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Pedepar:

1. Ha mpuksnagi yaarasibHeHoi Mmogesi FOkaBu nokasyeTbcs, 10 iCHYIOTh cLieHapii Mozgesnet HoBoi (i3uKy, B AKUX
METOJMU MPSIMOTO MOIIYKY HOBUX CTaHiB MaTepii HE3aCTOCOBHI, OCKIJIbKM PE30HAHCHU LIUX CTaHiB IUPOKI. byso
BUSBJIEHO, 10 MKXPOKi PE30HAHCU BUHMKAIOTD SIKIIO YACTUHKM HOBOI (i3UKM BaXKKi a00 CUJIbHO B3a€MOZIIOTH 3
IHIIMMU TOJIIMU AEAKOI po3WrpeHoi Mogeti. [y ONucy CUTHaiB AeIKMX LUPOKMX PE30HAHCIB € HE3aCTOCOBHUM
HaOJIVDKEHHS BY3bKOTO MiKy. TaKMM YMHOM, OL[iHKa MIMPMHY LIYyKAaHOTO PE30HAHCY € HEOOXiHOIO B
€KCIIEPMMEHTAJIbHUX MONIYKaX CUTHAJIy OCTAHHBLOTO. [lJIs1 MIMPOKUX PE30HAHCIB CJIijJl 3aCTOCOBYBAaTU METOA
HEIPSIMOTro MOIIYKy. B po3risuyTiii Hamu monesi FOkaBu iCHYIOTB clieHapii, B SIKUX iHTep@epeHLis MixX
pe30HaHCaMHU BilOMOTO Ta HOBOT'O I10JIiB 3HaYHA MTOPIBHAHO i3 BHECKOM PE30HAHCY OCTaHHLOI'O y Iepepisi mpouecy

po3citoBaHHS. Y TaKUX CLi€HapisxX METOJ, IIPSIMOTO IOIIYKY HOBUX YaCTHHOK T€X He3aCTOCOBHUMN. 30KpeMa, 1ie Mae



