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2. Study of excitation of fields in plasma and dielectric by powerful laser pulses and relativistic electron bunches
for acceleration, focusing and heating of electrons and positrons

Pedepar:

1. InceprauiiiHy po60Ty IPUCBSIYEHO TEOPETUYHOMY (32 JOTIOMOT'OI0 YMCJIOBOTO MOJIEJIIOBAHHS) IOCIi IKEHHIO
3a/1a4, [OB'SI3aHUX IUTaHHSIM 30YIPKEHHS KiJlbBaTEPHUX I10J1iB, MUTAHHSIM IIPUCKOPEHHS 1 (POKYCYBaHHS 3TyCTKiB
3apsIKeHUX YaCTUHOK. B po6OTi fiZile MOBa PO BUBYEHHS 30yIKEHHS KiJIbBATEPHUX I10J1iB B [1J1a3Mi, I'yCTHAHA SIKO]
IOPiBHIOE I'yCTHHI €JIeKTPOHIB B TBEPAOMY TiJli (MeTaslax) peHTTeHiBCbKUM JIa3€PHUM iMITyJIbCOM (IIOTY>KHA
€JIEKTPOMarHiTHa XBUJIS); LOCHIIPKEHHST OPMYBaHHS, BIACTUBOCTEH Ta POJIi €JIEKTPOHHUX COJIITOHHUX KaBEPH B

