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In this work, comparative study on energy dependence of absorbed, intrinsic, photo-peak and
absolute total efficiency of polystyrene plastic scintillation fiber and polyvinyl-toluene detectors
with Nal(Tl) scintillation detectors has been performed using Geant4 version 9.6 toolkit. The
effects of geometry parameters on various efficiencies were investigated by varying detector ra-
dii, thickness and various source-to-detector configurations. These studies were carried out for
both cylindrical and slab geometries for photon energy range of 10 keV-20 MeV using point
isotropic sources and parallel beams of photons. Comparisons of the Geant4.9.6 based simula-
tions for polystyrene scintillation fiber intrinsic efficiency as a function of photon energy and
corresponding results obtained by earlier versions Geant4 (version 5.1) and Geant4 (version
8.1) show good agreements. The variation of the intrinsic efficiency with energy for polyvi-
nyl-toluene is also found to match very well with respective earlier results. This work confirms
that the plastic scintillator based fibers and slab detectors are suitable for X-ray and low energy
y-ray applications with energies typically below 50 keV with the optimum length of polystyrene
scintillation fiber equal to 10 cm. For high energy range, cross talk remains an issue for polysty-
rene scintillation fiber and it is prominent in fibers having longer lengths and small diameters.
Also, until the fiber radius is smaller than the incident photon beam, the fiber intrinsic efficiency

increases with an increase in the radius.
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INTRODUCTION

Recent developments in the image-guided radio-
therapy by linear-accelerators and magnetic resonance
imaging (MRI) integration have tremendous improve-
ments in the accuracy of dose delivered to the patients.
The advancements intensity-modulated radiotherapy
and inter-operative radiotherapy have made it neces-
sary for dosimeters to be highly accurate, reliable and
should have high spatial resolution. In this regard,
plastic scintillators have shown advantages over other
dosimeters because they exhibit superior resolution
and are resistant to the radiation damage. Also, their
response remains independent of external electromag-
netic field [1]. In post-accident scenarios for nuclear
installations, conventional gas ionization detectors or
inorganic scintillator based radiation monitors includ-
ing dosimeters and tele-detectors become inadequate
due to their activation. In such areas, the scintillation
based optical fibers are becoming a promising candi-
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date for dosimeter because they are radiation resistant
and have shown linear response over the large range of
radiation field strength [2].

Plastic scintillators are basically polymer based
matrices belonging to polystyrene (PS), polyvinyl tolu-
ene (PVT) or poly-methyl-methacrylate (PMMA)
groups. Early work on plastic scintillator fibers showed
their potential as low energy photon detectors [3, 4].
Clark et al., carried out experimental measurements of
the intrinsic scintillation efficiency of plastic scintilla-
tors using Co-60 [5]. Later, evaluation of scintillation
fiber optics as radiation imaging detectors was done by
Shao et al., to find basic characteristics of plastic scintil-
lating fiber for a-particles, X-rays, y-rays and neutrons
[6]. Many researchers have also appreciated potential
of these fibers as position sensitive detectors for neu-
trons, X- and y-rays [7].

Plastic scintillation detectors have also shown fa-
vorable properties for dosimetry including water equiva-
lence, fast response, high reproducibility, good flexibil-
ity, linear response above specific energy threshold, dose
linearity, electromagnetic immunity, and independence
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of operating temperature [1]. Several experimental stud-
ies have indicated that the plastic scintillators are resis-
tant to radiation damage [8]. Mainardi and Bonzi have
shown in their Monte Carlo studies that silicon doped
plastic scintillators exhibit air-equivalent behavior in en-
ergy range of interest for radiology and surface radio-
therapy [9]. Due to their non-invasive nature towards
prevailing radiation field, they are regarded as ideal do-
simeters for quality assurance work in radiation therapy
[10]. Water equivalent plastic scintillators have been de-
veloped by employing PVT as base material with 4 %
chlorine as additive which yields radiological properties
matching those of water within 10 % in 20 keV-662 keV
energy range [11]. Recently research work has shown
that conventional scintillators are not well-suitable for
real time in-vivo dosimetry in brachytherapy while plas-
tic scintillators are designed for such work [12].

