i larly, tab. 3
pres ents Geant4-com puted ab sorbed frac tion val ues
for g-pho tons, along with the par ent age de vi a tion from 
Stabin and Konijnenberg data for a range of en er gies

Z. Rahman, et al.: Geant4-Based Com pre hen sive Study of the Ab sorbed Frac tion ...
344 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 4, pp. 341-351

Ta ble 1. El e men tal com po si tion of ICRP soft, brain, lung, and ICRU bone tis sue ma te rial, as given in Geant4
ma te rial definitions

Item ICRP-soft tis sue ICRP-lung ICRP-brain ICRP-bone Wa ter

Den sity [gcm–3] 1.04 1.05 1.03 1.85 1

Ex ci ta tion en ergy [eV] 72.3 75.3 73.3 91.9 75

 Com po si tion

H 0.104472 0.101278 0.110667 0.063984 0.112

C 0.23219 0.10231 0.12542 0.278

N 0.02488 0.02865 0.01328 0.027

O 0.630238 0.757072 0.737723 0.410016 0.888

Na 0.00113 0.00184 0.00184

Mg 0.00013 0.00073 0.00015 0.002

P 0.00133 0.0008 0.00354 0.07

S 0.00199 0.00225 0.00177 0.002

Cl 0.00134 0.00266 0.00236

K 0.00199 0.00194 0.0031

Ca 0.00023 9E-05 9E-05 0.147

Fe 5E-05 0.00037 5E-05

Zn 3E-05 1E-0 1E-05

Fig ure 1. To tal cross-sec tions of pho ton in ter ac tions
in wa ter for the Geant4 stan dard elec tro mag netic
phys ics model and NIST XCOM, and percentage
dif fer ence b/w the re sults of Geant4 and NIST XCOM
data

Fig ure 2. Vari a tion of CSDA ranges for elec trons with 
en ergy in wa ter us ing the Geant4 stan dard
elec tro mag netic model and ICRU 37 re port, and
percentage dif fer ences in CSDA ranges of elec tron b/w
Geant4 and ICRU 37 re sults



and sizes. A max i mum dif fer ence of 7.36% in cor re -
spond ing val ues be tween the two data sets was found
in a few cases. It is clear from tab. 3 that, at low en er -
gies, the dif fer ence is rel a tively more prom i nent for
high val ues of en er gies.

The ob served dis crep ancy may be due to dif fer -
ences in the ba sic phys ics data sets used by Stabin and
those used by the Geant4 pro gram. Other mi nor vari -
ances can pos si bly be due to the dif fer ences in the ma te -
rial used in the two sim u la tions. Wa ter and tis sue-equiv -
a lent ma te ri als used by Stabin and Konijnenberg have
the same atomic den si ties, but dif fer ent atomic com po -
si tions. It has been shown by Ellett and Humes that, for
pho ton en er gies less than 100 keV, the ab sorbed frac -
tion is in creas ingly sen si tive to atomic com po si tion. In
these sim u la tions, the ob served dif fer ences are more
prom i nent at low en er gies than at high ones. For elec -
trons, no sig nif i cant dif fer ence was found over the en -
tire en ergy range em ployed here.

Ab sorbed frac tion for gamma
pho tons and elec trons

Ab sorbed frac tion val ues for g-pho tons and elec -
trons for var i ous en er gies, geo met ri cal mod els and tis -
sue com po si tion are shown in figs. 3, 4, and 5 for

g-rays and in tabs. 4, 5, and 6 for elec trons. The ab -
sorbed frac tion for elec trons has a much higher value
than that of g-pho tons of  the same vol ume and en ergy.
The rea son for this is the di rect Columbic in ter ac tion
of elec trons with atomic nu clei and elec trons. Brems -
strah lung ra di a tion leak age re duces the ab sorbed frac -
tion value slightly, de pend ing on the en ergy of the
elec trons. Pen e trat ing g-ra di a tion in ter acts in di rectly,
thereby in creas ing the chance of es cape from the tar -
get, re sult ing in the small value of the ab sorbed frac -
tion.