iHepLiTHOMY CUHTE3], a TAKOXK 3IJIaI)KyBaHHS [IONIEPEYHNX HEOQHOPIAHOCTEN B KDUTUYHIN TOYLi 32 YMOB B3a€MO/ii



JIa3€pHOTO iMITYJIbCY 3 HEOOHOPIAHOIO MJ1a3MOI0 B iHEPLITHOMY CUHTE3i; OKpiM TOTO, OyJIM 3HANEeHi NapaMmeTpu IJ1s
I171a3MOBOI JIiH3H, 5IKa J03BOJIMJIA 6 OJHAKOBO Ta OAHOPIAHO (POKyCyBaTU MOCIiNOBHOCTI PEISTUBICTCHKUAX
[IO3UTPOHHUX 3TYCTKiB; Ba’KJIMBUM MUTAHHSIM OYJI0 NOCiI)KEHHS aMIIITy 1 KiJlbBATEPHOTO 110151 Ta KoediljieHTy
TpaHc@opmalii 3a 36yIpKeHHSs KiJlbBaTEPHUX I10JIiB IIOCJIiIOBHICTIO 3TyCTKiB 3apsiIpKEHUX YaCTUHOK B IIJIa3Mi Ta
IienekTpuKy. Byso nocnimkeHo 30yIpKeHHs 110181 B IIJ1a3Mi [TOCIiJOBHICTIO 3TyCTKIiB €J1eKTPOHIB B HEPE30HAaHCHOMY
BUIIaJKy. BUB4aeThCs CroCi6 yTprMaHHs cCaMOiHXEeKTHBaHUX 3TYCTKIB B (asi IpUCKOPEeHHs KilbBaTEPHOI XBUJII, a
TaKOX, BIIJIMB 30BHIIIHbOT'O MAarHiTHOTO IOJIs1 HA €JIEKTPOHHI 3TYCTKY, 110 30YIPKYIOTh KiJlbBaTEPHE I10JIE B IIJIa3Mi.
Po3rsisiHyTO mporec KOM6iHOBaHOTO J1a3epO-TIJIa3MOBOTO MPUCKOPEHHS, 3aBISKU SIKOMY MO>KJIMBO 3a0€3I1e4nTr
TpaHcdep eHeprii MK caMOiH)XeKTOBaHMMU 3TYCTKaMU 1 KiJIbBAaTEPHOIO XBUJIEl0. Pa30M 3 BUKOPHUCTAHHIM
PEHTI€HIBCbKUX JIA3€PHUX IMIIYJIbCiB, BUKOPMCTAHHS [1J1a3MU 3 TAKUMHU [TapaMeTpaMU JI03BOJIsI€ 3a6€31eYUTU
30yPKEHHS KiJIbBATEPHUX IOJIiB IPUCKOPEHHS 3 aMILIITY 1010, 10 JOCSTaE KiJIbKOX TEePaBOJIbT Ha METP. Byiio
IIPOJAEMOHCTPOBAHO, IO 32 O3HAYEHUX YMOB KiJIbBATEPHUN MPOLLEC CYIIPOBOKYETHCS (POPMYBAHHIM
CaMOiHXEKTOBaHUX 3TYCTKIB €JIEKTPOHIB B 00JIaCTi CyTTEBOIO HETaTUBHOI'O IIPOCTOPOBOTO 3apsiAly, @ TAKOXK
(opMyBaHHSIM 00JI1ACTi 3 MiJBALIEHOIO I'YCTUHOIO i0HIB, sIKa 3abe31e4ye 3HaYHe 110J1e IpUCKOpeHHs. OKpiM Toro,
CIIOCTEepiraeTbCs Tak 3BaHUIN PEXXUM KOMOIHOBAaHOTO JIa3epO-I1JIa3MOBOTO ITPUCKOPEHHS. MexaHi3m
«MiJJIAMTYBAHHS» 6YJI0 JOCTIIKEHO aBTOpaMU 1 IIPECTaBJIeHO B pe3yJIbTaTax LOCiIKeHHs. 3aBIsKYU IOMY,
BJIAJIOCS YaCTKOBO BiIHOBUTH ME€XaHi3M KOT€PEHTHOIO CKJIa[JAHHY B HEJIIHINHOMY BUNAAKy. BuBuyanocs
BMKOPHMCTaHHS HEOJHOPiAHOI IJIa3MU 331714 NiATPUMKY IIPOLIECY IIPUCKOPEHHS CAMOiHXEKTOBAHOI'O 3TyCTKY 1
