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Pedepar:

1. Inceprarnis Ha 3000yTTsI HAYKOBOTO CTyIEHs AokTopa ¢pinocodii 3a cnenjanbHicTio 104 - «Di3uka Ta aCTpOHOMIS»
(10 - Ipupopunyi HayKy). - Qi3UKO-TEXHIYHUI IHCTUTYT HU3bKUX TeMIlepatyp iM. B.I. Bepkina HanjionanpHoi
akageMii Hayk YKpaiHu, XapkiB, 2024. [lucepralilo NPUCBIYEHO JOCIIIPKEHHIO TUHAMIK/ KBAHTOBUX JIBOPIBHEBHUX i
0araTOpiBHEBUX CUCTEM Ta PO3POOLIi HOBUX MifX0iB 10 ii onucy Ta KOHTPOJIIO 3 BUKOPUCTAHHSIM PiBHSIHHS
Jling6naga, intepdpepomertpii Jlangay-3inepa-1lTiokenbbepra-MaitopaHu, afiabaTUYHO-IMIIyJIbCHOI MOZEJIi Ta
piBHSIHB 6asaHCy. Y BCTyIi KOPOTKO OOI'PYHTOBAHO aKTYyaJIbHICTh TEMU JUcCepTallii, BU3HAYE€HO METYy Ta OCHOBHI

3aBJaHHS LOCJIIPKEHHs, 00'€KT, TpeIMeT Ta MeToau JocaimkeHHs. CGOpMyJIbOBaHO HAyKOBY HOBU3HY Ta OIKUCAHO



