O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0824U003149

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 24-09-2024

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OmenbueHko Bikropis IMuTpiBHa

2. Viktoria D. Omelchenko

KBasmigikamis:

InenTudikarop ORCHID ID: 0000-0002-5113-3028

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKOBOi CIENiaJIbHOCTI: 104

HasBa HayKOBOIi crieniaJIbHOCTI: Qisuka Ta acTpoHOMis

T'any3b / rasysi 3HaHB: NpuUpoOHNYI HAyKN

OcBiTHBO-HayKOBa IMporpama 3i creniajgbHOCTi: dizuka Ta acCTpoHOMis
Jdara 3axHcTy: 18-11-2024

CneniaJbHICTh 3a OCBITOIO: npukianHa ¢izrka Ta HAaHOMaTepiaau

Micue po6oTH 3400yBaya: HaujoHnanbHuil HayKOBuiA LEHTP "XapKiBChbKUil (Bi3nKO-TEXHIYHMIA iHCTUTYT"

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. Akanemiuna, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi Cleliagai3oBaHOi BY€HOI pagu). 1O 2024.104.03

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHuil HAYKOBUIA IEHTP "XapKiBChKuii (isnko-

TexXHIYHUH iHcTUTyT" HaljionanpHOI akazemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. Akanemiuna, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHuil HAYKOBMIA IEHTP "XapKiBChKuii (isnko-

TexXHIYHUH iHcTuTyT" HanjionanbHOI akazemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. Akanemiuna, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TeMaTHYHHX PyOPHK: 29.15, 29.05

Tema gucepranii:
1. KorepeHTHi Ta HEKOrepeHTHi edeKTy B pO3CiI0BaHHI YaCTMHOK BEJIMKOi €HEPTii Ha TOHKUX MillIeHSIX

2. Coherent and incoherent effects in the scattering of highenergy particles in thin targets

Pedepar:

1. Omenbuenko B. JI. KorepeHTHi Ta HEKOrepeHTHi e(peKTH B PO3Cil0BaHHI YaCTMHOK BEJIMKOI €Heprii Ha TOHKUX
mimensix. — Keasnigikanifina HaykoBa npalis Ha Impasax pykonucy. Jlucepraiist Ha 300yTTsI HAQyKOBOTO CTYII€HS
nokTopa (pinocodii 3a crenianpHicTio 104 - «disuka Ta aCTpOHOMis». — IHCTUTYT TeopeTH4HOI ¢i3uku imeHi O.1.
Axiezepa HarnjionasbHOro HayKOBOTO LIEHTPY «XapKiBCbKUM (iznko-TexHiyHuil inctutyt» HAH Ykpainuy, -
HanjionanpHuit HaykoBUi LeHTP «XapkiBcbKuil pizuko-TexHiuvnun inctutyt» HAH Ykpainu, Xapkis, 2024.
JuceprauiiiHa poboTa IpUCBsIY€HA aHATITUYHOMY OIUCY NPOLECY PO3CiIOBaHHS PEJISITUBICTCBKUX 3aPSIPKEHUX

YaCTHMHOK Ha CTaLliOHapHI/IX i pPyXxoMux MillleHSIX y 60pHiBCBKOMy Ta eﬁKOHa]IbHOMy HaOJIM>KEHHSIX KBAHTOBO1



