CTAHOBMIE

Or unen Ha Hayuno Xypmum Kupun Bopmcor Bnaroee, noésm npobecop
(UPTT, neHCHUOHEP)

Ba IOMcepTalMOHEeH TPyn 3a npmimobmMBaHe Ha HaydYHaTa CTeneH
~OOKTOP Ha Haykure"“

ABTOP Ha AucepTauMoHmusi Tpyn: Bosih ToHeB TopocCoOB, MOOKTOP,

noueHT B USTT - BAH

TeMa Ha AMCepTauUMOHHMSI TPyA: KBaHTOB KOHTPOJ C

IIPUIIOXKEHNYI B KBAHTOBUTE TEeXHOJIOI'MM

1. IucepTauuoHMAT TPyHO Ha nou. B. TOpoCOB & WM3JIOXeH Ha 166 cTp.;
pas3npeneyieH € Ha / TITJaBM, BKJIKOUMTEJIHO BbBEIOEeHMEe U 3aKJIoUeHME.
COMCBKBT C LUUTHUPAaHa JmMTepaTypa cbObpxa 183 umrtupadu paboTu, KOUTO
obxBamaT UMTHMPaHMsa Ha OCHOBoOIoJlaraTelmuTe kaTo JaHmay, MoMopaHa
Pabu, PoseH u lleHep 100 cCcvBpeMeHHUTe paboTu. IlIpeobnamapamaTa dYacT
OT UUTUPAHUTE JIMTEepPaTypHM MI3TOUHMLM ca cjen 1990 r. Tora wmaocTpupa
Baﬂ"bJ'I@OquO MHTEepIlipeTHpaHe Ha HaJIMYHUTE JINTEepaTyprHn MI3ITOUHMLIM U
[I03HaBaHe B OBJIOOUMHA Ha TpeTupaHuTe npobjeMmu. Jucepraumusara e

HalMcaHa Ha aHTJIMMCKUM e€3UK UM MMa TEeOPpeTHUUeH XapaKTep.

2. PazspaboTBaHMTE B IOUCEPTALUMOHMSA TpPyn OpoOJeMy Ce OTHACAT KBM
KBAHTOBaTa OINTKKA €eIOHO MOINEPHO HallpaBJIEHME Ha aToMHAaTa Ou3uka.
KoHTpoONMpaHOTO yNOpaBJIEHME Ha AaTOMHMTE CHUCTEMM I[I03BOJIIBA Ja Ce
pemaT pemuila 3amaduy B 00JlaCTTa Ha KBAHTOBMTE KOMIIOTPU, KPUITUPAHE
M I[OpeHoC Ha uHOoOpMaumMa ¥ OpyI'M HalpaBJIeHMA C M3I0JI3BaHEe Ha
KOHTPOJIMPAaHM aTOMHM CHUCTeMM. PemeHuTe B IJMcepTauuaTa 3aladu
[I0O3BOJIABAT Ja Ce YIPaeBJjgBaT KBAHTOBUTE CUCTEMM C I[IO-HATATBIHO
IpUJIOXeHVe B pas3padoTkaTa Ha KBAHTOBUTE KOMIIOTPH.

3. PaspaboTBaHMTE B OUCEePTaALMATa 3aladyM NpenjaraT HOBM UM Pa3BUBAT
M3BECTHUTE B JIMTEpaTypaTa MOOEJM U  TEOPETUYHM  U3CJIeOBaHUS.
MeTonuTe Ha n3CJenBaHe, MBIIOJI3BAHU B OMCEepPTalUMOHHUA TPy
IIO3BOJIABAT Ia CE& IIOCTUI'HAT BaJIOKEHUTE LEJIN.

4. KpaTka aHaJIUTHMUHA XapaKTepucTuKa Ha HaydyHUTe U/WUIM  HaydHO-

IIPMIIOXHNTE IIPMHOCHK Ha IOMCePTalUMOHHMA TPpyO.



