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Pedepar:

1. IncepratiiiHe OOCIiIpKEHHS OXOIIIOE TEMATUKY POOIT, SKa TiCHO NEPEIIITAETHCS B AisJIbHOCTI KOSKHOTO
HAYKOBLISI, XTO IIPO(eCiiiHO 3aliMaeThCs €KCIIEPUMEHTANIbHOO (i3UKOIO SPa, BUCOKUX €HEPrill UM eJleMeHTapHUX
YaCTUHOK. SIK uieH MibkHaponHoi kosabopauii LHCb (CERN) aBTOp BOIyYMBCS [0 BUKOHAHHS (i3UYHOIO aHAaJi3y,
BUKOPHUCTOBYIOUM JlaHi ekcriepumeHnTy LHCD, 3 MeTOI0 LOCIiIpKEHHs] YTBOPEHHS YapMOHIIO B yibTpanepudepuyHnx

PbPb siTkHeHHax nipu eHeprii V s_{NN} = 5,02 TeB, skuii 3a1104aTKyBaB HOBUI HANPSM JOCTIIKEHD Y (isui



BaXKUX iOHIiB y Mexxax LHCD. Tlepios BUKOHaHHS IUCEPTaLiiiHOI pO60TH 3[1€6ib1IOro MpUIaB Ha €Tall CyTTEBOTO
OHOBJIEHHS yCi€i ekcriepuMeHTanbHoi 6a3u Ta MeTonuk B LHCb. V 1iit yacTuHi po6iT aBTOpoM 6ys10 po3po6ieHo
IU3aiiH, BUTOTOBJIEHO Ta BIPOBAIKEHO HA OCHOBI TE€XHOJIOTii MeTaneBo-dosbrosux ceHcopis S]] HAH Vkpainu
CHACTEMY OHJIalH MOHITOPUHTY CBiTHOCTI Ta ¢oHY B ekcriepumeHTi LHCD, mo HocuTbk Ha3By RMS-R3. I3 Touku 30py
IIOCTAHOBKM €KCIIEPUMEHTY BOKJIMBUM € 3a06e311e4eHHs HalifHOTO Ta BCe6iYHOro MOHITOPYBaHHS MTy4KiB Ta (POHY,
sKi reHepye Besnnkuil afpoHHU Koaigep Ta sKi CyKynHoO (pOpMyIOTh HOBE CepeloBuUlle IT06IU3y TOUKU B3aeMOii
LHCDb IP8. Po3p’13aHHS Takoi Ip06JIeMU Ma€e HaIBKJIMBE Ta [IEPCIEKTUBHE 3HAYEHHS: Y IEPEJOBUX PO3POOKaX i
TECTYBaHHi IETEKTOPHUX CUCTEM Ta 3YUTYBAJIbHOI €JIEKTPOHIKH, Y BIIPOBA/I)KEHHI KOMITJIEKCHUX METOIMK
€KCIIEPUMEHTY, Y BiIKPUTTi HOBUX TOPU30HTIB y LOCIIIPKEHHSX, i, HApeITi, y TBOpeHHi QyHAaMeHTaIbHUX
BinIKpuUTTiB. Tema nucepTallii IpUCBSIYEHA IBOM i3 NepesliyeHrx KOMIJIEKCHUX 3aBlaHs. [lo-nepiue, e —
BMKOHAHHSI €KCIIEPUMEHTAJIbHUX (PYHIAMEHTAJIbHUX JOCJIIKEHb IIPOLIECIB Ta ME€XaHi3MiB yTBOPEHHSI aPOHIB Y
3iTKHEHHSX BXKUX SiIep IIPU YIbTPAPesISITUBICTChKIl eHeprii. [lo-gpyre, 11e — CTBOPEHHS YMOB /1J1s1 6€3I1€4HOI,
cTabinbHOI Ta 6e3nepebiiiHoi po60TH ekcriepuMeHTalbHOI yecTaHoBku LHCD, 1m0 Mae 6yTu rapanToBaHa
IOCTOBIPHICTIO JaHUX, OTPMMAaHMX i3 CUCTEM MOHITOPUHTY. YIIeplie BUKOHAHO NOCJIIIKEHHS KOTEPEHTHOI reHepatii
J /o Ta 0(2S) Me30HiB B ynbTpanepudepuyHux PbPb 3iTKHEHHsIX IpU eHeprii B cucTeMi LIeHTpa Mac JBOX HYKJIOHIB 5,02
TeB B excriepumenTi LHCb (CERN). OTpuMaHO BakIuBY (Pi3ndyHy BEJIMUUHY — [IONIEpEeYHUN Ilepepi3 KOrepeHTHOTOo
yTBOpeHH: ] /0y MexXax popBapHOi pamifiTi 2 <y < 4,5 cTaHOBUTb 4,45 + 0,24 + 0,61 M6, e nepia noxubka €