IiBUIIEHHS IPaJiieHTy IPUCKOPEHHs. B nucepTauiiiHiil po60Ti pO3IJISIHYTO CHOCIO 36i/IbIIEHHS TYCTUHI
€JIEKTPOHIB IJIa3MHU, 10 IPU3BOJIUTD O JUHAMIYHOTO 3MEHIIEHHS PO3MipY KiJIbBATEPHOTO Iy3MpP4, B3LOBX SIKOTO
PYXa€eTbCsl 3TYCTOK €JIEKTPOHIB. B 3apor1oHOBaHill po6OTi BUBYAETHCS 11J1a3MOBA JIiH3a 117151 (POKYCYBaHHSI 3TyCTKIB,
1110 JO3BOJISE€ OJJHAKOBO Ta OJHOPIAHO (GOKYCYyBaTH MOCIiLOBHOCTI PESTUBICTCbKUX IO3UTPOHHUX 3TYCTKIB. B
po60Ti 6yJI0 BUKOHAHO [OCIIiIKeHHS aMIUIITy 11 KiJIbBATEPHOTO 110151 Ta KoedillieHTy TpaHcdopmalii 3a 30yA>KeHHS
KiJIbBaTEPHUX I10J1iB [1OCJIJOBHICTIO 3TyCTKIB 3apsKEHUX YACTUHOK B I1J1a3Mi Ta JiesIeKTpUKy. B poboTi mociimkeHo
30yIPKEHHS KiJIbBATEPHOTO I10JIs1 IOCJIiIOBHICTIO 3TyCTKIB 3apsIpKEHMUX YAaCTUHOK B [i€JIEKTPUYHOMY PE30HATOPI.
BuKOHaHO 4MCI0BE MOZEIOBAHHS iHXKEKIii 3TyCTKiB 3apsiI)KEHNUX YACTUHOK (€JIEKTPOHIB) 10 1i€JIEKTPUYHOTO
PEe30HATOpPY (CTPMXEHD i3 JliesIeKTpUKa 3 MeTaJIeBUM KOXXYXOM) I 30y IK€HHSI KiJlbBaT€pHOro 10Jis. B po6oTi 6ys10
IIPOJIEMOHCTPOBAHO, L0 Y BUIIAJKY iHXKEKIIii TOCIiIOBHOCTI 3ryCTKIB 3 [IEBHUMU [IapaMeTpaMy, 30KpeMa, 3
IOBXUHOIO, 10 AopiBHIOE 0,50 IOBXUHU KilbBATEPHOI XBUJIi, MOXKHA OTPUMAaTHU 3HaYyeHHs Koediuienty TR=2N, ne N
- 1€ KiJIbKiCTb 3ryCTKiB. B po6O0Ti mIX0M IBOBUMIPHOTO YMCJIOBOTO MOJEJIIOBAaHHS BUBUEHO €BOJIIOLI0
KiJIbBaTEPHOI CUJIM (POKYCYBaHHSI, 1O Jli€ Ha 3IYCTKU €JIEKTPOHIB IpY PO3IOBCIOJKEHHI €/IeKTPOHHUX 3I'YCTKIB y
I171a3Mi B 3aJI€KHOCTI Bifj IOBXXUHM 3TyCTKY Ta BiflCTaHi MiX 3ryCTKaMu [1J1 Pi3HUX NPO(iiB CTpyMy 3ryCTKy. B xomi
IOCJIiIKeHHS [J15 TIOCiIOBHOCTI TOBIUX PeJIATUBICTCHKUX €JIEKTPOHHUX 3TYCTKIiB OYyJI0 3HAHTIEHO MEXaHi3M, KU
IIPU3BOJUTH 10 PE30HAHCHOTO 30YIPKEHHS KiJIbBATEPHOTO 110151 HaBiTh y BUIANKax, KOJIU 4acTOTa iHXKeKIlii 3TyCTKiB
BiIpi3HSIE€THCS Bif] 4aCTOTH IJIa3MU. JJOCTiI)KeHO 3ajIeXXHICTh KoedillieHTy TpaHcdopMallii Ta MAKCMMAJIbHOTO 107151
IIPUCKOPEHHS BifJ, IOBKUHU 3TyCTKY [IPU HE3MIHHOMY 3apsy 3TyCTKy. TaKoK BUBYEHO 3aJI€KHICTb pajiasibHOI CUJIN