B 1nucepraumdara ce nOpemjlara HOB MeTOI 3a Cbhb3OaBaHe Ha KOMIIO3UTHU
VMMIIYyJICM C pa3jnyHa oO¢opMa B T.dU. UIMPOKOJIEHTOBM M TSACHO JIEHTOBU
KOMIIOBUTHM UMIYJICM KaTO YCTOMUMB MHCTPYMEHT 3a MaHMIyJIMpaHe Ha
aTOMHM CHCTEMM C IOBe HMBa. Tasu TexHUKA € pasuMpeHa 3a CHucTeMa C
TPM U I[IOBede HMBa 3a CTUMyJMpPaH paMaHoB ammabaTeH Opexon U
YCTOMUMBM PaMaHOBM KyOuUTH. I[IpensioxeHO € YCTOMUMBO OTpaxXeHUe Ha
Xaycxonmep, KOeTO MMa WMPOKO IMIPUIIOXEHMEe B KAaHTOBUTE KOMIIOTPHA.
[IpoBeneHUAT UYMCIJIOB E€KCIEPMMEHT IEeMOHCTPpMpa MHOI'O HoOpo CchIvlacue Ha
TeopMsaTa M EKCIEePMMEHTAaJIHUTE pel3yJTaTu. PasTjiexmaHuaTa Cca pasBUTHU
3a HEeepMUMTOB KBAHTOB KOHTPOJ Ha CHUCTeMa OT HOBe U TpM HMUBA.
[IpennoxeHUTe MOIeJM 3a KBAHTOB KOHTPOJI Ca IIPUIIOKEHM KbM XepaJjiHO
pa3mesigHe Ha MOJIEeKYyJIU.

5. Paborture Ha pou. B. ToOpoCOB Cca B CBHABTOPCTBO, HO HECHBMHEHO TOMU
¥Ma BOIell M 3HAUMTEeJIeH NPMHOC B TAX, a IUCEPTALUMOHHUSA TPyID € JIMYHO
meso Ha pou. B. TopocoB, He cvM 3abeng3an OpM3HALM Ha OJIarMaTCTBO
B INPEenJIOXEHUTE MaTepHuasl.

6. JucepTaluMOHMAT TPYLD € ul3TpaleH BBPXY 15 HayudyHu nyoamMKauuMu, OT
xouTo 11 He ca BJIOYEHM B I[OpeIMuHM Opolenypu. CTraTtumre ca
OTIIeYaTaHM BBB BUCOKOPEMTMHIOBM cnmcaHua - 10 or nybamMkauumTe ca B
Phys. Rev. A; 2 paboTtu ca orneuaTaHu B Phys. Rev. Research; m mo 1
patora B J. Phys. B, Phys. Rev. Lett., Phys. Rev. Applied.
IurtupaHusaTa OT IPpyTM aBTOpM Ha Te3u pabotu ca 477. HaykoMeTpUUHUTE
ODaHHY Ha aBTOpa HAIOXBBPJAT HALMOHAJIHUTE WM3MCKBAHMA, KAKTO M  3PAC-
BAH m m3uckBaHuATa Ha UOTT.

7. Kparxa mpopMalMsa 3a LAJIOCTHATA HaydHa NPOOYKLMS.

Joir. B. TopocoB e nyobJamMkKyBaJ B CBABTOPCTBO 39 paboTu 3Ba nepmona
2007 . mo 2028 1r. BBB BUCOKOPEMTUMHIOBM CIMCAHMUHA, OT KOUTO 27
paborr B Phys. Rev. A m 3 paborm B Phys. Rev. Lett. Paborure My ca
UuTUpaHu obmo 892 neTM OT IOpyrm aBTopu M h - odaxkTopmT e 16.
PesynTaTuTe OT HaydHUTEe MICJeIBaHMS Cca JOKJaZBaHM Ha pedula
MEXOYHAPOOHM KOHQepeHUIMM KaTo Cca Mu3HeceHM noeede otT 20 yCTHHU
ooxJjlama ¥ 5 [NokaHeHM »nokJjiama. Cren npunobmMBaHe Ha akageMuuHaTa
OJIBXHOCT ,OoueHT" npe3 2016 r. Jou. TopocoB e nybiukyBajsl 18 HayuHU
nybnukauum. llocyenHaTa paboTa, HEBKJIUEHa B CIOMCBKA C OyOamMkKauum,
e KOHIeNnTyaJlHaTa cratus How to Build a Quantum Supercomputer:

Scaling from Hundreds to Millions of Qubits



(https://arxiv.org/pdf/2411.10406) oT TOJAM AaBTOPCKM KOJIEKTMB U C
yuacTmeTo Ha HobemoBus jaypeatT 3a 2026 r. J. Martinis.

