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[.AKTya/IHOCT.

M3cnepBaHMATa B KBAHTOBATA MEXaHMKA AOCTMIHaxa 40 HOBM pe3ynTaTn KOMTO A0BeAOoXa A0
pa3paboTBaHe Ha HOBWU TEXHOMOIMMU. BepndurKkaumuaTa Ha Te3M TEXHONOTMK € OT ocobeHo 3HavYeHue 3a
TAXHOTO Bb3npuemaHe B obuectsoto. OT TyK c/iefiBa akTya/IHOCTTa Ha pa3paboTBaHe Ha
TEeopUATa N NPUIOKEHUETO HA KBAHTOBUA KOHTPOI.

06I.IJ,OTO B AnceptaymnAaTa ca pa3pa60'reHMTe NPOTOKO/1IN 3a KOHTPO/ OT/ZINYaBallu ce C
TOYHOCT, YCTOﬁ‘-IMBOCT U NPUNOKNUMOCT.

Il. [lO3HaBaHe Ha CbCTOAHMETO Ha |‘|p06ne/v\a

JlIntepaTypaTta noceBeTeHa Ha KBaHTOBaTa GU3NKa N KBAHTOBUTE TEXHONOTUN € OFPOMHa.
[vcepTaHTa no3Hasa Ao0bpe Ta3un AnTepaTypa 1 TOBA € AeMOHCTPUPAHO C 0BCbXKaaHMATa Ha
BeYye MosiyYeHnTe pesynTaTt U CPaBHEHUETO MM C HOBUTE pPe3ynTaTh NpeacTtaBeHun B
auceprtauuaATa.

[Il. IncepTaHTbT OCHOBHO M3C/1€/1B3 TeOPETUYHM MOZENN Ha KBAHTOB KOHTPOA Ha

Pa3/INYHU CUCTEMMU C [iBE HMBA U TAXHOTO 0606LLEHME HA CUCTEMM C MHOTO HMBA, KaTo ce
OTAeNA BHMMaHWE Ha KBaHToBaTa 06paboTka Ha nHbopmauuaTa.

Pasrnexxpat ce moaenm c HeepMUTOBU XaMUNTOHMAHM KaTo ce U3cnenBa HEEPMUTOB MbT KbM
aﬂ,Ma6aTHOCT. BaXXHO NpunoXkeHne Ha pes3ynTaTmuTe e AeMOHCTpaumaATa Ha YCTOIZ‘-IVIBO
pasaenaHe Ha XnpaaHn MONEKYN.

IV.Hay4H1 npmnHoCK
FnaBa 2.1 TeopuATa Ha KOMMNO3UTHU MMNYACKU. Ta3un rnasa e yBoaHa. Te3n MMnNyacu sameHAT
e4MHUYHMA UMNYAC C Nopegumua oT UMNYACK € noabpaHn otHocuTenHn gasun. NMopeanua ot N



nmnynca sceku ¢ naow, A, 1 dasa ¢« cb3gasa NponaraTop KOWTO € npom3segeHune ot
nponaratopute Ha BCeKN eaAnH OT UMNyJ1CUTE.

naBa 2.2 Ha gucepTaymata ob6CbKAa KOMMNO3UTHM MMMYACK 33 CUCTEMU C ABe HMBA. HoBOTO e
ye ce pasr/iexga mogen B KOUTO e BbBeZeH CKOK Ha ¢pa3aTa KOMTO e HOB KOHTPOJIEH NapameTbp
B CMCTEMaTa.

TpaAWULMOHHUTE KOHTPO/IHM MapaMeTpu ca NOLLTa Ha MMNYACA, CTAaTUYHUA AETIOHWUHT U
YyecToTHaTa mogynauus. B aMcepTtaumaTa e NOKasaHo, Ye BEPOATHOCTTA HAa NPexos, MoKe Aa ce
KOHTPO/IMPA Ype3 $pa3oB CKOK Ha aMNANTyAaTa Ha NPEXOL.