We gen er al ize the re la tion be tween the ab sorbed

frac tion for the elec tron and tar get vol ume V, which

gives us the fol low ing lo gis tic equa tion fit. Fur ther on,

fit ting pa ram e ters for spher i cal, el lip soi dal and cy lin -

dri cal mod els were an a lyzed. Fit ting pa ram e ters for all 

mod els are shown in tab. 7. Pa ram e ters A1 and A2 rep -

re sent the range of val ues of fit, re spec tively, de pend -

ing on the cor re spond ing vol ume range. Pa ram e ter Vo

is the mid-value of fit. The most sen si tive value is ex -

po nent P of the fit func tion which de fines how quickly

the ab sorbed frac tion in creases as the vol ume for a

given en ergy in creases. Fit ted P val ues 0.39, 0.33, and

0.32 were ob tained for spher i cal, el lip soi dal, and cy -

lin dri cal mod els, re spec tively. The four pa ram e ters

shown here de pend on the en ergy of the elec tron
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Ta ble 2. Ab sorbed frac tions for elec trons (Geant4 sim u la tion) in spheres of var i ous sizes [g] and en er gies [MeV];
com par i son of Geant4 re sults with the % dif fer ence (in brack ets) to Stabin and Konijnenberg re sults

Mass [g]
Ee [MeV]

0.1 0.2 0.4 0.7 1 2 4

0.01 0.958 (–0.5) 0.868 (0.5) 0.643 (–0.2) 0.346 (2.2) 0.205 (4.5) 0.090 (4.8) 0.043 (3.3)

1 0.991 (–0.1) 0.972 (0.1) 0.921 (0.0) 0.839 (0.8) 0.755 (1.8) 0.505 (6.8) 0.227 (6.8)

10 0.996 (0.0) 0.986 (–0.1) 0.962 (0.1) 0.925 (0.5) 0.884 (0.8) 0.750 (1.9) 0.506 (4.4)

20 0.996 (–0.1) 0.989 (0.0) 0.971 (0.2) 0.939 (0.4) 0.907 (0.6) 0.800 (1.5) 0.592 (3.0)

40 0.997 (0.0) 0.991 (0.0) 0.977 (0.2) 0.953 (0.4) 0.925 (0.5) 0.839 (1.6) 0.666 (2.0)

60 0.997 (0.0) 0.992 (0.0) 0.980 (0.2) 0.957 (0.1) 0.935 (0.4) 0.857 (1.2) 0.705 (2.1)

100 0.998 (0.0) 0.993 (0.0) 0.982 (0.0) 0.964 (0.2) 0.945 (0.5) 0.879 (0.9) 0.748 (1.5)

500 0.999 (0.1) 0.996 (0.0) 0.989 (0.1) 0.978 (0.2) 0.967 (0.3) 0.928 (0.5) 0.846 (0.9)

1000 0.999 (0.0) 0.997 (0.1) 0.991 (0.0) 0.982 (0.2) 0.973 (0.2) 0.941 (0.4) 0.875 (0.7)

Ta ble 3. Ab sorbed frac tions for pho tons in spheres of var i ous sizes [g] and en er gies [MeV]; com par i son of Geant4 re sults
with the % dif fer ence (in brack ets) to Stabin and Konijnenberg re sults

Mass [g]
Eg [MeV]

0.080 0.100 0.140 0.364 0.662 1.460 2.750

2 0.016 (2.57) 0.016  (7.36) 0.016 (3.08) 0.019 (–1.41) 0.018 (–0.09) 0.013 (5.09) 0.007 (–2.34)

4 0.021 (5.64) 0.021 (2.56) 0.021 (0.33) 0.024 (2.82) 0.023 (3.89) 0.017 (–1.20) 0.010 (–2.00)

6 0.024 (6.47) 0.023 (2.15) 0.024  (0.86) 0.027 (1.68) 0.026 (1.34) 0.020 (1.98) 0.012 (0.31)

8 0.027 (4.79) 0.026 (4.50) 0.027 (2.65) 0.030 (4.60) 0.030 (6.73) 0.023 (5.34) 0.014 (–1.21)

10 0.030 (5.38) 0.028 (4.75) 0.029 (3.14) 0.033 (2.46) 0.032 (3.93) 0.025 (3.38) 0.015 (–3.33)

20 0.038 (3.67) 0.036 (4.00) 0.037 (2.91) 0.041 (3.14) 0.041 (3.88) 0.032 (3.24) 0.022 (2.42)

40 0.050 (5.96) 0.047 (4.16) 0.047 (3.11) 0.052 (2.04) 0.051 (4.52) 0.042 (3.88) 0.029 (3.76)