The optimal signal efficiency and minimization
of noise are two important considerations for clinical
utilization of plastic scintillation detectors. Optimiza-
tion of design optical variables was carried out by
Beddar et al., after minimizing Cherenkov noise and
improving signal-to-noise characteristics of plastic fi-
ber scintillators. The dependence of total absolute de-
tection efficiency on photon energy and source-to-de-
tector distance was studied. Also, variation of linear
attenuation coefficient of detector material with photon
energy was determined using MCNP code [13]. Linear-
ity of energy response of plastic scintillators was ob-
served above specific energy threshold. Lambert ef al.
also have shown that plastic scintillators demonstrate a
linear response for high dose rate brachytherapy and
have found linear increase of 100 % in dose from 50
kVp to 125 kVp energy range [12].

In order to demonstrate the usefulness of plastic
scintillating fiber for X-ray imaging particularly for
computerized tomography (CT) or digital radiography
(DR) applications, experiments were carried out [14].
Only radio-chromatic films offered the required spatial
resolution but their sensitivity remained limited and
also their radiation characteristics were different from
those of tissues [15]. PENELOPE [16] based Monte
Carlo simulations were performed for assessment of
suitability of plastic scintillators for radiation dosimetry
[16] as well as Geant4 [17]. Monte Carlo simulations
were performed to evaluate performance of a simple
prototype X-ray detector consisting of plastic scintillat-
ing fibers connected to a charge-coupled device [18].
They found suitability of such systems for X-ray imag-
ing in low energy range (20 keV-120 keV).

Recently Monte Carlo simulation based Geant4
toolkit was employed for estimating detection effi-
ciency of plastic scintillating fiber using gamma rays
in 0.1 MeV-10 MeV energy range by Tang ef al. The
simulation results were found in good agreement with
the theoretical predictions. Later, this work was ex-
tended using Geant4 toolkit for gamma rays up to
12 MeV, using a linear plastic scintillating fiber array
[19,20].

This work aims at a comparative study on energy
dependence of absorbed, intrinsic, photo-peak and ab-
solute total efficiency for polystyrene (PS), polyvi-
nyl-toluene (PVT) with Nal(TI) scintillation detectors
using Geant4 [21] version 9.6 toolkit. Subsequently,
the effects of geometry parameters have been investi-
gated. The dependence of various efficiencies has
been studied by varying detector radii, thickness and
geometries including cylindrical and slab cases for
various source geometries and source-to-detector con-
figurations. Normally, the response of plastic scintilla-
tion detector is a two-step process: (a) deposition of
energy of incident radiations and (b) signal generation
through scintillation light output. This work is focused
on the simulation of energy deposition part. In the next
section, the details of Geant4 (version 9.6) application
development for this work are presented with underly-
ing assumptions, overall logical flow in tracking parti-
cles and scoring methods. Thereupon, regression tests
of the present simulations are presented and the results
of these simulations were compared with the results
collected by others. Finally new results on dependence
of various detection efficiencies on the dimensions of
detector, on geometry of source and on source to de-
tector distance are presented.

MATERIALS AND METHOD

Both fibre and slab type plastic scintillators were
considered in this work. The model for plastic scintillat-
ing fibre (PSF) used in Geant4 simulation is shown as
fig. 1. According to the manufacturer, the scintillating
material is enclosed within poly-methyl methacrylate
(PMMA) cladding having thickness 0.3 % of the scin-
tillating core diameter [22]. Selected properties of plas-
tic materials used in this work are shown as tab. 1.

The Monte Carlo simulations were carried out
using Geant4 [17, 21] version 9.6 toolkit. This toolkit
is capable of particle tracking for various types of
sources and it can handle different detector geometries
with various types of intervening media. The Geant4
Low Energy Electromagnetic Package, based on the
Livermore Data Libraries, was adopted in this work to
describe photon and electrons interactions. This
model includes photoelectric effect, Compton scatter-
ing, Rayleigh effect, Bremsstrahlung, and ionization
processes. The threshold of production of secondary
particles (cut) was chosen at 0.1 mm which is much
smaller than the dimensions of the scintillator so that
the energy deposition remained insensitive to the vari-
ations in cut value. Primary particles were generated
independently from the cut. For each point in the
graph, tracking of 10° photon histories was carried out
in Geant4.9.6 simulations, the procedure was repeated
three times and the average results were employed.
The Geant4 simulation model was coded to calculate
various efficiencies from the simulation results. The
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Figure 1. Geant4.9.6 generated visualization of
(a) cross-section of plastic scintillation fiber and
(b) incident and scattered photons with plastic scintillator

intrinsic efficiency was calculated from the ratio of
gammarays detected by detector to the gamma rays in-
cident on the detector. Absorption efficiency was de-
termined using the ratio of gamma rays that are fully
stopped in the detector to the gamma rays that are emit-
ted by the source. Absolute efficiency was calculated
by the ratio of number of gamma rays detected to the
number of gamma rays emitted by the source.

