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OTPMMAaHHS Ta XapaKTepu3allii KpUCTaliB 3MillIaHUX TPaHATiB BUPOLIEHUX 3 PO3IIABY Y BiITHOBIIIOBAJILHOMY Ta
iHEPTHOMY CE€pPEeIOBUIIAX [1JI1 HACTYITHOTO IIOKOJIiIHHS IPAHYJISIPHUX AETEKTOPIB Ha MTPUCKOPIOBAaYaX YaCTUHOK.
Po3pob6sieHni MeTog, OTPUMaHHS AOBTUX BOJIOKOH YAG:Ce 3 MOKpalljeHOI0 TOBKUHOIO MOTJIMHAHHS, BUPOLIEHUX
METOZIOM MiKpO BUTSITYBaHHS y iHEPTHIi1 aTMocdepi, a TaKOK KPUCTaJIiB TBEpAUX po3unHiB LuxY3-xAI5012 i3

MOJINIIEHUMHU XapaKTepUCTUKaMU MeTOJ0M Y0oXpaJibChKOr0, BUPOIIEHUX Y BiJHOBJIIOBaIbHIN aTMocdepi, 3



BHMKOPHCTaHHSIM JIEIIEBUX BOJIb(PPAMOBUX TUTJIiB. Ha CbOrOMHIIHIN JEHb aKTYaJIbHOIO IIPOOJIEMOIO 3QJINIIAETHCS
[IOIIYK HOBUX TUIIIB [I€TEKTOPIB /IJIs1 HACTYITHOTO MTOKOJIIHHS eKCIIePUMEHTIB 3 (i3uKM BUCOKUX eHepriil. OnHuM i3
[IEPCIIEKTUBHUX BapiaHTIiB TaKOTrO JETEKTOPY € TPaHYJISIPHUN IETEKTOP, SIKUH CKIIAJa€ThCS 3 BEJIMKOI KiJIbKOCTI
MOHOKPHCTaJIiYHUX BOJIOKOH, CUTHAJIU 3 SIKUX PEECTPYIOThCS OKPEMO. BOJIOKHA B TAKOMY € TEKTOPI NOIIS0ThCS
HA 2 TUIIM — aKTMBOBAHI CLIMHTUJIALLIMHI BOJIOKHA JJIs1 peeCTpalii CUHMHTUJISILIIIHOIO CBIiTJIa Ta HEAKTUBOBAHI
BOJIOKHA JJI peecTpalii YepeHKiBCbKOro BUIIPOMIHIOBAaHHS. Y TOU 4ac, SK 111 HEaKTUBOBAHUX BOJIOKOH JOCTATHbO
OyTy MPO30PUM Y 00J1aCTi UyTJIMBOCTI GOTOLETEKTOPY Ta CIIEKTPY BUIIPOMiHIOBAaHHS YepeHKiBCbKOro CBiTJa, [A7Is
AKTMBOBAHMX CLUMHTUJISILIITHUX BOJIOKOH BUMOTY € HabaraTo >KOPCTKIIMMU: BOHU IIOBUHHI MAaTU JOBXUHY Oijblle
20 cM, IOCTaTHBO BeJIMKUH CBiTs0BUM Buxiz (> 15000 ¢poToHiB/MeB), noBXKUHY NOTIMHAHHS (Mipa ONITUYHO]
IIPO30POCTi BOJIOKHA) Oisibiie 20 cM. [epii NpoTOTUNM rPaHy sIPHUX AETEeKTOPiB Ha OCHOBI BOJIOKOH Lu3Al5012,
BHPOILEHUX METOJIOM MIiKpPO BUTSTYBaHHS, Ta BOJIOKOH Gd3Ga3Al2012 BupisaHuX 3 KPUCTAJIYHOI 6YJIi, BUPOLIEHO]
MeTooM HoXpasbCbKOro, Oyl IPOTECTOBAHI, ajle He MoKa3aju 6a’KaHMX Pe3ysIbTaTiB, TOX MOLIYK ONTUMAIbHOTO
CLMHTWJISLIHOTO MaTepiay, 110 CTaHe OCHOBOIO HOBOTO TUITy JeTEKTOPIB [ (Pi3UKK BUCOKUX €HEeprill, €
aKTyaJIbHUM 3aBIaHHSM. Ha ocHOBI aHani3y ny6sikaliil B po3zii 1 BCTaHOBJIEHO, IO CUMHTUIISILINHI KpUCTauy,
TaKi, K repmaHar BicmyTy (BGO), Bonbppamar ceuniio (PWO) BKe JOBruil 4yac BUKOPUCTOBYIOTHCS Y AETEKTOpaxX Ha
IIPHMCKOPIOBaYax YaCTHUHOK, 30KpeMa B €Bporiericekomy LlenTtpi Snepuux Jocminxkens (CERN). Po3BuTok eTekTopis
17151 HOBOI reHepallii yaconpositHux Tomorpadis (Time-Of-Flight PET), a Takox 306i7bII€HHS €HEPrii YaCTUHOK Ha
