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1. Incepranjifina po60Ta IpUCBAYEHA NIOIIYKY NOABiHOro 6eTa-posnany sapa 106Cd, pospobui
€KCIIepUMEHTAJIbHUX METOJiB JOCJiIP)KeHHS JAaHOTO pO3Najy Ta AOCIIIXKEHHIO cxeMu po3snazy suapa 5S0V. Y pobori
KOPOTKO OIIMCaHO OCHOBHI acleKTy NoJBiHOro 6eTa-po3mnajy: Teopist, Moziesii onucy npolecy B pamKax
CrangapTHOI MOZEJIi €JIEMEHTAapPHUX YaCTHMHOK i B3aeMOIiN Ta 3a ii Me>XKaMU, eKCIIEPUMEHTaJIbHI METOAU
IOCJIiIPKEHHS Ta BUMOTHU JI0 €KCIIepUMeEHTIB. [IoaHO pe3ysibTaTy HalbibIl YyTAMBUAX €KCIIEPUMEHTIB 3 [TOUIYKY
NOABIHOTO 6eTa-po3Iasy aTOMHUX S7iep, Ta OLIiHKYU YYTJIMBOCTI TPOEKTIB, 110 3HAXOIAThCS Ha eTalli po3pooku abo
cropyzpkeHHs. OnycaHo eKClIepUMMEHTaJIbHY YCTaHOBKY 3 IOUIYKY MoJBiliHOro 6eta-po3nany sapa 106Cd 3
BMKOPHCTaHHSIM KpPUCTaJy Bojb@ppamary Kagmito 106CdWO4, 36araueHoro gocaigpKyBaHUM i30TOOM 1o 66%. [JaHi
Habupanucs y 36irax (aHTu3birax) 3 1soma gerekropamu CdWO4 Besmkoro o6’emy y 6113bKiil reomeTpii i3

3barayeHUM KpucTajom. EkcriepruMeHTaabHa yCTaHOBKA OyJia BAOCKOHAJIEHA, IO JI03BOJIMJIO ITIOKPAIIUTY il



