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COMPARISON OF THE SCINTILLATION PROPERTIESOF LSO:Ce AND YSO:Ce AS THE DETECTORSFOR HIGH RESOLUTION PET� ��M. Kapusta, M. Moszy«ski, M. BalerzykSoªtan Institute for Nulear Studies, 05-400 Otwok/�wierk, Polandand J. PawelkeForshungszentrum Rossendorf, PF 510119, 01314 Dresden, Germany(Reeived January 6, 2000)We investigate the appliation of LSO and YSO sintillating rystalsfor Positron Emission Tomography (PET). Properties suh as light output,energy resolution, detetion e�ieny for various energy threshold, andtiming resolution are presented. These data allow us to evaluate the usageof �nger-like LSO:Ce and YSO:Ce rystals oupled to photomultiplier tube,and to establish optimal operating onditions for high-resolution PET. Bothrystals have advantages over BGO urrently used in PET and LSO isonsidered as a possible replaement for BGO based systems.PACS numbers: 29.40.M 1. IntrodutionInorgani sintillators are ritial elements for several medial imagingtehniques, inluding X-ray imaging, single photon emission omputer to-mography (SPECT), and positron emission tomography (PET). With PET,a radioative labeled ompound (e.g. drug or gas) is administered to a pa-tient. This ompound then aumulates in the patient and the pattern of itssubsequent radioative emissions is used to estimate its distribution withinthe body. The radioisotopes used with PET are positron emitters, for whihpairs of 511 keV annihilation photons are deteted in timing oinidene and� Presented at the NATO Advaned Researh Workshop, Krzy»e, Poland2�4 September 1999.�� Support for this work was provided by the Polish Committee for Sienti� Researh,Grants No 8T 10C 005 15 and 8T 11E 025 15.(101)



102 M. Kapusta et al.imaged. The high energy of photons, and the need to produe an auratetiming signal (below 10�9se) in order to identify oinident photons, setadditional demands for the detetion system of PET.Bismuth germanate (BGO, Bi4Ge3O12) is most often used due to itsshort attenuation length and high density resulting in high detetion e�-ieny for annihilation radiation. LSO (lutetium orthosiliate, Lu2SiO5:Ce)whih was invented by C.L. Melher [1℄ shows potential for replaing BGOas the sintillator of hoie for PET, due to its higher light output and im-proved timing properties [1,2℄. LSO allows to ahieve high spatial resolutionwithout deterioration of any other detetor property. The growing interestin the use of the LSO in ommerial PET sanners stimulates researh toestablish optimal operating onditions in suh appliations. We present alsoresults from measurements with YSO (Y2SiO5:Ce), whih is known as theommerial phosphor [3℄, and has similar hemial omposition to the LSO.2. Experimental detailsFor omparison of sintillator properties rystals with dimensions of3 � 3 � 20 mm3 have been ut from a boule of LSO and YSO respetively.These boules were delivered by CTI PET Systems In., Knoxville, TN, USA.Natural lutetium ontains a. 2.59 % of radioative 176Lu whih deayswith the half-life of 3:78�1010 years by �� of 597 keV maximum energy and307 keV, 202 keV and 88 keV -rays. The yield is a. 280 deays of 176Luper seond per m3 of LSO. The main physial properties of LSO and YSOare presented in Table I. TABLE IMain physial rystal propertiesCrystal LSO:Ce YSO:CeManufaturer CTI CTIPeak wavelength [nm℄ 420 420Density [g/m3℄ 7.44 4.54Atten. length for 511 keV [m℄ 1.15 2.57Bakground 280 /s/m3 noneIn all measurements, a alibrated XP2020Q photomultiplier with radiantsensitivity of 83 mA/W at 420 nm, orresponding to the integral quantume�ieny of 0.20 for both rystals, was used. The samples were oatedwith white PTFE (polytetra�uoroethylene) tape, an optial re�etor of goodquality [4℄, and were glued by one fae to the PMT with silione oil.



Comparison of the Sintillation Properties of LSO:Ce and YSO:Ce: : : 1033. Results3.1. Light outputIn order to determine the light output of the investigated rystals, thenumber of photoeletrons per energy unit (phe/MeV) was measured by om-paring the position of the 661.6 keV full-energy peak from 137Cs soure withthat of the single photoeletron peak (see Fig. 1). First, the rystals wereglued to the PMT with one 3 � 20 mm2 fae (horizontal geometry) in or-der to hek the quality of the sintillator material. The measured numberof photoeletrons equal to 5730�440 phe/MeV and 5200�240 phe/MeV forLSO and YSO respetively, on�rmed the good quality of the sintillatormaterial [5℄. Furthermore, the number of photoeletrons were measured forthe same rystals optially oupled with one of the 3 � 3 mm2 fae to thePMT (vertial geometry). In this ase a lower number of photoeletrons of3600�360 phe/MeV for LSO and 2900�300 phe/MeV for YSO respetively,was obtained. The reason for this observation is that in the latter ase,the mean photon pathway inside the rystal is longer. This is manifestedby the higher light absorbtion. We an onlude that LSO and YSO rys-tals show moderate light attenuation properties. This suggests, that theydo not exhibit the same strong parasiti absorption as observed for BGOsamples [4℄.
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Fig. 1. Pulse height spetra of a 137Cs soure measured with LSO and YSO in hori-zontal geometry. For all measurements a single photoeletron spetrum omparableto that shown in the upper �gure has been obtained.