In order to compare the predictions of
Geant4.9.6 with the results of earlier work, a cylindri-
cal plastic scintillator was also considered. Scintillator
of 10 cm length and diameter of one mm was used. Ini-
tially the source to detector distance of 120 cm was
kept in this work. To find impact of detector radius on
the intrinsic efficiency of polystyrene, simulations
were performed by varying detector radius from
0.1 mm to 100 mm and the fiber length was kept at the
value of 10 cm. The length of plastic scintillating fibre
(PSF) is another important parameter that has effect on
the intrinsic efficiency of plastic scintillator. Too small
length of these scintillators leads to partial deposition
of energy. Therefore simulations were carried out to
find impact of fiber length on intrinsic efficiency of PS
varying it from zero to 20 cm in steps and at each step
the intrinsic efficiency was determined.

RESULTS AND DISCUSSION

Cylindrical scintillator geometry

In the first part of this work, using cylindrical
scintillators, the simulations for cylindrical plastic scin-
tillators were done at different energies. The values of
intrinsic efficiency of polystyrene were compared with
the corresponding data found by using Geant4.8.1 [19,
20]. These comparisons are shown as a function of en-
ergy in fig. 2. Good agreements are observed through-
out the energy range and maximum deviation in all re-
sults remained less than 4 %. A similar agreement is also
observed in the comparison of the computed variation
of intrinsic efficiency of PSF of the length of 10 cm and
0.25 mm diameter using Geant4.9.6 with the corre-

Table 1. Important properties of plastic scintillators used in Geant4 simulations

Property BCF-20 BC-400 Nal(Tl)
Detector base PS PVT Sodium iodide
Chemical composition CgHg CoHy; Nal(TI)
Density [gem ] 1.05 1.032 3.67
Refractive index 1.6 1.58 1.85
Emission color Green Blue Indigo
Emission peak [nm] 492 423 415
Decay time [ns] 2.7 2.4 250
Attenuation length [m] >3.5 1.6 0.028
Number of photons per MeV ~8000 ~10000 ~40000
Characteristics/applications Fast green General purpose General purpose
Operating temperature —20 °C to +50 °C —60 °C to +20 °C -
Ratio of H:C atoms ~1.006 ~1.103 -
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Figure 2. Comparison of energy dependence of intrinsic
efficiency of polystyrene with the results of Tang ef al.,
[19]
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Figure 3. Variation of intrinsic total efficiency of
polystyrene with fiber radius for various incident photon
energies

sponding results obtained using Geant4.5.1. Good
agreement is seen between the two corresponding sets
of data with the maximum deviation value of 5 %
throughout the 1 keV-20 MeV energy range.

Then, dependence of efficiency on PSF on ra-
dius for cylindrical systems was determined keeping
the length at 10 cm. The simulation results are shown
in fig. 3. Consistent with the expected behavior, the
value of intrinsic efficiency increases in quadratic
manner with increase in the detector radius when the
detector radius is smaller than the incident photon
beam radius; and beyond it, the value of efficiency be-
comes nearly constant. This behavior is observed
over a wide variation of incident photon energies rang-
ing from 0.01 MeV-20 MeV (fig. 3). For high energy
(~20 MeV) photons, the curve beyond 0.5 mm radius
shows slight variation as it approaches saturation
value. This may be attributed to energy leakage effect
due to secondary particles that are eventually trapped
with increasing values of scintillator radii.