CTaTUCTUYHOIO, a Ipyra — cucremaTudHolo. B ekcnepumenti LHCb po3po6sieHo MeToz, ananisy (OTOHHO-SIepHUX
peaxiii B yapTpaneprudepruyHNX 3iTKHEHHSIX BaKKUX i0HIB. Ll po6oTa 36arauye yHiKagbHUN HAMIPSM JOCJIiIKeHb
YTBOPEHHS aJPOHIB Y CUJIbHUX €JIEKTPOMATHITHUX MOJISIX Ta IPU YJIbTPAPENITUBICTChKIN €Heprii, JOCSIKHUX Ha
IaHWI Yac suile Ha BesnkoMmy afipoHHOMY KoJslaiiiepi. I3 MeTO MOHITOPMHIY YMOB Ta 6€3I1€KH €KCIIEPUMEHTY
LHCb po3pob6sieHo Ta BIpoBamKeHo yHikaiabHy cuctemy RMS-R3 i3 puHamiuHuM fianasoHoM Bifg npu6ansHo 1T
1o 1 MI'n 1 BUMIpIOBaHHS 4aCTOTH B3a€MOJiN My4KiB BeIMKOro afpOHHOro KoJanuiepa, o OXOIJII0E HOMiHAJIbHY
MUTTEBY CBITHICTb [1J151 IPOTOHHO-IIPOTOHHUX 3iTKHEHD 2 x 10™{33} cm™~{-2}c™~{-1} i3 10-KkpaTHMM 3aniacom.
BrnaiineHno HOBUI MiXin Ta HOBI TEXHIYHI pillleHHS 1O KOHCTPYIOBaHHS HAJiMHOI Ta CYIIEPUYYTINBOI CUCTEMH,
IIPM3HAYEHOI 111 OHJIAIiH MOHITOPHUHIY 3iTKHEHHS ITy4KiB Ta (POHY, HA OCHOBI TEXHOJIOTi METalIEBUX CEHCOPIB Ta
BHCOKOIIpeLU3iiHMX [IepeTBOPIOBaYiB 3apsay. JOCITHYTO TakKuX NPUHIMIIOBUX (i3UKO-TEXHIUHNX XapaKTePUCTUK
cucremu RMS-R3, sik: GpeMTOKyJIOHHA YyTIMBICTb [0 3apsifiiB y METaleBUX CEHCOPAX, BiMiHHA JIiHIHICTb BiAI'YKY B
yCbOMY IMHAMIYHOMY Jiara3oHi, BUCOKA 4YacoBa CTabIbHICTb BiATYKY, JOBrOTpUBale (PYHKLIOHYBAHHS CEHCOPIB
IIif1 BIJINBOM HAJBUCOKUX PiBHIB panianii (mopsiaxy 1 I'Tp). Indepenniansuuii nepepis do™~{xorep.}/dy
KOT€PEHTHOTO YTBOPEHHS BEKTOPHUX J /0 ME3OHIB Y 3aJIE5KHOCTI Biz, paniziti y pu V' s_{NN} = 5,02 TeB nazae
MOXJIMBICTb JOCJIIKYBAaTH Ha LIIHHUX €KCIIEPUMEHTAJIbHUX JAaHUX YyTJIMBY KiHEMAaTU4HY 00JIaCTh IIPU MaJIO
IOCTiIKEHUX 3HAYEHHAX 3MIHHOI BIIOpKeHa Ta nepeiaHoro iMIyJsbCy. Pesysbrar € BasKIMBUM [1JIS1 TECTYBaHHS
(eHOMEHOJIOTIYHUX MOJesiel], 110 ONMCYIOTh TaKi SIBUILA, K siepHe 3aTiHEeHHs], TJII00OHHEe HaCU4YeHHS Ta
BM3HAUEHHSI IOYATKOBOTO CTaHy KBaPKOBO-IJIIOOHHOI Iy1a3Mu. CTBOpEHA pajiialliiHO CTillKa CUCTEMA MOHITOPUHTY
yMOB Ta 6e3mnexu ekcriepumenTy LHCb € nepcrnekTuBHUM MIPOTOTUIIOM HOBITHIX CUCTEM, 31aTHUX (PYHKIIOHYBaTU
IIPY Ha/IBUCOKMX PiBHSIX CBITHOCTI (pafianiiiHOro HaBaHTa)KeHHSI, MHOXKUHHOCTI ITPOLIeCiB) B eKCIIEpUMEHTaX Ha
MabyTHix kosnaipepax HL-LHC, FCC tomo. MonitopuHrosa cucrema RMS-R3 € yHikanbHOIO crieliaizoBaHOIO0
eKCIepuMeTanbHOI po3pookoro IS1]] HAH Ykpainmy, mo ycnimHo 3actocoBano B ekcriepumenTi LHCb g cepii
nocJigkeHs Run 3 (2022-2025 pp.) Ha Beanrkomy afpoHHOMY KOJaiaepi.

