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Pedepar:

1. Inceprarnis Ha 3000YyTTSI HAYKOBOTO CTyNEHS AOKTOpa Pisnocodii B rayysi IpUpogHNYLX HAyK 32 CIELiaIbHICTIO
104 - ¢isuka Ta actpoHoMis. — IHcTUTyT mepHux gocaimkenb HAH Vkpainu. Kuis, 2024. ®isnysi mimi
excnepumenTy LHCb (LJEPH) TpuBatouux Ta HaCTyIIHUX cepill BUMIPiB CTOCYIOTbCS BIaCTUBOCTEH €BOJIIOLII
MaTepis-aHTUMaTepisl, 3aKOHOMIDHOCTEN YHIBEPCAJILHOCTI JIENTOHHMX apOMATiB Ta PiAKiCHUX MOJ, pO3MaZly BaKKUX
apoMaris, Tomo. 111 BOCSTHEHHS CTATUCTUYHOI TOYHOCTI JAaHMX, IOCTATHBOI IJIs1 CIOCTEPEXEHHS MOXKJIMBUX
curHanis HoBoi ¢i3uku (3a mexxamu CtanmapTHoi Mogerti), nepen6adaeTbcs CyTTEBE MiIBULEHHS MUTTEBIN
cBiTHOCTI. EkcniepumeHT 6yB MoaepHizoBanuit UPGRADE I (2019 - 2021 p.p.) 3 METOI0 IPOBEAEHHS NMOAAbIINX
IocigxeHb (i3sMKU BaXXKUX apomartiB Ha Benmkomy AnponHomy Konaiinepi (BAK) npu eneprii 1o 14 TeB (p - p
C.LI.M.) T2 MUTTEBOI CBITHOCTI 10 2*¥107°33 cm”™-2 ¢ -1. Tlicsis 3aBeplLIeHHs TPEThOI Ta YeTBepToi cepii piznyHmx
BuMipiB (RUN 3: 2022 - 2026 p.p., RUN 4: 2029 - 2033 p.p.) 6yze 3nificHeHO HacTynHy monepHisauiio (UPGRADE II)