B HauyanoTo ce pasrnexkaaT TOYHO pelMMmn MoAena C U3BECTHU peweHua. Te ce mogudouumpart
KaTo ce BbBex4a $pa3oBo oTmecTBaHe. Mpu ToBa ce HabnoAaBaT BaXKHU Pasinuns B
pelweHuATa: Hanpumep B agnabaTHa rpaHMLA BEPOATHOCTTA HA NPexos Npu HyaeBo $a3oBo
otmecTtBaHe e 0 3a moaena Ha PoseH-3eHep (P3), 1 3a moaena Ha AnbH-E6bpan (AE) n 0.5 3a
mogena Ha bambuHu —bepmaH (BB). Mpu pa3oso oTmecTBaHe ¢p=+(-)n/2 BeposATHocTTa e 1 3a
(P3) mogena, 0 3a (AE) moaena n 0.5 3a (BBE). B 3akntoueHMe TOYHUTE peLleHMA NOKa3BaT ye
$a30BMA CKOK MOXKe [1a ce M3M0A3Ba KaTo ePpeKTUBEH KOHTPOIEH NapaMeTbp NPU NPUTOTBAHE
Ha KBAaHTOBW CbCTOAHMSA.

B rnaBa 2.2.4 ce 06cbXAa Bb3MOXKHOCTTA 32 ONTUMM3ALMA Ha aaMabaTHMA npexoa,.
MNpepnoXeHUAT MeTog, U3Noa3Ba KOMMNO3UTHA NopeamL.a OT UMMNYACK — KOMMNO3UTeH aanabaTteH
npexog, (CAP). Mo To31 HauMH ce AOCTMIa NO-BMCOKA TOYHOCT, Tbi KaTo nopeanumuTe MoraT Aa
6baaT HanpaBeHM TOYHWU A0 NPOM3BOJIEH MOPALBK NPU AOCTaTbyeH 6POI CbCTaBHU MMMNYACH.
3akntoveHuneTo e, ye CAP TexHMKaTa € MHOro NoAXoAALL MHCTPYMEHT 3a KBaHTOBa 06paboTka Ha
MHPOPMaLMA C BUCOKA TOYHOCT.

nasa 2.3 MaaKkn KOMNO3UTHU UMMNYACW.

CobliecTByBalLUTe METOAM 33 Cb3AaBaHe HAa KOMMO3UTHU UMMYACKU, BOAAT A0 UMMAYACHU C
npaBobrb/Ha Gopma KaTo GyHKUMA Ha BpemeTo. LlenTta e ga ce cb3ganat KOMMNO3UTHM MMMYACK
YMATO 3aBMCUMOCT OT BPEMETO BOAM 40 MMMYACK C MPOU3BOJIHU rnagkm popmu. MetoabT
KOMTO ce npeanara B gucepraumata nsnonssa SU(2) npeacraBaHe Ha nponaratopa Ha cucTema
C ABe HMBa, BMECTO 4ecTo uanonssaHoto SO(3) npeacraBaHeTO.

0606uaBaikM, MOKe Aa KaXKeM Ye e Cb3aageH o6, MeTos 3a NPOEKTUPaAHE Ha PasINYHMK
KOMMNO3UTHN MMMY/ICU C TNajKa 3aBUCUMOCT OT BpemeTo. ToBa N03B0/IABA 3a /1a3ePHU UMNY/ICH,

KOUTO He moraT Aa 6b,£I|aT NpPaBObIrb/IHU, Aa CE N3MOZI3BAT 3a KBAHTOB KOHTPO.

FnaBa 2.4 KOMNO3UTHU MMNYNICU 33 YATPA-LUMPOKONIEHTOBO U YATPA-TACHO JIEHTOBO
Bb3by)KaaHe

B Ta3u rnaea ce pasrnexkaaT yaTpa-wmMpoKoEHTOBU KOMMIO3UTHU MMNYACKU, KOUTO 338 CMETKA Ha
KpaeH To/IepaHC Ha rpelwkaTa 06xBalwaT MakcMmaaHa NaoLL Ha umnynca. M3non3samku cowms
noAxo4, Ha ToONepPaHC Ha rPeLlKaTa ce NPOEKTUPA YATPA-TECEH KOMMO3UTEH MMMYAC. YATPa-



LWNPOKONIEHTOBUA CPe MHTEpeCEH 3a YCKOpPABaHE OX/1aXXA4aHETO Ha CTPaHUYHATa IEHTA HaA
3a/10BEHUTE NOHU. Bb3MOXKHO € egHOBpPEMEHHO B'b36y)'K,Cl,aHe Ha MHOTO npexogu C no4vTu
eanHnUa BEPOATHOCT. ,£I,pyro npunoxeHme e B ONTUYHOTO U3NOMIMNBAHE HAa aTOMUN N MOJTIEKY/TU.

