PEINEH3UA

HA JUCEePTAILMOHEH TPY/ 32 NPUI00MBaHe HA HAYYHA CTeleH ,,JOKTOP HAa HAYKUTe* B
npodecuonanno HanpasJjieHue 4.1. ®U3MYeCKH HAYKH, 110 NMPOLEIYPa 32 3alUTA B
HNuctutyT no pusznka Ha TBBpA0TO TI0 (MPTT) Ha Bbrarapcka akanemusi Ha Haykute (BAH),

M3TOTBEHA OT aKaJl. mpod. 1H Anekcanabp Anekcanapos Jpaiimry ot @usznyuecku pakynrer Ha

Coduiickust yHUBEPCUTET, B KA4ECTBOTO MY Ha WIEH Ha HAYYHOTO JKYpPH CHITIACHO
3amosen PJ1 09-32/31.03.2026r. na {upexropa Ha UOTT-BAH.
Tema Ha nucepranMoHHusA TPyA: “KBaHTOB KOHTPOJI C NPUJIOKEHUS B KBAHTOBUTE TEXHOJIOTHH”
ABTOp Ha AUcepTALHOHHUA TPYA: Aou. A-p bosx Tones Topocos

I. OO0 onMcaHue HA MpeIcTABEHUTE MATEPUATIH

1. /lanHM 3a npeacTABEHUTE JOKYMEHTH

Kangunarst nou. bostH TopocoB € mpeacTaBmil AUCEPTALMOHEH TPy (Ha aHTJIMKUCKU €3UK) U
aBTopedepar (Ha Obirapcku e3uk). [Ipuemam, ye ToBa craBa ciell MPEABAPUTEIHO Pa3pelIeHUe OT
Hayunus cbpBer (HC) na UDTT coriacno ['maBa 7 (3axnrountenHu mpaBwia) § 1 Ha IOKyMmMeHTa
W3uckBanus, ycnosus, npaswia u pemeHus (UYIIP) ma HC na UDTT B nponbiiHeHuE KbM
[TpaBuiiHKKa 3a yCIIOBUSATA U pefia 3a NpUA00MBaHE HAa HAYYHHU CTENEHU U 33 3a€MaHe Ha aKaJeMUYHU
mrbxHocTH B BAH. Ipunokena e u3uckBanara Tabmn. 3 cbc CpaBHUTENHU JAHHU 32 MUHUMATHHUTE
M3HMCKBAaHU TOYKU IO Tpynu mnokazatenu, cboOpasHo 3PAC Pb, 3PAC BAH wu u3uckBanusita Ha
NOTT. IlpunoxkeH € cnuchbk Ha 4 MyOJMKAIMU U3BBH JUCEPTALMOHHUS TPYH, ocurypssamm 100
TOYKHM IO rpyna mnokaszareiau [, KakTo M CIHUCBHK Ha LUTAaTH Ha MyOJMKalMUTE, BKIOYEHU B
JUCEPTAllMOHHMS TpyHA, ocurypssamu 954 touku mo rpyna mnokazatenu Jl. CermacHo Yn. 6 ot
nokymenTa M3uckBanus, ycioBus, IipaBuia U pemieHusa Ha Hayunusa ceBer Ha UDTT B nonbinneHue
kbM [lpaBunHuka 3a ycioBuATa M pena 3a NpuAoOMBaHE HAa HAyYHM CTENEHW W 3a 3a€MaHe Ha
aKaJeMU4HU JnbKHOCTH B BAH, nou. TopocoB neknapupa, 4e oT neTHaAeceT HayYHH MyOnuKaium,
M3II0JI3BAaHU 32 HAMCBAHETO Ha IMCEPTALlMOHHMS TPY/ 3a [I0JydaBaHE Ha HAY4YHA CTEIEH ,,JOKTOp Ha
HayKUTe, eTMHaJleceT He ca OWIINM M3IOJI3BAHU MPU MPEAUIIHU NpoLeaypHu (IpU U3UCKBaHE OT MOHE
oceM). OT cruchbka Ha Te3u 15 myOnukanuu, BbB BCUUKA OT KOUTO € IbPBU aBTOp, SICHO C€ BUXKJa
BoZemara pois Ha A-p TopocoB B m3ciensanusaTa. OcraHanuTe u3nckBanus Ha Y. 6 oT JoOKyMeHTa
NVIIP na HC Ha UDTT cpmio ca u3nbiaHeHU. J{UCEPTaHTHT € MpeICTaBUl KONUE OT JUIuIoMaTa CU
3a OHC ,,/loxtop*. He Hamupam 1laHHM 32 HETOBH JOKJIAaU Ha MEXAYHApOJIHU Hay4YHU (opymH, HO,
pa3bupa ce, HEroBO MPABO € J1a HE MPEACTaBsl JOMbIHUTEIHO TaKHUBa.

