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distributions of the position histograms as a function of GSO pixel
position for horizontal and vertical directions are shown in ¥ig. 5(A)
and (B), respectively. The P/V distributions in horizontal direction were
the average of the 15 profiles while those in vertical direction were the
average of 20 profiles. The P/Vs of the both edges for vertical direction
did not analyze because we could not obtain the enough peak counts.
We evaluated the P/Vs for upper, lower layers and without pulse shape
discrimination.

3.1.2. Energy resolution

We show energy spectra for the upper layer (GSO with 1.5 mol%
Ce), lower layer (GSO with 0.4 mol% Ce) and without pulse-shape
discrimination, in Fig. 6(A), (B) and (C), respectively. The average
energy resolutions of the upper layer, lower layer and without
pulse-shape discrimination were 28.0 +3.6% full-width at half-
maximum (FWHM), 26.2 +3.0% FWHM and 28.4 + 3.1% FWHM,
respectively. The energy resolutions as a function of horizontal and
vertical GSO pixel position for each layer and without pulse-shape
discrimination are shown in Fig. 7(A) and (B), respectively. In
addition, we showed the energy peak channel numbers as a
function of horizontal and vertical GSO pixel position in Fig. $(A)
and (B), respectively.

3.1.3. Pulse-shape spectra

The pulse-shape spectra of the GSO DOI block detector are
shown in Fig. 9. The right peak corresponds to the upper layer
(1.5 mol% Ce) and the left peak corresponds to the lower layer
(0.4 mol% Ce). The pulse shape spectra showed good separation
with an average P/V of 52+ 1.7. The P/Vs of the pulse shape
spectra as a function of the horizontal and vertical GSO pixel
positions in Fig. 13(A) and (B), respectively.
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Fig. 9. Pulse-shape spectra of GSO DOI block detector.
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4. Discussion

We could successfully develop dual-layer GSO DOI block
detectors arranged in two GSO scintillator blocks on one PSPMT
with two angled optical fiber-based image guides. With the
developed block detectors, we could arrange the GSO blocks in a
nearly circular shape with eight PSPMTs.

The developed phoswich DOI block detectors discriminate the
DOI using pulse-shape analysis. For this purpose, scintillators with
similar light outputs and different decay times are required. GSOs
are a good choice because GSO decay time can be changed with
the amount of the Ce concentrations. We used two types of GSO
with 1.5 mol% Ce with decay time of 39 ns, and 0.4 mol% Ce with
decay time of 63 ns. These decay time differences were sufficient
to distinguish DOI detection by pulse-shape analysis.

We could clearly resolve almost all pixels in the block detector
(Fig. 4(A)-(Q)). In these, Fig. 4(A) (1.5 mol% Ce: upper layer)
showed better separation in the two-dimensional histograms than
Fig. 4(B) (0.4 mol% Ce: lower layer). The P/Vs distributions shown
in Fig. 5 for the upper layer in horizontal and vertical directions
were also better than the lower layer. This is because the lower
layer contained the inter-crystal scattered events both from upper
layer and lower layer. The probability of forward Compton scat-
tered (small angled) events is higher than the back scattered
events for 662-keV gamma photons. Therefore, the upper layer
contained fewer inter-crystal scattered events.

We used optical fiber-based image guides to arrange the two
scintillator blocks at 22.5°. The distortions had seldom been
observed in the two-dimensional histograms of the GSO block
detector (Fiz.4(A)-(C)) because the optical fiber-based image
guides preserved the distribution of the scintillation light. There-
fore, the optical fiber-based image guides are suitable for the
development of these types of angled block detectors.

The energy spectra of the upper layer (Fig. 5(A)) shows higher
scatter components than those of the lower layer (Fig. $(B)). One of
the explanations of this phenomenon is that the upper layer
absorbed more scattered gamma photons from the Cs-137 gamma
photons than the lower layer. Furthermore, the lower layer
detected lower scattered photons than the upper layer.

5. Conclusion

We developed dual-layer GSO DOI block detectors using angled
optical fiber-based image guides. Almost a circular ring could be
realized with the 8 developed block detectors. The developed
block detectors are promising for small-ring-diameter high reso-
lution and high-sensitivity PET systems.
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Fig. 10. P/Vs of pulse-shape spectra as a function of horizontal (A) and vertical (B) GSO pixel positions of GSO DOI block detector.
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