Fnasa 2.5 u3yyasa nopeguum ot KOMNO3UTHU UMNY/ICU KOUTO Cb3AaBaT NpeaBapuUTeNHO
3a4aAeHn pPoTauumu Ha CUCTEMA C ABe CbCTOAHUA Nog brba ,TeTa” Bbpxy cheparta Ha bnox.

Cb3gaBaHeToO Ha NOCNea0BaTENHOCTMUTE CTaBa NO aHANOTMYEH HaUYMH.

BepOFITHOCTTa 3a nNpexo4 Ha BCAKa KOMNO3UTHA nopegnua ce gasa OT NpocTa d)opN\yna, KOETO
NO3BONABA Aa Ce OUeHU TOYHOCTTA. PesyaTatuTe ca MHTEPECHWU 3a n3cnenBaHmA B KOUTO € OT
3HaYyeHMe CTOMHOCTTA Ha BEPOATHOCTTaA Ha npexoAa.

FnaBa 3 Ha AucepTaumnATa ONUCBA KaK TeXHUKaTa Ha KOMMO3UTHUTE MMNY/ICU, A0PA3BUTA C
¢a3OBMTe CKOKoOBe, BbBegeHun B Agnceptaumnata 3a cuctemu C ABe HUBa, MOXKe Aa ce n3nosi3sa
3a KOHTPOJ1 Ha CbCTOAHUA C pPa3/idHa nonysaauuma B CUCTEeMU C MHOTIO CbCTOAHUA.

POoKyCHT e Bbpxy PM3NYECKM 3HAUMMM CUCTEMM B KBAHTOBaTa MHPoOpmMaTUKa. B Ta3m rnasa ca
pasrnexga xmbpuaHa TEXHUKA KOATO KOMOMHMPA KOMMO3UTHUTE MMMNYJICU U CTUMY/INPAH
PamaHoB aguabateH npexog (STIRAP). Ta ce Hapuya B gucepTtaumata komrnosumeH STIRAP.

PasrnepaHu ca gBa cayyasn: pesoHaHceH STIRAP ¢ HyneB AETIOHUHI K

Hepe3oHaHceH STIRAP ¢ HeHyneB AETIOHMHI. BbnpeKkn 3HaUMMOTO pasnmume B MaTtemaTnKaTa
KOATO Ce M3M0/13Ba 06L0TO € Ye KOMNO3UTHUA STIRAP 3HAYMTENHO NPEBBb3X0XKAA €ANHUYHUSA
STIRAP no oTHOLIEHME Ha TOYHOCT 1 YyCTOMYMBOCT. Hanpumep ycToliumBea peanunsauma Ha
KBAaHTOBOTO OTpa*KeHWe Ha Xaycxonaep Uam BUCOKO TOYHU KOMMNO3UTHU KBAHTOBM remToBe Ha
PamaHoBM KOOUTH.

naBsa 4. EKcnepumeHTanHa AeMOHCTPaLMA Ha KOMMO3UTHM MMMNY/ICU HA KBAaHTOBU KOMMIOTPU
Ha IBM. B Ta3u rnasa ca npeacTtaBeHN eKCcnepumeHTa HU TeCTOBE Ha Pas3/IM4HU KOMMNO3UTHHU
UMnynacHu nopeanun. M3nonseart ce npouecopu Ha IBM 6a3npaHm Ha CBPbXNPOBOAHMKOBMU
KlobuTtn. LlenTa e ga ce peannsnpa UMNyACeEH KOHTPOA Ha Kiobuta. ABTopuTe Noaydyasat
npodunuTe Ha Bb3OYKAaHE Ha ro/IAMO pa3Hoobpasre OT KOMMO3UTHU umnyacu. Tosa ce
peannsmpa Kato nNosiy4asBaT 4OCTbN 40 Xapayepa Ha IBM Quantum. BbB BCMYKM eKCNEPUMEHTH
ce NnosyyaBa CbOTBETCTBME MENKAY TEOPETUYHUTE U EKCMEPUMEHTANIHUTE pe3ynTaTun (npoduan
Ha Bb3Oy}KaaHe).

