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Pedepar:

1. Incepranifina po60Ta IPUCBIYE€HA MOEJIOBAaHHIM METOIOM MoHTe-KapJio Ta ix 3aCTOCYBaHHIO B
exkcriepuMenTax npoekris CUPID-Mo, CROSS Tta BINGO, 1,0 BUKOPHCTOBYIOTb HU3bKOTEMIIEPATYPHI CLIMHTUJIALINHI
00J10METpPH [1J1s JOCJiJIKEHHSI [1epCIeKTUBHUX 3 NOUIYKYy 6e3HENTPHUHHOrO NoBifHOro 6eta-posnany sgep 100Mo
ta 130Te. [Insa npoexty CUPID-Mo 6ys10 IpOBEEHO MOAEIIOBaHHSI MeTogoM MoHTe-Kapiio 3 MeTO BU3HAYEHHS
ONITUMAaJIbHOI KiZIbKOCTi KanibpyBanbHUX mkepes 56Co, iX akTUBHOCTI Ta Miclisg po3TallyBaHHS HAaBKOJIO ekpany "300
K" BcepenuHi kpioctary 3 20 meTekTopamMu Ha OCHOBI KprcTastiB Mosti6aary Jjitito Li2100MoO4. Kondirypauis
obupasack 3 ypaxyBaHHSIM BUMOTY 1100 HAalBUIO] YaCTOTU peecTpallii /1711 BUCOKOEHEPreTUYHMX raMMa-KBaHTIB
56Co B oxoJi miKy 3253 KeB (77151 061acTi mykaHoro epekTy 3 eHeprieto posnany Q_20=3034 keB), 3a6e3neyeHHs
SIKHai161/bIIe PiIBHOMIPHOI MIBUIKOCTI J1i46M B YCiX €TEKTOPIB, HEe IEPEBUILYI0YM 3HAYEHHSI B OKPEMOMY JI€TEKTOPI

~ 0.17 'u. 3a pe3ysbpTaTaMu MOJEI0BaHb OyJI0 ITOKa3aHO, 110 HAaNO61/IbII OIITUMAJIbHOIO € KOHpiryparis