2. JlanHM 32 KaHaAMAATA

[Tpe3 2005r. koneratra TopocoB ce aumiaoMupa kato OakamaBbp, a mpe3 2006r. — kato
Maructbp BbB @usnuecku ¢akynter Ha Coduiickus ynusepcutet ,,CB. Kimument Oxpuncku® (CVY).
[Ipe3 2010r. ot CY My e mpuchaeHa 00pa3oBaTeIHATA U Hay4YHa cTeneH ,,Jlokrop*. B mepuoma 2010r.-
2016r. m-p TopocoB e rimaBeH acucteHT, a oT 2016r. — moment B MDTT-BAH. Ot 2022r. e
PBKOBOJIUTEI HA 3BEHO 110 KBAaHTOB KOHTPOJ B KaHazckara komnanusa 1QBit. Ha xonerata TopocoB ca

IPUCHJICHH TOHE JIBE MPECTHXXKHU Harpaau - npe3 2013r. - Harpana ,,Mapun {puHoB* 3a Hali-100Bp



miaj yaed Ha BAH, u ipe3 2019r. - Harpaga na UOTT na BAH 3a BUCOKM Hay4YHH MOCTHKEHUS.

3. O01ma xapakTepuCTUKA HA HAYYHHUTE MOCTHKEHHUs HA KAHAU/IaTa

B mepuoga 2007-2025r. mor. TopocoB € myOnukyBai o0mio 39 cTaTuu B MPECTHKHU HAyYHU
criucanus ¢ umnakt-gakrop (27 BB Phys. Rev. A, 2 BsB Phys. Rev. Lett., 2 BpB Phys. Rev. Research,
2 BJ. Phys. B, 2 — B Opt. Commun., 1 B J. Phys. A u 1 B usnanue na IEEE — The Institute of Electrical
and Electronics Engineers). B xonkypca yyactBa ¢ 15 mybnukamuu - 1 cratust BbB Physical Review
Letters, 1 — BB Physical Review Applied, 2 — BbB Physical Review Research, 10 BB Physical Review
A u 1 — B Journal of Physics B. Te3u 15 cratuu ca npusnexiu Haa 477 He3aBUCUMU HUTHPaHUs. KbM

JaTata Ha T0JIJaBaHETO Ha JJOKYMEHTHUTE MHIEKCHT Ha XUPIII HA TUcepTanTa € h=15.

Cpaeiiku 1o ChABPKAHUETO Ha JucepTauusara, MHTepecutre Ha nol. bosH TopocoB ca B
obmactra Ha (pyHIAMEHTAIHUTE TEOPETHYHU W3CJIEIBAaHUS, CBBP3aHW C HOBH TEXHHKH 32 KBAaHTOB
KOHTPOJI B KBaHTOBM CUCTEMHU C JIBE€ M IIOBEYE CBHCTOSHUS U BATUIUPAHETO UM 32 KOHKPETHU
npuiokeHus. Hayunure mnyOnukanuu, BKIIOYEHH B AUCEPTALIMOHHUS TPYyH, OTTOBapsT Ha
MUHHMAaJTHATE HAMOHATHHU WM3UCKBaHWA (10 wi. 20, an. 2 u 3 wa 3PACPB), na IlpaBuinuka 3a
yCIIOBUSATA U pejia 3a MPHUI00MBaHEe HA HAYYHU CTEIIEHU U 3a 3a€MaHe Ha aKaJIEMUYHU JJIBKHOCTH B
BAH u na nombiaHuTenHute u3uckBaHus Ha Hayunwus cbpBeT Ha UDTT-BAH 3a npunoOuBane Ha
HayyHaTa CTENeH ,,JOKTOp Ha HaykuTe* 1o npodecroHanno Hampasienue 4.1. ,,Ouznuecku Hayku'.
Ot npwioxeHaTa B JOKYMEHTUTE Ha AucepTaHta Tabmuia 3 cTaBa sICHO, Y€ TE3W M3UCKBAHUs ca
HaI'bJIHO YAOBJIETBOPEHW M 3HAYUTETHO HAIXBBPJIIEHH B 4YacTTa HE3aBUCHUMM LIUTHUpaHMS Ha
nyOonukanuuTe My. Becudku ctatum, ¢ KOUTo 101 TOpoCcoB ydacTBa mpolieaypara, ca myoJlIuKyBaHU B
MPECTHKHU MEXKIYHAPOJAHU HAyYHU CHHMCAHUS, CIEJ KaTo ca MPEMUHAIM YCHEIIHW MPOLEAYPH IO
HEe3aBUCHUMHU perieH3upanusa. CunTaM TOBa 3a MOKa3aTelHO, Y€ MyOIMKyBaHUTE pe3ylTaTH, KaKTo U
T€3U B JUCEpTalusATa U B aBTopedepara, ca OpUriHaIHM HaydHH IpUHOCH Ha Jou. Topocos. C ToBa
OTXBBPIISIM BE3MOKHOCTTA 32 IIAarMaTCTBO MO KaKBaTo U 1a € popma.

