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Abstract

The recent development of the Lae crystals makes their use in a system of gammaaging for Single
Photon Emission Tomography (SPET) applications \atsactive, mainly due to their excellent sciatilbn
properties. In this work we use Monte Carlo simiolad, in order to model the optical behavior oethicrystal
configurations. Our goal is to better understaralitiirinsic properties of a gamma camera basedaBriCe
crystals, coupled to a position sensitive photoipligr tube. To this aim, the spatial and energgotetions,
obtainable from optimum photodetection conditicarg, investigated.
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of all crystal surfaces follow the rules of the

UNIFIED model [4]. The optical properties of the
1. Introduction materials involved in the simulations are gathered

from literature. A scintillation light yield equab

GEANT4 [1] permits an accurate modeling of 63’000 photons/MeV is assumed for Lafre [3].
radiation sources detectors and allows followinthwi ~ 1he scintillation photons are generated as a pure
great precision the interactions within the differe  P0isson process. The total Energy ResolutigR) (

media. The excellent scintillation properties of can be parameterized &&R= ,ERgtat"'Eern [6]
LaBr;:Ce offer the potential to replace the most

widespread scintillation crystal: the Nal:Tl. Inrfo where:ERstatrepresents the Poissonian component of
of slab, these crystals are able to provide sub-ER given by the square root of the number of
millimeter spatial resolution values, comparable to collected photoelectronsER,, is an additional
scintillation arrays or better then the latter. GEA intrinsic resolution which has been computed in [6]
simulations can model the optical behavior of for LaBrs:Ce in a setup similar to the present one and
different crystal configurations. Some intrinsic Yields (4.5 + 0.5)% for 140 keV photons. The
properties of a LaBrCe gamma camera, as spatial variance of the electron multiplier gain [6] wast no
resolution and energy resolution, are therefore taken into account in the calculation of the total
studied. energy resolution. Three different setups are
simulated: “Ground”, “Polished” and “Air Gap”.
“Ground” and “Polished” refer to the status of the
lateral surfaces of the crystal, while “Air Gap”ttse
“Ground” model with a thin air interface (0.1 mm)

For the modeling of the electromagnetic interaction between the crystal and the Photodetector. Foryever

the “Penelope” model of GEANT4 is used. Such a model, the reflectivity of the lateral surfaces asfd
model is better suited for energies ranging frofeva the front surface was respectively fixed to 0.6 smd

2. Simulation Setup

hundreds eV to about 1 GeV. To improve the 0.95[7].

tracking of the electrons, a few parameters [2jehav Aluminium, (0.5 mm) - Optical Photons
be tuned up. They control the numerical stability o

the results, the electrons step, their stoppinggopw “ PM

and the multiple scattering. Furthermore, GEANT4 “

allows the simulation of the transport and boundary
effects for the optical photons generated by the
scintillating crystal (Fig. 1). In this way, the ole
process can be thoroughly simulated. The simulation
starts from the radioactive decay of*iTc source
and halts when the optical photons reach the
photomultiplier. The simulated scintillation camera
reproduces the experimental setup, which consfsts o LaBr3 (4.0 mm) L Glass (4.5 mm)
a Multi Anodes-PMT (MA-PMT) Hamamatsu Flat n=19 — n=149
Panel H8500 with Quantum Efficiency equal to 27%,
(12 stages of metal channel dynodes and 8x8 anode
array) [3]. The Flat panel was coupled to a 50x50x4 Figure 1: Sketch of the optical photons distribatimside the
mm®° slab of LaBg.Ce crystal and a 4.5 mm glass LaBrsCe crystal, as simulated with GEANT4.

window. The crystal is surrounded by a thin layer

(0.5 mm) of Aluminium. In the front, the crystal

surface is covered by a very small layer of Teflon 3. Results

(0.3 mm), acting as a Lambertian reflector. Crystal

edges were black painted in order to reduce The values of spatial, energy resolution and the
reflections. In the simulation, the boundary preess  average number of photoelectrons reaching the anode

gamma 140 keV

Teflon (0.3 mm)

Aluminium (0.5 mm)



are summarized in Table 1, where experimental 3000 - 2mm  2mm e G Ground
values are obtained using a crystal with polished —'\E/');Psgzzﬁg
lateral surfaces 2250 | '

Ground Air Gap Polished Exp
<Nphe> 1603 +1 1137 +1 1047 + 1 -

ER % 74+04 83+04 86+04 9.0+ 0.1 750 4
SR (mm) |0.75+0.04 0.8+0.1 | 0.77+0.02 1.1+0.1

Counts

1500 -

Table 1: Values obtained as a function of the tliiferent setup. 250 300 350 400
Image Pixel

The output of the Monte Carlo simulations is
arranged to reproduce the segmentation of the 8x
anodic array of the MA-PMT, in order to analyze the
sampling of the charge spread. Considering a

coordinate systenx,y) with the origin in the centre

of anodic plane, Fig. 2 shows the charge projection

along the x-direction, as simulated for the three 4 conclusion
different setups with the same source position. tdon

8Figure 3: Spatial Resolution comparison between tel@arlo and
experimental results: image profiles of three oudlied irradiation
are shown.

Carlo shows in all configurations a very large tigh The Monte Carlo simulations helps collecting
spread through the whole crystal. important information about imaging potentials of
500 = Ground LaBrs:Ce. Energy resolution at 140 keV agrees
@ Polished . .
O AIRGAP reasonably with the experimental data. Monte Carlo
375 1 predictions allow to conclude that LaBZe crystals
o with a ground treatment of lateral surfaces cowadep
5 250 A the way to submillimeter spatial resolution, witkytn
= detection efficiency and energy resolution.
125 A
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