60 0.058 (6.32) 0.055 (5.78) 0.055 (3.62) 0.060 (3.49) 0.059 (5.72) 0.047 (2.37) 0.034 (–0.98)

100 0.072 (6.82) 0.067 (5.38) 0.066 (4.43) 0.071 (3.17) 0.069 (2.82) 0.057 (2.89) 0.041 (–0.07)

500 0.134 (1.89) 0.124 (2.79) 0.119 (0.70) 0.122 (1.16) 0.118 (2.86) 0.096 (0.33) 0.074 (–2.10)

1000 0.176 (2.45) 0.162 (2.54) 0.153 (1.61) 0.153 (1.39) 0.148 (2.67) 0.123 (2.62) 0.095 (–0.92)
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A sim i lar gen er al iza tion has also been car ried
out for the g-pho ton ab sorbed frac tion and tar get vol -
ume V, re sult ing in the fol low ing Belehradek equa tion
fit [20]. The fit ting pa ram e ters were, fur ther, an a lyzed
for spher i cal, el lip soi dal, and cy lin dri cal mod els. Fit -
ting pa ram e ters for all mod els and R2-val ues which
show a good fit are shown in tab. 8 (where a is the co -
ef fi cient of the power func tion, b – the po si tion pa ram -
e ter, and C – the slope of log f  and log V plot). The po -
si tion pa ram e ter var ies, de pend ing on the range of the
vol ume se lected for the mod els. Pa ram e ter C is the
power of the fit, show ing a high value for the spher i cal
model, in com par i son to the other two mod els

f = -a V b c( ) (5)

Vari a tion of the ab sorbed
frac tion with vol ume for iden ti cal
geo met ri cal mod els

Ab sorbed frac tion vari a tion val ues for var i ous
sizes of cy lin dri cal, el lip ti cal, and spher i cal mod els are 

shown in figs. 3, 4, and 5, re spec tively, for a range of
pho ton en er gies and tis sues. It can be seen that the ab -
sorbed frac tion at low en er gies has higher val ues be -
cause of the large pho to elec tric ab sorp tion cross-sec -
tion val ues. Con se quently, in the low en ergy range,
more en ergy is de pos ited, even in cases of small size
shapes. The ab sorbed frac tion is not sen si tive within
the en ergy range of 0.1 MeV to 1 MeV. Al though there
is a slight vari a tion in the ab sorbed frac tion as the en -
ergy in creases within the range, this may be due to an
in crease in the Compton scat ter ing prob a bil ity. How -
ever, in this en ergy range, the in creased trans mis sion
of high-en ergy g-pho tons is largely com pen sated by
the in crease in the en ergy trans fer from first col li sion
Compton events, this be ing more prom i nent in re la tion 
to small vol umes.

For tar gets with small vol umes, the large value
of sur face-to-vol ume ra tio en tails higher leak age,
thereby re duc ing the value of the ab sorbed frac tion.
For large tar gets, the in crease in the ab sorbed frac tion
is due to mul ti ple Compton events and lesser trans mis -
sion of high en ergy g-pho tons and elec trons due to the
small sur face-to-vol ume ra tio. The in crease in the ab -
sorbed frac tion pat tern re gard ing en ergy is iden ti cal
for all geo met ri cal mod els.
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Fig ure 3. Ab sorbed frac tion in cy lin dri cal tar gets for var i ous pho ton en er gies, us ing ICRP soft tis sue, ICRP lung
tis sue, ICRP brain tis sue, and ICRU bone as a ma te rial



Ab sorbed frac tion for var i ous
geo met ri cal mod els of the same size 

The vari a tion of ab sorbed frac tion val ues for
three dif fer ent geo met ri cal mod els, 6×10–3 m3 in size, is
shown in fig. 6. For the sphere, ab sorbed frac tion val ues 
are 4.9% and 10.1% higher than those of el lip soi dal and
cy lin dri cal mod els, re spec tively, over the en tire en ergy
range. The rel a tive dif fer ence among the ab sorbed frac -
tion re sults of el lip soi dal and cy lin dri cal mod els is
5.8%. Ab sorbed frac tion val ues in crease with vol ume,
be cause of the in creas ing vol ume-to-sur face ra tio for
each type of model. The in crease in vol ume causes the
frac tion of ra di a tions es cap ing from the tar get to de -
crease, thereby in creas ing the ab sorbed en ergy of ra di a -
tions. How ever, the slight dif fer ence in the ab sorbed
frac tion of the cy lin dri cal model is due to the small
value of the vol ume-to-sur face ra tio, re sult ing in higher
es cape rates from the cy lin dri cal model, as com pared to
el lip ti cal and spher i cal mod els [21]. 

