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ABSTRACT

To achieve high resolution and sensitivity of positron emission tomography (PET) for small animals, the
detector is constructed using very thin and long scintillation pixels. Due to the structure of these scintillation
pixels, spatial resolution deterioration occurs outside the system’s field of view. To solve this problem, we
designed a detector that could improve spatial resolution by measuring the interaction depth and improve
sensitivity by using a quasi-block scintillator. A quasi-block scintillator size of 12.6 mm x 12.6 mm x 3 mm was
arranged in four layers, and optical sensors were placed on all sides to collect light generated by the interaction
between gamma rays and the scintillator. DETECT2000 simulation was performed to evaluate the performance of
the designed detector. Flood images were acquired by generating gamma-ray events at 1 mm intervals from 1.3
mm to 11.3 mm within the scintillator of each layer. The spatial resolution and peak-to-peak distance for each
location were measured in an 11 x 11 array of flood images. The average measured spatial resolution was 0.25
mm, and the average distance between peaks was 1.0 mm. Through this, it was confirmed that all locations were
separated from each other. In addition, because the light signals of all layers were measured separately from each
other, the layer of the scintillator that interacted with the gamma rays could be completely separated. When the
designed detector is used as a detector in a PET system for small animals, it is considered that excellent spatial
resolution and sensitivity can be achieved and image quality can be improved.
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Fig. 1. Schematic diagram showing improved spatial
resolution when using a interaction depth measurement
detector.

II. MATERIAL AND METHODS
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Fig. 2. Schematic diagram of a detector measuring
interaction depth with three layers of scintillator and
SiPM placed on the side.
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Fig. 3. Schematic diagram of SiPM pixel lines that
collect light generated from each layer of the
scintillator. One layer of scintillator is optically

coupled to one line of SiPM pixels.

II. RESULT
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Fig. 4. Flood image acquired from a gamma-ray
event occurring at the location of the 11 x 11 array.
It can be seen that the separation is clear at all

locations except for the second gamma-ray event
location on the X and Y axes.

Table 1. Spatial resolution and peak-to-peak distance for each location of the profile

1st line

T T
100 200 300 400 500
Image pixel

100 200 300 400 500
Image pixel

Fig. 5. Profile of the first line and center line (6th
line) of the flood image of the fourth layer. All
peaks appeared separately in the profile.

[unit: image pixel]

Location
Ist line 1 2 3 4 5 6 7 8 9 10 11
res. 4.49 4.50 438 4.09 3.88 3.92 4.02 423 4.39 441 441
res. mm 0.20 0.20 0.19 0.18 0.17 0.17 0.18 0.19 0.19 0.20 0.20
p-to-p 15.50 26.28 24.19 20.79 26.06 25.87 20.81 24.28 26.41 15.51
p-to-p mm 0.69 1.16 1.07 0.92 1.15 1.15 0.92 1.08 1.17 0.69
6th line 1 2 3 4 5 6 7 8 9 10 11
res. 4.81 5.08 4.97 4.96 5.09 5.25 532 5.00 5.17 5.16 4.55
res. mm 0.30 0.32 0.31 0.31 0.32 0.33 0.33 0.31 0.32 0.32 0.28
p-to-p 11.67 15.06 17.63 18.68 16.82 17.06 18.49 17.59 15.13 11.68
p-to-p mm 0.73 0.94 1.10 1.17 1.05 1.07 1.16 1.10 0.95 0.73

IV. DISCUSSION
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Fig. 6. Comparison with flood image from a detector
designed with a structure of scintillation pixel arrays.
It can be seen that the imaging positions of the
corner and edge scintillation pixels are close to each
other in the flood image obtained using an 11 x 11
scintillation pixel array and 4 x 4 SiPM.

V. CONCLUSION
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