17151 3a6e3neyeHHs PyHKLIOHYBaHHS BUMipIOBAJIbHUX CUCTEM €KCIIEPUMEHTY B €110Xy BUCOKOi cBiTHOCTI BAK (HL-
LHC) B 'ari#t Ta mwocTiii cepii piznynux Bumipis (RUN 5: 2036 - 2040, RUN 6: 2043 - 2047 p.p.) 3 MUTTEBOIO
cBiTHICTIO 110 1.2*¥1034 cM-2 c-1. [Iporpama niei MopepHizalii BK/I0o4ae TaKOK MOJKIIMBY peasli3alilo pesxumy
(dikcoBaHOi MeTasieBoi MikpomimeHi. lucepraniiiHa po6oTa IpucBgYeHa po3poodli KoHLenii (pikcoBaHOi MeTaneBoi
MiKpoOMilleHi Ta crocoOy ii peanisauii B ekcnepumenTti LHCb. B paMkax nmiAroroBku HacTyMmHOI MojiepHi3allii
ekcnepumeHnTy (UPGRADE 11, 2034 - 2035 p.p.) pO3BUHYTO ifie10 BIIPOBAIPKEHHS peXXuMy (iKCOBaHOI MeTajeBoi
MiIKpO-MillleH] Ha OCHOBI TEXHOJIOTII METaJIeBUX MIKPO-CTPIllOBUX JETEKTOPIB, CTBOPeHOi B If1]] HAH Ykpainn.
OO6rpyHTOBaHO [OLIIbHICTh TAKOTO PEXKUMY EKCIIEPUMEHTY 3 TOUKU 30PYy PO3IMIMPEHHS KoJa (Pi3UYHUX LijIel, sIKi,
30KpEMa, BKJIIOYAIOTh OPUTiHAJBHY ifet0 peanidallii IOTPiNHUX SIIEePHUX 3iTKHEHD 1151 JOCIiIPKEHHS BIAaCTUBOCTEN
Marepii B HOBUX yMOBax (a3oBoi JliarpamMmy KBaHTOBOI XPOMOJMHAMiKU [1pY HAJBUCOKUX I'YCTUHAX Ta TEMIIEpaTypax
pevyoBuHHU. lIIMpOKUIT aCOPTUMEHT METAJIEBUX MillleHEN HAZACTh MOKJIMBICTD PaHille HEJOCSDKHUX NOCTiIKEHb
3aKOHOMIpHOCTEN eBoJIoLii MaTepii B 3aJ1e’KHOCTI Bif, iHOUBiAyaIbHUX BiIacTUBOCTEN sanep (medopmallis, CIiH Ta
i3ocriH, HasBHiCTh HEHTPOHHOTrO rajo, Touo). HaBeneHo pe3yabTaTy OLiHKY HOBUX MO>KJIMBOCTE! Ta IepeBar
(Di3sMYHUX [OCIIiI’KEHb B TAKOMY PEXXUMI B IIOPiBHSIHHI Ta Ha ONIOBHEHHS! iCHYIOUYOI IPOrpaMu JOCIiJKEHb 3iTKHEHb
PEJIATUBICTCHKUX BaXKKMX A€ 3 BUKOPUCTAaHHAM ra3oBoi mimeni SMOGZ2, peanizoBaHoi Hapasi Ha BAK suiie B
ymoBax ekcriepumeHnTy LHCb. 3okpema, /1151 BIiepie 3alipOIOHOBAHOTO MOIIYKY OTPIMHMX 3iTKHEHb SAEeP
HABOJUTHCS OLIiHKA 3aJI€XKHOCTi YMOB CIIOCTEPEXKEHHS LIbOr0 HOBOTO (Pi3MYHOTrO SIBUIIA BiJ] TOBIIMHU MiKpO-MillleHi
B peakuisix p+C+p ta Pb+Pb+Pb. [Ipencrasneno au3aiiH KOHCTPyKLii MilleHHOI cucTeMH Ta ii ouiKyBaHi
(yHKIiOHa/bHI XapaKTePUCTUKU, HEOOXifHi AJ1s yIipaBliHHS MiKPOMIIIEHHIO Ta cTabisi3allii 4acTOTH B3aeMOII ii
spep i3 npuckopeHuMu sapamu nydka BAK. Takuil pesxum 3abe3neynTs NpeuusiiiHy jJokasisalieto 061acTi 3iTKHEeHb
snep Mimesi i3 myykom BAK. [IpencTaBneHo pi3Hi IPOTOTUIIN MilIEHHOI cucTeMHU, PYHKIIOHYIOUO]I B rajio y4yKa
BAK B yMOBax yJIbTPaBUCOKOIO BaKyyMy i3 CyOMIKDOHHOIO TOYHICTIO MO3MLiI0BaHHS. PO3p06JI€HO KOHCTPYKILiIO
[IepIIOro MillIEHHOTO IIPUCTPOIO Ha OCHOBI IT'€30€JIEKTPUYHUX MiKpoesiekTpoMexaHiuHux (MEMS) npuctpois nng
IOCHiIKeHHs iX QyHKIiOHaIbHUX XapaKTEPUCTUK Ha TeCTOBUX nyukax B LIEPH. YripaBiiHHs MiKpoMilleHHUM
KOMILJIEKCOM Oyzie 3[1iiICHEHO (PYHKLIOHYI0UOK CUCTEMOI0 MOHITOPUHTY YMOB Ta 6€3I1eKU eKcriepuMeHTy RMS-R3.
®yHK1iOHANIBHI XapaKTepUCTUKU cucTeMu RMS-R3 opieHTOBaHi Ha 3a6e3neueHHs e(PeKTUBHUX Qi3NYHUX BUMIPIB y
TpeTilt cepii HakonnyeHHs naHux (RUN3, 2022-2026 p.p.). daykryalii BUXifHOI 4aCTOTU JeTEeKTOPHUX MOZYJIB He
nepesuilytoTh 5 I' pu yacToTi ix Biaryky 100 kI'i py HOMiHaJBHIN CBITHOCTI €KCIIEPUMEHTY B P — P 3iTKHEHHSIX
2.0*10"33 cm™-2-¢”-1. HukHa MexXa 4yTamBocTi RMS-R3 ctaHOBUTH Bemm4uHy ~ 10726 cm™-2-¢™-1. Cucrema mae
JIiHIMHY peakKllilo Ha MUTTEBY CBITHICTB B fliana3oHi Bix 10 'y go 1.2 MI'm. [i maHi 103BONAIOTH BiJICTE>XXyBaTH
€BOJIIOLIiI0 CBITHOCTI, TaKOX 0671aCTh ii JToKasni3allii Ta ix BigHOB/IOBaHiCTh. PafjialiifiHa TonepaHTHICTh cucTeMu
RMS-R3 3a6e3neyena ii BUTOTOBJIEHHSIM 332 OPUTiHAJIBHOIO TEXHOJIOTIEI0 paflialliiHO CTIMKUX METAIeBUX (POJILIOBUX
netexropis IA11 HAH Ykpainu. OpuriHaibHuUM PO3IMPEHHSIM QyHKIIOHAIBHUX MOKIMBOCTEN RMS-R3, 31ilicHeHUM
B U CepTaLiliHill po6OoTi, € po3po06Ka Ta 3aCTOCYBaHHS METOJy aCUMETPill BiAryKy ceHcopiB RMS-R3 nins
MOHITOPUHTY CTabiIbHOCTI JI0Kai3alii 06J1acTi CBITHOCTI €KCIIEPUMEHTY Ta CTBOPEHHSI IPOrPaMHOr0 3a6€311e4eHHs

y cepenosumax WinCC ra MONET y g1 Bino6pakeHHs JaHMX CUCTEMU Y PEKHAMI PeajIbHOTO 4acy.