As a next step, the effect of plastic scintillator fi-
ber length on efficiency was determined at different en-
ergies and results of Geant4 simulations are shown in
fig. 4. The value of intrinsic efficiency rises non-lin-
early from low values to saturation values when the
plastic scintillator fiber length is increased. For low val-
ues of incident photon energies (~0.01 MeV), the rise of
efficiency to saturation values is sharp, requiring only
about 2.5 cm scintillator length to reach the maximum
value. This is due to large value of scintillator attenua-
tion coefficient for these values of photon energy which
leads to fast attenuation in relatively short penetration
depths of plastic fibers. However, when energy of pho-
tons is high, the rise is slow and maximum value of in-
trinsic efficiency becomes low.

Plastic scintillation detectors are generally be-
lieved to be effective in the low energy range of inci-
dent photons. In order to study the variation of
photo-peak efficiency of polystyrene with photon en-
ergy, Geant4.9.6 simulations have been performed and
comparison of these results with the corresponding
data obtained with Geant4.8.1 is shown in fig. 5 [19].
The Geant4.9.6 simulated results are in good agree-
ment with the corresponding results obtained by
Geant4.8.1 and maximum deviation remained less
than 3-4%. These results were also compared with ef-
ficiencies obtained for PVT over the same energy
range using Geant4.9.6. The PS and PVT show nearly
identical behavior for the variation of photo-peak effi-
ciency with energy. It was observed in this work that
the value of photo-peak efficiency drops rapidly from
nearly 100 % at 10 keV to ~1 % near 70 keV.
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Figure 4. Variation of intrinsic total efficiency of
polystyrene with fiber length for different values of
photon energies

Comparison of plastic scintillators
with Nal(TIl)

The PVT scintillators are widely used in portal
monitors especially when large sizes of detectors are
involved. While PVT is good for gross counting, it
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Figure 5. Dependence of the normalized peak efficiency
on photon energy and comparison with results obtained
by Tang et al., for polystyrene [19]

performs poorly at isotope identification [23]. For this
purpose, alternate available scintillators are compared
against PVT for their evaluation. In this study, the val-
ues of absolute total efficiency of PS and Nal(Tl) ob-
tained using Geant4.9.6 have been compared with that
of PVT for various values of detector radius. These re-

Co-60 (1332 keV y-rays) in Geant4.9.6. Results ob-
tained by using MCNP code [23] are also compared
and are shown in tab. 3. These results remained in
good agreement with each other and maximum abso-
lute deviation remained less than 2.72 %.

The dependence of absolute total detection effi-
ciency on the y-ray energy for Nal(Tl) and PVT was
studied using Geant4.9.6 and the corresponding re-
sults are given as tab. 4. These are for point isotropic
source placed at 25 cm and 100 cm from detector re-
spectively. When we compare the corresponding val-
ues computed by Ayaz-Maierhafer and DeVol using

Table 2. Simulated results for absolute total efficiency having various diameters and thicknesses

Detector Thickness Diameter Absolute total Absolute total efficiency|  Relative Relative efficiency
[cm] [cm] efficiency (this paper) efficiency (this paper)
PVT"” - — 9.19-107° - 1 1
Nal:Tl 1 2.54 1.03-10°* 1.01-10°* 0.001 0.001
PS 1 2.54 - 3.71-107° - 0.0004
Nal:Tl 1 7.62 9.19-107* 9.19-107* 0.01 0.01
PS 1 7.62 - 3.31-107 - 0.0036
Nal:Tl 1 12.7 2.5107 2.48-107° 0.027 0.027
PS 1 12.7 - 9.04-10°* - 0.009
Nal:Tl 1 100 6.28-102 6.28:107° 0.683 0.683
PS 1 100 - 234107 - 0.2546
Nal:Tl 2.5 2.54 2.15-10* 2.14-10° 0.002 0.002
PS 25 2.54 - 8.42:107° - 0.0009
Nal:Tl 2.5 7.62 1.91-10° 1.92:10°° 0.021 0.0209
PS 25 7.62 - 7.49.107 - 0.0081
Nal:Tl 2.5 12.7 5.19-107 5.19-107° 0.056 0.056
PS 2.5 12.7 - 2.04-10° - 0.022
Nal:Tl 2.5 100 1.26-10™" 1.27-107" 1.373 1.3802
PS 2.5 100 - 5.29-107° - 0.5756
Nal:Tl 7.62 2.54 3.96-10 3.92.107 0.0043 0.0042
PS 7.62 2.54 - 1.89-10° - 0.00205
Nal:Tl 7.62 7.62 3.49-10° 349.107° 0.038 0.038
PS 7.62 7.62 - 1.69-10° - 0.0183
Nal:Tl 7.62 12.7 9.46-107 9.52-10°° 0.103 0.1036
PS 7.62 12.7 - 4.62-10° - 0.0502
Nal:Tl 7.62 100 2.19-107! 2.21-107" 2.38 2.4039
PS 7.62 100 - 1.21-107 - 1.3166

