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[z mucepTariis mpeacTaBisge KOMOIHOBaHe TeopeTudHe Ta PeHOMEeHOIO0 -
qHE JIOC/TIJIZKeHHsT AuHaMikn KBaHToBoT Xpomojnaamiku (KX/I), 3ocepexy-
IOYHCH Ha JBOX B3aEMOJIONMOBHIOIOUNX acIeKTax.

[To-nieprire, MeTo/1 HaraTOYACTUHKOBUX TIOJIIB BUKOPUCTOBYETHCS JIJIST 110~
Oy10BI MOJIeJIeli TPOoTIeciB po3citoBaHHst IPOTOHIB (aHTUIIPOTOHIB). [ls1st arrpo-
KCHUMAIIll BHECKIB TETJIEBUX JllarpaM y paMKaX 1€l CUCTeMU BUKOPUCTOBYE-
Thed MeToJT Jlamaca, siknii TpoIoHye MPaKTUIHUN, ajie MOTpeOdyIovnil BJI0-
CKOHaJICHHS 00uMc/IoBaIbHMI 1HCTpYMeHT. [lg poboTta gemMoHCTpyE, 10 Me-
TOJT OAraTOYaCTUHKOBUX TIOJIIB JI03BOJISAE TOOY/TyBATH JUHAMITHY MOJIEb JIs
OIINCY TIPOIECIB PO3CIIOBaHHS IIPOTOHIB K CUCTEMU KBAPKIB, JJOCATAIOUH SKi-
CHOI y3TOJI?KEHOCTI 3 €KCIIePUMEHTATbHIME CIIOCTEPEsKECHHIMEI. 30KpeMa, 3a-
crocyBanusg MeTony Jlamiaca 3abe3nedye HaOMMKEHUi, Xo4a i 00UUCIIIO-
BaJIbHO BUMOIJIMBUI, MIJIX1J JIO OIIHKHU IIeTJIEBUX JlarpaM y IHUX paMKax.
[Tokazano, 10 eKcrepuMeHTaJIbHO CIIOCTepeXKyBaHa HEMOHOTOHHA TTOBEIIHKA
JinbepeHIliaIbHOIO TIepepi3y MPYKHOI'O PO3CIIOBAHHS MPOTOHIB K (DYHKIIT
KBa/JIpaTa IepelaHoro iMITy/IbCy BUHUKAE depes3 CIIHOBI ebekTH, siki, Oyrydn
BKJIIOUEHUMH $IK Y JIEPEBOIOJIIOHI, TaK i B IPOCTi MET/IEBI JiarpaMu, Mpu3Bo-
JISATh JI0 SKICHOI Y3TOJIZKEHOCTI 3 eKCIIepUMEHTAIbHUMU JTAHUMU.

[To-apyre, po3pob1eHO METOI0JIOT 0 HA OCHOBI CIOPIAHEHOCTI JIJIsl JTOCJIi-
JIKEHHS KIHEMATHIHOTO TEePEX0Iy MiK PeKUMaMU IOTEPevHOol 3a/Ie2KHOCTI
Bij immybey (TMD) ta xosineaproi ¢hakTopmsaiiil B HaIliBIHK/IIO3UBHOMY
rnbokoHenpyzKuomy poscitoBanni (SIDIS). 3 mieto MeTo0 MpOnoHy€eThest Jie-

TaJibHa KiHeMaTu4dHa olinka ¢daszoBoro mpocropy SIDIS 3 BukopucTanusam



mijixoy Ha ocHOBi iHcTpymenTy "adinitTi". Ilst merTomosiorist j03BOJISIE Ha-
JiiiHO igerTndikyBaTn odjacti 3 jominyBaHHaM TMD, KojliHeapHUX TeopeMm
daxTopuzaiiii, a TakoxK 00J1acTi jie BOHU 30irafoThCsl, 10 Hala€ HOBI MOKJ/IN-
BOCTI JIJIsI JIOCJIJIPKEHHSI MeXaHi3MiB (haKTopu3aliil Ta IpoIeciB aJpoHizailil.
Iepexij Bij ycepegHeHUX 110 OiHax 10 po3paxyHkiB "adiniTi" myist KoxkHOT 110-
JIiT 30epirae CyTTEBI KOpEJIlil MixK HelepTypOaTUBHUMU TTapaMeTpaMu, M0
IPU3BOUTE JI0 OLIBII Ha IiliHOI Kytacudikalll KinemMaTndnux obsiacreit. AHa-
JIi3 mokasye, 1o obsactb TMD e mmupinoro, HiXK OYiKyBaJIOCsS paHillie, 0Co-
osmmBO B MexKax KiHemaTuku JLab12, Toni gk KosineapHa 0b6JiacTb cTae j100pe
JIOCTYIIHOIO JIUIIIe [P BUIUX eHepriax, Takux dK y JLab22 Ta enekTpoHHO-
loHHOTO KOJLTaiijiepa. ¥ paMKax BUKopucTaHHs "adiniTi"crama MOXKJIMBOIO
ienTudikaiig okpemux TMD, kostineapnol Ta TMD-koJjiineapHoro y3rojke-
HH¢ obJtacTeil, 1110 BiIKpUBaEe HOBI IIEPCIIEKTUBU JIJI BUBYEHHS B3aE€MO/IIT MizK
pexkuMamMu paKTOpPU3aIiil.

