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In this work, com par a tive study on en ergy de pend ence of ab sorbed, in trin sic, photo-peak and
ab so lute to tal ef fi ciency of poly sty rene plas tic scin til la tion fi ber and poly vi nyl-to lu ene de tec tors 
with NaI(Tl) scin til la tion de tec tors has been per formed us ing Geant4 ver sion 9.6 toolkit. The
ef fects of ge om e try pa ram e ters on var i ous ef fi cien cies were in ves ti gated by vary ing de tec tor ra -
dii, thick ness and var i ous source-to-de tec tor con fig u ra tions. These stud ies were car ried out for
both cy lin dri cal and slab ge om e tries for pho ton en ergy range of 10 keV-20 MeV us ing point
iso tro pic sources and par al lel beams of pho tons.  Com par i sons of the Geant4.9.6 based sim u la -
tions for poly sty rene scin til la tion fi ber in trin sic ef fi ciency as a func tion of pho ton en ergy and
cor re spond ing re sults ob tained by ear lier ver sions Geant4 (ver sion 5.1) and Geant4 (ver sion
8.1) show good agree ments. The vari a tion of the in trin sic ef fi ciency with en ergy for poly vi -
nyl-to lu ene is also found to match very well with re spec tive ear lier re sults. This work con firms
that the plas tic scintillator based fi bers and slab de tec tors are suit able for X-ray and low en ergy 
g-ray ap pli ca tions with en er gies typ i cally be low 50 keV with the op ti mum length of poly sty rene
scin til la tion fi ber equal to 10 cm. For high en ergy range, cross talk re mains an is sue for poly sty -
rene scin til la tion fi ber and it is prom i nent in fi bers hav ing lon ger lengths and small di am e ters.
Also, un til the fi ber ra dius is smaller than the in ci dent pho ton beam, the fi ber in trin sic ef fi ciency 
in creases with an in crease in the ra dius.
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IN TRO DUC TION

Re cent de vel op ments in the im age-guided ra dio -
ther apy by lin ear-ac cel er a tors and mag netic res o nance 
im ag ing (MRI) in te gra tion have tre men dous im prove -
ments in the ac cu racy of dose de liv ered to the pa tients.
The ad vance ments in ten sity-mod u lated ra dio ther apy
and inter-op er a tive ra dio ther apy have made it nec es -
sary for do sim e ters to be highly ac cu rate, re li able and
should have high spa tial res o lu tion. In this re gard,
plas tic scin til la tors have shown ad van tages over other
do sim e ters be cause they ex hibit su pe rior res o lu tion
and are re sis tant to the ra di a tion dam age. Also, their
re sponse re mains in de pend ent of ex ter nal elec tro mag -
netic field [1]. In post-ac ci dent sce nar ios for nu clear
in stal la tions, con ven tional gas ion iza tion de tec tors or
in or ganic scintillator based ra di a tion mon i tors in clud -
ing do sim e ters and tele-de tec tors be come in ad e quate
due to their ac ti va tion. In such ar eas, the scin til la tion
based op ti cal fi bers are be com ing a prom is ing can di -

date for do sim e ter be cause they are ra di a tion re sis tant
and have shown lin ear re sponse over the large range of 
ra di a tion field strength [2].

Plas tic scin til la tors are ba si cally poly mer based
ma tri ces be long ing to poly sty rene (PS), poly vi nyl to lu -
ene (PVT) or poly-methyl-methacrylate (PMMA)
groups. Early work on plas tic scintillator fi bers showed
their po ten tial as low en ergy pho ton de tec tors [3, 4].
Clark et al., car ried out ex per i men tal mea sure ments of
the in trin sic scin til la tion ef fi ciency of plas tic scin til la -
tors us ing Co-60 [5]. Later, eval u a tion of scin til la tion
fi ber op tics as ra di a tion im ag ing de tec tors was done by
Shao et al., to find ba sic char ac ter is tics of plas tic scin til -
lat ing fi ber for a-par ti cles, X-rays, g-rays and neu trons
[6]. Many re search ers have also ap pre ci ated po ten tial
of these fi bers as po si tion sen si tive de tec tors for neu -
trons, X- and g-rays [7].

Plas tic scin til la tion de tec tors have also shown fa -
vor able prop er ties for do sim e try in clud ing wa ter equiv a -
lence, fast re sponse, high reproducibility, good flex i bil -
ity, lin ear re sponse above spe cific en ergy thresh old, dose
lin ear ity, elec tro mag netic im mu nity, and in de pend ence
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of op er at ing tem per a ture [1]. Sev eral ex per i men tal stud -
ies have in di cated that the plas tic scin til la tors are re sis -
tant to ra di a tion dam age [8].  Mainardi and Bonzi have
shown in their Monte Carlo stud ies that sil i con doped
plas tic scin til la tors ex hibit air-equiv a lent be hav ior in en -
ergy range of in ter est for ra di ol ogy and sur face ra dio -
ther apy [9]. Due to their non-in va sive na ture to wards
pre vail ing ra di a tion field, they are re garded as ideal do -
sim e ters for qual ity as sur ance work in ra di a tion ther apy
[10]. Wa ter equiv a lent plas tic scin til la tors have been de -
vel oped by em ploy ing PVT as base ma te rial with 4 %
chlo rine as ad di tive which yields ra dio log i cal prop er ties
match ing those of wa ter within 10 % in 20 keV-662 keV
en ergy range [11]. Re cently re search work has shown
that con ven tional scin til la tors are not well-suit able for
real time in-vivo do sim e try in brachytherapy while plas -
tic scin til la tors are de signed for such work [12].