*Ayaz-Maierhafer ef al. [23]; “Dimensions of PVT detector: 18.88 cm x 60.96 cm x 5.08 cm
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Table 3. Simulated results for absolute peak efficiency at 1332 keV having various diameters & thicknesses

Detector Thickness | Diameter | Absolute peak | Absolute peak efficiency Relative Relative efficiency
[cm] [cm] efficiency (this paper) efficiency (this paper
pvT” - - 1.13-107* - 1 -
Nal:Tl 1 2.54 1.23-107 1.21-107 0.11 0.107
PS 1 2.54 - 3.39-107 - 0.003
Nal:Tl 1 7.62 1.47-107* 147107 1.3 1.3
PS 1 7.62 — 7.17-107 - 0.0063
Nal:Tl 1 12.7 429.107* 422.10* 3.8 3.73
PS 1 12.7 — 1.93-10°° - 0.17
Nal:Tl 1 100 1.22:1072 1.20-1072 108 106.19
PS 1 100 — 6.15-107* - 5.442
Nal:Tl 2.5 2.54 3.53-10°° 3.53-10° 0.31 0.31
PS 25 2.54 - 1.34-10°° - 0.011
Nal:Tl 2.5 7.62 494107 4.96-10™ 438 438
PS 25 7.62 - 2.50-107° - 0.2212
Nal:Tl 2.5 12.7 1.51-10°° 1.52:10°° 13.3 13.45
PS 2.5 12.7 - 8.76-107 - 0.775
Nal:Tl 25 100 449107 452107 398 400
PS 2.5 100 — 2.74107° - 24.24
Nal:Tl 7.62 2.54 7.89:107 7.77-107 0.7 0.686
PS 7.62 2.54 — 2.78-10°° - 0.024
Nal:Tl 7.62 7.62 1.34-10° 1.34-10°° 11.9 11.9
PS 7.62 7.62 - 7.76-107° - 0.686
NalL:Tl 7.62 12.7 438107 4.41-10° 38.8 39.02
PS 7.62 12.7 - 3.1810° - 0.03
Nal:Tl 7.62 100 1.39-10°"! 1.41-107" 1230 1246.79
PS 7.62 100 - 2.03-1072 - 179.64

" Ayaz-Maierhafer ef al. [23]; “"Dmensions of PVT detector: 18.88

cm x 60.96 cm x 5.08 cm

Table 4. The comparison of simulated values of absolute total efficiency (capstota) and absolute peak efficiency at
1332 keV (€aps,1332 kev ) Of PVT with Nal(Tl) values using Geant 4.9.6

Source-detector j— Nal:TI (this paper) j— Nal:TI (this
; . . PVT NaL:Tl" (7.62 cm Nal:TI" (100 cm
distance Efficiency | PVT (this paper) | diameter x 7.62 cm) | . (7.62 cm diameter x 1 cm) Paper) (100 cm
[cm] (source) diameter x 7.62 cm) diameter x 1 cm)
Absoltte. 19,0919 - 0.0379 0.0376 0.68 0.676
25 (Co-60)
Absolute,
1332 key | 0-0001 - 11.88 11.69 108.00 109.73
Absolute. | 4 108 - 0.0373 0.0383 0.76 0.804
25(Cs-137) o
ute,
62 key | 0:0002 - 10.66 10.757 136.70 136.37
Abti(;;‘l‘te’ 0.0177 - 0.0146 0.0141 0.52 0.508
100 (Co-60) Absolute
1332 ey | 00002 - 4.947 4.865 85.82 83.50
Abtf)‘zlall“e’ - 0.0232 - 0.0126 - 0.560
100(Cs-137) |-
solute,
662 ke - .000041 - 4219 - 107.80

" Ayaz-Maierhafer ef al. [23]; " Dimensions of PVT detector: 18.88 cm x 60.96 cm x 5.08 cm

