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Characterization of Ca co-doped LSO: Ce
scintillators coupled to SiPM for PET applications

Scintillators suitable for PET applications must be characterized by a high efficiency for gamma-ray detection,
determined by a high density and atomic number of the crystal; a fast light signal that allows to achieve a good
time resolution and to cope with high counting rates; a high light yield for a good energy and time resolution;
a good linearity of the light output as a function of the energy to preserve the intrinsic energy resolution of
scintillator.
Recently developed LSO:Ce scintillators, co-doped with Ca, have been produced by the University of Ten-
nessee group. They are characterized by the improved performance of all the above mentioned characteris-
tics. The crystals, initially tested with PMTs, showed a higher light output, faster light pulse, improved energy
resolution and reduced afterglow, as compared to the standard LSO:Ce crystals. Even though the PMTs still
represent the gold standard photodetectors, the recently available SiPMs are now valid candidate to replace
PMTs in the next generation PET scanners thanks to their compactness, high spatial resolution performances,
low bias operating voltage and, most important for combined PET/MRI systems, insensitivity to static and RF
fields.
In this workwe present the performance of Ca co-doped LSO:Ce samples coupled to SiPMs from different man-
ufacturers. In particular we have assessed their performances by evaluating the energy and time resolution.
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Inorganic scintillators are employed in most of the current medical imaging techniques [1], thanks to their
good detection efficiency in the energy range of radiology and nuclear medicine (from 20 keV of mammogra-
phy to 511 keV annihilation radiation used in PET).
Different imaging modalities pose different requirements to be fulfilled by the radiation detectors and not
all these requirements are met by the crystals developed up to date. This is a reason why the R&D on the
scintillators is always in progress.
As for the scintillators to be used in PET detectors, the requirements are:
• A high efficiency for �-ray detection, associated with a high density and atomic number of the detector
elements;
• A fast light signal that allows to achieve a good time resolution and to sustain high counting rates;
• A high light yield in order to achieve a good energy and time resolution;
• A good linearity of the light yield as a function of the energy to preserve the intrinsic energy resolution of
the scintillator.
LSO:Ce doped was introduced in the 90’s as a high resolution and fast scintillator [2][3] and in 2001 Siemens
/CTI introduced the first LSO:Ce based high resolution research tomograph (HRRT) for brain studies [4]. LSO
is particularly appealing for PET thanks to its high efficiency (high density and atomic number) and to the
ionic dopant Ce3+, which significantly improves the light output and the time response.
Recently developed LSO:Ce scintillator, co-doped with Ca, has been produced by the University of Tennessee
group guided by Prof. C. Melcher. These crystals, tested with PMTs, showed a higher light output, faster light
pulse, improved energy resolution and reduced afterglow, as compared to the standard LSO:Ce crystals.
The development and the optimization of the scintillators proceed in parallel with the research on new pho-
todetectors. Even though the PMTs still represent the gold standard photodetectors, the recently available
SiPMs are valid candidates to replace PMTs in the next generation PET scanners thanks to their compactness,
high spatial resolution performances, low bias operating voltage and, most important for combined PET/MRI
systems, insensitivity to static and RF fields.
In this work we present the performance of Ca co-doped LSO:Ce scintillator samples coupled to SiPMs from
different manufacturers. The spectroscopic capabilities of the crystals and the timing performances have been
assessed by using a Na-22 source. As an example, in figure 1 we show the energy spectrum of the Na-22source
obtained with an LSO:Ce(Ca) sample of 4x4x5 mmˆ3 coupled to a MPPC Hamamatsu 3x3 mmˆ2, in time coin-
cidence with another detector. The energy resolution is 8.5% (FWHM) at 511 keV.

Figure 1 Energy spectrum of the Na22source obtained with an LSO:Ca sample of 4x4x5 mmˆ3 coupled to
a MPPC Hamamatsu 3x3 mmˆ2, in time coincidence with another detector. The energy resolution is 8.5%
(FWHM) at 511 keV



References
[1] C. W. E van Ejik, “Inorganic scintillators in medical Imaging”, Phys. Med. Biol. 47 (2002), R85-106
[2] C. L. Melcher , US patent No 4958080, 1990.
[3] C. L. Melcher and J. S. Schweitzer, “Cerium doped lutetium oxyorthosilicate: a fast, efficient new scintilla-
tor”, IEEE Trans. Nucl. Sci. 39 (1992), 502-505
[4] Wienhard et al.”The ECAT HRRT:performance and first clinical application of the new high resolution
research tomograph”, 2000 IEEE NSS-MIC Conference Record CDROM 17 (2001), 2-6

for pdf file, see the web site:
http://www.pi.infn.it/˜bisogni/vienna_2010/ABSTRACT_vienna conference 2010_bisogni.pdf

Primary author: Dr BISOGNI, Maria Giuseppina (University of Pisa, Department of Physics “E. Fermi”, Pisa,
Italy and Istituto Nazionale di Fisica Nucleare INFN Sezione di Pisa, Pisa, Italy)

Co-authors: Prof. DEL GUERRA, Alberto (Univ. + INFN); Prof. MELCHER, Chuck (University of Tennessee,
Scintillation Materials Research Center,Knoxville, USA); Dr COLLAZUOL, Gianmaria (Univ. + INFN); Dr MAR-
CATILI, Sara (Univ. + INFN)

Presenter: Dr BISOGNI, Maria Giuseppina (University of Pisa, Department of Physics “E. Fermi”, Pisa, Italy and
Istituto Nazionale di Fisica Nucleare INFN Sezione di Pisa, Pisa, Italy)