The op ti mal sig nal ef fi ciency and minimization
of noise are two im por tant con sid er ations for clin i cal
uti li za tion of plas tic scin til la tion de tec tors. Op ti mi za -
tion of de sign op ti cal vari ables was car ried out by
Beddar et al.,  af ter min i miz ing Cherenkov noise and
im prov ing sig nal-to-noise char ac ter is tics of plas tic fi -
ber scin til la tors. The de pend ence of to tal ab so lute de -
tec tion ef fi ciency on pho ton en ergy and source-to-de -
tec tor dis tance was stud ied. Also, vari a tion of lin ear
at ten u a tion co ef fi cient of de tec tor ma te rial with pho ton
en ergy was de ter mined us ing MCNP code [13]. Lin ear -
ity of en ergy re sponse of plas tic scin til la tors was ob -
served above spe cific en ergy thresh old. Lam bert et al.
also have shown  that plas tic scin til la tors dem on strate a
lin ear re sponse  for high dose rate brachytherapy and
have found lin ear in crease of 100 % in dose from 50
kVp to 125 kVp en ergy range [12].

In or der to dem on strate the use ful ness of plas tic
scin til lat ing fi ber for X-ray im ag ing par tic u larly for
com put er ized to mog ra phy (CT) or dig i tal ra di og ra phy
(DR) ap pli ca tions, ex per i ments were car ried out [14].
Only ra dio-chro matic films of fered the re quired spa tial
res o lu tion but their sen si tiv ity re mained lim ited and
also their ra di a tion char ac ter is tics were dif fer ent from
those of tis sues [15]. PENELOPE [16] based Monte
Carlo sim u la tions were per formed for as sess ment of
suit abil ity of plas tic scin til la tors for ra di a tion do sim e try 
[16] as well as Geant4 [17]. Monte Carlo sim u la tions
were per formed to eval u ate per for mance of a sim ple
pro to type X-ray de tec tor con sist ing of plas tic scin til lat -
ing fi bers con nected to a charge-cou pled de vice [18].
They found suit abil ity of such sys tems for X-ray im ag -
ing in low en ergy range (20 keV-120 keV).

Re cently Monte Carlo sim u la tion based Geant4
toolkit was em ployed for es ti mat ing de tec tion ef fi -
ciency of plas tic scin til lat ing fi ber us ing gamma rays
in 0.1 MeV-10 MeV en ergy range  by Tang et al. The
sim u la tion re sults were found in good agree ment with
the the o ret i cal pre dic tions. Later, this work was ex -
tended  us ing  Geant4  toolkit  for  gamma  rays  up to
12 MeV, us ing a lin ear plas tic scin til lat ing fi ber ar ray
[19, 20].

This work aims at a com par a tive study on en ergy 
de pend ence of ab sorbed, in trin sic, photo-peak and ab -
so lute to tal ef fi ciency for poly sty rene (PS), poly vi -
nyl-to lu ene (PVT) with NaI(Tl) scin til la tion de tec tors
us ing Geant4 [21] ver sion 9.6 toolkit. Sub se quently,
the ef fects of ge om e try pa ram e ters have been in ves ti -
gated. The de pend ence of var i ous ef fi cien cies has
been stud ied by vary ing de tec tor ra dii, thick ness and
ge om e tries in clud ing cy lin dri cal and slab cases for
var i ous source ge om e tries and source-to-de tec tor con -
fig u ra tions. Nor mally, the re sponse of plas tic scin til la -
tion de tec tor is a two-step pro cess: (a) de po si tion of
en ergy of in ci dent ra di a tions and (b) sig nal gen er a tion
through scin til la tion light out put. This work is fo cused 
on the sim u la tion of en ergy de po si tion part. In the next
sec tion, the de tails of Geant4 (ver sion 9.6) ap pli ca tion
de vel op ment for this work are pre sented with un der ly -
ing as sump tions, over all log i cal flow in track ing par ti -
cles and scor ing meth ods. There upon, re gres sion tests
of the pres ent sim u la tions are pre sented and the re sults
of these sim u la tions were com pared with the re sults
col lected by oth ers. Fi nally new re sults on de pend ence 
of var i ous de tec tion ef fi cien cies on the di men sions of
de tec tor, on ge om e try of source and on source to de -
tec tor dis tance are presented.

MA TE RI ALS AND METHOD

Both fi bre and slab type plas tic scin til la tors were
con sid ered in this work. The model for plas tic scin til lat -
ing fi bre (PSF) used in Geant4 sim u la tion is shown as
fig. 1. Ac cord ing to the man u fac turer, the scin til lat ing
ma te rial is en closed within poly-methyl methacrylate
(PMMA) clad ding hav ing thick ness 0.3 % of the scin -
til lat ing core di am e ter [22]. Se lected prop er ties of plas -
tic ma te ri als used in this work are shown as tab. 1.

