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Abstract: The growing interest for new scintillation crystals with outstanding imaging perfor-
mances (i.e. resolution and efficiency) has suggested the study of recently discovered scintillators
named CRY018 and CRY019. The crystals under investigation are monolithic and have shown
enhanced characteristics both for gamma ray spectrometry and for Nuclear Medicine imaging ap-
plications such as the dual isotope imaging. Moreover, the non-hygroscopic nature and the absence
of afterglow make these scintillators even more attractive for the potential improvement in a wide
range of applications.

These scintillation crystals show a high energy resolution in the energy range involved in
Nuclear Medicine, allowing the discrimination between very close energy values. Moreover, in
order to prove their suitability of being powerful imaging systems, the imaging performances like
the position linearity and the intrinsic spatial resolution have been evaluated obtaining satisfactory
results thanks to the implementation of an optimized algorithm for the images reconstruction.
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1 Introduction

In the last years, there was a great proliferation of new scintillation materials. Among the great
variety of scintillation crystals, those with enhanced characteristics to obtain high quality images
in Nuclear Medicine, are quite limited. The ideal scintillators would have a combination of several
properties (like high energy and spatial resolution, refraction index near 1.5, non-hygroscopicity. . . ).
Unfortunately, all the commercially available scintillators show just some of these features. As ex-
ample, NaI:Tl and CsI:Tl [1] have great radiation detection properties but slow decay time and hy-
groscopic nature, whileGYGAG [2] is not hygroscopic but with a low decay time. On the other hand
LaBr3:Ce [3] shows a fast decay time and excellent energy resolution against its high hygroscopicity.

Facing to this scenario, the aim of this work is to present some interesting imaging features of
new scintillation crystals, named CRY018 and CRY019, developed by Crytur company [5]. These
scintillator materials are declared without afterglow and hygroscopic nature (it means that they
do not require a sealed casing that could influence spatial resolution and position linearity), with
low refraction index, medium density and high light output [4, 5]. Indeed, looking to the new
applications in Nuclear Imaging, the fast decay time makes these crystals ideal candidates for small
size detectors, allowing the coupling with silicon photomultipliers.

Moreover, another interesting application concerns the multi-isotope imaging diagnosis. This
technique is based on the simultaneous administration of radioisotopes in order to study different
metabolic processes acquiring more information about the organ metabolism. Usually, the clinical
practice involves two radioisotopes characterized by photon emissions very close in energy (i.e.
81 keV and 122 keV) [6, 7]. As a consequence, a high energy resolution is needed in order to reach
a good discrimination of the information coming from the different radioisotope contributions in
the overall spectrum.

In this article we report on the imaging properties of the CRY018 and CRY019 scintillation
crystals with round shape and white painted surfaces (instead of the absorbent treated crystals
dedicated for imaging). Both scintillators have been tested with a Multi Anode PhotoMultiplier
Tube (MAPMT) equipped with a SBA photocathode (guaranteeing a higher quantum efficiency). In
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this way, the position linearity as a function of the energy and the dual isotope imaging performances
have been evaluated.

2 Materials and methods

2.1 Materials

CRY018 and CRY019, monolithic scintillation crystals manufactured by Crytur company are ob-
tained by mixing rare earth silicate crystals and, according to the company declaration, they are
non hygroscopic (this means that they do not require a sealed casing that could influence the spatial
resolution and the position linearity response), without afterglow, with low refraction index (1.79
for CRY018 and 1.81 for CRY019), same light output, short decay time and same emission wave-
length [5]. The crystals have white painting on the overall surfaces, round shapes and they are
identical both in size and in thickness (52mm diameter and 6.25mm thickness) in order to couple
them to a multi anode MAPMT Hamamatsu H10966A-100. Usually, scintillation crystals edges
for imaging applications are black painted in order to enhance the position linearity reducing the
light reflection while the white painting (also on the edges) is a typical feature for spectrometric
applications (increasing the light collection) [7, 8]. On the other hand, light absorption typically
causes a decrease in pulse height uniformity response and a local energy resolution degradation
close to crystal edges. So, in order to reach good energy resolution performances, planar crystals
with white painted edges have been chosen.

The multi anode MAPMT Hamamatsu H10966A-100 has 64 independent anodes (anodic size
6× 6mm2, active area 49× 49mm2, 38.7% quantum efficiency at 380 nm, typical gain 0.27× 106),
a SuperBiAlkali (SBA) photocathode, in order to guarantee a higher quantum efficiency, and it
presents a reduced number of dynode stages to avoid saturation effects due to the intense scintillation
light pulse [9].