FnaBa 5. HeepmUTOB KBAaHTOB KOHTPOA.

HeepmuTtoBaTa du3MKa € HOBOBB3HUKBALLA 061aCT Ha dM3MKaTa KOATO ce npecrya ¢ GM3nKa Ha
KOHAEH3MpaHaTa MaTepusa, C KBaHTOBaTa GM3MKA, C aTOMHATa M MONEKYyNApPHATa GU3NKa U C
onTuKaTa. Ta gaBa TeopeTUYHa pamMKa 3a OTBOPEHU CUCTEMM, KOUTO B3aMMOAENCTBAT C TAXHATA
OKO/IHA cpefa U NpeTbpnABaT HEYHUTapHa eBoNOLMA. Tasn pamKa BKIOYBA MaTeMaTUYECKU
CTPYKTYpPU, KaTO Hanpumep KOMNAEKCHU COBCTBEHU CTOMHOCTU, U3KAOUUTENTHU TOUKU U



HeopTOroHanHW cobCcTBEHM BEKTOPU, DYHAAMEHTANIHO PA3/IMYHU OT EPMUTOBUTE TEOPUMU.
BaykeH pesynTaT nonyumxa beHpep u bbotuep. Te noKasaxa, 4e HAKOW HEEPMUTOBM
XaMUNTOHWAHM MOTaT A4a UMAT HaMb/IHO PeasiHU CNEKTPU, aKO NPUTEIKABAT CUMETPUA Ha
yeTHocT-Bpeme (PT). ToBa 3acuin MHTEpeca KbM Te3n TEOPUM.

LleHTpanHa Tema Ha gucepTaumnATa e HeepPMUTOB NPAK NbT KbM aanabaTHOCT. [NOKa3aHo e, Ye
A06aBAHETO Ha NOAXOASALL UMArMHEPEH YleH KbM XaMUATOHMAHa No3Bo/ABa nepdeKTeH
npexos Ha 3aCeneHocCT C NPOM3BOJIHA CKOPOCT, AOKATO KOHBEHLMOHANHUAT aanabaTeH npexos
n3ncKBa baBHa eBONOLMSA, 33 Aa Ce M3berHaT rpeLuKu.

B Ta3u rnaea AMCeEpPTaHTA € AEMOHCTPMPA AaHAZIMTUYHW PELLEeHNUsA 3a CNeunaneH Tmn
ncesAoepmuToBo 0606LLeHe Ha MOAeNM C ABe HUBA: MoAen Ha JlaHgay-3eHep n mogen Ha
AnbH-E6bpanN.

PasrnenaHu ca HAKONKO MPUIOMKEHUSA, @ UMEHHO BbB Bb/IHOBOAHA ONTUKA M reHepaums Ha
CymMapHa yecrorTa.

Fnasa 6 KBaHTOB KOHTPOA B XMpanHu monekynu. XupasiHume MoJsieKysu ca
cmepeoxumu4yHU CMpyKmypu, Koumo He mo2am 0a 6v0am HAM0HEHU 8bPXY CB0A
oznedaneH obpa3, Nno0obHo Ha naeama u 8acHama pvKa. Te cowecmaysam nod gpopmama
Ha 0eolika o2nedanHu usomepu, HapeyeHU eHaHMuUomMepu, Koumo uMmam eOHaKeU pu3UYHU
csolicmea, HO pa3anu4yHo e3aumodeiicmeaue ¢ NoAAPU3UPAHA c8eMaAUHA U 6U0A02UYHU
cucmemu.

Mopeanua oT TpM KOMMNO3UTHU UMNYACa pa3paboTeHa No-rope, ynpasaABally KBaHTOBA
CUCTEMa C TPU CbCTOSIHMA B 3aTBOPEH KOHTYP, Ce Npuaara B Mbpeua noaxoa, (6.2) 3a xmpanHo
pasaensHe Ha MOIEeKY/1a U e AEMOHCTPUPAHO YCTOMYMBOTO Pasinume Mexay eHaHTUOMEpPHU.