The Monte Carlo sim u la tions were car ried out
us ing Geant4 [17, 21] ver sion 9.6 toolkit. This toolkit
is ca pa ble of par ti cle track ing for var i ous types of
sources and it can han dle dif fer ent de tec tor ge om e tries 
with var i ous types of in ter ven ing me dia. The Geant4
Low En ergy Elec tro mag netic Pack age, based on the
Livermore Data Li brar ies, was adopted in this work to
de scribe pho ton and elec trons in ter ac tions. This
model in cludes pho to elec tric ef fect, Compton scat ter -
ing, Ray leigh ef fect, Brems strah lung, and ion iza tion
pro cesses. The thresh old of pro duc tion of sec ond ary
par ti cles (cut) was cho sen at 0.1 mm which is much
smaller than the di men sions of the scintillator so that
the en ergy de po si tion re mained in sen si tive to the vari -
a tions in cut value. Pri mary par ti cles were gen er ated
in de pend ently from the cut. For each point in the
graph, track ing of 106 pho ton his to ries was car ried out
in Geant4.9.6 sim u la tions, the pro ce dure was re peated
three times and the av er age re sults were em ployed.
The Geant4 sim u la tion model was coded to cal cu late
var i ous ef fi cien cies from the sim u la tion re sults. The
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in trin sic ef fi ciency was cal cu lated from the ra tio of
gamma rays de tected by de tec tor to the gamma rays in -
ci dent on the de tec tor. Ab sorp tion ef fi ciency was de -
ter mined us ing the ra tio of gamma rays that are fully
stopped in the de tec tor to the gamma rays that are emit -
ted by the source. Ab so lute ef fi ciency was cal cu lated
by the ra tio of num ber of gamma rays de tected to the
num ber of gamma rays emit ted by the source.

In or der to com pare the pre dic tions of
Geant4.9.6 with the re sults of ear lier work, a cy lin dri -
cal plas tic scintillator was also con sid ered. Scintillator 
of 10 cm length and di am e ter of one mm was used. Ini -
tially the source to de tec tor dis tance of 120 cm was
kept in this work. To find im pact of de tec tor ra dius on
the in trin sic ef fi ciency of poly sty rene, sim u la tions
were  per formed  by   vary ing   de tec tor  ra dius  from
0.1 mm to 100 mm and the fi ber length was kept at the
value of 10 cm. The length of plas tic scin til lat ing fi bre
(PSF) is an other im por tant pa ram e ter that has ef fect on 
the in trin sic ef fi ciency of plas tic scintillator. Too small 
length of these scin til la tors leads to par tial de po si tion
of en ergy. There fore sim u la tions were car ried out to
find im pact of fi ber length on in trin sic ef fi ciency of PS 
vary ing it from zero to 20 cm in steps and at each step
the in trin sic ef fi ciency was de ter mined.

RE SULTS AND DIS CUS SION

Cy lin dri cal scintillator ge om e try

In the first part of this work, us ing cy lin dri cal
scin til la tors, the sim u la tions for cy lin dri cal plas tic scin -
til la tors were done at dif fer ent en er gies. The val ues of
in trin sic ef fi ciency of poly sty rene were com pared with
the cor re spond ing data found by us ing Geant4.8.1 [19,
20]. These com par i sons are shown as a func tion of en -
ergy in fig. 2.  Good agree ments are ob served through -
out the en ergy range and max i mum de vi a tion in all re -
sults re mained less than 4 %. A sim i lar agree ment is also 
ob served in the com par i son of the com puted vari a tion
of in trin sic ef fi ciency of PSF of the length of 10 cm and
0.25 mm di am e ter us ing Geant4.9.6 with the cor re -
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Fig ure 1. Geant4.9.6 gen er ated vi su al iza tion of
(a) cross-sec tion of plas tic scin til la tion fi ber and
(b) in ci dent  and scat tered pho tons with plas tic scintillator

Ta ble 1.  Im por tant prop er ties of plas tic scin til la tors used in Geant4 sim u la tions

Prop erty BCF-20 BC-400 NaI(Tl)

De tec tor base PS PVT So dium io dide

Chem i cal com po si tion C8H8 C10H11 NaI(Tl)

Den sity [gcm–3] 1.05 1.032 3.67

Re frac tive in dex 1.6 1.58 1.85

Emis sion color Green Blue In digo

Emis sion peak [nm] 492 423 415

De cay time [ns] 2.7 2.4 250

At ten u a tion length [m] >3.5 1.6 0.028

Num ber of pho tons per MeV ~8000 ~10000 ~40000

Char ac ter is tics/ap pli ca tions Fast green Gen eral pur pose Gen eral pur pose

Op er at ing tem per a ture –20 °C to +50 °C –60 °C to +20 °C –

Ra tio of H:C atoms ~1.006 ~1.103 –



spond ing re sults ob tained us ing Geant4.5.1. Good
agree ment is seen be tween the two cor re spond ing sets
of data with the max i mum de vi a tion value of 5 %
through out the 1 keV-20 MeV en ergy range.