PesynpraTn 1iel amcepTaliil TPOMOHYIOTH SIK TEOPETUUHI BUCHOBKH, TakK
| TPaKTUIHI IHCTPYMEHTH JIT MalOYTHIX JOCTIPKeHb CTPYKTYPH HYKJ/IOHIB
Ta IIPOIECIB IPYKHOI'0 po3citoBaHHs. PekoMeHnaaIil st MoJabiioro po3Bu-
TKY BKJIIOYAIOTH BKJIIOUEHHS METIHOBUX JjiarpaM BUINOTO IMOPAJIKY B CTPY-
KTYPY PO3PaxyHKiB 3a METOJIOM 0araTodacTHHKOBHUX II0JIIB, BJOCKOHAJIEHHS
00UNCTIOBAJILHAX METO/IIB, PO3IINPEHHs aHa Ii3iB Ha ocHoBl "adiniTi"Ha inmi
IIPOIleCH Ta CIPAMYBaHHS eKCIIepUMeHTaJIbHIX 3YCUJIb depe3 ILIbOBI KiHeMar-
TUYHI PO3PI3N.

Karouost caosa: Piznka BUCOKNX eHepriii: (peHOMEHOJIOTiSd Ta eKcIle-
pumenT; KsanrtoBa xpomomnaamika (KX/I): mapToHmn, KBapKu Ta [JIIOOHU;
[Iporecu >xopcTkoro poscitoBanust; bararokBapkoBe po3scitoBannsi; [Ipyxne
poscitoBanHst mpoToHiB; CrinoBa ¢iznka; AIpoKcrMallist IEeTILOBUX JTiarpaM;
[HKJTIO3MBHE Ta HAMIBIHK/IIO3MBHE TMOOKOHENpy KHe po3citoBanns (DIS Ta
SIDIS); Crpykrypa nykjona; [lonepeuna 3asexuicts Bif immyibcy (TMD);
Konineapua ta TMD dakTopuzarist; @eHoMeHOJIOTIUHE Ta MaTeMaTHIHE MO-

nemoBanns; Merojgn Monre-Kapiio; Heitponni mepexi; Anepni peaxiiil
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ABSTRACT

Yushkevych T.V. Perturbative and Non-Perturbative Aspects of Hadronic
Physics — Qualification scientific work presented as a manuscript.

Dissertation for the degree of Candidate of Physical and Mathematical
Sciences (PhD) in the specialty 104 — Physics and Astronomy (10 — Natural
Sciences). — Odesa National Polytechnic University, Ministry of Education
and Science of Ukraine, Odessa, and University of Turin, Turin (Italy), 2025.

This thesis presents a combined theoretical and phenomenological investi-
gation of QCD dynamics, focusing on two complementary aspects.

First, the method of multiparticle fields is applied to construct models of
proton (antiproton) scattering processes. To approximate the contribution of
loop diagrams within this framework, the Laplace method is used, providing
a practical yet improvable computational tool. This work demonstrates that
the method of multiparticle fields allows for the construction of a dynami-
cal model to describe proton scattering processes as a system of quarks,
achieving qualitative agreement with experimental observations. In parti-
cular, the application of the Laplace method offers an approximate, albeit
computationally demanding, approach for evaluating loop diagrams in these
models. It is shown that the experimentally observed non-monotonic behavi-
or of the differential cross section for elastic proton scattering as a functi-
on of the squared momentum transfer arises from spin effects, which, when
incorporated into both tree-level and simple loop diagrams, lead to qualitati-
ve agreement with experimental data.

Second, an affinity-based methodology is developed to explore the ki-
nematic transition between transverse momentum dependent (TMD) and
collinear factorization regimes in semi-inclusive deep inelastic scattering (SI-
DIS). For this purpose, a detailed kinematic assessment of the SIDIS phase
space is proposed using the "affinity"tool. This methodology enables the
identification of regions dominated by TMD factorization, collinear factori-
zation, as well as the matching region where both regimes overlap, providing

new opportunities to investigate the factorization scheme and the hadroni-



zation mechanism. The transition from bin-averaged to event-by-event affini-
ty calculations preserves essential correlations among non-perturbative para-
meters, leading to a more reliable classification of kinematic regions. The
analysis shows that the TMD region is broader than previously expected,
especially within the JLab12 kinematics, while the collinear region becomes
well accessible only at higher energies, like those of JLab22 and the Electron-
Ion Collinder. Within the affinity framework, the identification of distinct
TMD, Collinear and Matching Regions becomes possible, providing new
prospects for studying the interplay between factorization regimes.

The findings of this thesis work offer both theoretical insights and practi-
cal tools for future studies of nucleon structure and hard scattering processes.
Recommendations for further development include incorporating higher-order
loop diagrams into the multiparticle field framework, refining computational
methods, extending affinity-based analyses to other processes, and guiding
experimental efforts through targeted kinematic cuts.

Key words: High-Energy Physics: phenomenology and experiment; Quan-
tum Chromodynamics (QCD): partons, quarks and gluons; Hard Scattering
Pro-cesses; Multi-Quark Scattering; Proton Elastic Scattering; Spin Physics;
Loop Diagram Approximation; Inclusive and Semi-inclusive Deep Inelastic
Scattering (DIS and SIDIS); Nucleon Structure; Transverse Momentum Depen-
dence (TMD); Collinear and TMD Factorization; Phenomenological and mathe-

matical modeling; Monte Carlo methods; Neural Networks; Nuclear reactions
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