posTaiyBaHHS ABOX mxepes 56Co, ne mKepesa po3MilleHi 3a MiTHUMU JIeTajIMU YCTAaHOBKU. Y C€peHbOMY
IIBUJIKICTb J1iYOU B IeTeKTopax y Liil KoHdirypauii ckiagae 2.6 x 10-3 nogiit Ha po3nay, 3i cTaHIapTHUM
BigxuneHHsM 0.4 x 10-3 noziit Ha posnaf. 3a yMOB OOMEXXEHHS Ha 3arajbHy WBUAKICTb J1i46U, IPU aKTUBHOCTI
KO>XKHOTO JpKepesia B 51 Bk odikyBasiack 614 peectpalis 19 nofiit Ha TKaeHb B 06J1acTi MiKy 3 eHeprieto 3253 keB nis
IeTEKTOpa 3 HAHIDKYOK MBUIKICTIO J1iu6u. [Ticsist NpoBeeHHsl €HepreTUYHOro KalibpyBaHHs BIPOLOBXK 19 AHiB 3
IBOMa xepesamu 56Co, 6yy10 3MOJ€/IbOBaHO KOHQIrypallilo 3 yTOUHEeHUM pO3TallyBaHHSIM JKepeJt 3
BiZJITOBIJHICTIO 4O €KCIIEPMMEHTAJILHUX BMMIipIOBaHb. byJsl0 [10Ka3aHo, 10 MOAEJIOBAHHA METOLOM MoHTe-Kapiio
mxepes 56Co MoKa3yloTh XOPOUIY Y3rOAKEeHICTh B allPOKCUMALllii eKCIIepUMeHTaJIbHUX JaHuX B [1iala30Hi eHeprin
Big, 200 1o 4000 keB. Bysio MpoBenEHO AeTajlbHE MOMIEIIOBAHHS T€OMETPii NIEBHUX €JIeMEHTIB ycTaHOBKU CUPID-
Mo, 1110 pO3TalOBYIOTHCS GIM3BKO 10 AETEKTOPIB Ta € AKepesaMu pasioakTUBHOTO GOHY B 00J1aCTi IIYKaHOTO
edexTy. AKTUBHOCTI pajlioaKTUBHUX 3a0PYJHEHOCTEN CTabili3aliiHAX IIPY>KMH Ta JIaTyHHUX I'BAHTIB B MiIHUX
I'paTKax, OTPMMaHi 3 pe3yJIbTaTiB allpOKCUMallii eKCIIEPUMEHTAJILHOTO CIIEKTPA IEeTEKTOPiB MozeIMu (PoHy, obpe
Y3rOIPKYIOThCSI 3 BUMIPSIHIMU 3HAUEHHSIMHU, Ta Bifj[IOBial0Th 3HAYE€HHSIM aKTUBHOCTI 17151 pafionykiina 228Th: 20 +
5 MBk / kr (BuMipsiHe 3HaueHHs 21 + 5 MBK / Kr) A1 crabinizauiiinux npyxus ta 3.5 + 0.9 MBK / Kr (BUMipsiHe
3Ha4eHHS < 18 MBK / Kr) 1711 JIaTyHHUX BUHTIB. [IpoBeieHO MofemoBaHHs MeTogoM MoHTe-Kapio kpiocTtary
yctaHoBku CROSS 3 macuBoMm 3i 144 netextopiB Li2100MoO4 poamipom 45 x 45 x 45 Mmm3. 3 METOI0 ONTUMIi3aliii
KaJlibpyBaHHSI [I0Ka3aHo, 1110 KOHIrypallist 3 yoTupma KaniopysaibHuMu mxepesnamu 208T1, 228Ac, 212Bi ta 212Pb
IOBXUHOIO 1o 70 cM, Jae HAM6iIbII PiIBHOMIPHY IIBUIKICTB J1i40HM B feTeKTopax. Takox 11 uiei KoHPiryparii
IeTEKTOPIB 6yJI0 IPOBEJEHO MOMEIOBAHHS BIUIUBY PalioaKTUBHOTO 3a0pyJHEHHS €JIEMEHTIB yCTAHOBKU