Then, de pend ence of ef fi ciency on PSF on ra -
dius for cy lin dri cal sys tems was de ter mined keep ing
the length at 10 cm. The sim u la tion re sults are shown
in fig. 3. Con sis tent with the ex pected be hav ior, the
value of in trin sic ef fi ciency in creases in qua dratic
man ner with in crease in the de tec tor ra dius when the
de tec tor ra dius is smaller than the in ci dent pho ton
beam ra dius; and be yond it, the value of ef fi ciency be -
comes nearly  con stant.  This be hav ior is ob served
over a wide vari a tion of in ci dent pho ton en er gies rang -
ing from  0.01 MeV-20 MeV  (fig. 3). For high en ergy
(~20 MeV) pho tons, the curve be yond 0.5 mm ra dius
shows slight vari a tion as it ap proaches sat u ra tion
value. This may be at trib uted to en ergy leak age ef fect
due to sec ond ary par ti cles that are even tu ally trapped
with in creas ing val ues of scintillator ra dii.

As a next step, the ef fect of plas tic scintillator fi -
ber length on ef fi ciency was de ter mined at dif fer ent en -
er gies and re sults of Geant4 sim u la tions are shown in
fig. 4. The value of in trin sic ef fi ciency rises non-lin -
early from low val ues to sat u ra tion val ues when the
plas tic scintillator fi ber length is in creased. For low val -
ues of in ci dent pho ton en er gies (~0.01 MeV), the rise of 
ef fi ciency to sat u ra tion val ues is sharp, re quir ing only
about 2.5 cm scintillator length to reach the max i mum
value. This is due to large value of scintillator at ten u a -
tion co ef fi cient for these val ues of pho ton en ergy which
leads to fast at ten u a tion in rel a tively short pen e tra tion
depths of plas tic fi bers. How ever, when en ergy of pho -
tons is high, the rise is slow and max i mum value of in -
trin sic ef fi ciency be comes low.

Plas tic scin til la tion de tec tors are gen er ally be -
lieved to be ef fec tive in the low en ergy range of in ci -
dent pho tons. In or der to study the vari a tion of
photo-peak ef fi ciency of poly sty rene with pho ton en -
ergy, Geant4.9.6 sim u la tions have been per formed and 
com par i son of these re sults with the cor re spond ing
data ob tained with Geant4.8.1 is shown in fig. 5 [19].
The Geant4.9.6 sim u lated re sults are in good agree -
ment with the cor re spond ing re sults ob tained by
Geant4.8.1 and max i mum de vi a tion re mained less
than 3-4%. These re sults were also com pared with ef -
fi cien cies ob tained for PVT over the same en ergy
range us ing Geant4.9.6. The PS and PVT show nearly
iden ti cal be hav ior for the vari a tion of photo-peak ef fi -
ciency with en ergy. It was ob served in this work that
the value of photo-peak ef fi ciency drops rap idly from
nearly 100 % at 10 keV to ~1 % near 70 keV. 

Com par i son of plas tic scin til la tors
with NaI(Tl)

The PVT scin til la tors are widely used in por tal
mon i tors es pe cially when large sizes of de tec tors are
in volved. While PVT is good for gross count ing, it
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Fig ure 2. Com par i son of en ergy de pend ence of in trin sic
ef fi ciency of poly sty rene with the re sults of Tang et al.,
[19]

Fig ure 3. Vari a tion of in trin sic to tal ef fi ciency of
poly sty rene with fi ber ra dius for var i ous in ci dent pho ton 
en er gies

Fig ure 4. Vari a tion of in trin sic to tal ef fi ciency of
poly sty rene with fi ber length for dif fer ent val ues of
pho ton en er gies



per forms poorly at iso tope iden ti fi ca tion [23]. For this
pur pose, al ter nate avail able scin til la tors are com pared
against PVT for their eval u a tion.  In this study, the val -
ues of ab so lute to tal ef fi ciency of PS and NaI(Tl) ob -
tained us ing Geant4.9.6 have been com pared with that
of PVT for var i ous val ues of de tec tor ra dius. These re -

sults are shown in tab. 2. The Geant4.9.6 re sults for
NaI(Tl) are in ex cel lent agree ment with the cor re -
spond ing data ob tained by us ing MCNP code
(Ayaz-Maierhafer and DeVol, 2007) and max i mum
ab so lute de vi a tion re mains within 1.94 %. when
NaI(Tl) is com pared with PS scintillator, the ab so lute
to tal ef fi ciency val ues for PS scin til la tors  are only
0.367 and 0.360 times the cor re spond ing val ues of
NaI(Tl) for 2.54 cm and 7.62 cm de tec tor di am e ters,
re spec tively.

The val ues of ab so lute peak ef fi ciency of PS  and 
NaI(Tl) were also com pared with that of PVT for de -
tec tors di am e ter val ues of 2.54 and 7.62  cm us ing
Co-60 (1332 keV g-rays) in Geant4.9.6.  Re sults ob -
tained by us ing MCNP code [23] are also com pared
and are shown in tab. 3. These re sults re mained in
good agree ment with each other and max i mum ab so -
lute de vi a tion re mained less than 2.72 %.