Bif], MOB>KMHM 3TYCTKiB Ta BiZCTaHi MiX 3TryCTKaMHu.

2. The dissertation is devoted to the theoretical (by numerical simulation) research of a number of problems
related to the excitation of wakefield, to the investigation of processes of accelerating and focusing bunches of
charged particles. The paper deals with the study of excitation of wakefield in plasma, the density of which is equal
to the electron density in metals by an X-ray laser pulse (powerful electromagnetic wave); study of the formation,
properties and role of electron soliton cavities in inertial fusion, as well as smoothing of transverse
inhomogeneities at a critical point under the interaction of a laser pulse with an inhomogeneous plasma in inertial
fusion; in addition, parameters were found for a plasma lens that would allow the sequences of relativistic positron
bunches to focus uniformly. An important issue was the study of the amplitude of the wakefield and the
transformer ratio for excitation of wakefield by the sequence of charged particle bunches (beams) in plasma and
dielectric. Excitation of the field in the plasma by a sequence of electron bunches in the non-resonant case was
investigated. The process of combined laser-plasma acceleration is considered, thanks to which it is possible to



ensure energy transfer between self-injected bunches and the wake wave. The method of restoring the phase
synchronization of laser pulses and the wake wave is studied, as well as the influence of the external magnetic field
on the electron bunches that excite the wakefield. Together with the use of X-ray laser pulses, the use of plasma
with such parameters allows the excitation of wakefields with an amplitude of several teravolts per meter. It was
shown that under these conditions the wakefield process is accompanied by the formation of self-injected
electron bunches in the region of significant negative space charge as well as regions with high ions density as well
as formation of regions with increased ion density, which provides a significant acceleration field. In addition, the
so-called combined laser-plasma acceleration mode is observed. The mechanism of “adjustment” was investigated
by the authors and presented in the results of the study. Thanks to it, it was possible to partially restore the
mechanism of coherent addition in the nonlinear case. The use of inhomogeneous plasma to support the
acceleration process of the self-injected bunch and increase the accelerating gradient was studied. The author of
dissertation considers a method of increasing the density of plasma electrons, which leads to a dynamic decrease
in the size of the wakefield bubble along which the electron beam moves. In the current work, a plasma lens for
focusing beams is studied, which allows to focus sequences of relativistic positron bunches uniformly. The study of
the amplitude of the wakefield and the transformer ratio for the excitation of wakefield by the sequence of charged
particles bunches in plasma and dielectric were performed. The excitation of the wakefield by a sequence of
bunches of charged particles in a dielectric resonator is investigated in this work. Numerical simulation of injection
of bunches of charged particles (electrons) into a dielectric resonator (a dielectric rod with a metal casing) and
excitation of a wakefield is performed. It was shown that in the case of injection of a sequence of bunches with
certain parameters, in particular, with a length equal to 0.50 of the wavelength, it is possible to obtain the value of
the transformer ratio TR=2N, where N is the number of bunches. By using two-dimensional numerical simulation,
the evolution of focusing force acting on electron bunches during their propagation in plasma has been
investigated in dependence on the bunch length and distance between bunches for various current profiles of the
bunch. The mechanism for the sequence of long relativistic electron bunches, that leads to resonant excitation of
the wakefield even in cases where the frequency of injection of bunches differs from the plasma frequency, has
been studied. The dependence of the transformer ratio and the maximum accelerating field on the length of the
bunch with a constant charge of the bunch is investigated. The dependence of the radial force on the length of the
bunches and the distance between the bunches was also studied.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuil NpiOpUTETHUH HANIPSIM iHHOBALiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHULITBA MaTepiasliB, ix 0Opo6JIeHHs i 3'eJHaHHS, CTBOPEHHS iHIYCTpii HAHOMATEPialiB Ta HAHOTEXHOJIOTIN
ITizcyMKH BOCIiI>KeHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAYKOBOTO 3aBIaHHS

Iyo6sikaii:

¢ Bondar D.S., Maslov V.I., Onishchenko LN., Ovsiannikov R.T. Plasma lens for electron and positron beams.
Problems of Atomic Science and Technology. 2021. Vol. 134, N¢ 4. P. 70-73. DOI: 10.46813 /2021-134-070.
(Scopus, Web of Science, Q4).

e Bondar D.S., Maslov V.I., Onishchenko I.N. Simulation of plasma wakefield focusing and self-focusing of a
short sequence of electron bunches depending on the bunch length, shape and distance between bunches.
Problems of Atomic Science and Technology. 2022. Vol. 142, N2 6. P. 36-39. DOI: 10.46813 /2022-142-036.
(Scopus, Web of Science, Q4).



¢ Bondar D.S., Maslov V.I., Onishchenko I.N. A method for maintaining the acceleration rate and increasing the
energy of self-injected bunch due to the use of inhomogeneous plasma. Problems of Atomic Science and
Technology. 2023. Vol. 146, N2 4. P. 67-70. DOI: 10.46813 /2023-146-067. (Scopus, Web of Science, Q4).

e Maslov V., Bondar D., Onishchenko I., Papkovich V. Transformer Ratio at Wakefield Excitation by Train of
Electron Bunches with Linear Growth of Current in Dielectric Resonator Electron-Positron Collider. J Phys
Conf Ser. 2020. Vol. 1596. P. 012056. DOI: 10.1088 /1742-6596 /1596 /1/012056. (Scopus, Q4).

e Maslov V. 1., Bondar D. S., Onishchenko I. N. Investigation of the Way of Phase Synchronization of a Self-
Injected Bunch and an Accelerating Wakefield in Solid-State Plasma. Photonics. 2022. Vol. 9(3). P. 174. DOL:
10.3390 /photonics9030174. (Scopus, Web of Science, Q2).