IIPUCKOPIOBAaYax CIIOHYKAIOTh 10 PO3POOKM HOBUX CLUMHTU/ISILIITHMX MaTepiaJiB i3 KOHTPOJIbOBAaHUMU I1apaMeTpPaMHU.
OpH¥M i3 HANPSAMKIB CUMHTUIIALIMHOTO MaTEPialo3HABCTBA € KEPYBAHHS €HEPTrETUYHOIO CTPYKTYPOIO KPUCTAIIB
3a/1J151 3a1100iraHHs yTBOPEHHSI [1aCTOK HOCIIB 3apsifly Ta KOHTPOJIIO iX TPaHCIOPTY A0 LeHTPiB JIIOMiHeCLeH11ii
(B1acHUX uM NOMIIIKOBUX). B paMkax 1iei koHuenuii 6ysu po3po6iieHi Taki Kpucrany, sk Gd3A12Ga3012:Ce 3i
cBiTi0BUM Buxoaom 50000-60000 ¢ortoni/MeB, Y3AI2Ga3012:Ce i3 yacom 3aracanns 20 Hc, (Lu,Y)2Si05:Ce, Ta
iHIi MaTepianu 3 OKpaleHUMHU BJIACTUBOCTSAMU. 30KpeMa, 1JIs PO3POOKY MaTepiay, K1l 61 Bil[IOBigaB
HEOOXiJIHUM BUMOTaM eKCIIEPUMEHTIB (i3UKM BUCOKUX €HEPTill, BAPTO 3BEPHYTH yBary Ha KpUCTajy Ha OCHOBI
Y3AI5012 ta Lu3Al5012, a TakoK, Ha TBepAuil po3unH 3 HuX - (Lu,Y)3A15012, BpaxoByI0YM MOXJIUBICTD
BMPOILYBaHHS iX JEKiJIbKOMa METOLAMU, & CAME METOJOM MiKpPO BUTSTYBAaHHS 1711 OTPUMAaHHS KPUCTAJIB OLpa3y y
BUIJISIZI BOJIOKOH, YM MeTOI0M H0XPasbChbKOT'0 3 BUKOPUCTaHHAM JemeBux W Turiis. Lli po6oTy gouisnbHO 6ys10
IIPOBECTH Ha 6a3i [HcTuTyTy cunHTUIALiHMX MaTepianiB HAH Vkpainu y ciiBpo6iTHALTBI 3 IHCTUTYTOM CBiT/Ia Ta
marepii, Jlion, ®panuisg Ta CERN. B gpyromy po3zini JOKIaIHO ONKCaHi eKCIIepUMeHTaIbHi TPOoLeaypH MiilrOTOBKU
CHPOBUHH, OCOOJINBOCTI KOHCTPYKLi!l pPOCTOBUX BY3JIiB, METO/iB KOHTPOJIIO 32 BUPOILYBaHHSIM, IiCJISIPOCTOBO]
00pOOKY KPUCTaJIiB 1711 00UIBOX METO/iB BUPOIYBaHHS - MIKpO BUTSTyBaHHs Ta YoxpanibCbKoro. Takox y po3zini
OIMCaHi MeTOAY BUTOTOBJIEHHS €KCIIEPUMEHTAIbHUX 3Pa3KiB i 0COOJIMBOCTI METO/IB iX XapakTepusaliii, a came
BUMIPIOBaHHS CUMHTUISALIMHUX Ta ONTUYHUX BJIACTUBOCTEN. B po3zini 3 ONuCylOTHCA METOIMKY BUPOIILYBaHHS
MOHOKPUCTaJIIYHUX BOJIOKOH Ha OCHOBi YAG Ta GAGG MeTO0OM MIiKpPO BUTATYBaHHS Ta iX BILJIMB HA ONTUYHI Ta
CLMHTUJISLIMHI BIJaCTUBOCTI KPUCTAJiB, a TAKOX Ha iX fedeKTHy CTPYKTypy. [lepuum Kpokom OyB BUOIp
ONTUMAaJIbHOI CUPOBMHU JJIs1 BUPOLLyBaHHS BOJIOKOH YAG. ByJjia BUpOILIEHa cepisl BOJIOKOH i3 BUKOPUCTAaHHSIM
crieyeHux rnopoukis Y203 ta Al203, 3MimmaHux y cTexioMeTpuyHOMY CIiBBifHOLIIEHHI. OTpUMaHi BOJIOKHA MaJlu
BEJIUKY KiJIbKiCTb CTPYKTYPHUX Ie(EeKTiB, 1110 IPU3BOAMIO J0 iX pO3TPiCKyBaHHS. [IpMYnHOIO LIbOTO € TOH (aKT, 110
METO[H, TaKi, 9K EFG Ta MiKpo BUTAryBaHHS, € KPUCTali3allis BiOyBa€TbCs 3 TOHKOTO MEHICKY PO3ILJIaBy i Hemae
BiITUCHEHHS JOMIIIOK [0 OCHOBHOTO 00’€éMy PO3ILJIaBa, € 6isIbll 4yTIMBUMU 10 YUCTOTY CUPOBUHU Ta 3CYBY CKJIALy