The 64 output signals from the MAPMT are read out by a 64 independent channels readout
electronics in order to collect the charge coming from each anode of the MAPMT for every
scintillation event . All the anodes are independently read and digitalized (with 14 bit ADCs) with
a maximum sampling frequency of 250 ksample/second. The event selection is made by the digital
control implemented in the FPGA, that analyzes the data read in each time slot and discards those
below a certain threshold [10].

2.2 Methods

Some measurements have been performed aimed at highlight the principal points of investigation:
the evaluation in terms of intrinsic parameters (in particular energy and spatial resolution), the
dual-isotope spectrometry and imaging, the position linearity.

Energy resolution is a very important parameter for a detector allowing to reach outstanding
performances in energy discrimination. The energy resolution is achieved by scanning the crystals
surface in correspondence of each anode center utilizing a double 2.5mm collimated sources
(133Ba–57Co for CRY018 and 57Co–137Cs for CRY019). To determine the energy resolution, the
Full Width at Half Maximum (FWHM) of each peak has been evaluated. In order to improve the
energy resolution by the reduction of the diffuse contribution in the pulse height, the Region of
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Interest (ROI) method has been employed. After a spot irradiation on the scintillation crystals, the
pulse height shows the contribution of the full energy peak but also a diffuse contribution, due to the
presence of the lead collimator or other scattering source, degradating the energy resolution. The
ROI method allows to overcome this effect: starting from the image related to the spot irradiation
under analysis, it is possible to consider just a selection on the image corresponding to the source
in order to obtain a new pulse height spectrum in which only the scintillation events that contribute
to the selected area on the image are considered. In the new spectrum, the contribution of the
full energy peak is enhanced respect to the one of diffusion, as a consequence energy resolution
performances are improved.

Another important feature for a detector, in order to ensure the great quality of images, is the
spatial resolution. The limit of spatial resolution achievable by the detector, without the contribu-
tion of the collimator, is the intrinsic spatial resolution (iSR). The iSR depends to the Point Spread
Function (PSF) that is the FWHMof the scintillation light spread striking the photocathode. The ex-
perimental evaluation of the iSR has been obtained by a spot irradiations on the crystal surfaces. The
used radioactive source has to be thin collimated, in order to reproduce the effect of a point source.
The crystal surfaces have been scanned with a 1mm collimated source of 241Am (60 keV photon
energy) for CRY018 and a 1mm collimated source of 99mTc (140 keV photon energy) for CRY019.

Moreover, imaging on planar crystals is strictly dependent to the position linearity, particularly
if there arewhite painting surfaces (in favor of the spectrometry). Each crystal has a position linearity
related to its intrinsic light distribution. The ideal linearity is defined as the full correspondence
between the real position of a scintillation event and the reconstructed one. Unfortunately, the
white painted surfaces give rise to a compression at the crystal edges, due to the presence of light
distribution tails which are reflected inwards. As a consequence, a wrong position estimation could
arise reducing the position linearity range. Taking into account the problems encountered, a new
reconstruction algorithm Raise To Power (RTP) is utilized [11]. This algorithm is based on the
standard centroid method [12] but differs from it because the charge collected by each anode is
raised to power and a threshold is applied, after an electronic offset subtraction. In this way, the
algorithm works on the light distribution shape reducing the charge spread and improving the iSR
and the position linearity [11]. The position linearity and the dual isotope imaging performances
have been evaluated scanning the crystals surface with double 2.5mcollimated sources (133Ba–57Co
for CRY018 and 57Co–137Cs for CRY019) in correspondence of each anode center.

3 Results and discussions

In figure 1, the pulse height of CRY018 and CR019, obtained with the ROI method, are shown. The
spectra are related to a spot irradiation at the center of the crystals with a double 2.5mm collimated
source (133Ba–57Co for CRY018 and 57Co–137Cs for CRY019). The full energy peaks of the various
emissions arewell recognizable at low (32 keV, 81 keV, 122 keV) and high (662 keV) energies. More-
over, the full energy peak contributions are enhanced respect to the ones of diffusion and, as a conse-
quence, the energy resolution performances are improved. Energy resolution is 15.7% for CRY018
and 18.2%forCRY019@122 keV.These results are related to the spot irradiation at the crystal center.