8. Hamam xpuTuuHM 3abeJIeXKy UM IOMBJIHUTEJIHM BBIPOCH.

9. ABTOpedepaTn T OTPpal3gBa CHOBLPXAHMETO ¥ OCHOBHMTE MPUMHOCU Ha
OVCEePTALUUMOHHUS TPYD

10. B 3aKJIUEeHne, VIMaviKm npenBmm pes3yaTaTmuTe IOJIyYEeHU B
O/ CepTaLuMOHUSI TPy O, HAYKOMETPUUHUTE OAaHHU, KOUTO HAIXBBPRJAT
U3UCKYyeMMTe OT NpaBuUJIHMKA Ha MWMOTT, wms3uckepaHuaTa Ha BAH m 3PAC
maBaM IIOJIOXMTEJIHA OlleHKa 23a I[IPeICTaBeHusS OMCepTauMOHEeH TPpyOo U
IpenopsYBaM Ha HAYYHOTO XypM Ja OPMUCBHIM Ha JOl. IJOKTOp BbosaH ToHeB

TopoOCOBR HaydHaTa CTeleH ,OOKTOpP Ha (umsmueckmre HaAyKmn"“

ODaTa 31.05.20261. N3TOTBUIT:

npod. x. Braroes



REVIEW

by member of the Scientific Jury Kiril Borisov Blagoev, PhD, Professor (IFTT, retired).
on dissertation work for the degree of "Doctor of Science"

Author of the dissertation: Boyan Tonev Torosov, PhD, Associate Professor at IFTT — BAS
Topic of the dissertation work: Quantum control with applications in quantum technologies

1. Dessertation work of Assoc. Prof. B. Torosov is presented on 166 pages; it is divided into 7
chapters, including an introduction and a conclusion. The list of cited literature contains 183 cited
works, which include citations of the founders such as Landau, Majorana Rabi, Rosen and Zener to
contemporary works. The predominant part of the cited literary sources are after 1990. This
illustrates a thorough interpretation of the available literary sources and in-depth knowledge of the

problems treated. The dissertation is written in English and is of a theoretical nature.

2. The problems developed in the dissertation relate to quantum optics, a modern direction of
atomic physics. Controlled control of atomic systems allows solving a number of tasks in the field
of quantum computers, encryption and information transfer and other directions using controlled
atomic systems. The tasks solved in the dissertation allow controlling quantum systems with further

application in the development of quantum computers.

3. The tasks developed in the dissertation offer new and develop models and theoretical studies

known in the literature. The research methods used in the dissertation allow achieving the set goals.

4. Brief analytical characteristic of the scientific and/or scientific-applied contributions of the
dissertation.

The dissertation proposes a new method for creating composite pulses of various shapes, including
broadband and narrowband composite pulses as a robust tool for manipulating atomic systems with
two atomic levels. This technique has been extended to a system with three and more levels for
stimulated Raman adiabatic transition and robust Raman qubits. A robust Householder reflection
has been proposed, which has wide application in edge computers. The numerical experiment
conducted demonstrates very good agreement of the theory and experimental results. The
considerations are developed for non-Hermitian quantum control of a system with two and three

levels. The proposed quantum control models are applied to chiral separation of molecules.

5. The works of Assoc. Prof. B. Torosov are co-authored, but he undoubtedly has a leading and

significant contribution to them, and the dissertation work is the personal work of Assoc. Prof. B.



Torosov. I have not noticed any signs of plagiarism in the proposed materials.

6. The dissertation work is based on 15 scientific publications, of which 11 have not been included
in previous procedures. The articles are published in highly rated journals - 10 of the publications
are in Phys. Rev. A; 2 works are published in Phys. Rev. Research; and 1 work in J. Phys. B, Phys.
Rev. Lett., Phys. Rev. Applied. The citations by other authors of these works are 477. The author's
scientometric data exceed the national requirements, as well as the ZRAS-BAS and the

requirements of IFTT.

7. Brief information about the overall scientific production.

Assoc. Prof. B. Torosov has published 39 works in co-authorship for the period 2007 to 2028 in
highly rated journals, of which 27 works in Phys. Rev. A and 3 works in Phys. Rev. Lett. His papers
have been cited a total of 892 times by other authors and the h-factor is 16. The results of the
scientific research have been reported at a number of international conferences, with more than 20
oral reports and 5 invited reports being delivered. After acquiring the academic title of "associate
professor" in 2016, assoc. Prof. Torosov has published 18 scientific publications. The last work, not
included in the list of publications, is the conceptual article “How to Build a Quantum
Supercomputer: Scaling from Hundreds to Millions of Qubits* (https://arxiv.org/pdf/2411.10406)
by a large team of authors and with the participation of the Nobel laureate for 2026 J. Martinis.

8. I have no critical remarks or additional questions.

9. The abstract reflects the content and main contributions of the dissertation work

10. In conclusion, taking into account the results obtained in the dissertation work, the scientometric
data that exceed those required by the regulations of the IFTT, the requirements of the Bulgarian
Academy of Sciences and ZRAS, I give a positive assessment of the presented dissertation work
and recommend to the scientific jury to award Assoc. Prof. Dr. Boyan Tonev Torosov the scientific
degree "Doctor of Physical Sciences"

Date 31.05.2026 Prepared by:

Prof. K. Blagoev