4. XapakTepHCTHKA U OLIECHKA HA MPenoJaBaTe/IcKaTa 1elHOCT Ha KAHANIATa

[IpenonaBarencka neiHOCT Ha A01. TOpOCOB € CBbp3aHa C U3HACAHETO HA JICKIIUH U BOJAEHETO
Ha yhnpaxHeHuss 1o KBaHTOBM KOMMIOTPHM M KBAHTOBH QJITOPUTMHM 32 MAarucTbpcka Mporpama
“KBanToBa MH(popMmaTHka“ BbB @usmuecku (akynrer Ha CY (2022r.-2024r.). KM MoMeHTa Ha

nmogaBaHe Ha JOKYMCHTHUTC € Chb-PBKOBOAWTEII HA ABaMa JOKTOPAHTH.

5. AHaiu3 Ha HayyYHUTe W HAYYHO-NIPWJIOKHHMTE TOCTHKEHHUSI Ha KaHIWAaTa,
ChAbPIKAIIM Ce B MATEPHAJINTE 32 y4YacTHe B MpoLeaypara
B nucepramusita € OTAENEHO 3HAYMTEIIHO BHUMAHHE Ha TEOpUATA W TMPUIIOKCHHETO Ha
KOMITO3UTHUTE UMITYJICH KbM cUCTeMU ¢ B¢ HuBaA (I'maBa 2) u ¢ moeue HuBa (I'maBa 3). BrBexkna ce
KOMMO3UTeH ctumynupan PamanoB agmabaren mpexon (STIRAP) u ce ananusupaTr yCcTOWYMBU Ha
IPEUIKM KBAaHTOBH TEWTOBE, BKIIIOUUTEIHO pa3paboTBaHE HA KOMIIO3UTHU HUMITYJICH C TJIaJKH
BpemeBH npoduiu. PaborocriocoOHOCTTa Ha TEXHUKH, OCHOBAaHHM Ha TaKMBa KOMITIO3UTHU UMIIYJICH,

ca JISMOHCTpUpPaHHU Ha KBaHTOBHU mporecopu Ha IBM (I'maa 4). B ['maBa 5 ce ananusupa uzaesTa 3a
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HEEpMHUTOB NPAK BT KbM aaMabdaTHOCT. AAMaOAaTHUAT INPEXoJ M3UCKBAa OaBHA €BOJIOLMS Ha
KBAaHTOBaTa cucteMa. B myOiumkanuu Ha JUcepTaHTa € IMO0Ka3aHo, ue J00aBSHETO Ha IMOAXOI
UMarvHepeH 4ieH KbM XaMUJITOHHAaHA MOXKE J1a TTO3BOJIM MIPEHOC Ha 3aCEJICHOCT C )KellaHaTa BUCOKA
CKOpoOCT, 0e3 /1a ca He0OXOAUMH TO-CUITHM KOHTPOJIHH MoJieTa. [ 1aBa 6 e mocBereHa Ha KBAaHTOBHUS
KOHTPOJI Ha XUPAJIHU MOJIEKYJIU C aKLEHT BbPXY HOB METOJ 3a JETEKLUs Ha TakuBa MOJIEKYIIH,
U3I10J13Balll IOPEIULM OT TPU UMITYJICa, YIPaBIABALM KBAHTOBA CUCTEMA ¢ TpU cbeTosAHUA. B ['maBa
7 nou. TopocoB 060011aBa OCHOBHUTE CH HAYYHU MPUHOCH B ITYOJUKAIIMHUTE CH 10 JHCEPTALUATA U
ouepTaBa BIDKIAHETO CH 3a MMO-HATATHIIHOTO PAa3BUTHE HA U3CIICABAHUATA CH.