In figure 2, the importance of the new position algorithm for the crystals is well demonstrated.
The image is related to a scan on the CRY019 surface with a 2.5mm 57Co collimated source (the
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(a) (b) 

(c) (d) 

662 keV 

662 keV 

122 keV 

122 keV 

122 keV 

122 keV 

32 keV 32 keV 

81 keV 

81 keV 

Figure 1. Pulse height spectra of double 2.5mm collimated source 133Ba–57Co for CRY018 without (a) and
with (b) ROI selection. Pulse height spectra of double 2.5mm collimated source 57Co–137Cs for CRY019
without (c) and with (d) ROI selection. All the pulse height spectra are related to the spot irradiation at the
crystal center.

experimental scan distance is 6mm). With the standard Anger method (that correspond to the power
= 1) the Field of View (FoV) is limited, because of the light tails that are reflected inwards causing
a degradation in the reconstruction of the scintillation event positions. By increasing the power in
RTP algorithm, the FoV size is almost recovered reaching a satisfactory result comparable with the
ones obtained with similar detectors [7]. Images in figure 2 show a halo due to the presence in
CRY019 of a self activity background of 176Lu [4]. The halo is accentuated on the crystal edges
because of the light reflections due to the white painted surfaces.

The position linearity is obtained from the scanning of theCRY018 surface with a 2.5mm 57Co
collimated source and the scanning of the CRY019 surface with a 2.5mm 137Cs collimated source
(the experimental scan distance is always 6mm).

The evaluation of the influence of RTP method on the linearity allows to demonstrate that
a crystal with an expected flat linearity (due to the white painted surfaces), is able to become a
powerful imaging system thanks to the application of a new reconstruction algorithm that overcomes
Anger’s logic and allows to recover position linearity.

Figure 3a and figure 3b highlight this behavior for CRY018 and CRY019 respectively: by
increasing power in the reconstruction algorithm, position linearity becomes close to the theoretical
one. So, increasing the power, the FoV compressions are reduced and the position linearity becomes
better (same results have been obtained for CRY018).

However, a compromise between the FoV increment and the power has to be reached. In fact, a
too high power causes a consistent cut off of the bottom contribute of the light distributions reaching
a FoV that is close to the real one but degrading the image uniformity (making the anodic pattern
slowly visible). For this reason the adequate power in RTP algorithm is 2 or 2.5. Moreover, the
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POWER  = 1 

FOV ≈ 18/50 mm FOV ≈ 28/50 mm 

POWER = 1.5 

FOV ≈ 36/50 mm 

POWER = 2 

FOV ≈ 38/50 mm 

POWER = 2.5 

Figure 2. Images coming from the scanning of CRY019 surface with 2.5mm 57Co collimated source (6mm
step) as a function of the utilized power.

comparison of the position linearity of both crystals in (figure 3c) shows that they have the same
spatial linearity expecially at the center of the crystals (where there are not compression effects due
to the reflections on the edges). This suggests that despite the different mixture of both scintillators,
they have the same optical properties in terms of light transport.

Table 1. iSR results for CRY018 and CRY019 scintillation crystals as a function of the power in the
reconstruction algorithm. The values are obtained from spot irradiations with a 1mm collimated source of
241Am for CRY018 and a 1mm collimated source of 99mTc for CRY019.

Power = 1 Power = 2
CRY018 1.8mm 1.7mm
CRY019 2.5mm 1.9mm

(a) (b) 

(c) 

Figure 3. Position linearity evaluated from spot irradiations for CRY018 (a) and CRY019 (b) using different
powers. Comparison of the CRY018 and CRY019 position linearity (c) for power = 1 and power = 2.
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The position linearity allows to define a pixel/mm conversion correlating the position of the
spot in the image pixel with the mechanical position of the spot in mm. Finally, the iSR has been
evaluated from the FWHMof the spot profile (subtracting the contribution of the source collimator).
Regarding the experimental evaluation, the iSR for CRY018 has been evaluated scanning the crystal
surface with a 1mm collimated source of 241Am in correspondence of each anode center, as shown
in figure 4 (while the CRY019 surface has been scanned with a 1mm collimated source of 99mTc).

The spot irradiation in figure 4 shows a visible compression at the edges. This behavior is
due to the experimental setup, indeed the round crystal has been assembly on a square MAPMT
and the dimensions mismatch (as discussed in the previous section the crystal diameter (52mm) is
greater than the MAPMT side (49mm)). As consequence, the image suffers from this assembly
and this is particularly evident at the angles (when the crystal is not superimposed on the MAPMT).
Moreover, the white painted surfaces have a relevant influence on the imaging producing internal
light reflections at the edges and causing a further reduction of the position linearity.

Figure 4. Image of CRY018 spot irradiation on each anode center with 1mm collimated source of 241Am.
Image reconstructed with RTP algorithm (power = 2).