MCNP code, we see that Geant4.9.6 predictions are in
excellent agreement with MCNP results [23] and max-
imum absolute deviations is less 3.65 % in all cases.
With increase in the value of y-ray energy, the values
of absolute total efficiency shows decreasing trend

which is consistent with the respective decrease in the
attenuation coefficient values in this energy range.
The dependence of absorption efficiency of
polystyrene on incident photon energy has also been
simulated using Geant4.9.6 and the results were com-
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pared with the corresponding results from Geant4.8.1
[19]. Both are in good agreement as shown as fig. 6.
This figure shows a sharp decreasing trend in the low
energy range which can be attributed to the corre-
sponding variation in photo-electric effect. However,
when the absorption efficiency of polystyrene com-
puted by Geant4.9.6 is compared with the correspond-
ing data from Geant4.5.1 [24], some discrepancies
are observed in the absorption efficiency values near
250 keV-300 keV energy range, and these could be at-
tributed to the difference in the physics libraries used
in two versions of Geant4 toolkits.

Leakage energy and fiber length effects

A bundle of PSF is normally used in experimen-
tal measurements and cross-talk caused by partial ab-
sorption of energy in various fibers effects the mea-
surements. In order to study this process, the
dependence of absorption efficiency on fiber length
has been computed for 100 keV incident photons us-
ing Geant4.9.6 code. In fig. 7, the results for various
values of fiber diameter were compared with the corre-
sponding results obtained by Geant4.8.1 [19]. The
Geant4.9.6 values of absorption efficiency are in good
agreement with the results obtained by using
Geant4.8.1 code. The absorption efficiency increases
quickly as the fiber length increases to about 10 cm
and then it continues rising with reduced slope. When
fiber length is less than 4 cm, the absorbed efficiency
remains independent of the fiber diameter and when
fiber length becomes more than 4 cm, the larger fiber
diameter exhibits a higher value of absorption effi-
ciency. This is due to secondary particles with large
transverse momentum as they get absorbed effectively
in larger diameter fibers. For longer lengths, and small
diameters, the cross-talk remains high due to leakage
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Figure 6. Variation of absorption efficiency of
polystyrene with photon energy
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Figure 8. Energy dependence of the detection efficiency
of polystyrene and polyvinyl-toluene

of secondary particles with large transverse momen-
tum.

The absorption efficiency plays pivotal role in
determination of scintillation detection efficiency
which is essentially a product of the absorption effi-
ciency, conversion efficiency and transmission effi-
ciency. Comparison of absorption efficiency of PS
with that of PVT has been carried out using
Geant4.9.6. These results were compared with the
work of Tang et al., on variation of absorption effi-
ciency of PS [19]. The comparison is given as fig. 8.
Clearly, the three data sets are in good agreement with
each other indicating radiological similarity of PVT
with PS in this energy range.

Slab scintillator geometry

Recently, efforts were made to replace PVT with
other types of detectors in portal monitors as PVT has a
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Table 5. Comparison of simulated absolute detection efficiency of PS, PVT, and Nal(Tl) using Geant4.9.6 code

