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Ha qupexkTopa Ha UD®TT — BAH

OTHOCHO IMcCepTalMOHEH TPY/l 32 IPUCHKAAHE HA HAy4YHATa CTENEH ,,JOKTOpP Ha HayKuTe  Ha Joll. A-p bosH
Tones TopocoB B npodecnonanno HampasiaeHue 4.1. @u3nvecku HayKu, HAyYHa CIIELHATHOCT ,,JlazepHa
¢uzuka, pusnKa Ha aTOMHUTE, MOJIEKYJIUTE U IJ1a3Marta U (pu3rKa Ha BHJIHOBUTE MPOLIECH ’, HA TeMa ,, KBaHTOB
KOHTPOJI C TIPWJIOKEHHUS B KBaHTOBUTE TexHosoruu “* (,,Quantum Control with Applications to Quantum
Technologies®).

1. AKTyasHOCT Ha pa3pa0oTBaHUs B AUCEPTALMOHHMSA TPy NMpoodjeM.

TemaTukaTa Ha TUCEpTAIMATA € U3KIIOUUTEITHO aKTyalHa ¥ € CBbpP3aHa C €Ha OT Hall-WHTEH3UBHO
pa3BUBAILUTE c€ OOJIACTH HA ChBPEeMEHHaTa (PU3MKa — KBAHTOBHUS KOHTPOJI ¥ IPHIIOKEHHUTa My B KBAaHTOBUTE
TEXHOJIOTUH U KBaHTOBaTa 00paboTka Ha nHpopManus. PazpaboTBaHeTO Ha yCTOMYMBY METOHU 32
BHCOKOTOUYCH KOHTPOJI Ha KBAHTOBH CHCTOSIHUS € OT CHIECTBEHO 3HAYCHHUE 32 PEeaTn3aliiITa Ha HaJJeKIHU
KBaHTOBHU KOMITIOTPH ¥ KBAHTOBHU YCTPOHCTBA.

2. ITo3HaBa Jin KAHAWAATHT CHCTOSTHUETO HA NpodJaema?

KanaunaTsT € yTBbp/ICH CIIEHUAINCT B 00JaCTTa HA KBAHTOBHS KOHTPOJ M KBAHTOBATA OINTHKA. TOBA SICHO
JIMYU KaKTO OT JUCEPTALMOHHUS TPY/, TaKa M OT IyOJIMKYBaHUTE Pe3yITaTH BbB BOACLIN MEXKIyHAPOIHH
cnicanus. JlureparypHusT 0030p € MHOTO 100pe CTPYKTYpHpaH U NOKa3Ba 3aIbJIO0YCHO IT03HABAHE Ha
CBbBPEMEHHOTO ChCTOSIHUE Ha MpoleMa.

3. U30panaTa MeToaAMKA MOKe JIM /1a 1aJie OTTOBOP HA MOCTABEHHUTE eI U 3a1a49u?

B AUCCPTaluATa Ca U3IOJI3BAHN CbBPCMCHHH aHAJIMTUYHHU U YUCJICHU MCTO/JIU 3a OINMMCAHUC HA JTUHAMUKATA Ha
KBaHTOBH CHCTeMH. M3mon3BaHuTe IoAX04HU Ca aICKBATHH Ha ITIOCTABCHUTC 3aa4d U I103BOJIABAT
MOJIy4aBaHCTO HA OPUTHUHAIHU U HAACKIHU PC3YyJITATU. Oco0eHo BreYaTICHUE npaBu KOMGI/IHaI_[I/I}ITa MCKOY
AHAJIMTUYHU PCUHICHUA, YUCIICHU CUMYJIALIUA U NIPUIJIOKCHHUA KbM PCaJIHU KBAHTOBU IIPOLICCOPH.