MicCLi€e SIKIIO HOBA YaCTMHKA BAXKKA ITOPIBHSIHO i3 [IOBHOIO €HEPTi€l0 II0YaTKOBOT'O CTAHY JESIKOrO IIPOLECY
po3citoBaHHs. B iboMy pasi ii curHasn y rpaHulli HU3bKUX €HEPriii MOJKHA ONMCATH 32 JOTIOMOTOI0
HU3bKOEHepreTu4Horo edpexrusHoro jarparxiany (EJI). Metog EJI 3apa3 yacTo 3aCTOCOBYETHCS Pi3HUMU
KoJlabopalisiMi Ta HAyKOBMMU IPyIIaMU B CBiTi. MU IOCIIiAMIM 3aCTOCOBHICTb HU3bKOEHepreTuyHoro EJI Ha
IIpUKJIaZi y3arajpHeHoi mozesi FOkaBy, Mo CKIIagaeThCs 3 JIETKOro Ta BAXKKOT'O CKaJISIPHOTO IIOJIIB i y6/IeTy JIerkux
depmionis. Byso BusBieHo, 10 HU3bKoeHepreTnyHui EJI € xopomum HaGIMKEHHSIM 7151 OTIUCY NPOLIECiB
PO3CiloBaHHS Y TPaHUL BillIEIIJIEHHS BaKKOI YaCTUHKH, SKIIO pPagialifiHi IIOIPaBKU 10 MacH Lii€l YaCTUHKU Ta
OJHOIIETJILOBE 3MilllyBaHHA i 3 [TOJIIMU JIETKOTO CEKTOPY MaJli IpU HU3bKKMX eHeprigx. Lle Mmae Micue gKio
IOKaBiBCbKi KOHCTAaHTU MOJIeJli MaJli. B iHMX cueHapisix Hu3bkoeHepreTudyHuil EJI € He3aCTOCOBHUM [J1s1 OIUCY
npouecis poscitoBanHs. OTxe, pu oLiHLi napameTpis EJI B aHai3i pe3ysibTaTiB €KCIIEPUMEHTIB 3 PO3CIIOBaHHS
CJIiJl TAaKOXX BU3HAYaTU BEJIMUMHY BHECKIB pajlialliiHUX IOIPABOK Bif| IETEJIb 3 JIETKUMU YaCTUHKaMU. BpaxoByoun
1ii pe3ysipTaTH, 0yJI0 LOCiAKEHO CLeHapiil BiflenyieHHs BA)KKUX YACTUHOK Y peasiCTUYHIN Moaesi HOBoi di3uky, a
came B MoJieJii 3 IBoMa Xirrciscbkumu nyoseramu (2HDM). Bysio oTpumaHo Bupas 11l Hu3bkoeHepreTudHoro EJ
17151 Bapianty 2HDM, ne MoXMBe HeBeJlMKe NopyleHHs 36epexkeHHss CP-napHocTi. Tak, usg Mozesns nepenodadyae
iCHyBaHHS I'SITY CKaJIIPHUX PE30HAHCIB, OAMH i3 SIKUX BiANOBinae BXe BioMill cKasspHiil yactuHLi h macoro 125
I'eB. IHmmi >x pe3oHaHCcHU HabaraTo Baxk4i HDK h, ToMy noku 1mo He 6yy 3adikcoBaHi B eKCIIeprMeHTaxX Ha
npuckopropavyax. O6uncneHuit Hamu EJI Binnosifae TakoMy ClieHapilo y rpaHuUlli BiilleNIeHHs BaKKUX CKaJISIPHUX
CTaHiB. ByJi0 BUSIBJIEHO, IO IOTEHIiaJl JIETKOTO CKJISIPHOrO oJIs1 h B OTpMMaHOMy JlarpaHsKiaHi Bifpi3HS€eTbCS Bif
takoro B CM 3 ojHUM XirTciBCbKUM Iy6sieTom. Kpim Toro, Ha Binminy Bin CM, ckanspHuil ctad h y upomy cueHapii
He Mae Bu3HauyeHoi CP-napHOCTi y rpaHuLi BifenyieHHs BaXXKUX ckassapis 2HDM. BuMipioioun mupuHy posnany h
y CP-HemnapHi CTaHM MO’KHA BU3HAUUTHU ITapaMeTpH, L0 PETYJIIOI0Th CTYIiHb 11bOro nopyumeHHs y 2HDM. B
orpuManomy EJI gy 2HDM Takox MicTITbCs e(PEKTUBHI BEPIINHM, 110 JAIOTh BHECKU Y MIPOLIEC HAPOIKEHHS IBOX
6030HiB h. 3rigHo i3 nependavenusmu CM, 1eil mpoliec € BiTHOCHO pifKicHUM B ekcriepumeHTax Ha LHC, Tomy
BeJINYMHA HOTro Mepepisy uyTauBa A0 koedilienTis BianosigHux BepmnH EJI. OTXe, 3 ii ekcriepuMeHTanbHO
BMMIipSIHOTO 3HaY€HHSI MOKHA OTPUMATU 0OMeXKeHHs1 Ha KoediuieHTn EJI i BianoBigHi napameTpu po3MMUpPEHO]
mogerti. TaKuM YMHOM MO>KHA IIePeBipUTH 3aCTOCOBHICTh 0fHOAYOs1eTHOI CM. [I71s1 OLiHKM 06J1aCTi 3aCTOCOBHOCTI
EJI nyig 2HDM coiig oniHuTU BEIMYMHY pafialiiHUX [IONPABOK Bif, B3aeMoi i3 nmossamu CM 1o Mac BasKKUX
CKaJISIPiB Ta BEJIMYMHU OLHOIETIbOBUX 3MilllyBaHb OCTaHHiX 3 NosisMu CM. 3Bifcy BUIIJIMBAIOTh OOMEKEHHS Ha
BJIACTUBOCTI CUTHAJIIB BOKKUX CKAJISIPHUX OO30HIB y Moiesli 3 Hu3bkoeHepretuuHum EJI. Takuil aHanis e
aKTyaJIbHUM J1J1S1 BUSHAYEHHS ONITUMAJILHOTO CLIEHAPIiI0 €KCIIEPUMEHTY i3 MOIIYKY BaXKKUX 1oJ1iB 2HDM B cydacHuxX
JOCJizax Ha IPUCKOpIoOBavax. BusiBlieHHSI HOBUX YaCTUHOK 32 Me>kxamu CTaHIapTHOI MOZeJi CyTTEBO PO3IKMPUIIO O
Halle PO3yMiHHS BJIACTUBOCTEN MaTepii Ta eBosIoLii BcecBiTy, TOMY pe3ybTaru 1€l qucepTallii € akTyaabHUMU Ta