In table 1 the values of iSR for both crystals are shown. The reported iSR values are the mean
values obtained from the spots along the crystals diameter. As expected, increasing the power in the
image reconstruction algorithm, the iSR improves respect to the values obtained with the standard
centroid method (corresponding to power = 1).

In order to further demonstrate the outstanding imaging performances of CRY018 and CRY019
scintillation crystals, the results of dual isotope measurements on both crystals are shown. In
figure 5 dual isotope results for CRY018 are presented in terms of pulse height distributions, total
image and images in 133Ba and 57Co energy windows, respectively @81 keV and @122 keV, for 1:1
uptake and for the sources positioned at the center of the crystal. Images are reconstructed with
RTP algorithm (power = 2). The employed sources are sealed with the same external diameter but
with the internal one slightly different. In this way, even if the sources are piled upon each other in
order to be used simultaneously, they have a small geometrical distance of about 0.2mm that results
correctly detected by the detection system and that has been estimated from the centroid evaluation.
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Unfortunately, for the spot irradiation at the crystal edge this geometrical distance is not equally
well detected due to the position linearity losses in that area.

Figure 5. Dual isotope imaging for CRY018. (a) Dual isotope pulse height distribution. (b) Dual isotope
overall image. (c) Image in 133Ba energy window (green area in the pulse height distribution). (d) Image in
57Co energy window (red area in the pulse height distribution).

In figure 6 dual isotope results for CRY019 are presented in terms of pulse height distributions,
total image and images in 57Co and 137Cs energy windows, respectively @122 keV and @662 keV,
for 1:1 uptake and for the sources positioned at the center of the crystal. Images are reconstructed
with RTP algorithm (power = 2). In the images in figure 6 the halo due to the self activity
background is still recognizable. In particular, the shadow is well evident in figure 6d due to the
relevant amount of self activity counts in the 137Cs energy range while in the 57Co energy window
(figure 6c) the halo is always present but not quite visible due to the lower amount of self activity
counts in that energy window for the evaluation of just one spot.

122 keV 

662 keV 

(a) 
(b) (c) (d) 

Figure 6. Dual isotope imaging for CRY019. (a) Dual isotope pulse height distribution. (b) Dual isotope
overall image. (c) Image in 57Co energy window (red area in the pulse height distribution). (d) Image in
137Cs energy window (blue area in the pulse height distribution).

Images of the radioactive sources are obtained by selecting the appropriate energy window
in the pulse height spectrum. The possibility to discriminate the different contribution with high
precision demonstrate the efficiency of the employed methods and the satisfactory performances in
terms of energy resolution values. In fact CRY018 shows satisfactory results compared with the
energy resolutions values of the in use scintillation crystals in the SPECT energy range [1, 4, 13]
and the CRY019 too, with an energy resolution of about 7.6% @662 keV shows the best energy
resolution value compared to the others lutetium based scintillators [4, 14]. In this way, is possible
to well discriminate the imaging information coming from two sources separately. This result, in
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addition with the ones obtained by the imaging characterization previously described, demonstrates
how improvements in spatial and energy resolution allow to improve Nuclear Medicine imaging.

4 Conclusion

Nuclear Medicine imaging provides useful procedures aimed at the diagnosis of different diseases.
In this contest, the high quality of images is an essential aspect. Therefore, an upgrade of the
detectors performances is needed. This improvement is strictly correlated to the spatial and energy
resolutions of the imaging devices.

In this work, improvement in imaging detectors based on recently developed scintillation
crystals have been presented. In spite of the white painting at all sides, the spatial resolution
performances of CRY018 and CRY019 scintillation crystals are satisfactory. This results have
been achieved with the introduction of a new position reconstruction algorithm that overcomes the
intrinsic limitation of the Anger logic and works on the reduction of the light tail contributions,
that are reflected inwards degrading the accuracy of the event position reconstruction. In this way,
crystals with high energy resolution performances due to the spectrometric features can be used for
imaging applications, without degradation of the spatial resolution.

The enhanced performances of these scintillators allow to reach excellent results also in dual
isotope applications. The imaging from radioisotopes with different photon emissions (i.e. 111In,
201Tl, 75Se) is a useful and often performed technique for cerebral and cardiac imaging but also for
many others applications as the preoperative localization of parathyroid tumors [6]. So, an accurate
discrimination of the different contribution in the overall spectrum can increase considerably the
diagnostic potential.

In the next future, taking advantage from features like the non hygroscopic nature and the
short decay time, these crystals could be also employed in other applications as the dual modality
imaging.
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