B I'maBa 2 e mpexncraBeH Mojen Ha KBaHTOBa CHUCTEMa C JBE CBhCTOSHUS, HOJUIOKEHA Ha
JecTBUETO Ha UMITyJIC ¢ (hopMa Ha XUNEpOOIMYEH CEKaHC U, BAXKHOTO TYK, C ()a30B CKOK ¢ B IMKa CH.
OTcrpoiikaTta OT pe30HaHCa € MOJE/IMpaHa ¢ HelfHa MOCTOSHHA YaCT W YECTOTHO-MOIYJIMPAaHa YacT.
[Tokazano e, ye HeHyJeB (a30B CKOK ¢ MPEIU3BUKBA CHIECTBEHW MPOMEHH BHB BEPOSTHOCTTA 32
IPEXOJ] - OT ITbJIHA UHBEPCHUS HA 3aCEJIEHOCTUTE JI0 IIBJIHO BPBIIAHE KbM HAYaTHOTO ChCTOSIHUE.

Ananuzure Ha gou. TopocoB mpoabikaBaT KbM pa3BUBAaHE Ha TEXHHKATa Ha KOMIIO3UTHUTE
UMITYJICH 32 MaHUIYJIHpaHe HAa KBAHTOBU CHCTOSIHWA. [IpW Hes €OMHUYHHMAT UMIYJIC CE 3aMEHsS C
nopenuna OT HMIYJICH C TOAXOMANIO MoaOpaHu ¢a3u, KOWTO C€ H3MOJI3BAT KaTO KOHTPOJICH
MHCTPYMEHT 3a o(opMsiHe, 0 KeJaH HauuH, Ha npoduia Ha Bb3OyxkaaHe. JleMOHCTpupaHO €
KOHCTPYUPAHETO Ha IIMPOKOCHEKTPAIHHU, TACHOCHEKTPAIHU M MPABOBI'BIHU KOMIO3UTHU HUMITYJICH,
Ha €(eKTUBHU T- U YACTHMYHHU-T-UMIYJICH C >KejnaHaTa riaakocT. llpencraBen e M Mmeron 3a
ONTUMU3AIMS Ha TEXHUKATa Ha anadaTeH Mpexo MeX1y 1B€ KBAaHTOBH CHCTOSHHS UYpe3 KOMITO3UTHH
HOpeIuI OT YEeCTOTHO MOAYJIHMPAHW MMITYJICH - KoMmmno3uteH aguabateH mpexox (CAP) c men
Ch3/1aBaHe Ha Mpodui Ha Bb30yXKAaHe, KONTO € MaKCUMaJHO yCTOWYMB Ha BapualUM B IUIOIITA HA
umnyncute. [IpennonokeHnero, 4e IUIONMTEe Ha BCHYKHA CYO-MIMITYJICH OT KOMIIO3UTHHS Ca pPaBHH
CHOTBETCTBAa Ha PEaHO T€HEpUpPAaHUTE OT HWMITYJICHO-TIEpHOAMYHUTE Nazepu. [lokazaHo e, ye mpu
YATPa-IUPOKOCTIEKTPATHUTE KOMIIO3UTHU UMITYJICH TE€3H C Pa3IMYHHM IJIOIIM HA ChbCTaBHUTE UMITYJICH
IPEBB3X0XK/AT T€3H, CbCTAaBEHH OT UACHTUYHU UMITYJICH.

[maBa 3 Ha amcepramusTa € IOCBETEHAa HAa HW3CJICIBAHETO HA KOMITO3UTHH HMITYJICH,
NPUJIOKHMH 32 KBAaHTOB KOHTPOJ HA CHCTEMH C TIOBEYE OT JBE CBHCTOSIHHA. [l0-KOHKPETHO,
KOMITO3UTHUTE UMIYJICH Ca NPWIOKEHU 3a pealusupaHe Ha CTUMYyIuMpaHu PamaHoOB aauabareH
npexof (Stimulated Raman Adiabatic Passage; STIRAP). STIRAP e TexHuka 3a KBaHTOB KOHTPOJI,
MOJI3BaHa 3a MPEXBBPIISIHE HAa HACEICHOCT MEXIY JIBE ChCTOSIHHSA, 0€3 CHIIECTBEHO HacejBaHE Ha
MEXIMHHO, KOETO MOXKE Jla BHACS 3aryOM WM Ja € HecTaOmiHO. Upe3 M3Moi3BaHe Ha KOMITO3UTHU
HNOpeluIy OT JBOWKM YaCTUYHO OTMECTEHHM BBB BPEMETO MMITYJICH C MOAXOMAmM (asu,
HeauabaTHUTe npexonau, kouto npeyaT Ha STIRAP ga nocturne makcumanHa epeKTHBHOCT, MOTatT
na ObAaT MONTUCHATH JI0 BUCOK MOPSIBK Ype3 JeCTPYKTUBHA HHTEP(PEPCHIINS U TEXHUKATa MOXE J1a
ObJe HampaBeHa ,,[IPOM3BOJHO TouyHA™ (B TEepMHHUTE Ha nucepranTta). KommosutHure ¢aszum ce