PO3INIaBy Bif cTexiomeTpii B 6ik 0JHOTO 3 KOMIIOHEHTIB.

2. The dissertation is dedicated to the development of fabrication methods and characterizing crystals of mixed
garnets grown from melt in reducing and inert environments for the next generation of granular particle
detectors. A method for obtaining long YAG:Ce fibers with improved attenuation length grown by the u-PD
method in an inert atmosphere has been developed, as well as crystals of solid solutions LuxY3-xAl5012 with
improved characteristics were grown by the Czochralski method in a reducing atmosphere using cheap tungsten
crucibles. To date, the search for new types of detectors for the next generation of experiments in high-energy
physics remains a relevant problem. One promising option for such a detector is a granular detector, which



consists of a large number of fibers, signals from which are recorded separately. Fibers in such a detector are
divided into 2 types - activated scintillating fibers for registering scintillation light, and non-activated fibers for
registering Cherenkov radiation. While non-activated fibers only need to be transparent in the sensitivity range of
the photodetector and the Cherenkov light spectrum, the requirements for activated scintillating fibers are much
more stringent: they must have a length of more than 20 cm, a sufficiently large light output (> 15000
photons/MeV), and an attenuation length (a measure of the optical transparency of the fiber) of over 20 cm. The
first prototypes of granular detectors based on Lu3Al5012 fibers grown by the p-PD method and Gd3Ga3AI12012
fibers cut from boules grown by the Czochralski method were tested but did not yield the desired results.
Therefore, the search for the optimal scintillating material that will serve as the basis for a new type of high-
energy physics detectors was continued. In Chapter 1, the analysis of publications suggests that scintillating
crystals such as bismuth germanate (BGO) and lead tungstate (PWO) have been used for a long time in particle
accelerator detectors, including at CERN. The development of tomography detectors and the increase in particle
collision frequency at accelerators lead to the need for new scintillating materials with controlled parameters. This
task is addressed by controlling the energy structure of crystals to prevent the formation of charge carrier traps
and to control their transport to luminescent centers (intrinsic or dopant). Within this concept, crystals such as
Gd3A12Ga3012:Ce with a light output of 50000-60000 photons/MeV, Y3Al2Ga3012:Ce with a decay time of 20 ns,
(Lu,Y)2SiO5:Ce, and other materials with improved properties were developed. It was concluded that to develop a
material that would meet the necessary requirements of high-energy physics experiments, attention should be
focused on crystals based on Y3AI5012 and Lu3Al5012 , and accordingly, on a solid solution of them -
(Lu,Y)3A15012, taking into account the possibility of growing them by several methods, namely the p-PD method
for obtaining fibers, or the Czochralski method using inexpensive W crucibles. These works were carried out at the
Institute for Scintillation Materials of the National Academy of Sciences of Ukraine in collaboration with the
Institute of Light and Matter, CNRS, Lyon, France, and CERN. In the second chapter, detailed descriptions of the
experimental procedures for raw material preparation, features of growth chamber construction, growth
monitoring methods, and post-growth processing of crystals for both p-PD and Czochralski methods are provided.
The chapter also outlines the methods of fabricating experimental samples and the characterization procedures of
their scintillation and optical properties. In Chapter 3, the methodologies for growing single-crystal YAG and
GAGG fibers by the p-PD method and their impact on the optical and scintillation properties of the crystals, as well
as their defect structure, are described in detail. The first step was the selection of optimal raw materials for
growing YAG fibers. A series of fibers was grown using sintered Y203 and Al203 powders mixed in a
stoichiometric ratio. The obtained fibers had a significant number of structural defects, leading to their cracking.
This was attributed to the feature of EFG and p-PD methods where crystallization occurs from a thin melt
meniscus and there is no segregation of impurities into the main melt volume. Such methods are more sensitive to
the purity of the raw material and deviation of the melt composition from stoichiometry towards one of the
components. In subsequent experiments, fragments of YAG and YAG:Ce crystals grown by the Czochralski method
at the Institute of Scintillation Materials for the National Academy of Sciences of Ukraine were used as raw
materials. The fibers grown in this way contained less defects, but their attenuation length was below the required
threshold of 20 cm.
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