€JIEKTPOJVMHAMIKY, 3HAaXOKEHHIO BilNOBIAHNX AU epeHLialbHUX IEPEPi3iB pO3CiIOBaHHS Ta JOCIIiIKEHHIO
KOTepEeHTHUX i HeKorepeHTHUX e(deKTiB y po3citoBaHHi. Po3[in 1 npucBsYeHo Oorisny JiTepaTypu 110 Temi
nuceprauii. Ha ocHOBI focrifgkenux pxxepes cpopMyiboBaHO 3a1adi pobotu. Y Po3nini 2 orpumaHo
IvepeHLianbHi Iepepi3n po3CiloBaHHS PEJISITUBICTCHKUX 3aPSIKEHNUX YACTMHOK Ha Pi3HUX KOH(QIryparisx aToMiB
y MillleHi y nepumomy 60pHiBCbKOMY HabIVDKEHHI Ha MificTaBi po3risany iHTepdepenuiiHoro ¢paxropa Jlaye-bperra.
[TpoieMOHCTPOBAHO PO3AiNIEeHHS OTPUMaHUX IudepeH1liaJbHUX TIepepPi3iB PO3CiloBaHHS Ha [epepi3u KOTePEeHTHOTO
Ta HEKOT€PEHTHOTO po3citoBaHHs. [1okazaHUii rpaHNYHUI NIepexif Bif audepeHLiaabHOro nepepisy po3citoBaHHS
Ha CyKYITHOCTI BIIOPSAKOBAaHMX IapajlesIbHUX JIAHLIOKKIB aTOMIB [I0 IIEPEPi3y PO3CiI0OBAaHHA Ha CYKYITHOCTI
NapasebHUX KPUCTANIIYHUX IIJIOIMH Y MOJIEJIi PiBHOMIPHOTO PO3MNOAiIY aTOMIB y KOXKHIi MyIomuHi. Y Po3gini 3
OTPUMAaHO B €MIKOHAJIbLHOMY HaOJ/IV>KeHH] audepeHLiaabHui epepi3 po3CiloBaHHS PENITUBICTChKUX 3apSIKEHNX
YaCTMHOK Ha IJIOIIMHI aTOMIB y MOZEJI PiBHOMIPHOTO PO3MOAiny aTOMiB. Y eIKOHaJIbHOMY HAOJIVDKEHHI B Ll
pOO6OTi He BPaXOBYIOTbCS IIOTIPABKY, [TPOTOPLiiHI Bil€MHUM CTeNeHsIM iMITysibcy. [TokasaHo, Mo BUpas 1j1s
IvdepeHLiabHOTO Nepepi3y B €eiKOHAJIbHOMY HabJIMKeHHI IepeXoquTh Y BifIIOBIIHMI BUpa3 B GOPHIBCbKOMY
HaOJIMKEHHI Y TPaHUYHOMY BUIIQJIKY LOCTATHbO TOHKOI MilleHi. Po3paxyHku nudepeHuiaJbHOro nepepisy B
€IKOHaJIbLHOMY HaOJIVDKEHHI 371iMICHIOBAIINCS Y TOMY YMCJIi 32 JOTIOMOTOI0 METO/ly CTallioOHapHOI pa3u Ta MeTOLy
Jlannaca. Y Po3pini 4 y efikoHaslbHOMY HabJIMKeHHI JOCIIIIPKEHO MMPpolec pPaigy>kKHOTO PO3CilOBaHHS
PEJISITUBICTCHKUX 3aPSIP)KEHMX YaCTUHOK Ha IVIOLIMHI aTOMIB Y MOZEJIi PiIBHOMIPHOTO PO3MOJiny aTOMiB. Takoxk
po3paxoBaHo audepeHLiaNbHUN NIepPePi3 po3CiloBaHHS B LIbOMY BUINAMIKY [IPY BifaJIeHH] TepelaHoro iMITyJIbCy Bif
TOYKY paiflyTy 3 ypaxyBaHHSIM iHTepdepeHLii aMILIiTy i pO3Cil0BaHHS, SKi BiIIOBiIal0Th OJHO3HAYHUM TijIKamM
3aJIEXKHOCTI IPUIIJILHOTO IlapamMeTpa Bifi IepelaHoro iMnyJbCy. [j1s1 OTpuMaHHs BUPasy AJ1s1 fuQepeH1iaJbHOro
