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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO BUBYEHHIO asibdPa-po3nany 212Po, nomyKy HafiBaKKOTO €JIEMEHTY CUOOPTilo
Ta BUBYEHHIO asibda-(PoHy B gocuaimkeHHi AMORE. fnpo 212Po e gouipHim enementom 232Th. Ilepiog HaniBpo3nany
212Po € HaliMEHIINM CepeJ, BilOMUX IPUPOJHUX PafioaKTUBHUX SIEP i, HA 4ac o4aTKy poOOTH, 10ro
PEKOMEH0BaHe 3HaYeHH ckinanano T1/2 = 299 + 2 He. JlocnimpkeHHs 3 BUMipIOBaHHS Nepiony HamniBpo3snagy 212Po
3MiHIOBAJIMCS BiJl BAKOPUCTAHHS Ta30BUX JIIYMJIbHUKIB y EPIINX TOCIIIKEHHIX 1O BUKOPHUCTaHHS
CLMHTUJISILIITHUX Ta HaIiBIIPOBIIHUKOBUX JIETEKTOPIB, @ B OCTAHHIX JOCJIJPKEHHSIX — PiIKUX CUAHTUJISTOPIB.

JleTeKTOpOM y IaHOMY NOCJIiIKEHHI CIyryBaB HacCMueHul Topiem pigkuil cuuHTuasTop (PC:Th). OcHoBOIO