4. KpaTka aHAINTHYHA XapAKTEPUCTHKA HA HAYYHUTEe NPUHOCH B THCEPTALMATA.

[IpencraBeHUAT AMCEPTAIIIOHEH TPY/I € HAMICAH HA aHTJUICKHU €3UK U € B 00eM oT 166 ctpanunm. Tpyast e
CTPYKTypHUpPaH B CEJIEM IJIaBH U ChAbPKA CUCTEMATHYHO M3JIOKCHHUE HA U3CJIEIBAHUATA HA aBTOpa B 00JIacTTa
Ha KOXEPEHTHHsI KBAHTOB KOHTPOJI, KOMITIO3UTHUTE UMITYJICH, aIMa0aTHHH MIPOLIECH U MPUIIOKECHHUATA UM B
KBAHTOBUTE TEXHOJOTUU U KBAHTOBUTE KOMITIOTPH.

OcCHOBHUTE HayYHH MPUHOCH Ha AUCEPTAIMOHHUS TPy MOTaT J1a ObaaT 000OIIECHU B CIICTHUTE HAPABIICHUS

e Pa3paboTBaHe Ha HOBM METOIH 32 BUCOKOTOUEH KOXCPCHTEH KBAHTOB KOHTPOJI Ype3 KOMIIO3UTHU MUMITYJICH.

L] C’bSI[aBaHe Ha aHAJIMTUYHU U YUCJICHU MCTOIHU 3a peaHI/I3I/IpaH€ Ha YCTOI>'I‘{I/IBH KBAHTOBHA Hpexozm B
CUCTEMH C JIBEC, TP U MHOTO HHBA.

e BoBexIaHe HA HOBU CXEMH 32 KOMITO3UTECH aIHa0aTeH MPEX0J U YCTOMYNBHA KBAHTOBH JIOTHYCCKH
oreparuu.



e [lonmyyaBaHe Ha OpUTHHAIIHU PE3YITATH B 00JaCTTa HA HEEPMUTOBUTE KBAHTOBH CHCTEMH U ChKpaTeHa
annabaTuka (shortcuts to adiabaticity).

e ExcrepuMeHTaIHa IEMOHCTpAIUs Ha pa3paboTeHuTe MeToau BepXy IBM quantum processors.

o [Ipunoxenus Ha pa3pabOTEHUTE TEXHUKH KbM KBAaHTOBH TEXHOJIOTHH, KBAHTOBU AJITOPUTMHU M KBAHTOBA
o0paboTka Ha HH(MOpPMAITHSI.

Pesynrarure ca opurnHaiHu, akTyaJlHU U MyOJIUKYBAaHU B IPECTHKHU MEXKYHAPOIHU CIICAHMUS.

5. Jlo kakBa cTeneH IMCePTALMOHHUSAT TPy U IPHHOCUTE €A JTUYHO JAeJ10 HA KaHauaara?

Ot npeacraBeHUTE MaTEPUAIIH SICHO CE BIDKJIA BOJEIIATa POJIs HA KaHAKWaTa IIPY M0Jy4aBaHETO HA HAYYHUTE
pesyaTaru. B 3HaunTenHa yact ot myouukanuute A01. 1-p bosH TopocoB e mbpBH aBTOp, a B IOBEYETO CIy4yau
€ U KOPeCHOHIHNpAIll aBTOP, KOETO € yOeAUTEIHO JOKA3aTeJICTBO 3a HETOBUS ChIIECTBEH JIM4eH npuHoc. [Topaau
TOBA HAMAaM CbMHEHHS OTHOCHO JIMYHOTO YYacTHE U BOJELIATa PO HA KaHIMUIaTa B IIPEACTABEHUTE
U3CIIEIBAHMS.

6. [Ipenenka Ha MyOJIUKAIUMTE MO JUCEPTANUOHHUSA TPY/.