PVT Polystyrene * Nal: Tl
Source/(source : : Tt Nal:Tl Nal:T1 -
to detector | Efficiency (this paper) (this paper) | NaL'Tl" (47 x (this paper)  |(10.16 x 10.16 x (this paper)
distance) (188.88 x (188.88 x 60.96 x|x 58.5 x 0.95) (47 % 58.5 % 0.95) x 40.64) (10.16 x 10.16 x
x 60.96 x 5.08) x 5.08) ) ) ) x 40.64)
Absolute. |1 0237 1.0314 0.3568 0.3606 0.3096 0.3048
#Co (25 cm) Absolute
ute,
1332 keV 1 1.0353 53.13 53.398 138.5 133.337
Absolute, |1 0412 1.0498 0.3993 0.4382 0.2933 0.3096
¥Cs (25 cm) Absolut
solute,
662 keV 0.9282 0.9641 69.45 69.5964 103.7 109.404
Absolute,
4 1.0508 1.063 0.1876 0.1807 0.1437 0.1434
60 otal
Co (100 cm) Absolute
ute,
1332 keV 0.935 1.05 29.33 28.7 69.57 71.671
Abti(g'lllte, 1 1.00702 - 0.2038 - 0.1253
7Cs (100 cm)
Absolute, 1 11219 - 36.58 - 53.475
662 keV ’ ) :
*Ayaz-Maierhafer et al., [23]; ~"Using corresponding values for PVT as reference
Table 6. Dimensions of slabs and fibers along with 1.0 — T
corresponding surface areas 0.9 ]
Surface area of | Dimensions of slab | Dimensions of fiber § L
front side [cm] (diameter x length) § 08 .
7.85-10cm?®  |(0.088 x 0.088 x 10)| (I mm x 10 cm) % o7l i
1.1309 cm®>  |(1.063 x 1.063 x 10) (12 mm x 10 cm) g |
3.0415em® (1772 x 1.772 % 10)] (20 mm x 10 cm) E 06 ]
05k FSA = 7.8510“%cm? i
. & Square X-section
I —— Cylindrical X-section
041 | Fsa=1.1309 cm E
.. . . B Square X-section
drawback of requiring a second screening for isotope osl —— Gyindrcal X.secton ]
identification [23]. In this regard, we have compared o %%Jaz;“x?l%lnon
. L indrical X-section .
polystyrene, PVT and Nal(Tl). First the absolute detec- 021 oA Front surface area of detector
tion efficiency has been estimated for polystyrene and 0.1L L - -
PVT employing Geant4.9.6 code with a point isotropic 10 10 10 Energy [keV] 10

source at 25 cm and at 100 cm, respectively, from the
detector. These results have been compared with the
corresponding results for Nal(Tl) by Ayaz-Maierhafer
and DeVol using MCNP code [23] and are shown as tab.
5. The Geant4.9.6 computed values are in reasonable
agreement with the corresponding data by MCNP code
with maximum relative error remained less than 9.7 %.
The corresponding data also show excellent agreement
for absolute total efficiency values when Co-60 is used.
The maximum absolute relative error remained less
than 2 %.

Then the effects of geometry were compared in
this work. In order to quantify the effect of geometry
on intrinsic efficiency of polystyrene fibers, both the
slab type and cylindrical models were used in
Geant4.9.6. These models had identical cross sec-
tional area and volumes. The only difference was in
the geometry. The dimensions of slab and cylindrical
polystyrene scintillators are given in tab. 6. For cylin-
drical fibers, each fiber had a length of 10 cm and the
fiber diameter was allowed to vary from one mm to
20 mm. For three different front surface areas the re-
sults of Geant4 are shown as fig. 9. The results show

Figure 9. The intrinsic efficiency as a function of energy
obtained by using Geant4.9.6 for various fiber and slab
geometries

that the intrinsic efficiency that is largely independent
ofthe geometry, and differences in the values of intrin-
sic efficiency between corresponding cylindrical or
square cross-sectional geometries are negligible.
When incident photon energy is less than 100 keV (fig.
9), the increase in cross-sectional area does not in-
creases the intrinsic efficiency and for all energies
greater than 100 keV, it is independent of cross-sec-
tional area.

The efficiency of a scintillator is largely deter-
mined by the linear attenuation coefficient of the de-
tector material. The variation of attenuation coeffi-
cient of polystyrene, PMMA, water, soft tissue and
muscle was computed by carrying out the attenuation
simulation of a parallel beam of photons of specific en-
ergy in a slab of material using Geant4.9.6. The com-
puted values for BC-400 type of commercial polysty-
rene have been compared with the corresponding
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values computed by MCNP code and also with re-
ported data by manufacturer [22]. Results showed that
values are in good agreement with the corresponding
published data in the 0.01 MeV-10 MeV energy range.
Also, BC-400 has approximately the same values of u
as soft tissues have for the same energy range.