nepepisy po3CiloBaHHSI BUKOPMCTAaHO HAOMKEHI Ta YhcesbHI MeTogu. Po3in 5 NprUCBsIY€HO OTPUMAaHHIO XBUJIbOBOI
(YHKLiI B eAKOHAJILHOMY Ha0JIVDKEHHI [J151 PO3CiI0BaHHS YIbPapPEJISITUBICTCHKOI YAaCTUHKY Y 4aCO3aJIEXKHOMY
YOTUPUIIOTEHIiai MyYKa yIbTPapeIsTUBICTCbKUX 3aPSIPKEHUX YaCTUHOK. OTPUMAaHO Ieplly MONpPaBKy A0 ¢as3u
XBWJIbOBOI PYHKIii B €liIkOHaIbHOMY HabJMXeHHi, AudepeHianbHUi epepi3 po3CciloBaHHS
yJIbTApapeIITUBICTCbKUX YACTUHOK HA MYYKY YJIbTPAPEJISITUBICTCHKUX YACTUHOK Y €MIKOHAJIbHOMY HaOJIVDKEHHI Ta
nepeBipeHO BUKOHAHHS 3aKOHY 30€PE>KEeHHS €Heprii B TaKOMy BUMAAKY. PO3IJIsIHYTO BUIIAIOK IJIOCKOTO MMyvKa. Y
11il1 poOOTi [1JIOCKUM ITyYKOM Ha3UBAETHCS MIYUOK, SIKUI y TIOTIEPeYHiil o HallpsSIMKY PyXy IJIOLIMHI Mae raycis
PO3II0LiN y3I0BXK OJHi€l 3 0OCce i HyJIbOBY TOBIIMHY B3LOBX iHIIOi. OTpUMaHO ¢a3y XxBUIbOBOI QYHKIIi AJ1s
YaCTHMHKH, PO3CiSHOI Ha MJIOCKOMY NY4YKy-MillleHi. 32 TOITOMOr0I0 YMCEIbHUX METO/IB i METOly CTalliOHapHOI a3u
Oysiz oTpuMaHi nudepenuianpHi nepepisy po3ciloBaHHS y/IbTPaPessTUBICTCHKUX 3aPsIpKEeHUX YaCTUHOK Ha
IIJIOCKOMY IYYKY YJIbTPAPEJISATUBICTCbKAX YaCTUHOK [JIS1 PI3HOI KiJIbKOCTi YACTUHOK Yy ITy4Ky. [IpakTnyHe
BMKOPHMCTAHHSI pe3yJIbTaTiB Liei poO0TH Nependadae 3aCTOCYBaHHS [UX TEOPETUYHUX PE3YJIbTATIB [J1s1 ONIUCY
IpoLeCy PO3CiI0OBaHHS, SIKUI € CKJIaJJOBOIO Cy4YaCHUX €KCIIEPMMEHTIB Ha iCHYIOUMX i MallbyTHIX IPHUCKOPIOBaYax
eJleMeHTapHUX YaCTUHOK, TakuX 5K SuperKEKB (fInoxis), Benuknit agponnuit konaipep (LULEPH), ILC, FCC Ta
iHmKX. AHaJII3 nIepepisiB panIy>KHOrO PO3CiIOBaHHS MOXKE JOTIOMOITHU LOCIIiIKYBaTH BUTJIAL, MI>KATOMHOTO
noTeHuiany MimeHeil. OTpUMaHi B Liil po60Ti BUpas3u 11 AudepeHIialbHUX Iepepi3iB PO3CilOBaHHS MOXYTb OyTU
BUKOPUCTAHI SIK 171 IOCTAHOBKU €KCIIEPMMEHTIB 100 OOCiIKeHHS KBAHTOBUX SIBUII [IPU PO3CilOBaHHI
PEJIATUBICTCHKUX 3aPSIPKEHNX YACTUHOK Ha OPi€EHTOBAHMX KPUCTaJIaX, TaK i [JI1 TEOPETUYHOTO OMMUCY IIPOLIECY
BUIIPOMIHIOBaHH4, SIKAYl BU3HAYAETHCSI OCOOIMBOCTSIMU PO3CiloBaHHS. KiI04OBi C10Ba: KBAHTOBA €JIEKTPOANHAMIKA,
(i3uKa BUCOKUX €HePrill, po3ciloBaHH4, IudepeHLianpHuil nepepis3 po3ciloBaHHS, paiiy>kKHe PO3CiloBaHHS,