HucepranusTa e 6a3upana Ha 15 nmyOnuKanuu B MeXIyHApOJHH pedepupanu crimcanus, Mexxay kouto Physical
Review Letters, Physical Review Applied, Physical Review Research, Physical Review A u Journal of Physics
B. O6ummst umnakt akrop Ha myOaukanuuTe € 52, a He3aBUCUMUTE nuTupanus ca 477. IlpencraBenure
nyOIMKAllMU HAITBJIHO YIOBJIETBOPSBAT U 3HAYUTEITHO HAJXBBPIISAT MUHUMATHUTE HAIIMOHAIHU U3UCKBAHUS U
m3uckpanusata Ha UOTT — BAH 3a mpunoOnBane Ha Hay4YHaTa CTETEH ,,JIOKTOP Ha HAYKUTE .

7. Kputu4Hu 0es1e:KKH.
HsiMaM chinecTBeHN KPUTHYHU OCNIEKKU KbM MPECTABCHUS TPY/I.

8. ABTOpedepaTbT NPABUJIHO JIM OTPA3SIBA OCHOBHUTE MOJIOKEHHUSI M HAYYHUTE NIPUHOCH HA
AUCEPTALMOHHUSA TPYA?

ABTopedepaTbT € U3rOTBEH KOPEKTHO U OTpa3siBa TOUHO OCHOBHUTE PE3yJITaTH U HAyUYHUTE MPUHOCH Ha
IUCEePTALUOHHUS TPY.

9. Ipyru Bbnpocu.

 KakBu ca orpannyeHusTa Ha pa3pabOTeHUTE KOMIIO3UTHU UMITYJICHU CXEMU IIPU HAIMYKE Ha PEATUCTUYHH
ITYMOBH MOJIEJIM B ChBPEMEHHHUTE CBPBXITPOBOASAIIN KBAHTOBU IPOIIECOpH, Haripumep 1/f nryMm u BpeMeHHU
¢baykTyanuu Ha yectoTaTa?

* Jlo xakBa CTeneH MPeaIOKEHUTE METOIU 32 YCTOMYMB KBAHTOB KOHTPOJI MOTAT Jla Ob/IaT MallaOupaHu KbM
MHOT'0-KYOUTOBH CUCTEMHU M KaKBU Ca OCHOBHUTE MPEIN3BUKATEIICTBA MPHU MTOA00HO Marmadupane?

* B nucepranusita ca pasrieqanu HeepMUuHU shortcuts to adiabaticity. ChlecTByBar 1M CIIOpE]] aBTOPa
eKCTIEPUMEHTAIHO PEUTMCTUYHN Peau3aliy Ha Te31 MOAXO0N B IIIaT()OPMH U3BBH ONTHYHUTE CUCTEMH?

* Bp3M0OKHO 11 € pa3paboTEeHUTE TEXHUKH 32 KOMIIO3UTEH KOHTPOJ J1a HAMEPST MPUTI0KEHUE B KBAHTOBATA
KOPEKIIHS Ha TPEIIKU?

10. 3akarouyenue



JlycepTallMOHHUAT TPy U MyOJMKaMUTE OTTOBAPAT HA M3MCKBAHUATA HA 3aKOHA 3a pa3BUTHE HA aKaJeMUYHUS
chcTaB B PenyOnuka benrapus, [IpaBunnuka 3a npunoxenue Ha 3PACPD u [IpaBunnuka 3a npuioxeHue Ha
3aKOHA W JONBIHUTEIHNUTE NTpaBuiia U u3nckBanus Ha UOTT-BAH. ABropedeparst n qucepranusita
MNpEACTABAT SAICHO U NMPCTIICAHO PE3YJITATUTC U IPUHOCUTC HA KaHAUJAAaTa.