[IPaKTUYHE 3HAYEHHS OTPUMMAHUX Pe3yJbTaTiB. TakoX y IbOMY PO3[iji HaBeeHO iH(popMaLio Ipo my6likauii,
0ocobuCTHi1 BHECOK 37,00yBava Ta anpobaliiio pe3yabTarTis gucepratii. HaBegeHo iHpopmaliio Mpo CTpyKTypy Ta
obcsr nucepTauii. Po3nin 1 npucssiyeHo orsgny Ta aHalidy JiTepaTypu 3a TeMOolo aucepTauii. [lepexin iMoBipHOCTI
3aCEJIEHOCTI MiXXK €HePreTUYHUMY PiBHAMY KBAHTOBOI CUCTEMM IIiJl YaC ITPOXOIPKEHHS KBa3ilepeTUHyY PiBHIB
Ha3uBaeThCs nepexonoMm Jlangay-3inepa-1lltiokensbepra-Maiiopanu (JI3IIM). Kosu kBaHTOBa cuctema 3
KBa3ilepeTUHOM PiBHIB 3HAXOAUTHCS il BIIJIMBOM I€PiOJUYHOrO CUJILHOTO 30Y/I>KEHHS 3 JOCTaTHbO BEJIMKOIO
aMILIITYJ010, BinOyBaeThcs nociuifgosHicTs JI3IIM nepexomnis. GisMyHO cIOCTEPEXYBaHi BEJIMYMHU CUCTEMH, TaKi SIK
MIMOBIDHOCTI 3aC€JIEHOCTEN €HEPreTUYHUX PiBHIB, BUABJIAIOTH NE€PIOAUYHY 3aJI€KHICTD Bifl TapaMeTPiB 30BHIIIHLOTO
30yIpKeHHS, BioMy 5K inTepdepomeTpist JIBIIM. Po3nin 2 npucBsYeHo JOCTiIKEHHIO abTePHATUBHOI apagurmu
peastizallii KBaHTOBUX JIOTIYHUX OIlepallili Ha OCHOBI HEPe30HAaHCHOTO 30yIpKeHHs 3 nepexogamu JISIIM. ¥V
IycepTalii po3BMBAEThCS g NapagyurmMa KBaHTOBUX JIOTTYHUX, JOCIIKY€ETbCS JUHAMIKA 6araTopiBHEBOi KBAHTOBO]
crucremu mif BrmmBoMm JI3IIM 36yIKeHHS Ta ONTUMIZYIOThCS TApaMeTPH [1Jis MiABUILEHHS IIBUAKOCTEN KBAHTOBUX
JIOriyHMX olepaliil. BUsBHayeHo napameTpu 30BHILIHbOIO KEPYIOUOro CUTHaTy, HeOoOXiAHI 1J1s1 peasisalii
KOHKPETHOI KBAaHTOBO] JIOTiUHOI onepatiii, IpoleMOHCTPOBaHO peaizalii onepatiil X, Y, Anamapa ta ¢pa3oBoi
onepallii, BAKOPUCTOBYIOUM SIK ocuusLii Pa6i, Tak i JISIIIM nepexony, i MOpiBHSIHO MBUJKOCTI Ta TOYHICTb,
IOCSITHYTI 32 JOTIOMOT010 000X MiftX0oxiB. Bysio y3arasibHeHO PO3IJISIHYTY [apagyurmy [jis peasizallii KBaHTOBUX
JIOTiYHMX Ollepalliii 1J1s1 6araTopiBHEBUX KBAHTOBUX CUCTEM i OIIMCAaHO peaisalilo 1BOKy6iTHUX onepauiil iSWAP Ta
CNOT. HagaHo peski gertasni peanisauii iHmumx gBoky6iTHUX onepaui: SWAP, CZ, CS. Po3gin 3 npucBsyeHo
BUBYEHHIO CIIEKTPOCKOIIil KpeMHieBOoi noBiitHoi kBaHTOBOI Touku (ITKT). [TepioguyHo 36yaKyBaHa KBaHTOBA
crcTeMa 3 KBasillepeTMHOM PiBHIB 3a3Ha€ SIK HealiabaTUYHUX NepexoiiB, TaK i pazoBux 3MiH XBUIbOBOI QYHKIIi.
J7151 KyOiTiB i3 pO3XOKYIOIMMUCS €HepreTUYHUMU piBHsIMU Taka JI3IIM inTepdepeHLis neMOHCTpye AYyTronoioHi
PE30HAHCHI JIiHil. Y BUNaIKy 6araTOpiBHEBOI CUCTEMU 3 KBa3il€PETHHOM ABOX HUKHIX PiBHIB IPOI€MOHCTPOBAHO,
o0 ¢popMa pe30HaHCiB MOXKe 3MIHIOBATHCSI Bif], OIYKJIMX IYT [I0 YBIrHYTUX cepLenoioHux i apdonomioHux
Pe30HaHCHUX JIiHiN. lle 6yJi0 po3IysiHyTO 11711 KpEMHi€BUX KBAHTOBUX TOYOK. PO3IJISIHYTO YOTHPUPiBHEBUM
ramisibTOHiaH, 06roBOpeHo, sIK niarorysatu cranu [1KT nys HusbkoyactoTHOI JISIIIM-cniekTpocKomii, OgsrHyBIIN ix
pe30HaHCHUM curHajom. OfsraHHs J03BoJIsie 3acTocyBaTu popmynu intepdepomertpii JIBIIM 1151 nBopiBHEBUX
KBaHTOBUX CUCTEM. Y Aucepralii 6ysu o6ropopeHi oTpumati inTepdepeHuiiiHi cmyru Ta npoaHasnizosaHa popma
PE30HAHCHUX JIiHiN. Po3zin 4 npucBs4YeHO ONuCy KBAHTOBUX 6araTOPiBHEBUX CUCTEM 32 OIIOMOTIOI0 PiBHSIHHS
Jlinp6nana, agiabaTMYHO-iMIyIbLCHOI MOZEJIi Ta METOy PiBHSIHb 6ajlaHCy. B LIbOMY pO31isi BUBYAETHCSI CUJILHO
30yIpKyBaHa pucunatusHa yotupupiBHesa [IKT. Otpumano ii ramisipToOHIaH Ta po3B'sa3yeThes piBHAHHS JliHA61a0a.
Icnye yotupu pizHi pexkxumu JI3IIM: 6araTonpoxifHuii, ONHOIPOXiIHUM, ABONPOXiAHUI | HEKOT€pEeHTHUIA.
Po3paxoBaHO MOBIPHOCTI 3aCEJIEHOCTEN KOKHOIO CTaHy CUCTEMU SIK QYHKIIii 4acy 711 BCiX PEKMMIB DOOOTH.
Takox B LIbOMY pO3[1iJli ONIUCYETLCS K BUKOPUCTOBYBATH a1iabaTMYHO-IMITyJIbCHY MOJ€JIb i MifXis PiBHSHD
OasiaHCy 17151 OIIMCY KBAHTOBUX OaraTopiBHEBUX cucTeM. [loeiHaHHS afiiabaTMYHO-IMITYJIbCHOI MOJIeJli Ta METOLY
PiBHSIHB 6aslaHCy [IO3BOJISIE B A€SKUX BUNAIKaX ONUCATH JUHAMIKy 6araTopiBHEBUX KBAaHTOBUX CUCTEM 3
E€HEePreTMYHOIo pesakcaunieto Ta JISIIM nepexomamu. byna po3paxoBaHa AMHaMiKa JETEKTOPA MiKPOXBUJILOBUX

($OTOHIB Ha OCHOBI IIOTOKOBOTO Ky6iTa 17151 CTaAii mepe3apsaKy AeTeKTopa.