Ab sorbed frac tion for dif fer ent
tis sue com po si tions and ma te ri als

Ta bles 4-6 for elec trons and figs. 3-5 for g-pho -
tons pres ent the ab sorbed frac tion val ues for dif fer ent

tis sue com po si tions. For the elec tron, ab sorbed frac -
tion val ues are nearly in de pend ent from the tis sue
com po si tion of the ma te rial, but do de pend on the
atomic den sity of the ma te rial. Ab sorbed frac tion val -
ues for ICRU bone tis sue are higher, as ex pected, due
to the cor re spond ing higher val ues of atomic den sity.
A max i mum rel a tive dif fer ence in ab sorbed frac tion
val ues be tween ICRU bone and ICRP brain tis sue is
17% for low en er gies and 46% for high en er gies, re -
spec tively, for all tar get sizes and shapes. Ab sorbed
frac tion val ues for elec trons are nearly in de pend ent of
the geo met ri cal mod els of the same tis sue com po si -
tion. The dif fer ence in ab sorbed frac tion val ues for
ICRP soft tis sue and wa ter is be low 1% for low en ergy
and 4% for high en ergy, re spec tively. The com po si tion 
of soft tis sue and wa ter is dif fer ent, but the ab sorbed
frac tion val ues are not sen si tive to ma te rial com po si -
tion at low en ergy lev els.

For g-pho tons, the ab sorbed frac tion is de pend -
ent on ma te rial com po si tion, even for ma te ri als of the
same den sity. A high value of den sity of the ma te rial
re sults in higher pho ton in ter ac tion prob a bil ity, lead -
ing to a high value of the ab sorbed frac tion. Atomic
den si ties of ICRP lung, brain and soft tis sues are
nearly the same.  Con se quently, no ap pre cia ble dif fer -
ences in ab sorbed frac tion val ues were found over the
en tire range of en er gies and sizes. How ever, there is
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Fig ure 4. Ab sorbed frac tion in el lip soi dal tar gets for var i ous pho ton en er gies, us ing ICRP soft tis sue, ICRP lung
tis sue, ICRP brain tis sue, and ICRU bone as a ma te rial



some dif fer ence per tain ing to the re sults of wa ter with
ICRP lung tis sue, found to be 9% be low 100 keV and
5% above 100 keV. The rel a tive dif fer ence in the ab -
sorbed frac tion of ICRU bone tis sue in com par i son to
all other tis sues is 85%. This may be at trib uted to the
higher val ues of the atomic num ber and the den sity of
the bone ma te rial.

Ab sorbed frac tion val ues com puted us ing var i -
ous low-en ergy phys ics mod els avail able in Geant4
have been com pared with those of the stan dard phys -

ics model for dif fer ent sec ond ary cut val ues. Ta ble 9
shows a good agree ment be tween the three mod els re -
gard ing the de po si tion of 20 keV pho tons. From the
Ta ble, it is clear that the stan dard model pre dicts an en -
ergy de po si tion which is up to 6.04% and 6.49% less
than the Livermore and Penelope mod els, re spec -
tively, for all sphere sizes and range cut val ues con sid -
ered in this study. This be hav ior can be ex plained by
the dif fer ences in the to tal pho ton cross-sec tions em -
ployed in said Geant4 mod els. These ob ser va tions are
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Fig ure 5. Ab sorbed frac tion in spher i cal tar gets for var i ous pho ton en er gies, us ing ICRP soft tis sue, ICRP lung tis sue,
ICRP brain tis sue, and ICRU bone as a ma te rial

Ta ble 4.  Vari a tion of ab sorbed frac tion val ues with the tar get vol ume in cy lin dri cal tar gets for var i ous elec tron en er gies,
us ing wa ter (W), ICRP soft tis sue (ST), ICRP lung tis sue (LT), ICRP brain tis sue (BT), and ICRU bone (BO) as ma te rial

Volume
[cm3]