2. The dissertation research covers the topics of works that are closely intertwined in the activities of every
scientist who is professionally engaged in Experimental Nuclear, High Energy or Particle Physics. As a member of
the International LHCb Collaboration (CERN), the author contributed to the physics analysis using data from the
LHCb experiment to study the production of charmonium in ultraperipheral PbPb collisions at energy of V' s_{NN}
= 5.02 TeV, which initiated a new research area in heavy ion physics at the LHCb. The period of the dissertation
work mostly fell on the stage of a significant upgrade of the entire experimental facilities and techniques at the
LHCDb. In this part of the research, the author has developed a design, manufactured and implemented an online
luminosity and background monitoring system for the LHCb experiment commonly referred to as RMS-R3. From



the experiment set-up’s perspective, it is of key relevance to ensure reliable and comprehensive monitoring of the
beams collisions and background generated by the Large Hadron Collider, which together form a new environment
near the LHCb IP8 interaction point. The solution to this problem is of paramount importance and promise: in the
advanced development and testing of detector systems and readout electronics, in the implementation of complex
experimental techniques, in opening new horizons in research, and, finally, in making fundamental discoveries. The
subject of the dissertation addresses two of these complex tasks. First, it is to perform experimental fundamental
studies of processes and mechanisms of hadron production in heavy nucleus collisions at ultrarelativistic energy.
Secondly, it is to create conditions for safe, stable, and uninterrupted operation of the LHCb experimental facility,
which should be guaranteed by the reliability of the data obtained from monitoring systems. The coherent
production of J /o and n(2S) mesons in ultraperipheral PbPb collisions at the nucleon-nucleon center-of-mass energy
of 5.02 TeV is studied for the first time using the LHCb hadron spectrometer (CERN). A significant physical
quantity is obtained — the coherent J /o production cross-section within the forward rapidity range of 2 <y < 4.5
was measured to be 4.45 + 0.24 + 0.61 mb, where the first uncertainty is statistical and the second systematic. A
method for analysing photon-nucleus reactions in ultraperipheral heavy ion collisions has been developed in the
LHCb experiment. This work enriches the unique field of research on hadron production in strong electromagnetic
fields and at ultrarelativistic energy, which are currently achievable only at the Large Hadron Collider. For the
purpose of monitoring the conditions and safety of the LHCb experiment, a unique RMS-R3 system with its own
dynamic range from about 1 Hz to 1 MHz for measuring the interaction rate of Large Hadron Collider beams that
covers the nominal instantaneous luminosity for proton-proton collisions of 2 x 10™{33} cm™{-2}s™{-1} with a 10-
fold capacity was developed and implemented. A new approach and new technical solutions to the construction of
areliable and super-sensitive system, designed for online beam and background monitoring, based on the
technologies of metal sensors and high-precision charge converters have been invented. The following crucial
physical and technical characteristics of the RMS-R3 system have been achieved: femtocoulomb sensitivity to
charges in metal sensors, excellent linearity of the response over the entire dynamic range, high temporal stability
of the response, and long-term operation of sensors under the impact of ultrahigh radiation levels (up to about 1
GGy). The differential cross-section do”™{coher.}/dy for coherent production of vector J /o mesons as a function of
rapidity y at V's_{NN} = 5.02 TeV makes it possible to study, using valuable experimental data, the sensitive
kinematic region at poorely explored values of the Bjorken variable x and transverse momentum. The result is
essential for testing phenomenological models describing such phenomena as nuclear shadowing, gluon
saturation, and determination of the initial state of the quark-gluon plasma. The built radiation hard system for
monitoring the conditions and safety of the LHCb experiment is a promising prototype of the up-to-date systems
capable of operating at ultra-high luminosity levels (radiation load, multiplicity of processes) in experiments at
future HL-LHC, FCC colliders, etc. The RMS-R3 monitoring system is a unique specialized experimental device
designed, built and implemented by Institute for Nuclear Research, National Academy of Sciences of Ukraine,
which has been successfully applied in the LHCb experiment for the Run 3 series of studies (2022-2025) at the
Large Hadron Collider.
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