CUMHTUIATOPY OyB 20-TH BiZlCOTKOBUI pO34MH TpuOKTUIpochin okcuny (aHri.: trioctylphosphine oxide, TOPO) B
tosyouii. Busnauenus T1/2 snpa 212Po 6ys0 npoBefeHO LIJISIXOM aHasli3y Tak 3BaHuX BiPo-nozii. BiPo-nozieio
3BYTb [TOCJIiJOBHUAN BUJIT 0 YaCTUHKMU Bif po3nany HyKIiny Bi Ta HACTYyIHOI 0 YaCTUHKMU Bif BiZlIOBifHOrO HyKiIiny Po.
B naHomMy Bunagky imerbcs 1npo BiPo-noaii 3 Hykinigamu 212Bi ta 212Po. bysi0 BUMIPSHO akKTUBHICTb TOPIiIO B
CLUMHTUJISTOPI Ta Oro NOYipHIiX HyKJifiB. 3 aHaMi3y CrieKTpy OyJI0 BUSHAYEHO, o akTuBHIiCTb 232Th Ta 228Th
craHoBuna 4,61(2) bx/mn ta 3,82(7) bk /M BignoBinHO. AKTUBHICTb 228Ra MyCUTb OYTU JOCUTh HU3bKOIO 3aBISKU
XiMiYHi# igroToBui KiHuesoi TopieBMicHOI ciosnyku (Th-3TOPO)(NO3)4, sika Majia BUIy4ATH pafiil. AKTUBHICTb
220Rn Ta 1ioro nouipHix enemeHTiB cknana 92(2) % akruHoctu 228Th. [IpyynHa 1jbOT0 NOJISTa€ y BUXOJi pafloHy 3i
CLUHTWISTOPY. 3arajibHy 0-aKTUBHICTb oLiHeHo Ha piBHi 20,7(10) Bk /M7 (cranom Ha 8 nunHs 2016 poky). I3
OTPUMAaHUX aKTMBHOCTEH TOPil0 BU3HAUEHO, 10 MOro KOHIEHTpaLisl y CUMHTUIsITOpI ckiagana 0,113(1) mac.%.
Ilepion HaniBpo3nany 212Po ouiHeHo sk T1/2 = 295,10(4) Hc, 10 € HAUTOYHIKUM cepe]], yCix BUMIPIOBaHb 11bOTO
npouecy. Pe3yspTaT y3rompKy€eTbCs i3 HUHIIHIM TabmnyHuM 3HaYeHHIM 294,3(8) He. HaBeneHo pesybTaTu
TOCJIiIPKEHHS 3 IOLIYKY IIPUPOJHOTO HAJBa’KKOTO €JIEMEHTY CUOOPTilo. BUMiploBaHHS IPOBOJMIIM HA
HU3bKOPOHOBIN ycTanoBLi DAMA /R&D B sabopatopii I'pan Cacco 3 gBoma CUMHTWIALIHMMY KPACTaJIaMU
BoJsIb(ppamary kaamito 116CAdWO4. [IpucyTHICTb IPUPOZHOrO CUOOPTil0 BU3HAYAIN CIIMPAI0YUCh HA TEOPilo PO
BUIIPOMIHEHHS 0r0 LOYipHiM SIpOM BUCOKOEHepreTH4Hoi anbda yacTuHky, Eo > 8,9 MeB; nepioz HaniBposnany
cuboprito BianoBigHo 1o 1iei Mmoaeni ckananae 1079 p. Ha nepiit ctagii mocnimskenHs AMoRE-pilot BukopucTtaHo
6 kpuctainis 4836i1Cal00Mo0O4, oxonomxeHux no remneparyp ~ 10 MK, a omHO4acHe 3YMTYBaHHS TEIJIOBOTO Ta
CBITJIOBOTO CHUTHAJIiB JO3BOJISIE Kpallle PO3PIi3HATU CUTHAJIM 33 TUIIOM YaCTUHKU. Taka METOAMKA 3BEThCSI
CLUUHTWISLIHUM 60JIOMETPUYHUM JOCHIIKeHHSIM. Bysio npoaHasnizoBaHo (OpPMU CUTHAJIIB Ha IIPEIMET
3aJIEXKHOCTH Bifl €eHEPrii Yacy HapOCTaHHS CUTHAJIy Ta CIiBBiIHOIIEHHS CBiTJIO /Temnso. [apHe po3zineHHs o-nogii
Bif, 0 (0)-TIOZiH cIpusiio NoOyI0Bi EHEPTeTUYHOTO CIEKTPY O-TIOLIH 3 Malbke HyJIbOBUM BMIiCTOM O (0)-MIOAiM. 3
IOCJIiIKeHHs MiKiB oLiiHeHo GoHOBY akTuBHICTb 238U, 232Th i 235U 3 nouyipHiMu esleMeHTaMu y BCiX 6 KpUCTaliB.
dopmy O-criekTpy Ha NPOMDKKY 2,5-7 MeB oTpuMaHO 3 MOZIe/II0BaHHS BHYTPIlIHBO] Ta I0BEPXHEBOI 3a0pYJHEHOCTH.
3Mozeb0BaHUI CIIEKTP AOOPE Y3roIpKyeThCs 3 BUMipSHUM. BcTaHOBJIeHMI piBeHb (PoHy ckianae (2,22 + 0,3) *
10™(-2) BigmikiB /(keB * kr * pik) B o6s1acTi gocaimkeHHs HaBKoJio Q-3HaveHHs (100Mo) = 3034 keB. 3a niaHoM,
piBeHb (oHy Ha ocTaHHil cTanii AMoRE-II mae 6yTu Ha [iBa NOPSAKY HIKYMM. BUMOTH 10 UyTJIMBOCTHU CTaBJISATHCS
TaKi, 006 3aiTU Ha MEXy 0OEPHEHOI CXeMU Mac HENUTPUHO. Y 3B'I3Ky i3 LIUM Ha APYTill cTaAii JOCiIKeHHs, B
Ioaatok 1o KpucraniB CaMoO4, Takok BUKOpUCTaHO kpucTanu Li2MoO4. Hapasi oninku 3a6pyaHeHoctu Li2Mo0O4

€ HIDKYMMU, TOMY Marbke HaneBHe AMORE-II mpoBOgUTUMYTE CaMe 3 KpUCTAJaMU 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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