Absorbed fraction value

0.1 MeV 1 MeV 2 MeV 4 MeV

W ST LT BT BO W ST LT BT BO W ST LT BT BO W ST LT BT BO

1 0.989 0.989 0.989 0.989 0.994 0.706 0.719 0.714 0.716 0.823 0.451 0.462 0.462 0.461 0.635 0.209 0.218 0.216 0.213 0.379

4 0.993 0.993 0.993 0.993 0.996 0.810 0.816 0.814 0.816 0.886 0.617 0.628 0.630 0.629 0.759 0.343 0.356 0.354 0.354 0.551

10 0.994 0.995 0.995 0.995 0.997 0.856 0.861 0.860 0.862 0.913 0.706 0.717 0.715 0.717 0.817 0.449 0.466 0.464 0.464 0.649

20 0.996 0.996 0.996 0.996 0.998 0.885 0.889 0.889 0.889 0.931 0.760 0.768 0.786 0.769 0.853 0.536 0.550 0.546 0.549 0.712

40 0.996 0.997 0.997 0.997 0.998 0.906 0.910 0.910 0.909 0.944 0.806 0.810 0.811 0.810 0.881 0.612 0.626 0.623 0.625 0.762

100 0.997 0.998 0.998 0.998 0.999 0.931 0.933 0.933 0.933 0.958 0.853 0.860 0.858 0.858 0.910 0.704 0.712 0.709 0.711 0.818

500 0.998 0.998 0.998 0.998 0.999 0.958 0.960 0.959 0.960 0.975 0.909 0.914 0.913 0.913 0.946 0.813 0.821 0.819 0.818 0.887

1000 0.999 0.999 0.999 0.999 0.999 0.966 0.967 0.966 0.967 0.979 0.982 0.929 0.929 0.930 0.955 0.849 0.852 0.853 0.852 0.906

10000 0.999 0.999 0.999 0.999 1.000 0.983 0.984 0.984 0.983 0.990 0.963 0.965 0.965 0.965 0.977 0.923 0.922 0.926 0.926 0.953

50000 1.000 1.000 1.000 1.000 1.000 0.990 0.990 0.990 0.990 0.994 0.977 0.979 0.979 0.978 0.987 0.953 0.955 0.954 0.954 0.971

100000 1.000 1.000 1.000 1.000 1.000 0.991 0.992 0.992 0.992 0.995 0.982 0.983 0.983 0.983 0.989 0.962 0.963 0.962 0.963 0.977



in good qual i ta tive agree ment with ear lier find ings
[15].

The ab sorbed frac tion val ues have been com -
puted by us ing Geant4 for var i ous sphere sizes and
phys ics mod els us ing dif fer ent cut val ues. Ta ble 9
shows that, by chang ing the cut val ues, a max i mum
ab so lute change of 1.18% in the ab sorbed frac tion
value  is  to  be  ob served.  In  this  study,  a  range  cut
of  1 mm ap pears rea son able for ab sorbed frac tion
cal cu la tions for var i ous val ues of tar get sizes con sid -
ered here.

CON CLU SIONS

The de ter mi na tion of the ab sorbed frac tion has
been car ried out us ing Geant4-based, de tailed Monte
Carlo sim u la tions. Cal cu la tions were car ried out for a
va ri ety of tar get ge om e tries, in clud ing el lip soi dal, cy -
lin dri cal, and spher i cal ones, as well as for a va ri ety of
ma te rial com po si tions rang ing from soft tis sue, wa ter,
bone, lung, brain tis sue, etc. In this work, a com pre -
hen sive model has been de vel oped for ab sorbed frac -
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Ta ble 5. Vari a tion of ab sorbed frac tion val ues with the tar get vol ume in el lip soi dal tar gets for var i ous elec tron en er gies,
us ing wa ter (W), ICRP soft tis sue (ST), ICRP lung tis sue (LT), ICRP brain tis sue (BT), and ICRU bone (BO) as ma te rial

Volume
[cm3]

Absorbed fraction value

0.1 MeV 1 MeV 2 MeV 4 MeV

W ST LT BT BO W ST LT BT BO W ST LT BT BO W ST LT BT BO

1 0.990 0.991 0.991 0.990 0.995 0.737 0.746 0.745 0.745 0.845 0.483 0.498 0.495 0.493 0.670 0.219 0.230 0.228 0.229 0.409

