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Abstract

Studies have been performed in order to optimize the collimator and the crystal of a y-camera based on a position
sensitive photomultiplier with respect its efficiency, its spatial resolution and its cost. Several parallel hole collimators of
different thicknesses have been tested and compared to each other. The homogeneous crystals’ performance has also
been compared to that of a pixelized CsI(TI) crystal. It is shown that though the spatial resolution of the homogeneous
crystals is not as good as that of the pixelized one it is still reasonable and it could probably be improved by the choice

of a better position reconstruction algorithm.
© 2004 Elsevier B.V. All rights reserved.

PACS: 87.58.Ce; 87.58.Pm; 87.57.Ce

Keywords.: y-Camera; Collimator; Crystal; Resolution; Efficiency

1. Introduction

Small field of view (FOV) high-resolution y-
cameras based on position sensitive photomulti-
pliers (PSPMTs) have been used widely for studies
with small animals and the development of new
radiopharmaceuticals [1-5]. In the last few years
several groups have demonstrated the ability of
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using such cameras for the early detection of small
breast lesions in clinical applications and/or in
experiments with phantoms [6-9].

The main components of such y-cameras are the
PSPMT, the collimator and the crystal and their
choice in the end determines its main parameters
which are the spatial resolution, the efficiency in y-
ray detection and the cost.

In this paper we describe the first part of a
program which is still unfolding and whose
purpose is to explore the possibility of building
a y-camera which has higher efficiency, good
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resolution and still costs less than our base design
by the appropriate choice of its collimator and
mainly its crystal. In Section 2 the main design of
the y-camera and the whole experimental setup are
described. In Sections 3 and 4 the results of the
studies with different collimators and crystals
respectively are given. In Section 5 the conclusions
from these studies are drawn.

2. Experimental setup

The gamma camera in its standard design
consists of a PSPMT (Hamamatsu R2486), a
parallel hole collimator and a pixilated CsI(TI)
scintillator. The thickness of the collimator is
2.75cm, the holes are hexagonal ~1.lmm in
diameter, with a 0.25mm septa. The crystal is
4.6 cm in diameter, 3 mm thick and the cells’ size is
1.13 x 1.13 mm? with 0.25 mm septa. The 16 anode
signals are preamplified through 16 preamplifiers
(LeCroy TRA1000) and then transferred to a
CAMAC system, which hosts an ADC (LeCroy
FERA 4300B), a memory (LeCroy FERA 4302), a
driver (LeCroy FERA 4301) and a controller
(Jorway 73A). The digital signals are transported
to a G3 Power Mac via a SCSI bus. Acquisition
software is written in Kmax 6.4.5. (Sparrow
Corporation) environment. Details about the

Fig. 1. A mouse injected with **™Tc-MDP, imaged with (a) an
ECAT, Siemens gamma camera and (b) the same mouse imaged
with the used PSPMT system.

system and its readout principles can be found
elsewhere [10].

The spatial resolution of the system has been
measured and found <2mm in planar imaging
and 2 mm in SPECT mode [4,10]. This detector has
been successfully used in small animal imaging and
recently in imaging of breast phantoms [9]. In
Fig. 1 the image of a small mouse injected with
9mTe.MDP is shown.

3. Collimator optimization studies

Three lead collimators have been tried. Their
parameters are given in Table 1.

The standard CsI(TI) pixelized crystal was used.
The system’s spatial resolution for 2D images was
measured by using a thin (1.1 mm inner diameter)
capillary filled with a **™Tc solution and placed at
several distances from the collimator. The images
FWHM versus the capillary—collimator distance is
shown in Fig. 2.

Table 1
The parameters of the three collimators

# Name Hole Hole Collimator ~ Septum
shape diameter  thickness (mm)
(mm) (mm)
1 Thin Hexagonal 0.75 12 0.25
2 Standard Hexagonal 1.12 27.5 0.25
3  Big Circular 2 30

Thin
18

FWHM in mm

S| Standard
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distance in mm

Fig. 2. The images FWHM versus the capillary—collimator
distance for the three collimators.
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The resolutions of the “big” and the ‘‘thin”
collimators are virtually the same in the 0—10cm
distance range. The resolution of the “standard” is
slightly better at small distances (0—120 mm) and
significantly better for larger distances. It is clear
that the “big” or the “thin” collimators could be
used in cases where optimum resolution is not
crucial but instead, high efficiency is desirable.

4. Crystal optimization studies

Five CsI(Tl) homogeneous crystals with 1, 2, 3,
5 and 7mm thicknesses and 5cm in diameter, all
produced by “Institute for Scintillation Materials”
were compared with the ‘‘standard” CsI(TI)
pixelized scintillator. In Fig. 3 the energy spectra
of the five homogeneous crystals is shown as well
as that of the pixelized one. A point *™Tc
(140 keV) source was used in all cases.

The corresponding resolutions (FWHM of the
photoelectric peak) are listed in Table 2.