BTropusa noaxogs (6.3), KoiTo M3non3sa PamaHoOBKM MMNycK, U3NON3Ba ABa MeToAa. B eguHuAat
OT TAX Ce CNeABaT TPU CTbMNKKU Ha B3aMMOAENCTBUE: eguHMYEH MMNYAC, PaMaHOB MMNYAC U owe
eauH eANHUYEH nmnync. Apyruat meToa, U3non3ea NocaeAoBaTeIHOCT OT ABe
B3aMMOAENCTBUA: PaMaHOB MMMNY/C U eANHUYEH MMNYAC. [leMOHCTPUPA Ce ,4e UMMY/ICU C
¢dasoBa KomneHcaums 1 Takuea ¢ Gpasosa AedopmaLma MoraT Aa ce U3MNo/I3BaT, KaTo MbPBUAT e
No-TOYEH a BTOPMAT € No 6bps3.

PaboTtata 61 MMana 3HaYNTENHO NPaKTU4eCKO B'b3,£l,el7ICTBI/1€ BbB d)apMaKOJ'IOI'MFlTa n
MaTepPUaANO3HAHUNETO.

V. Hay4YHMAT NpMHOC Ha AMCepTaHTa.

B pa6OTVITe, KOUTO Ca NOCOYEHMN, 4He Ca OCHOBA Ha gnceptaunAaTa, AMCEePTAHTA € NOCTAaBEH Ha
NbpPBO MACTO. TOBa 03HayaBa ye TOM MMa 3HAYnUTENEH NPUHOC B TE3U pa6OTM.



VI. OueHKa Ha BbHLIHM aBTOPMW.

PaboTute KOMTO ca M3N0/I3BAHM B AUcepTaumaTa ca NnybaMKyBaHN B MHOFO PEHOMMPAHM
cnucanusa: Physical Review Letters (1), Physical Review Applied (1), Physical Revie Research (2),
Physical Review A (10), Journal of Physics B (1)

Te ca umtnpaHu 477 NbTW, KAaTO UMTATUTE Ca HE3aBUCUMM.
h-pakTop Ha ancepTaHTa e 15.

JaHHuTte no-rope noKaseBaTt BUCOKA HE3aBUCMMa OUEHKA Ha AUCEPTAHTA.

VII. JoKymeHTH
Ha meH He ca MM U3BECTHU npeagcraBeHn AOKYMEHTU pe3yntaTtuTe Aa Ca U3Noa3BaHU B MPAKTUKATA.

VIII. bBbaeLuo npuioxeHue

B TeKcTa no-rope ca NOCOYEHM MHOMO NPeaNoXKeHUA 3a NPUNOXKEHME HA NOJlyYeHUTe pe3yaTaTh, KaTo ca
NOCOYeHUN KOHKpPEeTHUTE obnacTu.

IX.ABTOpedepaTsbT

ABTopedepara e M3roTBeH CbIIaCHO U3UCKBAHUATA U MPaBU/IHO OTPa3saBa OCHOBHUTE NOJIOMKEHMWA U
Hay4YHWUTE NPUHOCK NPeaCTaBeHN B AUCepTaLMATA.

X. 3abenexkku

OcHoBHaTa MU 3abeneskka e, Yye B MHOTO OT C/lydanTe He e 0T6eNsA3aHOo B KOA CTaTMA OT CMIUCHKa e
obCcbKaaHMA B ancepTaumaTa matepuan. He ca otbenssaHu ctatTumrte B KOUTO ca Ny6/MKYBaHU HOBUTE
pesyntaTtu.

X|. CtaHoBMLLE
Cnep KaTo ce 3ano3Hax ¢ NpeACTaBeHMAT AMcepTauMoHeH Tpya, ABTopedepaT n gpyrute

matepuaan, n Bb3 OCHOBA Ha HamMnpaBeHUA aHA/IN3 Ha TAXHATA 3HAYMMOCT U CbAbpKalln Ce B
TAX HAYYHU N HAYYHO-NPUNOXKHUN NPUHOCH, AaBaM CBOATA NONOXKUTEJ/IHA OL,eHKa Ha

ANCepPTaLMOHHUA TPYA,. Bb3 OCHOBA Ha rOpensIoKeHOTO, NPENOPBYBAM HA HAYYHOTO Kypu A3

NPUCbAN HAayyHaTa CTEMNeH ,, A0KTOP Ha pU3nUYECKUTE HAYKN“ B npodecmoHaHO HanpasaeHne

Du3uyecKH HAYKH Ha Aou. A-p boaH ToHes Topocos.
08.05.2026
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I. Relevance

Research in quantum mechanics has achieved new results that have led to the development of
new technologies. The verification of these technologies is of particular importance for their
acceptance by society. Hence follows the relevance of developing the theory and applications of
quantum control.

