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Monte Carlo Simulation of a Position Sensitive Gamma Ray Detector
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The Monte Carlo method was employed to obtain the response of a position sensitive gamma ray detector.
The basic unit consists of a scintillator bar coupled to two photon detectors. Determination of the position of
interaction is obtained from the ratio of the light intensity measured at each extremity of the bar. Association
of two or more detectors of this type can be used to build a system with potential use in positron emission
tomography. For practical purposes, a CslI(Tl) bar with dimensiori$of1 x 1cm® was considered. Simu-
lations were performed with the GEANT4 toolkit, using the physical processes of low-energy electromagnetic
extension. Light attenuation coefficient and energy resolution of CslI(Tl) bars were included according to data
found in the literature. Results obtained from detector irradiation with 511 keV annihilation photons indicate
that the position of interaction can be determined with uncertainty of 3 mm. Simulations of positron sources
placed between two detectors were also performed and two dimensional images were obtained.

1. INTRODUCTION pled to two photodiodes at the scintillator bar extremities (Fic
1). The chosen dimensions were based in the experimen
Nowadays positron emission tomography (PET) systemork of Labanti et al. [4], from where we extracted parame
are widely used in nuclear diagnostic medicine. In this imafers for the modelling of the optical and electronic respons
ging technique positron-emitting isotopes are introduced int®f this detector. Since Tl concentrations are very low in re
the patient, and the two 511 keV photons emitted followingScintillators, assuming the bar material as pure Csl become:
electron-positron annihilation are observed in coincidenceg00d approximation for the simulation purpose.
Typical PET scanners have many detection basic units, for-
med by several small scintillator crystals coupled to position-
sensitive photomultiplier tubes [1]. The aim of this work is

to study a new concept of PET systems, in which the basic photodiode 1 photodiode 2
unit consists of a small CsI(TlI) scintillator bar coupled to two Csi(Tl)

photodiodes in its extremities. With this type of basic unit, it <—|

would be possible to build a low-cost compact PET system. I| I

This study has been developed through computer simula-
tions using the Monte Carlo method, implemented with the
GEANT4 toolkit [2]. CsI(Tl) crystal was chosen because its
emission spectrum have the maximum at 550 nm, which is
suitable for photodiode readout. Recent developments on the
growth of Csl(TI) crystals allows the production of this scin-
tillator with low afterglow, which makes it better suited for FIG. 1: Scheme of the basic detection unit.
tomography applications [3]. Parameters for the Csl(Tl) bars
were extracted from the experimental work of Labanti et al. Tpe light intensity observed by each photodiode corre:
[4]- ponds to a fraction of the light emitted by the radiation in-
teraction, attenuated along the bar until it reaches the phot
diode. According to the scheme shown in Fig. 1, the signa
E; andEy, of the left and right photodiodes respectively, are

calculated through
The detector simulation was performed by using the low-
KEg

energy electromagnetic extension of the GEANT4 toolkit. L

GEANT4 is a package of C++ classes that allows the deve- B = - exi—a(z+X)), @
lopment of codes for Monte Carlo calculations which invol-

ves the interaction of radiation with matter. Recent version&"

of GEANT4 have a low-energy extension for electromagne- KEo L

tic processes, which was validated for use in medical physics E= TeXF(*G(E =X)), (2)
applications [5].

In this work, the considered interactions were RayleighwhereK is a constant is the energy deposited in detector,
scattering, Compton scattering, photoelectric effect, ionizais the crystal bar length aralis the light attenuation coeffici-
tion and bremsstrahlung. The simulated basic detector unént. The value ofi = 0.099cm~1, was taken from the results
consisted of a small Csl bar of dimensidrf< 1 x 1cm® cou-  of ref. [4].