2. Dissertation for a Doctor of Philosophy degree in speciality 104 - «Physics and Astronomy» (10 - Natural
Sciences). - B. Verkin Institute for Low Temperature Physics and Engineering, NAS of Ukraine, Kharkiv 2024. The
dissertation is devoted to the study of the dynamics of quantum two-level and multilevel systems and the
development of new approaches to its description and control using the Lindblad equation, Landau-Zener-
Stiickelberg-Majorana interferometry, adiabatic-impulse model and rate equation approach. In the introduction I
briefly justify the relevance of the dissertation topic, define purpose and main tasks of the research, objects,
subject, and research methods. The scientific novelty is formulated and the practical value of the obtained results
is described. Also, this chapter includes the information about the publications, personal applicant's contributions,
and approbation of the dissertation results. The information about the structure and volume of the dissertation is
also given. The chapter 1is devoted to the review and analysis of the literature related to the topic of the
dissertation. A transition of the occupation probability between energy levels of a quantum system during the



passage of an avoided crossing of the levels is known as a Landau-Zener-Stiickelberg-Majorana (LZSM) transition.
When a quantum system with an avoided-level crossing is subject to periodic strong driving with sufficiently large
amplitude, a sequence of LZSM transitions occurs. The physical observables of the system, like the occupation
probabilities of the energy levels, exhibit periodic dependence on the parameters of the external driving, known as
LZSM interferometry. The chapter 2 is devoted to the study of an alternative paradigm for implementing quantum
logic gates based on non-resonant driving with LZSM transitions. We further develop this paradigm, explore the
dynamics of a multi-level quantum system under LZSM drive and optimize the parameters for increasing the
quantum logic gates speed. We define the parameters of the external driving required for implementing a specific
quantum logic gate, demonstrate the implementations of X, Y, Hadamard, and phase gates implementations using
both Rabi oscillations and LZSM transitions, and compare the speed and fidelities achieved with both paradigms.
We generalize the considered paradigm to realize quantum logic gates for multi-level quantum systems, and
describe the realizations of two-qubit iSWAP and CNOT gates. We also provide some details for implementing
other two-qubit gates: SWAP, CZ, CS. The chapter 3 is devoted to the study of the spectroscopy for a silicon
double quantum dot (DQD). A periodically driven quantum system with avoided level crossing experiences both
non-adiabatic transitions and wave-function phase changes. For qubits with repelling energy levels, the LZSM
interference displays arc-shaped resonance lines. In the case of a multi-level system with an avoided level crossing
of the two lower levels, the shape of the resonances can change from convex arcs to concave heart-shaped and
harp-shaped resonance lines. We consider this for silicon quantum dots. We consider a four-state Hamiltonian
and discuss how to prepare the DQD states for low-frequency LZSM spectroscopy by dressing them with a
resonant signal. The dressing allows to adopt the formulas of the LZSM interferometry for the two-level quantum
systems. We discuss the interference fringes obtained, and analyze the shape of the resonant lines. The chapter 4
is devoted to the description of the quantum multi-level systems with the Lindblad master equation, the adiabatic-
impulse model, and the rate equation approach. We study a strongly driven dissipative four-level DQD. We obtain
its Hamiltonian and solve the Lindblad master equation. There are four different LZSM regimes: multi-passage,
single-passage, double-passage, and incoherent one. We calculated occupation probabilities of each system's state
as functions of time for all operation regimes. We also describe how to use the adiabatic-impulse model and the
rate equation approach for description of quantum multilevel systems. By combination of the adiabatic-impulse
model and the rate equation approach it is possible in some cases to describe the dynamics of multilevel quantum
systems with energy relaxation and LZSM crossings. We calculate the dynamics of the detector of microwave
photons, based on the flux qubit for the reset stage of the detector.
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1. KoncrautnnoB Onekcannp Muxainaiosud

2. Aleksandr M. Konstantinov

KBasigikamis: k. ¢.-m. 1., 01.04.02
ImenTudikarop ORCID ID: 0000-0003-4856-8909
JoparkoBa iHpopMamist: Scopus Author ID: 57104649600; Web of Science Researcher ID: AAE-2172-2020

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0M: Pi3uKO-TEXHIYHUIT iIHCTUTYT HU3LKUX TeMIepaTyp iMeHi B. 1.

Bepkina HaujioHanbHOI akagemii Hayk YKpainu

Kopg, 3a € IPIIOY: 03534601

MicneSHaxo,IpKeHHﬂ: npocnekt Hayku, 6ya. 47, XapkiB, XapKiBcbkuil p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

Biacue IIpizBume Im's I1o-6aTbKOBI Cnasin Bikrop Basnepiitosuy
rOJIOBH pajgu

Biacue IpizBume Im's I1o-6aThKOBI Crnasin Bikrop Basnepitiosuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BiznoeigansHHU 3a MiATOTOBKY Kanuuenko Onekcangp Mukosanosuy

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