pazionykiinamu 214Bi Ta 208T1 Ha ¢oH B 061acTi mykaHoro eexTy. BriivB pafioakTuBHOTrO 3a6pyLHEHHS
papionykuigom 208T1 Ha ¢oH B seTekTopax Li21I00MoO4 ta okcuny Tenypy TeO2 BignoBigHO Mae HACTYIIHI
3HaueHHs: < 4.5 x 10-5 Ta < 1.7 x 10-4 BigikiB / (keB Kr pik) Ay Tpumayis 3 migi mapku NOSV 3 akTUBHICTIO < 4.3
MKBK / kr, 8(3) x 10-5 ta 1.51(6) x 10-3 BigmnikiB / (keB Kr pik) mJis yacTuHU MigHOrO ekpana 3 akTuBHicT0 0.3(1) MBK
/ kr, < 1.2 x 10-8 ta 1(2) x 10-6 BigjikiB / (KeB Kr piK) 1J151 HUBbKOTEMIIEPATyPHUX KabeJliB 3 aKTUBHICTIO 5(6) MBK /
KT, a TakoX < 3 x 10-6 Ta 2.2(1) x 10-4 BigmnikiB / (keB Kr piK) AJ1s1 KOJIOH 3i CKJIONJIACTUKY 3 aKTUBHicTIO 1.41(5) Bk / K.
3a pesysbTaTaMu MOZEIOBAHb II0KA3aHO, 10 PiBeHb (OHY B 06J1ACTi LIYKAaHOTO €(EKTY € 3a[0BiIbHUM JJIs
nocTtapyieHux Linen ekcnepumeHnty CROSS. Byio peanizoBaHo reomeTpito yctaHoBky CROSS 3 mogaTkoBUM
30BHILIIHIM CBUHLIEBUM 3aXUCTOM. [TIOpiBHSIHO CTYIiHb 3HVKEHHS PiBHS (OHY Bif] 104ATKOBOTO 30BHIIHBOTO
3aXUCTY B 06J1aCTi MiKy IPUPOIHOI pasiioaKTUBHOCTI 1py eHeprii 2615 KeB 1171 eKcreprMeHTalbHUX Ta
3MO/IeIbOBAHMX JaHuX: B 5.5 Ta 29(8) pasiB nnsa getexkropa Li2100Mo0O4, B 4.6(1) Ta 48(6) pasis nnsa gerexkropa TeO2,
a Takox y 7.8 Ta 13.9(7) pasiB 1151 eTeKTopa Ha OCHOBI KpucTasa Bosbdpamary kaamito CdAWO4. Po3bikHiCTb
CTYIIE€HsI 3HWKEHHS PiBHS (POHY 17151 EKCIIEPMMEHTAJILHUX Ta 3MOJI€JIbOBAHUX JAHMX BKa3ye Ha HAsIBHICTb
PaflioaKTUBHUX 3a0pPYyAHEHOCTE €JIEMEHTIB YCTAHOBKY BCEPEAMHI CBUHIEBOTO 3aXUCTy. Takox Oys10
3MO/IeJIbOBaHO reoMeTpito yctaHoBKY CROSS 3 kpucranamu moni6aary Jjitito Li2100MoO4 3i 36araueHum,
36igHeHMM Ha i3oTon moni6aeny-100 (Li2100depIMoO4) Ta npupogHuM cKiagom moioneny 100Mo i kpucranu
CdWO4 3 kaaMmito 3 TpUPOIHUM CKJIAOM i30TOMIB Ta 36arayeHoro izorornom 116Cd. Bysio 3MonenboBaHo QOH B
IeTEKTOPax BiJ] pali0aKTUBHOTO PaJlOHy Mi’K €KpaHaMU Ta CBUHLIEBUM 3aXUCTOM, CBUHLIEBOTO 3aXUCTY, MiTHUX
TpUMayiB €TEKTOPIB, MiTHOTO €eKpaHa Ta 30BHilHbOro (GoHy B ycTaHOBLi CROSS. Bysio npoBeieHO MOJeII0BaHHS 3
METOI0 AOCJiIPKEHHS BILJIMBY PalioaKTUBHOTO (POHY Bif] €JIEMEHTIB, 10 BUKOHYIOTh POJIb TPUMAaUiB ETEKTOPIB