The common thread in the dissertation is the development of control protocols distinguished by
precision, robustness, and applicability.

I1. Knowledge of the State of the Problem

The literature devoted to quantum physics and quantum technologies is enormous. In the
dissertation author demonstrates a very good knowledge of this literature through discussions of
previously obtained results and comparisons with the new results presented in the dissertation.

III.The dissertation mainly investigates theoretical models of
quantum control of various two-level systems and their
generalization to multilevel systems, with particular
attention given to quantum information processing.



Models with non-Hermitian Hamiltonians are considered, including investigations of non-
Hermitian shortcuts to adiabaticity. An important application of the results is the demonstration
of robust separation of chiral molecules.

I\V. Scientific Contributions

Chapter 2.1 — Theory of Composite Pulses

This chapter is introductory. Composite pulses replace a single pulse with a sequence of pulses
having selected relative phases. A sequence of NNN pulses, each with area Ak and phase ¢k,
creates a propagator equal to the product of the propagators of each individual pulse.

Chapter 2.2 - Composite Pulses for Two-Level Systems

This chapter discusses composite pulses for two-level systems. The novelty lies in considering a
model in which a phase jump is introduced as a new control parameter.

Traditional control parameters are pulse area, static detuning, and frequency modulation. The
dissertation demonstrates that the transition probability can be controlled through a phase jump
in the transition amplitude.

Initially, exactly solvable models with known solutions are considered. These are modified by
introducing a phase shift. Important differences in the solutions are observed. For example, in the
adiabatic limit, the transition probability for zero phase shift is 0 for the Rosen—Zener (RZ)
model, 1 for the Allen—Eberly (AE) model, and 0.5 for the Bambini—-Berman (BB) model. For a
phase shift ==mn/2, the probability becomes 1 for the RZ model, 0 for the AE model, and 0.5 for
the BB model.

In conclusion, the exact solutions demonstrate that the phase jump can be used as an effective
control parameter in quantum-state preparation.

Section 2.2.4 discusses the possibility of optimizing adiabatic transfer. The proposed method
uses a composite sequence of pulses — composite adiabatic passage (CAP). In this way, higher
precision is achieved, since the sequences can be made exact to arbitrary order given a sufficient
number of constituent pulses.

The conclusion is that the CAP technique is a highly suitable tool for high-precision quantum
information processing.

Chapter 2.3 — Smooth Composite Pulses

Existing methods for creating composite pulses lead to pulses with rectangular time dependence.
The goal here is to create composite pulses with arbitrary smooth temporal profiles.



The method proposed in the dissertation uses the SU(2) representation of the propagator of a
two-level system instead of the more commonly used SU(3) representation.

In summary, a general method has been developed for designing various composite pulses with
smooth time dependence. This allows laser pulses that cannot be rectangular to be used for
quantum control.

Chapter 2.4 — Composite Pulses for Ultra-Broadband and Ultra-Narrowband
Excitation

This chapter considers ultra-broadband composite pulses, which, at the expense of finite error
tolerance, cover a maximal pulse area. Using the same error-tolerance approach, an ultra-narrow
composite pulse is designed.

The ultra-broadband composite pulse is of interest for accelerating sideband cooling of trapped
ions. Simultaneous excitation of many transitions with nearly unit probability becomes possible.
Another application is optical pumping of atoms and molecules.

Chapter 2.5

This chapter studies sequences of composite pulses that create predefined rotations of a two-state
system by an angle 6 on the Bloch sphere.

The sequences are generated in an analogous way. The transition probability for each composite
sequence is given by a simple formula, allowing the precision to be evaluated.

These results are important for studies where the exact value of the transition probability is
significant.