2. The physical goals of the ongoing and upcoming measurement series of the LHCb experiment (CERN) concern
the properties of matter-antimatter evolution, patterns of lepton flavour universality, and rare decay modes of
heavy flavours, among others. To achieve statistical data precision sufficient for observing possible New Physics
signals (beyond the Standard Model), a significant increase in instantaneous luminosity is anticipated. The
experiment underwent an UPGRADE I (2019-2021) to enable further studies of heavy flavour physics at the Large
Hadron Collider (LHC) at energies up to 14 TeV (p-p centre of mass) and instantaneous luminosity up to 2:10733
cm”™-2 s™-1. After the completion of the third and fourth series of physical measurements (RUN 3 2022-2026, RUN
4 2029-2033), a subsequent upgrade (UPGRADE II) will be implemented to ensure the functioning of the
experiment's measurement systems in the era of high-luminosity LHC (HL-LHC) during the fifth and sixth series of
physical measurements (RUN 5, 6) 2036-2040, 2043-2047) with instantaneous luminosity up to 1.2:10™34 cm”™-2
s”™-1. The program for this upgrade also includes the possible implementation of a fixed metal microtarget mode.
The dissertation is devoted to developing the concept of a fixed metal microtarget and a method for its



implementation in the LHCb experiment. As part of the preparation for the next experiment upgrade (UPGRADE II,
2034-2035), the idea of introducing a fixed metal microtarget mode based on the technology of metal micro-strip
detectors, developed at the Institute for Nuclear Research of the National Academy of Sciences of Ukraine, has
been advanced. The feasibility of such an experimental mode is justified in terms of expanding the range of
physical goals, which include an original idea of implementing triple nuclear collisions to study matter properties
under new conditions of the quantum chromodynamics phase diagram at ultra-high densities and temperatures. A
wide assortment of metal targets will provide opportunities for previously unattainable studies of matter evolution
patterns depending on individual nuclear properties (deformation, spin and isospin, presence of neutron halo,
etc.). Results of evaluating new possibilities and advantages of physical research in this mode are presented, in
comparison and as a complement to the existing program of relativistic heavy nuclei collision studies using the
SMOG?2 gas target, currently implemented at the LHC only in the LHCb experiment. In particular, for the first-ever
proposed search for triple nuclear collisions, an assessment of the dependence of observation conditions for this
new physical phenomenon on microtarget thickness in p+C+p and Pb+Pb+Pb reactions is provided. The design of
the target system and its expected functional characteristics necessary for microtarget control and stabilization of
the interaction frequency between its nuclei and the accelerated LHC beam nuclei are presented. This mode will
ensure precise localization of the collision area between target nuclei and the LHC beam. Various prototypes of
the target system functioning in the LHC beam halo under ultra-high vacuum conditions with submicron
positioning accuracy are presented. The design of the first target device based on piezoelectric
microelectromechanical (MEMS) devices has been developed to study their functional characteristics on test
beams at CERN. The micro-target complex will be managed by the functioning RMS-R3 experimental conditions
and safety monitoring system. The functional characteristics of the RMS-R3 system are oriented towards ensuring
effective physical measurements in the third data collection series (RUN3, 2022-2026). Fluctuations in the output
frequency of detector modules do not exceed 5 Hz at their response frequency of 100 kHz at the nominal
luminosity of the experiment in p-p collisions of 2.0*10"33 cm”™-2-s”-1. The lower sensitivity limit of RMS-R3 is
approximately 10726 cm”™-2-s”-1. The system has a linear response to instantaneous luminosity in the range from
10 to 1.2 MHz. Its data allows tracking the evolution of luminosity, as well as its localization area and their
reproducibility. The radiation tolerance of the RMS-R3 system is ensured by its manufacture using the original
technology of radiation-resistant metal foil detectors developed at the Institute for Nuclear Research of the
National Academy of Sciences of Ukraine. An original expansion of the RMS-R3 functional capabilities,
implemented in the dissertation, is the development and application of the RMS-R3 sensor response asymmetry
method for monitoring the stability of the experiment's luminosity area localization and the creation of software in
WinCC and MONET environments for real-time display of system data.
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