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MmeTozy, Teopii, rinoresn
ConuiasiIbHO-€KOHOMIYHA CIIPSIMOBaHICTbh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBazkeHHS pe3yJIbTaTiB AHCePTanii: [IiaHyeTbes 10 BIPOBaIKEHHS

3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOT0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)
BiacHe IIpizBuie Im'sa Ilo-6aTbKOBI:

1. Tapkyma Irop €sreniniosuy

2. Igor Garkusha

KBasigikamis: . ¢.-m. ., npodecop

InenTudikarop ORCHID ID: 0000-0001-6538-6862

HoparkoBa iHdpopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: XapKiBCbKuil HallioHaMbHUI yHiBepcUTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxo,zm(emm: maiipan Cobonu, 6ya. 4, Xapkis, XapkiBcbkuil p-H., 61022, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. MacioB Bacuie IBaHOBMY

2. Vasyl Maslov
KBasigikanis: g. ¢.-m. ., npodecop
InenTudirkarop ORCHID ID: 0000-0002-4370-7685

JopaTrkoBa indpopmanist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHu# HayKOBUIA 1EHTP "XapKiBChkuii (izuko-

TeXHIYHUH iHcTUTYT" HanionasnpHOI akazemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 14312223

MicueSHaxo,q)KeHHﬂ: BYJI. AKazieMiuHa, 6ya. 1, XapkiB, XapKiBcbkuil p-H., 61108, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEelleH3€HTIiB
OdiuiiiHi OIOHEHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. AnicimoB Irop OsekcirtoBud

2. 1gor Anisimov

KBasigikamis: . ¢.-m. 1., npodecop

InenTudirkarop ORCHID ID: 0000-0002-6185-1162

HoparkoBa indopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: KuiBchkuil HallioHasIbHYI yHiBepcuTeT iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micuesnaxo,u)KeHHﬂ: ByJI. Bononumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

BiacHe IIpisBuie Im'sa I1o-6aThKOBI:
1. To6poBobChKUM AHLIPiNt MUKOIaioBUY

2. Andrii Dobrovolskyi

KBasidikamis: k. ¢.-m. H., crapmmit HayKOBUIi CHIBPOGITHUK

Imentudikarop ORCHID ID: 0000-0001-9917-522X

JoparkoBa iHdpopmamist:

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: THcTuTyT (pisuku HationanbHoi akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

Micue3Haxoa KeHHS: npocnekt Hayku, 6yz. 46, Kuis, 03680, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHuiT

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3ukoB OsiekcaHap BonoguMuposuy

2. Oleksandr Zykov

KBasigikanis: 1. ¢.-m. ., npodecop

InenTudikarop ORCHID ID: 0000-0002-5409-2655

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKuil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinan CBo6omy, 6y, 4, Xapkis, Xapkiscbkuii p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ApanacreBa IHHa OnekciiBHa

2. Inna Afanasieva

KBasidikamis: . ¢.-m. 1.

InenTudikarop ORCHID ID: 0000-0002-9523-9780

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: XapKiBChbKuil HAL[OHAJIBHUMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6ozu, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEpCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi



Biacue IpizBume Im's [10-6aTbKOBI lpka Irops OsekcanipoBuy

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI l'ipka Irop Onexcanzposuy

TOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigaibHUH 32 MiZITOTOBKY [lleBuenKo AHzIpiit OneKCaHApOBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