elikoHasIbHe HabJKeHHs, 60pHiBCbKEe HAGIMKEHHSI.

2. Omelchenko V. D. Coherent and incoherent effects in the scattering of highenergy particles in thin targets. -
Qualifying scientific paper, manuscript copyright. Thesis for the scientific degree of Doctor of Philosophy:
specialty 104 - «Physics and Astronomy». — Akhiezer Institute for Theoretical Physics, National Scientific Center
«Kharkiv Institute of Physics and Technology» NAS of Ukraine, Kharkiv, 2024. The thesis is devoted to the
analytical description of the scattering process of relativistic charged particles on stationary and moving targets in
the Born and eikonal approximations of quantum electrodynamics, obtaining the corresponding differential
scattering cross-sections and investigating coherent and incoherent effects in scattering. Section 1is devoted to



the literature review on the thesis topic. Based on the researched sources, the thesis tasks were formulated. In
Section 2, the differential cross-sections of relativistic charged particles scattering on different configurations of
atoms in the target are obtained in the first Born approximation based on consideration of the Laue-Bragg
interference factor. The split of the obtained differential scattering cross-sections into coherent and incoherent
scattering cross-sections is demonstrated. The limit transition from the differential scattering cross-section on a
set of ordered parallel atomic strings to the scattering cross-section on a set of parallel crystal atomic planes in
the model of uniform distribution of atoms in each plane is shown. In Section 3, in the eikonal approximation, the
differential cross section of relativistic charged particles scattering on the atomic plane in the model of the
uniform distribution of atoms is obtained. In the eikonal approximation in this thesis, corrections proportional to
negative powers of the momentum are not taken into account. It is shown that the expression for the differential
cross-section in the eikonal approximation turns into the corresponding expression in the Born approximation in
the limiting case of a sufficiently thin target. Calculations of the differential crosssection in the eikonal
approximation were carried out, including with the help of the stationary phase method and the Laplace method.
In Section 4, in the eikonal approximation, the process of rainbow scattering of relativistic charged particles on the
atomic plane in the model of uniform distribution of atoms is investigated. The differential scattering cross-
section, in this case, was also calculated when the transferred momentum is far from the rainbow point, taking into
account the interference of the scattering amplitudes, which correspond to the single-valued branches of the
dependence of the impact parameter on the transferred momentum. Approximate and numerical methods were
used to obtain the expression for the scattering cross-section. Section 5 is devoted to obtaining the wave function
in the eikonal approximation for the scattering of an ultrarelativistic particle in the time-dependent four-potential
of a beam of ultrarelativistic charged particles. The first correction to the phase of the wave function in the eikonal
approximation, the differential crosssection of the scattering of ultrarelativistic particles by a beam of
ultrarelativistic particles in the eikonal approximation in this case were obtained. Also fulfillment of the energy
conservation law was checked for this case. The case of a flat beam is considered. In this paper, a flat beam is a
beam that, in the plane transverse to the movement direction, has a Gaussian distribution of particles along one of
the axes and a zero thickness along the other axis. The phase of the wave function for a particle scattered at the
flat target beam is obtained. Using numerical methods and the stationary phase method, the differential cross-
sections of the scattering of ultrarelativistic charged particles on a flat beam of ultrarelativistic particles for
various numbers of particles in the beam were obtained. The practical use of the results of this thesis involves the
application of these theoretical results for describing the scattering process, which is a component of modern
experiments at existing and future accelerators of elementary particles, such as SuperKEKB (Japan), the Large
Hadron Collider (CERN), ILC, FCC, and others. The analysis of the rainbow scattering cross-sections can help to
investigate the form of the interatomic potential of targets. The expressions for the differential scattering cross-
sections obtained in this work can be used both for designing experiments for the study of quantum phenomena in
the scattering of relativistic charged particles on oriented crystals and for a theoretical description of the radiation
process, which is determined by the characteristics of scattering.
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