VYbeneHo naBaM cBosiTa MOJIOKUTENHA OLIEHKA 33 JUCEPTALMOHHUS TPyl U IPENOPBHYBAM HA yBaKaeMOTO
Hayuno xxypu aa npucsau Ha no1. 1-p bosH ToneB TopocoB HayuHaTa cTeleH ,,JOKTOp Ha HAyKUTe
npodecroHanHo Hanpasienue 4.1. ,,duzndyeckn HayKu', Hay4Ha CIIEUAIHOCT ,,JIazepHa ¢pusuka, pusnka Ha
aTOMHTE, MOJIEKYJIMTE U Ia3Mara U (pU3MKa Ha BHJIIHOBHUTE IPOLIECH .

Codwus, 23 Maii 2026 1.
M3roTBmi cTaHOBUIIIETO:

/nou. n¢3n AH0H AHresioB Panresios/



REPORT

by Assoc. Prof. Andon Angelov Rangelov, DSc, PhD,
Sofia University “St. Kliment Ohridski”
Member of the Scientific Jury appointed by Order No. RD-09-32/31.03.2026
of the Director of ISSP-BAS

Regarding a dissertation thesis submitted for the acquisition of the scientific degree “Doctor of
Sciences” Author of the dissertation thesis: Assoc. Prof. Boyan Tonev Torosov, PhD. Title of the
dissertation thesis: “Quantum Control with Applications to Quantum Technologies”

1. Relevance of the problem investigated in the dissertation thesis.

The topic of the dissertation is highly relevant and is related to one of the most rapidly developing
areas of modern physics — quantum control and its applications in quantum technologies and
quantum information processing.

2. Is the candidate acquainted with the state of the art in the field?
The candidate is an established specialist in the field of quantum control and quantum optics.

3. Does the methodology used provide an answer to the goals and objectives of the
dissertation thesis?

The dissertation employs modern analytical and numerical methods for describing the dynamics of
quantum systems.

4. Brief analytical characterization of the scientific contributions of the dissertation thesis.

The main scientific contributions can be summarized as follows:

- Development of new methods for high-fidelity coherent quantum control using composite pulses.
- Creation of analytical and numerical methods for robust quantum transitions in two-, three-, and
multi-level systems.

- Introduction of new schemes for composite adiabatic passage and robust quantum logical
operations.

- Original results in non-Hermitian quantum systems and shortcuts to adiabaticity.

- Experimental demonstration on IBM quantum processors.

5. To what extent are the dissertation thesis and contributions a personal work of the
candidate?

The materials clearly demonstrate the leading role of the candidate in obtaining the scientific



results.
6. Evaluation of the publications related to the dissertation thesis.

The dissertation is based on 15 publications in international peer-reviewed journals. The total
impact factor is 52 and the number of independent citations is 477.

7. Critical remarks.
[ have no substantial critical remarks regarding the presented work.

8. Does the abstract correctly reflect the main statements and scientific contributions of the
dissertation thesis?

The abstract accurately reflects the scientific contributions of the dissertation.
9. Other questions.

- What are the limitations of the developed composite pulse schemes in the presence of realistic
noise models?

- To what extent can the proposed methods be scaled to multi-qubit systems?

- Are there experimentally realistic implementations of shortcuts to adiabaticity outside optical
systems?

- Can the developed techniques find applications in quantum error correction?

10. Conclusion.

The dissertation thesis and related documents submitted by Assoc. Prof. Boyan Tonev Torosov,
PhD, meet all the requirements of the Development of Academic Staff in the Republic of Bulgaria
Act, the Regulations for its implementation, as well as the additional BAS and ISSP-BAS rules and
requirements. The abstract and the dissertation clearly and concisely present the results and
scientific contributions of the candidate.

Based on the above considerations, I give my positive evaluation and support the award of the
scientific degree “Doctor of Sciences” to Assoc. Prof. Boyan Tonev Torosov, PhD, in the professional
field 4.1. “Physical Sciences”, specialty “Laser Physics, Physics of Atoms, Molecules and Plasma, and
Physics of Wave Processes”.

Sofia, May 23, 2026
/Assoc. Prof. Andon Angelov Rangelov, DSc/