CONCLUSIONS

In this work, comparative study of energy de-
pendence of absorbed, intrinsic, photo-peak and abso-
lute total efficiency of PSF and PVT detectors was
done with Nal(T1) scintillation detectors using Geant4
version 9.6 toolkit. The effects of geometry parame-
ters on various efficiencies were studied by varying
detector radii, thickness and various source-to-detec-
tor configurations. This work confirms that plastic
scintillator based fiber and slab detectors are suitable
for X-ray and low energy y-ray applications with ener-
gies typically below 50 keV, including counting and
medical and industrial radiographic imaging pur-
poses. The optimum length of PSF has been confirmed
as 10 cm. For high energy range, cross talk is an issue
for PSF which is expected to be more prominent in fi-
bers of longer lengths and of small diameter values.
The detector intrinsic efficiency shows increasing be-
havior with radius while the radius remains smaller
than incident photon beam radius and beyond it, the ef-
ficiency becomes constant.
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Cukanpgep M. MUP3A, Axcan PA3AK, lllakun Yp PEXMAH, Hacup M. MAP3A

INPOYYABAIBE YTUIAJA PA3ZINYIUTUX T’EOMETPNJA HA E®UKACHOCT
JETEKIIMJE IMOJUCTUPEHCKUX, ITIOJIMBUHNI TOJAYEHCKHUX U
HATPUIYMJOINIHUX NETEKTOPA IIOMOLRWY KOJA GEANT4

Y oBOM papy mpuKa3aHO je KOMIapaTHBHO IPOyJaBamke CHEPreTCKe 3aBUCHOCTH ancopboBaHe,
COIICTBEHE, (POTOIMKY aNICOTYTHE YKYITHE €(PUKACHOCTH MMOTUCTAPESHCKUX TACTHYHUX CIUHTAIATOPCKUX
BJIaKaHa ¥ TOJUBMHUJI TOJyeHCKUX ferekropa ca Nal(Tl) cuuHTUIALMOHUM JEeTEeKTOpUMa, 00aBIHLEHO
ynotpedom Geant4 coprBepckor anata Bep3uje 9.6. [[pomenomM nmonynpevnnka u ie6ipuHe IeTEKTOpa, Kao
U pacTojamka W3BOP-MIETEKTOpP, WCIUTAHM Cy YTHIAjH TEOMETPHjCKHX MapamMeTapa Ha pa3imduTe
edukacHoctu. OBa NCIUTHBakba 00aBIbEHA CY 3a IWIMHIPUYHE U II0YACTE TeOMEeTpHje U ca (POTOHIMA
enepruja ox 10 keV go 20 MeV, kopunrthemheM TauKacTHX M30TPIIOHUX M3BOpA U MapaseIHUX CHONOBA
¢otona. [opebeme pesynrata cuMmyianyje MOTUCTUPEHCKUX IIACTHYHUX COUHTHIATOPCKHUX BIIaKaHa
o6aBibeHUX KOfIoM Geant 4.9.6, ca oroBapajyhum pesyaratuma ooujeHnM Kogosuma Geant4 (Bep3uja 5.1)
u Geant4 (Bep3mja 8.1), moka3yjy goOpoO cilarame 3aBHCHOCTH COINCTBEHE €(PUKACHOCTH OJf CHEpruje
¢orona. [1o6po crarame ca 00jaB/beHUM pe3yliTaTuMa YOUEeHO je U 3a BapHhjallijy CONCTBEHe e(hpUKACHOCTH
y pyHKIMju eHepruje oTOHA KO MOTUBUHUI TONYEHCKUX feTekTopa. OBaj pajg moTBpbyje fAa cy BrakHa
3aCHOBaHA Ha ITACTHYHYM COUHTIIIATOPIMA 1 INIOYACTH IETEKTOPH IOTOTHY 33 IPUMEHY KOff X-3padeca
U HUCKOCHEPreTCKOr rama 3padyema ca eHeprujama TunuyHo ucnop 50 keV um onTuMasHOM Jy>KHHOM
Brakana of 10 cm. 3a omcere BUCOKHMX €HEpTHja, MpeClyllaBamke OcTaje MpobiaeM 3a MOJUCTHPEHCKA
IUTACTUYHA COUHTHIATOPCKA BJIAaKHA W MCTAKHYT je KOJ BiIaKaHa KOja MMAjy BEJMKE AYKWHE W Male
npeunnke. Takobe, cBe IOK je MONyNPEeYHAK BIaKHA MarbW Off MHIIMICHTHOT CHOmMa (pOTOHA, COIICTBEHA
epUKaCHOCT BIIaKHA pacTe ca noBehameM NOMympeYHnKa.

Kwyune peuu: itaacituyHo CYUHIUUAAULOPCKO 8AAKHO, HOAUSUHUA HLOAYEHCKU CUUHIUUAAULOD,
egpukacrociu Oeitiekyuje, Geant4