104 M. Kapusta et al.3.2. Energy resolutionFig. 1 shows the energy spetra of the fully polished rystals of LSO andYSO irradiated with -rays from 137Cs soure in horizontal geometry. Themeasured energy resolution was equal to 11.0�0.4 % and 8.9�0.3 % for LSOand YSO respetively. Further, the energy spetra of -rays from a 22Nasoure were measured in vertial geometry with the same samples. Again,a very good energy resolution of 13.9�0.4 % (LSO) and 9.5�0.3 % (YSO)was observed for 511 keV -rays, whih was muh better than that reportedpreviously for BGO rystal (26.6 %, see [4℄).3.3. Detetion e�ienyThe detetion e�ieny plays a very important role in human PET di-agnostis. In partiular, the detetion e�ieny for 511 keV positron anni-hilation photons should be onsidered as an essential fator.Detetion e�ieny de�ned as a peak to total ratio was equal to 0.15 forYSO, and 0.58 for LSO, for energy threshold set to 250 keV. Note, four timeslower detetion e�ieny for 511 keV -rays for YSO than that measured forLSO. This is due to the low atomi number of yttrium (Z=39) and moderateYSO density. A further limitation of the YSO rystal in PET appliation isthe Compton sattering of -quanta, whih are easily detetable in neigh-boring rystals of a multi-rystal blok detetor. This e�et will deterioratethe spatial resolution of PET system. In order to redue this e�et, onehas to use a rather high energy threshold e.g. 300 keV. This will, however,redue the detetion e�ieny of the system even further. Summarizing,sintilation properties of YSO sugest rather limited appliation in PET.3.4. Timing propertiesThe timing properties were tested for LSO rystals with dimensions of3 � 3 � 20 mm3. To reasemble a typial on�guration of PET detetor, wemeasured oinidene time resolution for 511 keV annihilation quanta froma 22Na soure with two LSO rystals in vertial geometry. Anode signals ofthe XP2020Q photomultipliers were sent to onstant fration disriminatorCFD 1512 [7℄. Then, for one rystal the signal was sent to start input ofTAC, while the signal of the seond one served as a stop signal of TAC.This method allows the seletion of an energy threshold in the CFD forboth samples. Typial time spetra measured with two LSO rystals for theenergy thresholds set at full energy peak are presented in Fig. 2. The timingresolution of LSO rystals for various energy thresholds is summarized inTable II.



Comparison of the Sintillation Properties of LSO:Ce and YSO:Ce: : : 105TABLE IICoinidene time resolution of LSO sintillator for 511 keV -rays as a funtion ofthe lower-energy threshold.Energy threshold [keV℄ 100 250 400 450FWHM [ps℄ 980�30 665�25 510�30 472�27
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Fig. 2. Coinidene time spetrum measured with two LSO rystals in vertialgeometry for 511 keV annihilation quanta from a 22Na soure.The time resolution of 472 ps is omparable to that reported in [8℄ forthe same size of the rystals but for slightly di�erent energy threshold. Thetiming results on�rm the onlusions of [6℄ and [8℄ that a time-of-�ight PETmay be designed using LSO rystals.4. ConlusionWe presente the feasibility studies of LSO:Ce and YSO:Ce in the designof a new high-resolution PET sanners. We demonstrate, that detetion sys-tems whih ombine PMT and a new inorgani sintillator suh as LSO:Cean be suessfully used in Positron Emission Tomographs. The high num-ber of photoeletrons, a good energy resolution, and an exellent oinidenetime resolution determined for LSO are the key fators in PET appliations.Despite of the slightly lower than for BGO fration of events whih interatphotoeletrially, and the natural bakground ativity, properties suh asgood spatial resolution, high signal-to-noise-ratio, and exellent ount rateapability, makes LSO sintillator superior to BGO for PET sanner.



106 M. Kapusta et al.YSO may be onsidered as an alternative, if the high light output ofLSO is required (e.g. in order to enable higher spatial resolution), and inases when natural bakground of LSO is limiting fator. This is partiularlyimportant for low ount rate appliations.REFERENCES[1℄ C.L. Melher, J.S. Shweitzer, IEEE Trans. Nul. Si. 39, 502 (1992); UnitedStates Patents 4,958,080; 5,025,151; 5,660,627.[2℄ M.E. Casey, L. Eriksson, M. Shmand, M.S. Andreao, M. Paulus,M. Dahlbom, R. Nutt, IEEE Trans. Nul. Si. 44, 1109 (1997).[3℄ C.L. Melher, J.S. Shweitzer, C.A. Peterson, R.A. Manente, H. Suzuki, Crys-tal Growth and Sintillation Properties of the Rare Earth Oxyorthosiliates,SCINT95, Pro. of Int. Conf. on Inorgani Sintillators and Their Appliation,eds.: P. Dorenbos, C.W.E. van Eijk, Delft University Press, Netherlands, 309(1996).[4℄ M. Kapusta, J. Pawelke, M. Moszy«ski, Nul. Instrum. Methods Phys. Res.,Set. A A404, 413 (1998).[5℄ M. Moszy«ski, et al., IEEE Trans. Nul. Si. 44, 1052 (1997).[6℄ T. Ludziejewski, et al., IEEE Trans. Nul. Si. 42, 328 (1995).[7℄ J. Biaªkowski, M. Moszy«ski, D. Wolski, W. Klamra, Nul. Instrum. MethodsPhys. Res., Set. A A281, 657 (1989).[8℄ W.W. Moses, S.E. Derenzo, IEEE Trans. Nul. Si. 46, 474 (1999).