It is seen that in all cases the resolution of the
homogeneous crystals is, as expected, better than
the pixelized one.

The images of a point source positioned in the
middle of the FOV and close to the collimator for
the 3mm homogeneous crystal and the pixelized
are shown in Fig. 4.

The center of gravity (COG) algorithm that has
been found to work well for the pixelized crystal
[1-10] was used. An obvious expansion of the
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Fig. 3. Typical energy spectra of the five homogeneous crystals

and the 3 mm pixelized one. (The scale of the energy spectrum
of the pixelized crystal is not the same.)
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source dimensions is produced by the homoge-
neous crystal. This is as result of the use of the
COG algorithm and the fact that the produced
light is not concentrated in a small surface, as in
the case of the pixelized crystal, but spreads over
almost the full crystal surface. This leads to a
rather flat wire signal distribution for the homo-
geneous crystal as shown in Fig. 5.

Similar wire signal distributions but with the
source now at the edges of the detector are shown
in Fig. 6.

Here the use of the COG algorithm will have as
a result points at the edge of the detector to be
pulled towards the center. This is clearly seen in
Fig. 7, where the image of a capillary before any

(a) ‘ (b)

Fig. 4. The images of a point source in the middle of the FOV
(a) for the 3mm homogeneous crystal and (b) for the pixelized
one.

@ T (b)

Fig. 5. Typical signal distributions (a) for the 3mm homo-
geneous crystal and (b) the pixelized one. The source was placed
in the middle of the FOV.

Table 2

Comparison of the energy resolution of the homogeneous with the pixelized crystal

Crystal Hom. 1 mm Hom. 2mm Hom. 3mm Hom. Smm Hom. 7mm Pixel. 3mm
Energy resolution (%) 19.4 21.2 21 234 23.5 26.7
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corrections and after corrections to take care of
the wire different responses and lower thresholds
on the wire signals have been applied.

The homogeneous’ crystals spatial resolution as
a function of the object-collimator distance has
been measured by using a thin (1.Imm i.d.)
capillary filled with a **™Tc water solution and is
shown in Fig. 8. Only wires carrying more than
50% of the maximum wire signal were used for the
estimation of the position by the COG algorithm.

It is seen that the best resolution of about
4.5mm is obtained by the thinnest crystal and
corresponds to small object-collimator distance as
expected. The images of two capillaries, filled with
a **™Tc solution, placed at different distances and
the corresponding line profiles obtained by the
2mm homogeneous crystal are shown in Fig. 9.

It is seen that the two capillaries can be resolved
when their distance is larger than about 4.5 mm. In
Fig. 10 the sensitivity versus the homogencous
crystal thichkness is shown.

(a) (b)
Fig. 6. Typical signal distributions (a) for the 3mm homo-
geneous crystal and (b) the pixelized one. The source was placed

at the edge of the detector.
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The sensitivity seems to peak at a crystal
thickness of 5 mm where the number of interacting
primary gammas in the crystal and absorption of
the secondary optical photons seem to be at the
best balance.

In Fig. 11 the sensitivity of the pixelized crystal
is compared with that of the thinner (1, 2 and
3mm thickness) homogeneous crystals and is
found to be slightly (~25%) lower than the one
corresponding to the equal thickness homoge-
neous one.

5. Conclusions

This study has shown that using collimators
with bigger holes and homogeneous instead of
pixelized crystals does result in deterioration of the
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Fig. 8. The resolution versus the object-collimator distance for
the five homogeneous crystals.
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Fig. 7. The image of the capillary obtained with the 3 mm homogeneous crystal before any corrections (gray) and after (black) the
applied corrections. Lower thresholds on wire signals are (a) 50%, (b) 60% and (c) 70%.
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7.5mm 6mm

4.5mm 3mm

Fig. 9. Images and line profiles of two capillaries placed at 7.5, 6, 4.5 and 3 mm distances from each other. The 2 mm homogeneous

crystal was used.

sensitivity
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Fig. 10. Sensitivity versus crystal thickness.

spatial resolution though the effect is not large for
small object-collimator distances.

However in cases where optimum resolution is
not required and cost optimization is desired one
can build a modest resolution system with a
collimator with big holes and a few millimeter
thick homogeneous crystal. This system will also
have better energy resolution, higher efficiency and
it will be also much easier to operate since one will
not have to fight with the pixel to pixel non-
uniformities encountered in a pixelized crystal
system.

This situation could be further improved by the
development of a better than the COG and more
nicely adjusted to a homogeneous crystal, algo-
rithm. Another approach to keep the cost low and
still have resolutions comparable to those obtained

7580% 33.72%

74.98%

pix Imm  Zmm 1mm

Fig. 11. Relative sensitivities of the 3 mm pixelized crystal and
the 3, 2, and 1 mm thick homogeneous ones.

by the pixelized crystal, perhaps, to use of partially
slotted [11] crystals which are now being evaluated
by our group.
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