4 0.993 0.994 0.994 0.994 0.996 0.831 0.839 0.837 0.837 0.899 0.648 0.663 0.658 0.657 0.786 0.361 0.375 0.375 0.374 0.582

10 0.995 0.996 0.995 0.995 0.997 0.875 0.879 0.877 0.878 0.926 0.734 0.742 0.744 0.743 0.840 0.482 0.494 0.491 0.492 0.677

20 0.996 0.996 0.996 0.996 0.998 0.899 0.904 0.903 0.902 0.490 0.786 0.792 0.792 0.793 0.871 0.567 0.581 0.580 0.580 0.738

40 0.997 0.997 0.997 0.997 0.998 0.918 0.923 0.922 0.923 0.952 0.828 0.834 0.832 0.834 0.895 0.643 0.656 0.658 0.656 0.787

100 0.998 0.998 0.998 0.998 0.999 0.940 0.943 0.943 0.943 0.964 0.871 0.875 0.875 0.874 0.921 0.732 0.740 0.737 0.740 0.839

500 0.998 0.999 0.999 0.999 0.999 0.964 0.966 0.965 0.966 0.978 0.921 0.925 0.925 0.924 0.950 0.835 0.841 0.840 0.839 0.900

1000 0.999 0.999 0.999 0.999 0.999 0.971 0.973 0.972 0.971 0.982 0.937 0.939 0.939 0938 0.961 0.866 0.872 0.869 0.871 0.918

6000 0.999 0.999 0.999 0.999 1.000 0.983 0.984 0.984 0.984 0.990 0.963 0.965 0.965 0.964 0.977 0.922 0.926 0.923 0.924 0.951

Ta ble 6. Vari a tion of ab sorbed frac tion val ues with the tar get vol ume in spher i cal tar gets for var i ous elec tron en er gies,
using wa ter (W), ICRP soft tis sue (ST), ICRP lung tis sue (LT), ICRP brain tis sue (BT), and ICRU bone (BO) as ma te rial

Volume
[cm3]

Absorbed fraction value

0.1 MeV 1 MeV 2 MeV 4 MeV

W ST LT BT BO W ST LT BT BO W ST LT BT BO W ST LT BT BO

0.01 0.958 0.960 0.959 0.960 0.977 0.205 0.215 0.213 0.215 0.401 0.090 0.094 0.094 0.094 0.163 0.043 0.045 0.045 0.045 0.077

0.1 0.981 0.982 0.981 0.982 0.989 0.509 0.526 0.524 0.522 0.701 0.225 0.235 0.234 0.234 0.414 0.101 0.105 0.105 0.104 0.187

1 0.991 0.991 0.991 0.992 0.995 0.755 0.764 0.763 0.761 0.854 0.505 0.520 0.519 0.518 0.692 0.227 0.238 0.236 0.236 0.428

4 0.994 0.995 0.994 0.994 0.997 0.843 0.849 0.849 0.849 0.906 0.669 0.681 0.680 0.680 0.799 0.380 0.395 0.394 0.393 0.605

10 0.996 0.996 0.996 0.996 0.997 0.884 0.888 0.888 0.887 0.931 0.750 0.762 0.759 0.760 0.851 0.506 0.520 0.516 0.518 0.699

20 0.996 0.997 0.996 0.997 0.998 0.907 0.911 0.909 0.909 0.945 0.800 0.806 0.805 0.806 0.879 0.592 0.604 0.605 0.607 0.754

40 0.997 0.997 0.997 0.997 0.999 0.925 0.928 0.928 0.928 0.955 0.839 0.845 0.845 0.844 0.903 0.666 0.680 0.677 0.678 0.801

100 0.998 0.998 0.998 0.998 0.999 0.945 0.947 0.945 0.946 0.996 0.879 0.884 0.882 0.883 0.927 0.748 0.758 0.756 0.756 0.848

500 0.999 0.999 0.999 0.999 0.999 0.967 0.968 0.967 0.968 0.979 0.928 0.930 0.929 0.930 0.955 0.846 0.852 0.850 0.850 0.906

1000 0.999 0.999 0.999 0.999 0.999 0.973 0.974 0.973 0.974 0.983 0.941 0.943 0.943 0.942 0.964 0.875 0.879 0.879 0.880 0.924

6000 0.999 0.999 0.999 0.999 1.000 0.984 0.985 0.985 0.985 0.990 0.966 0.967 0.967 0.967 0.978 0.927 0.930 0.929 0.929 0.955

