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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO BUBYEHHIO anbda-po3nany 212Po, nomyKy HafBa>XkKOTO €JIEeMEHTY CUOOPTilo
Ta BUBYEHHIO anbda-PoHy B gocuaimpkenHi AMoRE. fnpo 212Po e nodipnim enementom 232Th. Ilepion naniBposnamy
212Po € HaliMeHIINM cepef, BiloOMUX IPUPOIHUX PaZioaKTUBHUX sIep i, Ha 4ac o4aTKy poboTH, i10ro
PeKOMeH0BaHe 3HayeHHs ckianano T1/2 = 299 + 2 He. JlocnigykeHHs 3 BUMipIoBaHHs Nepiony HaniBpo3nagy 212Po
3MIHIOBJIMCS BiJ] BUKOPMCTAHHS Ia30BUX JIIYMJIBHUKIB Y [IEPLIMX NOCIIIPKEHHSX O BUKOPUCTAHHS
CLUMHTUJISILIITHUX Ta HAaMiBIIPOBIIHUKOBUX IETEKTOPIB, @ B OCTAHHIX JOCJII)KEHHSIX — PiIKUX CLIUHTUJISTOPIB.
JleTeKTOpoM y IaHOMY JOCJIi[I)KEeHHI CIyryBaB HacuueHul Topiem pinkuii cuuHTuistop (PC:Th). OcHoBoto
CLUUHTUIATOPY OyB 20-TH BiICOTKOBU PO34MH TPpUOKTUIPOCOiH okcuay (aHriL.: trioctylphosphine oxide, TOPO) B
ToJtyosi. Busnauenns T1/2 sgpa 212Po 6ys0 npoBeieHO LIJIIXOM aHaslidy Tak 3BaHuX BiPo-nogiit. BiPo-nogieto

3BYTb MTOCJIiJIOBHAN BUJIT 0 YACTUHKMU Bif po3nany HyKJIiny Bi Ta HACTYyNHOI 0 YaCTUHKM Bif BifIoBigHOro Hykiiny Po.



B nanomy Bunazky imernbcs 1npo BiPo-noaii 3 Hykiigamu 212Bi ta 212Po. bysi0 BUMIpSHO aKTUBHICTbL TOPIiIO B
CLUHTUJISTOPI Ta HOTO NOYipHIiX HYyKJIiAiB. 3 aHasi3y criekTpy 6yJsI0 BU3HAYEHO, 110 akTyuBHiCcTh 232Th ta 228Th
craHoBuna 4,61(2) bx/mn ta 3,82(7) bk /M BignosinHO. AKTUBHICTb 228Ra MyCUTb OYTU JOCUTh HU3BKOIO 3aBISIKU
XiMiYHIi# OigroToBLi KiHleBoi TopieBMicHOI ciosyku (Th-3TOPO)(NO3)4, sika Majia BUIy4ATH pafiil. AKTUBHICTb
220Rn Ta 110ro nodipHiX eneMeHTiB ckiana 92(2) % aktusHocTtu 228Th. [IprynHa LBOro NOJISTae y BUXOAi pafoHy 3i
CLMHTUJISTOPY. 3arajibHy 0-aKTUBHICTb oLliiHeHo Ha piBHi 20,7(10) Bk /M7 (ctanom Ha 8 nunHs 2016 poky). I3
OTPUMAaHUX aKTMBHOCTEH TOPil0 BU3HAYEHO, 10 MOro KOHLEHTpaLis y CUMHTUIISATOPI ckiagana 0,113(1) mac.%.
Ilepion HaniBpo3nany 212Po ouineHo sk T1/2 = 295,10(4) Hc, 0 € HAUTOYHIKUM cepe]l, yCix BUMIPIOBaHb 11bOTO
npouecy. Pe3yspTaT y3rompKyeTbCs i3 HUHIIIHIM TabnuyHuM 3HaueHHIM 294,3(8) He. HaBeneHo pesyibTaTu
JOCJIiIPKEHHS 3 TIOLIYKY IIPUPOJIHOTO HAJBa)KKOTO €JIEMEHTY CMOOPTil0. BUMiploBaHHS NPOBOJMIIM HA
HU3bKO(POHOBIN ycTanosLi DAMA /R&D B sabopatopii I'pan Cacco 3 gBomMa CUMHTWISALIHHMMY KPUCTAJIaMU
BoJsIb(ppamary kaamito 116CAdWO4. [IpucyTHICTb IPUPOZHOrO CMOOPTilo BU3HAYAIM CIIMPAIOYUCh HA TEOPilo PO
BUIIPOMiHEHHS 0Tr0 LOYipHIM SIpOM BUCOKOEHepreTu4Hoi asnbda yacTuHky, Eo > 8,9 MeB; nepiog naniBposnany
cuboprito BianoBigHO 1o 1iei Mmoaeni ckananae 1079 p. Ha nepiit ctapii mocnimxkenHs AMoRE-pilot BukopuctaHo
6 xpuctanis 4836i1Cal00Mo004, oxosomkeHux Ao Temneparyp ~ 10 MK, a ofHOYaCcHe 3YMTyBaHHS TENJIOBOTO Ta
CBITJIOBOTO CHUTHAJIIB JO3BOJISIE Kpallle PO3PIi3HATU CUTHAJIM 33 TUIIOM YaCTUHKU. Taka METOOMKA 3BEThCSI
CLUMHTWJISLIHUM 60JIOMETPUYHUM JOCHiIKEHHSIM. ByJsio rnpoaHasnizoBaHO (OpMU CUTHAJIIB Ha IPEIMET
3aJIEXKHOCTH Bifl €HEPTii YaCy HApOCTaHHSI CUTHAJIy Ta CIIiBBiIHOMIEHHS CBIiTJIO0/Temnso. [apHe po3zineHHs o-nofgii
BiZ O (0)-110Aiii cripusizio NO6YA0Bi €HEPreTUYHOro CIEKTPY O-MOil 3 MaiiKe HyJIbOBUM BMiCTOM O (O)-MoAii. 3
IOCJIiIKeHHsI MiKiB oLliHeHo GoHOBY akTUBHICTb 238U, 232Th i 235U 3 fouipHiMu eJleMeHTaMU y BCiX 6 KpUCTaJliB.
dopmy O-criekTpy Ha MPOMIXKKY 2,5-7 MeB oTpuMaHO 3 MO/Ie/II0BaHHS BHYTPIIIHbBOI Ta OBEPXHEBOi 3a0pYIHEHOCTH.
3Mo[ie/IbOBaHMI CIIEKTP J00pe y3roIKyeThes 3 BUMIpSIHUM. BcTaHoBeHu piBeHb QoHy ckiagae (2,22 + 0,3) *
10™(-2) BigmikiB /(keB * kr * pik) B o6s1acTi gocaimpkeHHs HaBkoJio Q-3HayeHHs (100Mo) = 3034 xeB. 3a niaHoM,
piBeHb (oHy Ha ocTaHHil cTanii AMORE-II mae 6yTu Ha [iBa NOPSAKY HIKYMM. BUMOTH 10 YyTJIMBOCTHU CTaBJISIThCS
TaKi, 06 3aiTU Ha MEXy OOEPHEHOI CXeMM Mac HENUTPUHO. Y 3B'SI3KY i3 UM Ha APYTill cTaAii JOCiIKeHHs, B
Iopatok 1o KpucraniB CaMoO4, Takox BUKOpucTaHo kpuctanu Li2MoO4. Hapasi oninku 3a6pyaHeHoctu Li2Mo0O4