The de pend ence of ab so lute to tal de tec tion ef fi -
ciency on the g-ray en ergy for NaI(Tl) and PVT was
stud ied us ing Geant4.9.6 and the cor re spond ing re -
sults are given as tab. 4. These are for point iso tro pic
source placed at 25 cm and 100 cm from de tec tor re -
spec tively. When we com pare the cor re spond ing val -
ues com puted by Ayaz-Maierhafer and DeVol us ing
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Fig ure 5. De pend ence of the nor mal ized peak ef fi ciency
on pho ton en ergy and com par i son with re sults ob tained
by Tang et al., for poly sty rene [19]

Ta ble 2. Sim u lated re sults for ab so lute to tal ef fi ciency hav ing var i ous di am e ters and thick nesses

De tec tor Thick ness
[cm]

Di am e ter
[cm]

Ab so lute to tal
ef fi ciency*

Ab so lute total efficiency
(this paper)

Rel a tive
efficiency

Rel a tive efficiency
(this paper)

PVT** – – 9.19×10–2 – 1 1

NaI:Tl 1 2.54 1.03×10–4 1.01×10–4 0.001 0.001

PS 1 2.54 – 3.71×10–5 – 0.0004

NaI:Tl 1 7.62 9.19×10–4 9.19×10–4 0.01 0.01

PS 1 7.62 – 3.31×10–4 – 0.0036

NaI:Tl 1 12.7 2.5×10–3 2.48×10–3 0.027 0.027

PS 1 12.7 – 9.04×10–4 – 0.009

NaI:Tl 1 100 6.28×10–2 6.28×10–2 0.683 0.683

PS 1 100 – 2.34×10–2 – 0.2546

NaI:Tl 2.5 2.54 2.15×10–4 2.14×10–4 0.002 0.002

PS 2.5 2.54 – 8.42×10–5 – 0.0009

NaI:Tl 2.5 7.62 1.91×10–3 1.92×10–3 0.021 0.0209

PS 2.5 7.62 – 7.49×10–4 – 0.0081

NaI:Tl 2.5 12.7 5.19×10–3 5.19×10–3 0.056 0.056

PS 2.5 12.7 – 2.04×10–3 – 0.022

NaI:Tl 2.5 100 1.26×10–1 1.27×10–1 1.373 1.3802

PS 2.5 100 – 5.29×10–2 – 0.5756

NaI:Tl 7.62 2.54 3.96×10–4 3.92×10–4 0.0043 0.0042

PS 7.62 2.54 – 1.89×10–4 – 0.00205

NaI:Tl 7.62 7.62 3.49×10–3 349×10–3 0.038 0.038

PS 7.62 7.62 – 1.69×10–3 – 0.0183

NaI:Tl 7.62 12.7 9.46×10–3 9.52×10–3 0.103 0.1036

PS 7.62 12.7 – 4.62×10–3 – 0.0502

NaI:Tl 7.62 100 2.19×10–1 2.21×10–1 2.38 2.4039

PS 7.62 100 – 1.21×10–1 – 1.3166

*Ayaz-Maierhafer et al. [23]; **Di men sions of  PVT de tec tor: 18.88 cm ´ 60.96 cm ´ 5.08 cm



MCNP code, we see that Geant4.9.6 pre dic tions are in
ex cel lent agree ment with MCNP re sults [23] and max -
i mum ab so lute de vi a tions is less 3.65 % in all cases.
With in crease in the value of g-ray en ergy, the val ues
of ab so lute to tal ef fi ciency shows de creas ing trend

which is con sis tent with the re spec tive de crease in the
at ten u a tion co ef fi cient val ues in this en ergy range.

The de pend ence of  ab sorp tion ef fi ciency of
poly sty rene on in ci dent pho ton en ergy has also been
sim u lated us ing Geant4.9.6 and the re sults were com -
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 Ta ble 3. Sim u lated re sults for ab so lute peak ef fi ciency at 1332 keV hav ing var i ous di am e ters & thick nesses

De tec tor Thick ness
[cm]

Di am e ter
[cm]

Ab so lute peak
ef fi ciency*

Ab so lute peak ef fi ciency
(this paper)