ONMKCBAT C AHATUTHUYHU (OPMYIM M HE 3aBUCAT OT KOHKPETHHUTE (OpMU Ha HMIIYJICUTE, OT



3aKbCHEHHETO MEXIYy TAX M OT TexHure Iwiomu. KomOuHamusTa OT JABETe TEXHUKH — Ha
komro3uTHUTe uMnyicd U STIRAP — mom. TopocoB u chaBTOpH 0003HAa4aBaT KaTo TEXHHKA
kommno3uteH STIRAP. OnpocteHo kazaHo, Ta3u TEXHUKA MPEJCTaBIsABA MOPEIMIIa OT HEUeTeH Opoit
obuknoBenn STIRAP mpexomu ,Hanpen u Hazan™, |1) — [3) — [1I) > |3) —» = = — |1) — |3).
[Tokazano e, ue Bceku otaeneH STIRAP moxe ma 6b11e oTHOCHTENIHO HeToueH (¢ rpemka ~ 20-30%),
HO B Kpas Ha IIpolleca ce I0JIyuaBa NPeHOC Ha 3acelleHOCT ¢ HaTpylaHa rpelika naned mox 1074
[Tokazano e, ue pezonancHuAT STIRAP nmo3BoisiBa mbJeH MPEHOC HA 3aCEJIEHOCT OT ChCTOsIHUE |1) B
|3). Ille cu mo3BoMs KpaThk KOMEHTap: B pe30oHaHCHUS CiTydaii, KAKTO C€ BYDKIIA OT TOPHUS MMaHeT Ha
@ur. 3.1., ummyncure TpsAOBa Ja ca ¢ MPOMEHIUBU 3aKbCHEHUS MMOMEXY CH, T.e. TPYJAHO Omxa ce
TEHEPUPAHU JUPEKTHO OT HMMITYJICHO-TIEpUOANYEH Jya3ep. [Ipu Hepe3oHaHCHHUS ciay4yai, BUAMMO Ha
JONTHUS MaHeNd Ha cblaTta (Gurypa, 3aKkbCHEHUsATa MeX 1y HanoMmnBamuTe 1 CTOKCOBUTE UMITYIICH ca
MOCTOSTHHU M CIIOMEHATHUAT MPOOJIEM He ChIIECTBYBA.

OTtpakenue Ha XaycxXoJIbp € JIMHEHHO peo0pa3yBaHe, KOETO OMKCBa OIJIEJaIHO OTPAKEHUE
Ha BEKTOp CHPSIMO paBHHHA B MHOTOMEPHO MPOCTPAHCTBO. PU3HUECKU HAN-TIPOCTO, TO MOXKE JIa Ce
MHUCJIM KaTO OTpaXK€HHWE Ha CBETJIIMHEH Jb4Y OT oriefano. Malka CThlKa HO-TOYHO, HO TMaK
WHTYWTUBHO, B KBAaHTOBAaTa MEXaHUKa MOXEM Ja CH IPEICTaBUM CHCTOSHHUETO Ha CHUCTeMara KaTo
BekTOp. Ha Hero orpaxkennero Ha Xaycxoaabp IerHcTBa KaTo ,,KBAHTOBO oriefano’. B kimacudeckara
¢u3MKa OTpakeHHETO OOpbhIIa TOCOKA B PEATHOTO NPOCTPAHCTBO. B kBaHTOBata (hm3mKa
OTpaXEHHETO O0OpbhIla aMILTUTYIH, (a3u U UHTepPEepeHYHN CHOTHOIIEeHUs. Upe3 cepus OoT TakuBa
OTpaKeHMsI KBAHTOBUST aJITOPUTHM MOXKE J1a TIOTUCHE HACEIBAHETO HA HEXEJaHW CHCTOSIHUS U Ja
yCHIIM ,,IPaBUJIHUS OTKIWMK Ha cucremara. Kato mpumep 3a ToBa, aom. TopocoB pasriexiaa
IIMPOKOCTIEKTPAIIHO KOMITIO3UTHO OTpaX€HHWE Ha XaycXOJIbp, YCTOWYMBO Cpelly BapHallud B
wiomra Ha wummyinca. MMmnyiacsT € MoJenupaH KaTo CbhCTaBeH OT MOpeauua oOT JBa
[IMPOKOCTIEKTPATHH KOMITO3UTHU UMITYJICA.