€ HIKYMMU, TOMY Marbke HaneBHe AMORE-II mpoBOgUTUMYTE CaMe 3 KpUCTAJIaMU 3 JIiTiEM.

2. The dissertation is devoted to the study of 212Po alpha decay, search for superheavy elements seaborgium and
the study of alpha backgrounds in the AMoRE experiment. The nucleus 212Po is a daughter element of 232Th. The
half-life of 212Po is the shortest among known natural radioactive nuclei and its recommended value was T1/2 =
299 + 2 ns at the time of research inception. The methods of the measurement of the 212Po half-life have varied
from the use of gas counters in early studies to the use of scintillation and semiconductor detectors and liquid
scintillators in more recent studies. In this research we used thorium-loaded liquid scintillator LS(Th) as a
detector. The basis of the scintillator was a 20 percent solution of trioctylphosphine oxide (TOPO) in toluene.
Determination of 212Po half-life was carried out by analyzing the so-called BiPo-events. A BiPo-event is the
successive emission of a o particle from the decay of a Bi nuclide and the followed o particle from the corresponding
Po nuclide. In this case, we are talking about BiPo events with 212Bi and 212Po nuclides. It was measured the
activity of thorium in the scintillator and its daughter nuclides. After spectrum analysis it was determined that the
activity of 232Th and 228Th was 4.61(2) Bq/ml and 3.82(7) Bq/ml, respectively. The activity of 228Ra must be quite
low due to the chemical preparation of the final thorium-containing compound (Th - 3TOPO)(NO3)4, which was
supposed to remove the radium. The activity of 220Rn and the daughter elements was 92(2) % of 228Th activity.
The reason for this is the escape of radon from the scintillator. Total o activity was estimated as 20.7(10) Bq/ml (as
of July 8, 2016). The obtained activities of thorium mean that its concentration in the scintillator is 0.113(1) wt.%.
The presence of natural seaborgium was determined based on the theory of its daughter nucleus emitting a high-
energy alpha particle, Eno > 8.9 MeV and the half-life of seaborgium as 109 years. 6 crystals of 48deplCal00Mo0O4
were used at the first stage of the experiment, called AMoRE-pilot. The detector system is cooled to temperatures
of ~ 10 mK. The simultaneous reading of the heat and light signals provide better discrimination of different type of
signals. This technique is called scintillation bolometric research. The signal’'s pulse shapes were analyzed for



obtaining the energy dependence of signal rise time and the light-to-heat ratio. Excellent discrimination of o and o (o)
events helps to build energy spectrum with low background. After the peaks analysis the background activity of
238U, 232Th and 235U with their daughter elements in all six crystals was estimated. The shape of the o-spectrum
in the range of 2.5-7 MeV was obtained by simulating the internal and surface contamination. Simulated spectrum
is in good agreement with the experimentally measured one. The established background level is (2.22 + 0.3) *
10™(-2) counts per keV per kg per year in the range of interest around the Q-value (100Mo) = 3034 keV. According
to the plan, background level in the final stage AMoRE-II should be two orders of magnitude lower. This reduction
is essential for the experiment's sensitivity to reach the level of inverted neutrino mass hierarchy. As a result, the
second stage of the study is carried out with Li2MoO4 crystals in addition to CaMoO4 crystals. Currently,
estimated contamination for Li2MoO4 are lower, so it is highly likely that AMoRE-II will be conducted with
lithium-containing crystals.
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