Rel a tive
efficiency

Rel a tive ef fi ciency
(this pa per

PVT** – – 1.13×10–4 – 1 –

NaI:Tl 1 2.54 1.23×10–5 1.21×10–5 0.11 0.107

PS 1 2.54 – 3.39×10–7 – 0.003

NaI:Tl 1 7.62 1.47×10–4 1.47×10–4 1.3 1.3

PS 1 7.62 – 7.17×10–7 – 0.0063

NaI:Tl 1 12.7 4.29×10–4 4.22×10–4 3.8 3.73

PS 1 12.7 – 1.93×10–5 – 0.17

NaI:Tl 1 100 1.22×10–2 1.20×10–2 108 106.19

PS 1 100 – 6.15×10–4 – 5.442

NaI:Tl 2.5 2.54 3.53×10–5 3.53×10–5 0.31 0.31

PS 2.5 2.54 – 1.34×10–6 – 0.011

NaI:Tl 2.5 7.62 4.94×10–4 4.96×10–4 4.38 4.38

PS 2.5 7.62 – 2.50×10–5 – 0.2212

NaI:Tl 2.5 12.7 1.51×10–3 1.52×10–3 13.3 13.45

PS 2.5 12.7 – 8.76×10–5 – 0.775

NaI:Tl 2.5 100 4.49×10–2 4.52×10–2 398 400

PS 2.5 100 – 2.74×10–3 – 24.24

NaI:Tl 7.62 2.54 7.89×10–5 7.77×10–5 0.7 0.686

PS 7.62 2.54 – 2.78×10–6 – 0.024

NaI:Tl 7.62 7.62 1.34×10–3 1.34×10–3 11.9 11.9

PS 7.62 7.62 – 7.76×10–5 – 0.686

NaI:Tl 7.62 12.7 4.38×10–3 4.41×10–3 38.8 39.02

PS 7.62 12.7 – 3.18×10–6 – 0.03

NaI:Tl 7.62 100 1.39×10–1 1.41×10–1 1230 1246.79

PS 7.62 100 – 2.03×10–2 – 179.64

*Ayaz-Maierhafer et al. [23]; **Dmensions of  PVT de tec tor: 18.88 cm ´ 60.96 cm ´ 5.08 cm

Ta ble  4. The com par i son of sim u lated val ues of ab so lute to tal ef fi ciency (eabs,to tal)  and ab so lute peak ef fi ciency at
1332 keV (eabs,1332 keV ) of PVT with  NaI(Tl) val ues us ing Geant 4.9.6

Source-detector
dis tance

[cm] (source)
Ef fi ciency PVT** PVT

(this paper)
NaI:Tl* (7.62 cm 

di am e ter ´ 7.62 cm)

NaI:Tl (this paper)
(7.62 cm

di am e ter ´ 7.62 cm)

NaI:Tl* (100 cm
di am e ter ´ 1 cm)

NaI:Tl (this
pa per) (100 cm

di am e ter ´ 1 cm)

25 (Co-60)

Ab so lute,
to tal 0.0919 – 0.0379 0.0376 0.68 0.676

Ab so lute,
1332 keV 0.0001 – 11.88 11.69 108.00 109.73

25 (Cs-137)

Ab so lute,
to tal 0.108 – 0.0373 0.0383 0.76 0.804

Ab so lute,
662 keV 0.0002 – 10.66 10.757 136.70 136.37

100 (Co-60)

Ab so lute,
to tal 0.0177 – 0.0146 0.0141 0.52 0.508

Ab so lute,
1332 keV .00002 – 4.947 4.865 85.82 83.50

100 (Cs-137)

Ab so lute,
to tal – 0.0232 – 0.0126 – 0.560

Ab so lute,
662 keV – .000041 – 4.219 – 107.80

*Ayaz-Maierhafer et al. [23]; **Di men sions of  PVT de tec tor: 18.88 cm ´ 60.96 cm ´ 5.08 cm



pared with the cor re spond ing re sults from Geant4.8.1
[19]. Both are in good agree ment as shown as fig. 6.
This fig ure shows a sharp de creas ing trend in the low
en ergy range which can be at trib uted to the cor re -
spond ing vari a tion in photo-elec tric ef fect. How ever,
when the ab sorp tion ef fi ciency of poly sty rene com -
puted by Geant4.9.6 is com pared with the cor re spond -
ing  data  from Geant4.5.1 [24], some dis crep an cies
are ob served in the ab sorp tion ef fi ciency val ues near
250 keV-300 keV en ergy range, and these could be at -
trib uted to the dif fer ence in the phys ics li brar ies used
in two ver sions of Geant4 toolkits. 

Leak age en ergy and fi ber length ef fects

A bun dle of PSF is nor mally used in ex per i men -
tal mea sure ments and cross-talk caused by par tial ab -
sorp tion of en ergy in var i ous fi bers ef fects the mea -
sure ments. In or der to study this pro cess, the
de pend ence of ab sorp tion ef fi ciency on fi ber length
has been com puted for 100 keV in ci dent pho tons us -
ing Geant4.9.6 code. In  fig. 7, the re sults for var i ous
val ues of fi ber di am e ter were com pared with the cor re -
spond ing re sults ob tained by Geant4.8.1 [19]. The
Geant4.9.6 val ues of ab sorp tion ef fi ciency are in good
agree ment with the re sults ob tained by us ing
Geant4.8.1 code. The ab sorp tion ef fi ciency in creases
quickly as the fi ber length in creases to about 10 cm
and then it con tin ues ris ing with re duced slope. When
fi ber length is less than 4 cm, the ab sorbed ef fi ciency
re mains in de pend ent of the fi ber di am e ter and when
fi ber length be comes more than 4 cm,  the larger fi ber
di am e ter ex hib its a higher value of ab sorp tion ef fi -
ciency. This is due to sec ond ary par ti cles with large
trans verse mo men tum as they get ab sorbed ef fec tively 
in larger di am e ter fi bers. For lon ger lengths, and small
di am e ters, the cross-talk re mains high due to leak age

of sec ond ary par ti cles with large trans verse mo men -
tum.