['maBa 4 omucBa eKCrepUMEHTaTHA JEMOHCTpAIlHsl Ha JEHCTBHETO HA KOMIIO3UTHU UMITYJICH
Ha kBaHTOBU KoMmItoTpu Ha IBM. B Paznen 4.1. e 00sicHeHO Kak CBPBXITPOBOTHUKOBHSAT KIOOUT MOXKE
na Opae pazOpan, KaTo ce 3amo4yde oT oonvyaeH LC-ociunaTop u ce CTHTHE JI0 pe30HaTOp Ha Oa3ara
Ha JIxo3edcoHOB Mpexona ¢ AMCKPETHH, HeeKBUAUCTAHTHU e€HepreTH4Hu HuBa. [lokazaHo e, e, 3a

obuuyacu LC ocouJIaTop, XaMUJITOHUAHBT Ha KBaHTOBHSI XapMOHUYCH OCHWJIATOp BKJIIFOYBA

xapakTepHara uectora @ = 1/v/LC, a eHEpreTMUHMAT CIEKThP HA TO3M XAMUITOHHAH e
eKBUJMCTaHTeH. ToBa He € ONarompusTHO, Tb KaTo MpPH PE30HAHCHOTO YIIpaBJIEHHWE Ha
HACEJIEHOCTTa Ha MPEXOoJ MEXAY JIBe OT ChCTOSHMITA Ha ocLMIaTOpa, M30paHu N1a MpeacTaBisiBaT
KIoOuTa, HEM30€XKHO 1€ ce Bb30YXKIaT U APYru ChCTOAHUA. Taka craBa HE0OX0aAUMO Ja ce 100aBu
HenuHeeH eneMeHT. MuayktuBHOcTTa B LC-Bepurara ce 3amens c¢ J[xozedcoHoB mpexox, (nBa
CBPBXIIPOBOJHMKA, pa3[eleHd OT ThHKA H30JalMoHHA Oapuepa). KioyoBoTo cBOHCTBO Ha
JIxo3epcoHoBUS Pexo/1 TyK €, 4ye HeroBaTa MHAYKTUBHOCT € HeJIMHEWHa 1o Tok. PaHHa peanuzanus

Ha KIOOHT, MPOou3ysi3ia oT To3u [Iko3edcoHOB ocrmiaTop, € T.Hap. ,,KyrusaTta 3a KymbpoBu nBoiku™.
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ITpu JIxo3edcoHoBa eHeprusi, MHOro MO-ToJissMa OT KallalUTHBHAaTa €HEprus Ha Bepurara, ce
peanusupa ,,TJpaHCMOHEH KIoOUT®. B Hero e Bb3MOXHA CEJIEKTUBHA MAHUITYJIAllUs HA ChbCTOSHUATA HA
KIOOUTa 4Ype3 MHUKPOBBIHOBH HUMIIYJICH, KOUTO NPEIU3BUKBAT IPEXOAM MEXAYy KBAaHTYBAHUTE
eHepreTM4YHU HUBA. Upe3 HacTpoilBaHe Ha YecTOTaTa, aMIUIUTyAaTa U (azaTta Ha MUKPOBBIHOBHUTE
MMITYJICH MOTaT CEJIEKTUBHO Jia CE€ YIPABJIABAT NIPEXOAHN MEKIYy KOHKPETHU €HEPreTUYHU HUuBa. ToBa
ce pasIiiexJla KaTo OCHOBAaTa 3a €IHOKIOOMTOBM reiroBe. OCBEH TOBA, CBBP3BAHETO HA HIKOJKO
TPaHCMOHA TO3BOJISIBA PeATH3AIHATA HAa ABYKIOOUTOBU TeHTOBE.