BA>KJIMBUMM.

2. Within the framework of the generalized Yukawa model we have shown that there exist new physics scenarios,
where direct searches for new states of matter are inapplicable. This is so if resonances of the latter are wide. It
was found out that wide resonances emerge if new physics particles are heavy or if their couplings are big. Signals
of some wide resonances could not be described with the narrow width approximation. Hence, correct estimation
of a new resonance width is essential for experimental searches of new physics. Indirect search methods should be
applied for signals of wide resonances. There also exist scenarios within the considered Yukawa model where
interference between known and new resonances is significant with respect to a new resonance contribution in a
scattering process cross-section. One could not apply direct searches for new particles in such scenarios. In
particular, this takes place if total energy of a reaction initial state is much less than a new particle mass. In this
case its low-energy signal could be described with a low-energy effective Lagrangian (EL). Many collaborations
across the world apply ELs to describe signals of new heavy particles. We have investigated applicability of a low-
energy EL within the framework of generalized Yukawa model. The latter consists of light and heavy scalar fields
and two light fermions. It was found out that the low-energy EL is applicable for scattering processes description if
radiative corrections to the heavy boson mass are small and one-loop mixing of light and heavy scalars is negligible
at low energies. It is so if Yukawa couplings of the model are small. In the other scenarios the low-energy EL is



inapplicable for scattering processes description. Thus, magnitude of loop corrections coming from light sector of
an extended model should be estimated when EL of the model is considered in experimental data analysis. Taking
into account these results, we have researched heavy states decoupling scenarios in a realistic new physics model,
which is the two-Higgs-doublet model (2ZHDM). We derived the low-energy EL for the 2HDM with small CP
violation. There are five scalar resonances in this model, and one of them corresponds to the field h of mass 125
GeV, discovered at the LHC. The other resonances in this scenario are much heavier than h, so they have not been
observed experimentally, yet. The EL of the 2HDM derived in this thesis describes the limit in this scenario when
heavy scalars decouple. It was found out that the potential of the scalar field h in this Lagrangian does not match
corresponding potential in the SM with one Higgs doublet. Besides, unlike the SM, in the considered model h is not
an eigenstate of CP transformation even when heavy 2HDM scalars decouple. CP-violation existence in the scalar
sector could be tested if one measures width of h decay into CP-odd states. This width depends on the parameters
which govern magnitude of CP-violation in the 2HDM. Besides, the derived EL contains vertexes which contribute
to the cross-section of h pairs production. According to the SM, this process is quite rare at the LHC, so its cross-
section value is sensitive to the couplings of contributing EL vertexes. Hence, one could derive constraints on the
EL effective couplings and parameters of the 2HDM from the experimentally measured value of this cross-section.
Applicability of the one-Higgs-doublet SM could be tested with the signals described in this paragraph.
Magintudes of loop corrections to the heavy bosons masses and one-loop mixing of heavy scalars with the SM
states should be estimated when heavy particles decouple. This estimate would limit the applicability range of the
2HDM EL. Constraints on the low-energy signals of the 2HDM heavy scalars described with the EL could be
derived from these conditions. Thus, such analysis is essential to identify the experimental scenario which is
optimal for the heavy 2HDM scalars searches on the modern accelerators. Discovery of new states beyond the
Standard model could dramatically advance our understanding of the matter properties and the Universe
evolution. Hence, conclusions of this research are actual and important in the context of modern physics.
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