The ab sorp tion ef fi ciency plays piv otal role in
de ter mi na tion of scin til la tion de tec tion ef fi ciency
which is es sen tially a prod uct of the ab sorp tion ef fi -
ciency, con ver sion ef fi ciency and trans mis sion ef fi -
ciency. Com par i son of ab sorp tion ef fi ciency of PS
with that of PVT has been car ried out us ing
Geant4.9.6. These re sults were com pared with the
work of Tang et al., on vari a tion of ab sorp tion ef fi -
ciency of PS [19]. The com par i son is given as fig. 8.
Clearly, the three data sets are in good agree ment with
each other in di cat ing ra dio log i cal sim i lar ity of PVT
with PS in this en ergy range.

Slab scintillator ge om e try

 Re cently, ef forts were made to re place PVT with
other types of de tec tors in por tal mon i tors as PVT has a
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Fig ure 6. Vari a tion of ab sorp tion ef fi ciency of
poly sty rene with pho ton en ergy

Fig ure 7. De pend ence of ab sorp tion ef fi ciency of
poly sty rene on fi ber length for in di cated val ues of fi ber
di am e ter

Fig ure 8. En ergy de pend ence of the de tec tion ef fi ciency
of poly sty rene and poly vi nyl-to lu ene



draw back of re quir ing a sec ond screen ing for iso tope
iden ti fi ca tion [23]. In this re gard, we have com pared
poly sty rene, PVT and NaI(Tl). First the ab so lute de tec -
tion ef fi ciency has been es ti mated for poly sty rene and
PVT em ploy ing Geant4.9.6 code with a point iso tro pic
source at 25 cm and at 100 cm, re spec tively, from the
de tec tor. These re sults have been com pared with the
cor re spond ing re sults for NaI(Tl) by Ayaz-Maierhafer
and DeVol us ing MCNP code [23] and are shown as tab. 
5. The Geant4.9.6 com puted val ues are in rea son able
agree ment with the cor re spond ing data by MCNP code
with max i mum rel a tive er ror re mained less than 9.7 %.
The cor re spond ing data also show ex cel lent agree ment
for ab so lute to tal ef fi ciency val ues when Co-60 is used.
The max i mum ab so lute rel a tive er ror re mained less
than 2 %.

Then the ef fects of ge om e try were com pared in
this work. In or der to quan tify the ef fect of ge om e try
on in trin sic ef fi ciency of poly sty rene fi bers, both the
slab type and cy lin dri cal mod els were used in
Geant4.9.6. These mod els had iden ti cal cross sec -
tional area and vol umes. The only dif fer ence was in
the ge om e try. The di men sions of slab and cy lin dri cal
poly sty rene scin til la tors are given in tab. 6. For cy lin -
dri cal fi bers, each fi ber had a length of 10 cm and the
fi ber  di am e ter  was  al lowed to vary from one mm to
20 mm. For three dif fer ent front sur face ar eas the re -
sults of Geant4 are shown as fig. 9. The re sults show

that the in trin sic ef fi ciency that is largely in de pend ent
of the ge om e try, and dif fer ences in the val ues of in trin -
sic ef fi ciency be tween cor re spond ing cy lin dri cal or
square cross-sec tional ge om e tries are neg li gi ble.
When in ci dent pho ton en ergy is less than 100 keV (fig. 
9), the in crease in cross-sec tional area does not in -
creases the in trin sic ef fi ciency and for all en er gies
greater than 100 keV, it is in de pend ent of cross-sec -
tional area.

The ef fi ciency of a scintillator is largely de ter -
mined by the lin ear at ten u a tion co ef fi cient of the de -
tec tor ma te rial. The vari a tion of at ten u a tion co ef fi -
cient of poly sty rene, PMMA, wa ter, soft tis sue and
mus cle was com puted by car ry ing out the at ten u a tion
sim u la tion of a par al lel beam of pho tons of spe cific en -
ergy in a slab of ma te rial us ing Geant4.9.6. The com -
puted val ues for BC-400 type of com mer cial poly sty -
rene have been com pared with the cor re spond ing
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Ta ble 5. Com par i son of sim u lated ab so lute de tec tion ef fi ciency of PS, PVT, and NaI(Tl) us ing Geant4.9.6 code

Source/(source
to de tec tor
dis tance)

Ef fi ciency

PVT
(this pa per)
(188.88 ´

´ 60.96 ´ 5.08)

Polysty rene
(this pa per)

(188.88 × 60.96 × 
´ 5.08)

NaI:Tl* (47 ´
´ 58.5 ´ 0.95)

NaI:Tl
(this paper)

(47 × 58.5 × 0.95)

NaI:Tl*

(10.16 × 10.16 × 
´ 40.64)

NaI:Tl
(this pa per)

(10.16 × 10.16 ×
´ 40.64)

60Co (25 cm)

Ab so lute,
to tal 1.0237 1.0314 0.3568 0.3606 0.3096 0.3048

Ab so lute,
1332 keV 1 1.0353 53.13 53.398 138.5 133.337

137Cs (25 cm)

Ab so lute,
to tal 1.0412 1.0498 0.3993 0.4382 0.2933 0.3096

Ab so lute,
662 keV 0.9282 0.9641 69.45 69.5964 103.7 109.404

60Co (100 cm)

Ab so lute,
to tal 1.0508 1.063 0.1876 0.1807 0.1437 0.1434

Ab so lute,
1332 keV 0.935 1.05 29.33 28.7 69.57 71.671

137Cs (100 cm)