Chapter 3

Chapter 3 describes how the composite-pulse technique, further developed using the phase jumps
introduced in the dissertation for two-level systems, can be used to control states with different
populations in multistate systems.

The focus is on physically significant systems in quantum informatics. A hybrid technique
combining composite pulses and stimulated Raman adiabatic passage (STIRAP) is considered.
This technique is referred to in the dissertation as composite STIRAP.

Two cases are considered: resonant STIRAP with zero detuning and nonresonant STIRAP with
nonzero detuning.

Despite significant differences in the mathematics employed, the common conclusion is that
composite STIRAP significantly outperforms single STIRAP in terms of precision and



robustness. Examples include robust implementation of the Householder quantum reflection and
highly accurate composite quantum gates for Raman qubits.

Chapter 4 — Experimental Demonstration of Composite
Pulses on IBM Quantum Computers

This chapter presents experimental tests of various composite pulse sequences using IBM
processors based on superconducting qubits.

The goal is to realize pulse control of the qubit. The authors obtain excitation profiles for a wide
variety of composite pulses. This is achieved through access to IBM Quantum hardware.

In all experiments, agreement is obtained between theoretical and experimental results
(excitation profiles).

Chapter 5 — Non-Hermitian Quantum Control

Non-Hermitian physics is an emerging field intersecting condensed matter physics, quantum
physics, atomic and molecular physics, and optics. It provides a theoretical framework for open
systems interacting with their environment and undergoing nonunitary evolution.

This framework includes mathematical structures such as complex eigenvalues, exceptional
points, and nonorthogonal eigenvectors, fundamentally different from Hermitian theories.

An important result was obtained by Bender and Boettcher, who showed that some non-
Hermitian Hamiltonians may possess entirely real spectra if they exhibit parity-time (PT)
symmetry. This significantly increased interest in these theories.

A central topic of the dissertation is the non-Hermitian shortcut to adiabaticity. It is shown that
adding an appropriate imaginary term to the Hamiltonian enables perfect population transfer at

arbitrary speed, whereas conventional adiabatic transfer requires slow evolution to avoid errors.

The dissertation presents analytical solutions for a special type of pseudo-Hermitian
generalization of two-level models: the Landau—Zener model and the Allen—Eberly model.

Several applications are discussed, including waveguide optics and sum-frequency generation.

Chapter 6 — Quantum Control in Chiral Molecules

Chiral molecules are stereochemical structures that cannot be superimposed on their mirror
image, similarly to the left and right hand. They exist as pairs of mirror isomers called



enantiomers, which possess identical physical properties but interact differently with polarized
light and biological systems.

A sequence of three composite pulses developed earlier for controlling a three-state quantum
system in a closed loop is applied in the first approach (6.2) for chiral molecular separation,
demonstrating robust discrimination between enantiomers.

The second approach (6.3), using Raman pulses, employs two methods. One follows three
interaction steps: a single pulse, a Raman pulse, and another single pulse. The other method uses

a sequence of two interactions: a Raman pulse and a single pulse.

It is demonstrated that phase-compensated pulses and phase-distorted pulses can both be used,
with the former being more accurate and the latter faster.

This work could have significant practical impact in pharmacology and materials science.

V. Scientific Contribution of the Dissertation Author

In the works serving as the basis of the dissertation, the dissertation author is listed first. This
indicates a significant contribution to these works.

VI. Evaluation by External Authors

The works used in the dissertation have been published in highly prestigious journals:
e Physical Review Letters (1)
e Physical Review Applied (1)
e Physical Review Research (2)
e Physical Review A (10)
e Journal of Physics B (1)
They have been cited 477 times, with the citations being independent.

The dissertation author’s h-index is 15.

These data demonstrate a high independent evaluation of the dissertation author’s work.

XI. Opinion

After reviewing the submitted dissertation, abstract, and accompanying materials, and based on
the analysis of their significance and the scientific and applied-scientific contributions contained
therein, I give my positive evaluation of the dissertation.



Based on the above, I recommend that the scientific jury award the academic degree “Doctor of
Physical Sciences” in the professional field of Physical Sciences to Assoc. Prof. Dr. Boyan Tonev
Torosov.

08.05.2026

Reviewer:
Assoc. Prof. Dr. Naoum Ivanov Karchev



