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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagHy (pa30Boi CleliaJai30BaHOI BYEHOI pazu): [l 64.169.01
IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [ncTUTYT MOHOKpHUCTaiB HAH Ykpainu

Kopg 3a €IPIIOY: 00210217
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IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: IHcTUTyT MOHOKpHUCTastiB HAH Ykpainu
Kopg 3a €IPIIOY: 23756522
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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHyHHX PyOPHK: 81.09

Tema gucepranii:
1. OTpuMaHH$ e(PEeKTUBHUX CLIMHTUIISITOPiB HA OCHOBI KpucTaiiB Lu2xGd2-2xSiO5:Ce (LGSO:Ce)

2. Obtaining of efficient scintillators based on Lu2xGd2-2xSiO5: Ce (LGSO: Ce) crystals

Pedepar:

1. B pucepTaniitniit poboTi 6ynu oTpumani kpuctanu LGSO:Ce 3 nostinineHuMy XapakTepUCTUKAMU: CBITJIOBUM
Buxogom 29000 ¢ot./MeB, enepreTnyHuUM po3ziseHHsIM 6.7 % 1py 30y KeHHi raMMa KBaHTaMU 3 eHeprieto 662
KeB, piBHeM micasacBitiHHA - 0.025 - 0.1 % micsg 5 Mc, OCHOBHUM KOMIIOHEHTOM 3aracaHHs COMHTHIIALiN 50 HC.
BcTaHOoB/IEHO, 1O ONTUMAJIbHE CIIBBIZHOIIEHHS CUMHTUIIALIMHNX XapaKTEePUCTUK CIIOCTEPIraeTocs npu x = 0.4 -
0.6. KonueHnTpauig nepito He mae nepesuiysatu 0.8 at. % 1715 MiHiMi3allii IepenorJaMHaHHs JIOMiHECLeHIIi] B
KpucTaili Ta BxogykeHHs Ce3+ no nosyienpis CeO6. YTOYHEHO CTPYKTYPHi BJIaCTUBOCTI i MosiiMopdi3M, BU3HaY€Ha
minbHiCTh KpucTaniB LGSO:Ce. ITpu x ? 0.1 kpuctanu MaloTb MOHOKJIIHHY CTPYKTYpy P21/c, mpu x ? 0.2
IEMOHCTPYIOTh MOHOKJIIHHY CTPyKTYypy C2/c. IIpu 0.1 < x < 0.2 ctpykrypa LGSO:Ce Hane>xxutsb 0o opHiei 3
BUIIIEHABEJIEHUX CTPYKTYP B 3aJIEXKHOCTI BiJi yMOB KpucTamizaljii. B xoni po6oTu 6ys10 BUBY€HO PO3NOIIT
TPUBAJIEHTHUX KaTiOHIB 110 KpUCTasorpadiyHuM MO3ULisIM Ta 3'SCOBAaHO, 10 B CTPYKTYPi Oisblli 32 pO3MipOM ioHK
Gd3+ ta Ce3+ nocigaroTb NepeBa)kKHO 9-KOOPAMHOBAHI 10 KMCHIO NO3ULii B KPUCTAJNAX i3 CTPyKTypolo P21 /c Ta 7-

KOOPAMHOBaH] 1o3ulii B KpucTaax i3 crpykrypoto C2 /c. BusHaueHo yMmoBHU MiHimizallii KOHLIEHTpallii akTHBaTOPY B



6-KOOpPOMHOBAHMX NO3ULISX B CTPYKTYpi C2/c, 10 NPU3BOAUTD OO 301/IbLIEHHS CBITJIOBOTO BUXOAY. [ly1s1
ONTMMi3allii CUUHTWIALIMHUX TapaMeTPiB BUBHAYEHO YMOBH IIiCJISIPOCTOBOTO Bifnany MoHokpuctasnis LGSO:Ce B
OKHUCJIIOBaJIbHIN aTMocdepi, 1110 TpU3BOAUTH 10 3MEHIIIeHHS] KOHILIeHTpallii KUCHeBUX BaKaHCIH i o3BoJisie
MOKPAIIUTU eHepreTuyHe po3zineHHs Ha 0.5 - 2.5 % npu 30yKeHHi raMma KBaHTaMU 3 eHeprieto 662 keB.
Po3pobieHa MmeTonuka, 1o 403BOJIsIE OTPUMYBaTH BesmkorabaputHi kpucranu LGSO:Ce piametpom 1o 35 i
noBxuHo 10 150 mm. [TokazaHa ix TpUIATHICTb IO BUKOPUCTAHHS B €KCIIEPUMEHTax (Pi3VKY BUCOKUX €Hepriil Ta

NpUIaJax MEeIUYHOI NiarHOCTHKMU.

2. LGSO:Ce crystals with improved properties were obtained in the present work with the scintillation yield of
29000 phot./MeV, the energy resolution of 6.7% at 662 keV, the afterglow level of 0.025-0.1% after 5 ms, and 50 ns
time of the main component of scintillation decay. The optimal combination of scintillation characteristics is
observed within the x = 0.4-0.6 range. The concentration of cerium should not exceed 0.8 at.% to prevent the
reabsorbtion of luminescence in the crystal and the Ce3+ occurrence in CeO6 polyhedra. A patent for the method
of single crystals obtaining was issued. Structural properties of LGSO:Ce crystals were studied. At x ? 0.1 the
crystals belong to the P21/c monoclinic structure, at x ? 0.2 crystals belong to the C2/c monoclinic structure. In
the 0.1 < x < 0.2 range the crystals can be crystallized into one of these structures depending on the growth
conditions. The trivalent cations distribution in the crystallographic positions was studied. It was determined that
the large Gd3+ and Ce3+ ions occupy preferably 9-fold oxygen-coordinated sites in crystals with the P21/c
structure and 7-fold oxygen-coordinated sites in the C2/c crystal structure. The method was developed to
minimize the concentration of the activator in 6-fold positions in the C2 /c structure, providing the increase in
light yield. The procedure of post-growth annealing of LGSO:Ce crystals in oxidizing atmosphere was developed
providing a reduction of oxygen vacancies concentration and improvement of energy resolution at 662 keV by 0.5-
2.5%. Finally, the method for obtaining large-size LGSO:Ce crystals with diameter up to 35 mm and length up to
150 mm was developed. The feasibility of LGSO:Ce application in high energy physics experiments and medical
imaging was shown.
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