Ta ble 7.  Fit ting pa ram e ters for a 1 MeV elec tron for var i ous geo met ri cal mod els us ing the lo gis tic model

Model
Pa ram e ter

R2

A1 A2 Vo P

Spher i cal –0.4673 ± 0.032 0.9925 ± 9.2E-4 0.0140 ± 0.002 0.3910 ± 0.005 0.999

El lip soi dal –34.1730 ± 168.920 0.9984 ± 0.001 2.85E-7 ± 4.326E-6 0.3273 ± 0.009 0.999

Cy lin dri cal –5.5681± 4.224 0.9995 ± 5.72E-4 5.89E-5 ± 1.34E-4 0.3194 ± 0.006 0.999

Ta ble 8. Fit ting pa ram e ters for a 1 MeV g-pho ton for var i ous geo met ri cal mod els em ploy ing the Belehradek model fit

Model
Pa ram e ter

R2

a B C

Spher i cal 0.0164 ±1.68E-4 0.0443 ± 0.031 0.3259 ± 0.001 0.999

El lip soi dal 0.0162 ± 2.284E-4 1 ± 0.238 0.3220 ± 0.002 0.999

Cy lin dri cal 0.0210 ± 0.001 0.8987 ± 0.305 0.2815 ± 0.004 0.997



tion val ues of var i ous ge om e tries, in cor po rat ing both
elec trons and gamma rays:
– the val ues of ab sorbed frac tions show a de creas -

ing trend mov ing away from spher i cal – to el lip -
soi dal – to cy lin dri cal ge om e tries, while the tar get
size re mains fixed,

– gamma-ray ab sorbed frac tion val ues have been
found to be sen si tive to the ma te rial com po si tion
of the tar gets, es pe cially at low en er gies, while for
elec tions, the ab sorbed frac tion val ues re main in -
sen si tive to low en ergy val ues, and

– the vari a tion of ab sorbed frac tion val ues in re la -
tion to tar get vol umes has been found to fol low lo -
gis tic be hav ior for elec trons and Belehradek's
equa tion for gamma-rays.
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Ziaur RAHMAN, [akil Ur REHMAN, Sikander M. MIRZA,
Vahid AR[ED, Nasir M. MIRZA

CELOVITA  STUDIJA  APSORBOVANE  KOLI^INE  ELEKTRONA  I  GAMA
FOTONA  ZASNOVANA  NA  Geant4  PROGRAMU  KORI[]EWEM  RAZLI^ITIH 

GEOMETRIJSKIH  MODELA  I  BIOLO[KIH  TKIVA

Razvijen je model zasnovan na Geant4 programu za predvi|awe vrednosti apsorbovane
koli~ine elektrona i gama fotona u sfernoj, elipsoidnoj i cilindri~noj geometriji. Simulacija
je izvedena za vodu, meko, mo`dano, plu}no i ko{tano ICRP tkivo, za elektrone energija od 0.1 MeV
do 4 MeV i gama fotone iz opsega energija od 0.02 MeV do 2.75 MeV. Saglasno sa eksperimentalnim
zakqu~cima, simulirane vrednosti opadaju sa porastom energije zra~ewa. U pore|ewu sa NIST
XCOM i ICRU podacima, simulirane vrednosti pomo}u Geant4 programa ne odstupaju vi{e od 4.2%
odnosno 1.6%, respektivno. Za elektrone i gama fotone, relativno odstupawe predvi|awa
zasnovanih na Geant4 modelu u odnosu na referentnu reevaluaciju ne prelazi 6.8% i 7.4%,
respektivno. Elipsoidni i cilindri~ni modeli pokazuju ve}e vrednosti dela apsorbovane doze u
odnosu na sferi~ni model. Prime}eno je da zavisnost ciqane zapremine od vrednosti
apsorbovanog dela prati o~ekivano pona{awe elektrona i Beleradekovu jedna~inu za gama
fotone. Vrednosti apsorbovane koli~ine gama fotona osetqive su na materijal od kojeg je meta
napravqena, naro~ito na niskim energijama, za razliku od elektrona kod kojih ovo pona{awe nije
uo~eno.

Kqu~ne re~i: Geant4 simulacija, deponovana energija, unutra{wa dozimetrija, apsorbovana
.........................frakcija