CIIEKTPOMETPUUHI Ta 4aCOBi XapaKTePUCTUKU. BU3HA4EHO CTA0/IbHICT POOOTHU AETEKTOPIB, IIJISIXOM aHAJIi3y
II0JIOKEHHS Kpalo O-criekTpy Hykininy 113mCd, skuii € y kpuctasni 106CdWO4. EnepreTryHa Ta 4acoBa po3fiibHa
3/1aTHICTb BU3HAUEHA JIJIs1 BCiX AETEKTOPIB [0 Ta micss mopudikalii ycTaHOBKH, sIKa [oJsiraia y 3aMiHi
(POTOEIEKTPOHHUX [TOMHOXXYBaUiB Ta CBiT/I0BOAIB. 17151 getekropa 106CdWO4 eHepreTryHa po3iibHa 30aTHICTb
6ys1a BusHaveHa sik [TIITB = 6.85 x V(E_n ), me IILIIB - noBHa mu1pyHa Ha [0JI0BUHI BUCOTH i E_n0 - eHepris ramma-
KBaHTY y KeB. ITicia mopudikauii ycTaHOBKY eHepreTuyHa 34aTHICTb TOKpalyiach NpuoausHo B 1.5 pasu i
cranoButs ITIITIB = 4.56 x V| (E_o). I OJaTKOBUX AETEKTOPIiB €eHepreTUyHa PO37iibHa 3[aTHICTh TaKOX
noKpamumiach 3i 3uadenss IMIITMB = 3.1 x V(E_n ) go TIITB = 2.8 x V(E_no ). YacoBa po3fjiibHa 3[aTHICTh Gyia
olliHeHa Ha piBHi ~ 15 Hc. [IpoBeieHO MOPIBHSAHHS eKCIIePUMEHTAJIbHUX JaHUX, OTPUMaHUX Iif] yac KajaibpyBajbHUX
BUMIPIOBaHb 3 [)KepejlaMy raMMa-BUITPOMIHIOBaHH, Ta MoHTe-Kapsio mozesnsamu. Pe3ynbTatu NOPiBHSHHS
[OKa3a/Iv rapHUM 306ir i 03BOJIM/IM BUSHAYUTH €HEPreTUYHI IIOPOrU JeTEKTOPHOI cucTeMu. PeanizoBaHo MeTof,
ONTUMAaJIbHOTO (PinbTpa, 110 JO3BOIWIIO BiTOKPEMUTH MOl Bif 0(0)- Ta 0-4aCTUHOK 32 (POPMOIO CLIUHTUJISLITHOTO
cursHainy. lle nano MoxxnuBicTh noHU3UTU PoH y ~1.6 pasu B obsacti 800-1300 keB, ne ouikytoTecs o-noaii 232Th i
238U Ta ix nouipHixX HyK/IiziB. 3a0pyAHEHICTb CUMHTWISILINHUX KPUCTaJiB pafionykiigom 228Th 6ysa Bu3HaueHa 3a
IOTIOMOTOI0 4YaCOBO-aMILIITYgHOTO aHai3y K 0.0174(14) Mbk /kr nnsg 106CdWO4 ta 0.012(2) MBk /kr pyig CAWO4.
Ouineno 3a6pypHeHicTs KpucTtaniB CdWO4 o-aktTuBHUMU fodipHiMu enemenTamu 232Th (232Th -> 228Ra i 228Th -
>...->208Pb) i 238U (238U -> 234Th; 234U -> 230Th; 230Th -> 226Ra; 226Ra->...-> 210Pb; 210Pb->...-> 206Pb) 3a
IOTIOMOTOI0 aHaJIi3y CyMapHOTo O-CIEKTPY, HAbpaHOTo JaHUMMU JleTeKTopaMmu. [106y1oBaHO Mozieslb (POHY HA OCHOBI
KOMOiHOBAHOI anpokcuMaliii o(o)-crnekTpis, HA6PaHUX Pi3HMMU IETEKTOPaMU y Pi3HMX YMOBax Binoopy. BuzHayeHo
PazioakTUBHY 3a0pyIHEHICTh OCHOBHUX KOMIIOHEHTIB J€TeKTOPHOI yCTaHOBKU. BCTaHOBIEHO HOBI OOMEKEHHS Ha
nepiofy HamiBposnany AJ1sl pisHUX KaHaiB i Mop noABiiiHoro 6eta-posnany suapa 106Cd Ha pisni T1/2 ~ 10720 -
10722 poxiB. [TokpaiieHo oOMeskeHHS Nepiofy HamiBpo3mnaay BifHocHO 20ECo+-po3nany 106Cd Ha OCHOBHUI piBEHb
106Pd sk T_(1/2)"~(20ECo+) > 2.1 x 1021 pokiB. Bysio BCTaHOBJIEHO HOBE OOMEXXEHHS [J1s1 PE30HAHCHOIO
0e3HEeUTPUHHOrO MOABITHOrO €JIeKTPOHHOTIO IIOTJIMHAHHS Ha 30yAkeHuii piBeHs 2718 keB 106Pd, sik T_(1/2)"~ 002K >
2.9 x 10721 pokiB. EkcliepuMeHTabHa YyTIMBICTD 171 JAHOTO PO3NajAy 3HaXOAUTBCS B MEXKaX TEOPETUYHUX
IIPOTHO3IB, Ki 3HaX0AAThCS B HianaszoHi T1/2 ~ 10722 pokis. [Ticsist BIOCKOHAJIEHHS yCTaHOBKY OyJia OLiHeHa
eKCIlepuMeHTasIbHA 4yTauBicTb 70 002EC-, 20ECo+-, On20+- Ta OnECo+-po3nazny 106Cd Ha ocHoBHuUM piBeHb 106Pd B
pisHux ymoBax Binoopy: [T]_(1/2)"~002EC > 8.9 x 10720 pokis, T_(1/2)"™(20ECo+) > 1.5 x 1021 pokis, T_(1/2)"™(0020+) >
8.4 x 10" 21 pokiB ta T_(1/2)™(0oECo+) > 1.1 x 10”22 pokiB. Takox y po60Ti 6yJ10 JOCTIIPKEHO CXeMy PO3NaLy sapa
50V. [lanuii HyKJIiL MOXXe po3MaaTyuCh 110 KaHajaX eJIeKTPOHHOTO MOTJINHAHHS Ha 30ykeHnii piBeHb 1553.8 keB
snpa 50Ti Ta o- po3nany Ha 36ympKkeHuit piseHs 783.3 keB sigpa 50Cr. O6uBa po3nau € YOTUPbOXKPATHO
3a00pOHEHMMH HeYHiKaJIbHUMMU O-pO3MafiaMM, aHaJIi3 SIKUX MOXKe JO3BOJIUTU BU3HAYUTU €(EKTUBHE 3HAUEHHS
aKciaJbHO-BEKTOPHOI KOHCTAHTU CJ1abKoi B3aemofii gA. JJaHa KOHCTaHTa Biflirpae Ba>KJIMBY POJIb Y OLiHII
MMOBIPHOCTI MOBIMHUX O-PO3MaiB. [aMMa-CIIeKTPOMETPis 3pa3Ka BaHa {0 Macoio 955 I 3 MPUPOJIHUM BMiCTOM
BaHAJ{10 BUKOHYBAJIach 3a JOIOMOIOI0 IBOX HalliBIIPOBiIHUKOBUX reépMaHi€BUX JE€TEKTOPIB 3 HATUUCTOIO repMaHilo
(HPGe). Bysi0 npoaHani3oBaHO CIIEKTP, HAOpAHUII I€TEKTOPaMy, BUSHAYEHO HAN6iIbLI iHTEHCHMBHI raMMa-Tikuy,
BCTAHOBJIEHO PaflioaKTHMBHY 3a0pyIHEHICTh 3pa3ka BaHazio. [lepion HaniBpo3nany sigpa 50V BinHocHO nipouecy EC
Ha 2+ piBeHb 1553.8 keB 50Ti Buznauenuii ax T_(1/2)"EC= [ [2.774] _(-0.19)"(+0.20) ] x 10™17 pokiB.