x--t-1-®

:position

2. SIMULATION OF BASIC DETECTION UNIT
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1500 \ Three validation conditions were applied to the data. Ever
— right photodiode signal event which did not satisfy one of those conditions was exclt
- left photodiode signal 1 ded. At first, all events with no signal in one of the detecto

bars were excluded, which means that there was no interacti
in one of the bars. The second condition validated the intera
N tion position: all events with interaction position determinec
I 1 as less than 2.5 cm from any detector extremity were consid
b red not valid, because of the resolution deterioration mentic
o ned above. This condition limited the usable region to 10 cr
o | centered at the midpoint of the bar. Finally, the third condi
I \ tion eliminated events with partial absorption of the 511 ke\
LN energy. This condition excluded Compton scattered photol
150 200 in either of the crystal bars. It is well known that Compton
scattering in the detectors and in the environment can produ
FIG. 2: Photodiode signals for incidence position of 5.5 cm relative’ 09 determlnathn of the source position. Fig. 4 ShOW.S th
to the left extremity of the bar. when total absorption of the .511 keV photons occurs |n.th
crystal bar, the sum of the signals of both photodiodes is
least in channel 200. This value was used as threshold for t

The position of interaction are determined from the signalghird validation condition.

of the photodiodes through the expression [6]

1000

counts/channel

500

X = i|né (3) 4. VISUALIZATION OF THE SYSTEM RESPONSE
2a E;°

The position sensitivity was obtained by simulating a well A simple algorithm was used to visualize the response «
collimated source of 511 keV gamma rays placed in differenthe system, which was performed by summing lines in
positions. The gamma rays were directed perpendicular tgiscrete plane represented by a matrix. For each event o
the surface of the bar at different distances relative to the exstraight line was plotted from the determined positions of in
tremities. A Gaussian dispersion corresponding to an energigractions in the detector bars, as shown in Fig. 5. Coun
resolution of 10% (FWHM) was applied to the photodiode re-are added to the cells of the matrix that are crossed by tl
adout signalsK; andE,). This corresponds to characteristic line. After several events, in the case where there is only o
energy resolution for CsI(TI) [6]. Fig. 2 shows spectra of thesource, the cell with the largest number of counts correspon
signals of each photodiode for incidence position of 5.5 cnio the source position.
relative to the left extremity of the bar. An example with five sources is shown in the surface plot c

The position was calculated for several incident points andFig. 6. In this case the grid h@§ x 20cells (each cell hasx
its uncertainty was determined as 0.32 cm in the central regiohmn¥), the sources have the same activity and were plac
of the bar, excluding 2.5 cm of both extremities. This resultin positions corresponding to cells &5), (5,15), (10,10),
is in agreement with the experimental one [4]. Deterioration(15,5) and (15,15). Although this method of visualization
of the energy resolution was observed when the interactioni$ not suitable to determine the distribution of sources in
occur at distances of less than 2.5 cm from the extremities ofealistic case of medical imaging, peaks are observed in Fi
the detector bar. 6, corresponding to the five source positions.

3. TWO DETECTORS SYSTEM A II

In order to evaluate a system that allows the determination
of the position of a positron source in space, an arrangement >
composed by two parallel detectors at a distance of 15 cm & source 5
was simulated as shown in Fig. 3. The source was positioned 5 object
between the detector bars, and emitted two 511 keV photons &
in opposite sense, with direction given by a random angle in
the range of 360 degrees.

The simulation provided the signals from the photodiodes II / ' II
readout, and the position of interaction in both crystal bars
were calculated for each event. We assume one event as the
set of interactions and performed calculations from the radi- -
ation emission till the readout of the photodiodes. One event position X

provides two pairs of numbers, each pair corresponding to the
photodiode readout of one bar. FIG. 3: Scheme of the two detectors system.

\/
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FIG. 4: Summed signalE; + E) for incidence positions of 3.5 and
7.5 cm relative to the left extremity of the bar.
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FIG. 5: Representation of a line defined by one event in the discrete This research was supported by CNPq (Conselho Nacior
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FIG. 6: Surface plot of the summed lines for five sources.

5. CONCLUSION

This work presents a successfully application of GEANT
low-energy extension in a problem of medical physics inte
rest. The simulation of the studied position sensitive detect
2 was in agreement with experimental results and provided su
5 port for an application in tomography. The visualization of the
system response is very limited for medical imaging purpos
although the results encourage development of more sophis
cated method for image reconstruction.
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