B Pasnen 4.2., nons3Baiiku eiMH OT KBaHTOBUTE Ipouecopu Ha IBM c oTBopeH noctsm,
0a3upaH Ha CBPBXIPOBOJHUKOBM TPAaHCMOHHM KIOOMTH, Jjo1. TopocoB omucBa MHOJIPOOHU
€KCIIEPMMEHTAJIHU TECTOBE HA PAa3IMYHU KOMIIO3UTHHM MMITYJICHH nopenuuu. Ilomssan e mocren Ha
HUCKO HUBO J0 Xxapayepa, paspeuiedH ot IBM Quantum. Ilonyuenu ca npoduiute Ha Bb30yx)AaHe
pPa3IUMYHU  IIUPOKOCIEKTPAIHM, TICHOCHEKTPAIHW M MPABOBI'BJIHM KOMIIO3UTHU HMITYJICH,
CHOTBETCTBAIIIM Ha MPEIBAPUTEIHO U30paHH LI€JIE€BU BEPOATHOCTH 3a Mpexos (0T Hyna A0 eaHo). BbB
BCUYKM CKCIEPUMEHTH € [IOCTUTHATO OTIMYHO CBOTBETCTBHE MEXIY TEOPETUYHUTE U
eKCIepUMEHTATHUTE TPOo(UIN Ha BB30OYKIaHE.

HenpenusHo n3ka3aHo, TpUTE OCHOBHHU XapakTepUCTUKU Ha EpmutoBus xamumnronuas ca (1)
peaJlHuTe My COOCTBEHM CTOMHOCTH (T.€. EHEPTUUTE Ca BUHArU peaiHu), (2) COOCTBEHUTE ChCTOSHUS,
CbOTBETCTBAIlM Ha pA3JIMYHU EHEPruu, ca OPTOrOHAJIHU (T.€. KBAHTOBUTE CBCTOSIHMSI ca SICHO
pasTpaHMYeHM U IPOU3BOJIHO CHCTOSIHME MOXe Ja ObJe pas3naraHo mo TAX) M (3) KBaHTOBarta
uHopMalus He ce TyOu Mo BpeMe Ha Hjiealn3upaHaTa UM eBoironus. HeepMuTOoBUTE XaMUITOHUAHU
OMKCBAaT KBAHTOBU CHUCTEMH, KOUTO OOMEHST €Heprusl Wik 4acTULM C OKOJHara cpefa (T.e. 3aryowu,
yCWJIBaHe, pa3mnaj uiu agucunaims). OTHOBO HEMPEIU3HO Ka3aHo, Te (1) UMaT KOMIUIEKCHU COOCTBEHU
CTOMHOCTH (peajiHaTa 4acT OIpeJiesisd eHeprusTa, MMariHepHaTa 4yacT YCUJIBaHE WM 3aTUXBaHe) U (2)
€BOJIIOIMATA HE 3ama3Ba HOPMHMpOBKaTa (T.K. CHUCTeMaTa € OTBOpPEHa WJIM HMa JUCHUIIaTHBHA
IUHamMHKa). AnuabaTHUTE MNpexoau H3UcKBaT OaBHa eBoitonus. JlMcepTaHThT € TMOKaszal, 4e
100aBSHETO HA CIELUUAIHO MOJ0paH MMAarvHepeH 4WieH KbM XaMUJITOHHAHA MOXKE Ja KOMIIEHCHpa
HeamabaTHOTO CBBP3BaHE, KOETO MO3BOJISABA Mep(pEeKTEH MPEHOC Ha 3aCENCHOCT C JKeJlaHaTa BHUCOKA
cKopocT, 0e3 nJa ca HeoOXOIMMHM TO-CHJIHM KOHTPOJHHM Tmojera (T.e. 0e3 jJa ce yBenudaBa
B3auMojieiicTBueTo). B I'maBa 5 Ha aucepranmsiTa Ta3wm ujes Ta3u Ues € pa3BUTa Ype3 BbBEXKIaHE Ha
,HEEPMUTOB TpPSAK BT KbM anuadaTHOCT. PasriexaaHusra 3alouBaT C KpPaTKO H3JI0KEHHE Ha
TeopusTa Ha Obp3us aauadaTeH npexon 3a Epmurosa cuctema c ae cberosHud. [lokasanara na ®Owur.
5.1. eBomroLus Ha 3acEIEHOCTUTE BBB BPEMETO 3a €pMUTOBHUS Mojen Ha JlaHnay-3eHep U Ha TO3HU ¢
no0aBsiHE HAa HEEPMUTOB WIEH COYHM, Y€ BBB BTOPHS CIIydyall NPEHOCHT Ha 3acElICHOCT BUHAru €
nepdeKTeH, He3aBUCUMO OT CujaTa Ha B3ammojeictsueTo. B Pazmen 5.2. TeopernuHo € m3cieaBaHo
HeepmutoBo 0000menne Ha STIRAP, koero mo3BoisiBa 1a ce aHyadpa HeaaunabaTHOTO
B3aMMOJICIICTBHE U J]a c€ yBEIMYU CKOpocTTa M edexkruBHOCTTa Ha mpoueca. 3a STIRAP ¢ I'aycosu