2. The thesis for obtaining the scientific degree of Doctor of Philosophy by specialization 104 - physics and
astronomy - Institute for Nuclear Research, The National Academy of Science of Ukraine, Kyiv, 2023. The
dissertation is devoted to the search for the double beta decay of 106Cd nucleus, the development of experimental
methods for studying this decay, and the study of the decay scheme of 50V nucleus. The work provides a brief
overview of the main aspects of double beta decay, including the theory, models for describing the process within
the Standard Model of particle physics and its extensions, experimental research methods, and requirements for
experiments. The results of the most sensitive experiments on the search for double beta decay of atomic nuclei
are presented, along with assessments of the sensitivity of projects under development or construction. The
experimental setup for the search for double beta decay of 106Cd nucleus using a cadmium tungstate crystal
enriched in nuclide to 66% is described. Data were collected in coincidences (anti-coincidences) with two large-



volume CdWO4 detectors in close geometry to the enriched crystal. The experimental setup was improved to
enhance its spectroscopic and time characteristics. The stability of detector performance was determined by
analyzing the edge position of the o-spectrum of the 113mCd nuclide present in the 106CdWO4 crystal. Energy and
time resolutions were determined for all detectors before and after the modification of the setup, which involved
the replacement of photomultiplier tubes and light guides. For the 106CdWO4 detector, the energy resolution was
determined as FWHM = 6.85 x V (E_n ), where FWHM is the full width at half maximum, and En is the gamma-ray
energy in keV. After the modification of the setup, the energy resolution improved by approximately 1.5 times,
resulting in FWHM = 4.56 x V (E_n ). The energy resolution for additional detectors also improved from FWHM = 3.1
x V(E_o) to FWHM = 2.8 x V(E_n). The time resolution was estimated as approximately 15 ns. Experimental data
obtained during calibration measurements with gamma radiation sources and Monte Carlo models were

compared. The results of the comparison showed a good agreement and allowed to determine the energy
thresholds of the detector system. The pulce shape discrimination method was implemented, which made it
possible to separate events from o(o)- and o-particles based on the shape of the scintillation signal. This reduced the
background by approximately 1.6 times in the 800-1300 keV range, where o-events of 232Th, 238U, and their
daughter nuclides are expected. The contamination of scintillation crystals with the radionuclide 228Th was
determined using time-amplitude analysis to be 0.0174(14) mBq/kg for 106CdWO4 and 0.012(2) mBq/kg for

CdWO4. The contamination of CdAWO4 crystals with o-active daughter elements of 232Th (232Th -> 228Ra and
228Th ->...-> 208Pb) and 238U (238U -> 234Th; 234U -> 230Th; 230Th -> 226Ra; 226Ra ->...-> 210Pb; 210Pb ->...->
206Pb) was estimated through the analysis of the total o-spectrum collected by the detectors. A background model
was constructed based on the combined approximation of (o) spectra collected by different detectors under various
selection conditions. The radioactive contamination of the main components of the detector system was
determined. New improved half-life limits were set on the different channels and modes of the 106Cd double beta
decay at level of T1/2 ~ 10720 - 10722 yr. The half-life limit 20ECo+ decay of 106Cd to the ground state of 106Pd was
improved as T_(1/2)"™(20ECo+) > 2.1 x 10™21 yr. New half-life limit to the resonant neutrinoless double-electron
capture to the 2718 keV excited state of 106Pd was set as T_(1/2)"0n2K > 2.9 x 10”21 yr. The experimental
sensitivity for this decay is within the theoretical predictions, which are in the range of T1/2 ~ 1022 years. After
improvement of the setup, the experimental sensitivity in different selection conditions to On2EC-, 20ECo+, Oo2o+ and
OoECo+ decays of 106Cd to the ground state of 106Pd was evaluated: [ T]_(1/2)"0o2EC > 8.9 x 10720 yr,
T_(1/2)~(20ECo+) > 1.5 x 10™21 yr, T_(1/2)"™(0020+) > 8.4 x 10™21 yr and T_(1/2)"™(0oECo+) > 1.1 x 10™22 yr. Additionally,
the decay scheme of 50V was investigated in the work. The transitions of this nuclide can undergo through

electron capture (EC) decay channel to the 1553.8 xeB excited levels of 50Ti and o- decay to the 783.3 keV excited
levels of 50Cr. Both the decay channels are fourfold forbidden nonunique, the analysis of which can allow
determining the effective value of the axial-vector coupling constant gA. This constant plays a prominent role in
estimation of double o-decays probability. Gamma spectrometry of a 955 g natural isotopic abundance vanadium
sample was performed with the help of two ultralow-background high purity germanium detectors (HPGe). The
spectrum collected by the detectors was analyzed.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX PO6JIEM PO3BUTKY HAaYKOBO-TEXHIYHOT0, COLiaIbHO-€KOHOMIYHOT0, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOT'O IIOTEHLiany 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy
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