Li2100M0o0O4 ta TeOZ2Z B ycTaHOBLI 3 MiHIMi30BaHOIO KiJIbKICTIO MaTepiaJliB.

2. Qualifying scientific work on the rights of a manuscript. 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 results of the Monte Carlo simulations for the CUPID-Mo, CROSS,
and BINGO experiments, which use low-temperature scintillation bolometers to study promising 100Mo and 130Te
nuclei to search for neutrinoless double beta decay. Monte Carlo simulations were performed for the CUPID-Mo
experiment to find an optimal number of 56Co calibration sources, activity, and position around the «300 K»
screen in the cryostat with 20 Li2100Mo0O4 detectors. The configuration was chosen considering the requirement
for the highest rate of high-energy gamma-quanta of 56Co (particularly of 3253 keV) and provide as much as



possible uniform counting rate across all detectors, ensuring the counting rate below ~0.17 Hz. The results of the
simulations show that the most optimal configuration is achieved with two 56Co sources, where the sources are
shifted behind the copper bars structure of the setup. On average, the counting rate in the detectors in this
configuration is 2.6 x 10-3 events per decay with a standard deviation of 0.4 x 10-3 events per decay. Under the
limitation of the total counting rate, with the activity of each source of 51 Bq, one would expect 19 events per week
detected in the region of the ? -line of 3253 keV for the detector with the lowest count rate. After the 19 days
energy calibration with two 56Co sources, a configuration with precise actual source locations was simulated to
match the experimental data. The Monte Carlo simulations of 56Co sources show a good agreement with the
experimental data in the energy range from 200 to 4000 keV. A precise geometry of the stabilizing springs, used as
detector holders in the CUPID-Mo set-up, was implemented for the Monte Carlo simulations. The geometry of the
brass screws in the copper bars around the detector tower holder structure was also implemented. The
radioactive contamination of the stabilizing springs and the brass screws activities in the copper bars obtained
from the background model fit are in a good agreement with the measured values. The comparison of the 228Th
activity obtained from the model fit of the experimental data and measured values gives the following results: 20 +
5mBq / kg (21 + 5 mBq / kg measured) for stabilization springs, and 3.5 + 0.9 mBq / kg (< 18 mBq / kg measured)
for brass screws. The Monte Carlo simulation of the CROSS set-up was performed with an array of 144
Li2100Mo04 detectors with the size of 4.5 x 4.5 x 4.5 cm3. The results of the simulations show that the
configuration with four 70 cm long calibration thorium containing sources with radionuclides 208TI, 228Ac, 212Bi
and 212Pb, gives the most uniform counting rate in the detectors. Also, for this detectors set-up with Li2100MoO4
and TeO2 detectors, the background index in the region of interest from the radioactive contamination of 214B and
208Tl in the elements of the set-up was simulated. The background index in Li2100Mo0O4 and TeO2 detectors from
208Tl in the elements of the set-up is estimated to be: < 4.5 x 10-5 and < 1.7 x 10-4 counts / (keV kg year) from the
NOSV copper holders with the activity of < 4.3 uBq / kg, 8(3) x 10-5 and 1.51(6) x 10-3 counts / (keV kg year) from
the copper screen part with the activity of 0.3(1) mBq / kg, < 1.2 x 10-8 and 1(2) x 10-6 counts / (keV kg year) for the
plank cables with the activity of 5(6) mBq / kg, < 3 x 10-6 and 2.2(1) x 10-4 counts / (keV kg year) for the fiberglass
columns with the activity of 1.41(5) Bq / kg. The geometry of the CROSS set-up with additional external lead
shielding was implemented in simulations. The background reduction factor from additional lead shielding in the
region of the natural radioactivity peak at 2615 keV for experimental and simulated data is compared: 5.5 and 29(8)
for the Li2100Mo0O4 detector, 4.6(1) and 48(6) for the TeO2 detector, 7.8 and 13.9(7) for the CdWO4 detector. The
discrepancy between the experimental and simulated data of the background reduction factor was explained by
presence of inner radioactive contamination of the set-up elements inside the lead shielding. The geometry of the
CROSS set-up was simulated with LiZMoO4 crystals with an enriched, depleted and natural composition of 100Mo
and CdWO4 crystals with natural and enriched composition of 116Cd. The background from the elements of the
CROSS set-up was simulated for this detector configuration. The Monte Carlo simulation of the radioactive
contamination in nylon wires was performed for the set-up with a reduced number of materials. To reach the
background index of 10-5 counts / (keV kg year) the nylon wires radioactive contaminants should be reduced: in
~10 times for 208T1, and in ~30 and ~300 times for 214Bi in the region of interest of 100Mo and 130Te.
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BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiIbCTBA i Jep>kaBu
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InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Biiacue I'IpiaBnme Im'sa TTo-6aTHLKOBI [TonkparteHnko Ozer AHaTOJIIOBUY
roJIOBH pagu

Biacue IpizBume Im's [1o-6aThKOBI [Tonkparenko Ozer AHaTOIOBAY
rOJIOBYIOYOTO Ha 3acCiflaHHi

BigmoBimasbpHUI 3a lli,uI‘OTOBKy [Topuupkuii [TaBsno BitaniiioBuy

00JIiIKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