Ab so lute,
to tal 1 1.00702 – 0.2038 – 0.1253

Ab so lute,
662 keV 1 1.1219 – 36.58 – 53.475

*Ayaz-Maierhafer et al., [23]; **Us ing cor re spond ing val ues for PVT as reference

Ta ble 6. Di men sions of slabs and fi bers along with
 cor re spond ing sur face ar eas

Sur face area of
front side

Di men sions of slab
[cm]

Di men sions of fi ber
(di am e ter ´ length)

7.85×10–3cm2 (0.088 × 0.088 × 10) (1 mm × 10 cm)

1.1309 cm2 (1.063 × 1.063 × 10) (12 mm × 10 cm)

3.1415 cm2 (1.772 × 1.772 × 10) (20 mm × 10 cm)

Fig ure 9. The in trin sic ef fi ciency as a func tion of en ergy
ob tained by us ing Geant4.9.6 for var i ous fi ber and slab
ge om e tries



val ues com puted by MCNP code and also with re -
ported data by man u fac turer [22]. Re sults showed that
val ues are in good agree ment with the cor re spond ing
pub lished data in the 0.01 MeV-10 MeV en ergy range.
Also, BC-400 has ap prox i mately the same val ues of  m
as soft tis sues have for the same en ergy range.

CON CLU SIONS

In this work, com par a tive study of en ergy de -
pend ence of ab sorbed, in trin sic, photo-peak and ab so -
lute to tal ef fi ciency of PSF and PVT de tec tors was
done with NaI(Tl) scin til la tion de tec tors us ing Geant4
ver sion 9.6 toolkit. The ef fects of ge om e try pa ram e -
ters on var i ous ef fi cien cies were stud ied by vary ing
de tec tor ra dii, thick ness and var i ous source-to-de tec -
tor con fig u ra tions. This work con firms that plas tic
scintillator based fi ber and slab de tec tors are suit able
for X-ray and low en ergy  g-ray ap pli ca tions with en er -
gies typ i cally be low 50 keV, in clud ing count ing and
med i cal and in dus trial ra dio graphic im ag ing pur -
poses. The op ti mum length of PSF has been con firmed 
as 10 cm. For high en ergy range, cross talk is an is sue
for PSF which is ex pected to be more prom i nent in fi -
bers of lon ger lengths and of small di am e ter val ues.
The de tec tor in trin sic ef fi ciency shows in creas ing be -
hav ior with ra dius while the ra dius re mains smaller
than in ci dent pho ton beam ra dius and be yond it, the ef -
fi ciency be comes con stant.
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Sikander M. MIR ZA, Ahsan RAZAK, [akil Ur REHMAN, Nasir M. MIR ZA

PROU^AVAWE  UTICAJA  RAZLI^ITIH  GEOMETRIJA  NA  EFIKASNOST
DETEKCIJE  POLISTIRENSKIH,  POLIVINIL  TOLUENSKIH  I

NATRIJUMJODIDNIH  DETEKTORA  POMO]U  KODA  GEANT4 

U ovom radu prikazano je komparativno prou~avawe energetske zavisnosti apsorbovane,
sopstvene, fotopiki apsolutne ukupne efikasnosti polistirenskih plasti~nih scintilatorskih
vlakana i polivinil toluenskih detektora sa NaI(Tl) scintilacionim detektorima, obavqeno
upotrebom Geant4 softverskog alata verzije 9.6. Promenom polupre~nika i debqine detektora, kao
i rastojawa izvor–detektor, ispitani su uticaji geometrijskih parametara na razli~ite
efikasnosti. Ova ispitivawa obavqena su za cilindri~ne i plo~aste geometrije i sa fotonima
energija od 10 keV do 20 MeV, kori{}ewem ta~kastih izotrponih izvora i paralelnih snopova
fotona. Pore|ewe rezultata simulacije polistirenskih plasti~nih scintilatorskih vlakana
obavqenih kodom Geant 4.9.6, sa odgovaraju}im rezultatima dobijenim kodovima Geant4 (verzija 5.1)
i Geant4 (verzija 8.1), pokazuju dobro slagawe zavisnosti sopstvene efikasnosti od energije
fotona. Dobro slagawe sa objavqenim rezultatima uo~eno je i za varijaciju sopstvene efikasnosti
u funkciji energije fotona kod polivinil toluenskih detektora. Ovaj rad potvr|uje da su vlakna
zasnovana na plasti~nim scintilatorima i plo~asti detektori pogodni za primenu kod X-zra~ewa
i niskoenergetskog gama zra~ewa sa energijama tipi~no ispod 50 keV i optimalnom du`inom
vlakana od 10 cm. Za opsege visokih energija, preslu{avawe ostaje prob lem za polistirenska
plasti~na scintilatorska vlakna i istaknut je kod vlakana koja imaju velike du`ine i male
pre~nike. Tako|e, sve dok je polupre~nik vlakna mawi od incidentnog snopa fotona, sopstvena
efikasnost vlakna raste sa pove}awem polupre~nika.

Kqu~ne re~i: plasti~no scintilatorsko vlakno, polivinil toluenski scintilator,
,,,,,,,,,,,,,,,,,,,,,,,,,,efikasnost detekcije, Geant4