HUMITYJICH, HGOGXOIII/IMI/ITC HUMaruHCpHu YYICHOBC Ha XaMHUITOHHAHA C€ OKa3BaT HE3aBHCHUMHU OT



BpPEMETO. 32 UMIYJICU OT TUI XUIEPOOIMYEH CEeKaHC Te3W MMarvHEpHH YJICHOBE BCE MaK 3aBHUCAT OT
BpeMeTo. MeToqbT, OKa3Ba Ce, He € MPUIOKHM 3a HSIKOM HMMIYICH (Hamp. oT Tum sin’(...)).
YCTaHOBEHO €, 4e TeXHUKATa € YyBCTBUTEIHA KbM HAUAIHHUTE YCIOBUS M padOTH caMO 33 pe30HAHCEH
STIRAP. B Pazgen 5.3. ca u3BeNeHUM aHAIUTHUYHH PEHICHUS 3a CHEHHUAICH TUIl TCEBIOEPMHUTOBO
00o6menne Ha mpoOsem c aBe cbecrosHus (Jlannmay-3enep-llroxkenoepr-Maiiopana, LZSM) ¢
MOTEHIIMAIHH MIPUIOKEHUS BbB BIHOBOJHATA ONTHUKA U MIPHU IeHEpallMATa Ha CyMapHa 4ecToTa.
OnpocTeHO Ka3aHO, XHMpaldHa € MOJIeKyJa, 4YusATO oriiefaiHa GopMa He MOxe Ja Obae
HaJIO)KeHa BBPXY camaTa Hes (KakTo TOBa HE € Bh3MOXKHO 3a JisiBaTa M JsCHAaTa 4oBenika pbka). C
JIPYTH TyMH, HSIKOW MOJICKYJU UMaT ,,JisiBa" UM ,,JscHa" (popma, HaprudaH! ChOTBETHO JISBOBBPTSIII U
JSICHOBBPTSII €eHAHTHOMED (OT TPBIIKH: enantios - ,,IPOTUBOIOJIOKEH ™, ,,HACPEIICH * U MEros - ,,9acT™,
»hopma*). XupamHuTe MOJEKYNIHd ca BaXHM Hamp. B OWosorusaTa U Qapmanusita, 3ali0TO KUBUTE
OpraHU3MU YECTO pa3iuyaBar jBere oryieqannu ¢opmu. (Hanpumep eana dopma Ha 1eKapCcTBO MOXKeE
na e jedeOHa, a Japyrata — TOKCHYHA). JISBO- U JSCHOBBPTAIIMTE CHAHTHOMEPH UMAT €IHH W CHIIU
ONTHYHU CBOWMCTBA (YECTOTH HA MPEXOJWTE W JHIIOJHM MOMEHTH Ha MpexoawTe). EnuHcTBeHaTa
pa3jiuKa € B 3HaKa Ha €IHO OT cBbp3BaHuUATa. B Pazmen 6 Ha aucepramusta cu gou. Topocos e
MPEJICTaBUII METO/T 32 UACHTHU(PHUKAIUS Ha XUPATHU MOJIEKYIH, U3MOJ3BAIll TOPEAUIIM OT TPU UMITYJICA.
MeTonsT € OCHOBaH Ha KBAaHTOBH CHCTEMH C IO TPH CBCTOSIHHUS B 3aTBOPSHH KOHTypH. l[loj
L,AICHTH(DHUKAIH, YCIIOBHO Ka3aHO, c€ pa30upa CIeIHOTO: AKO B HAYAJIOTO CUCTEMATA € B ChCTOSIHHE
[1), B Kpast Ha MOCNEAOBATEIHOCTTa HA UMITYJICUTE IIENITa € CAUHUSAT EHAaHTHOMEp Ja OCTaHE B TOBA
CBhCTOSIHUE, a JIPYTusIT Aa ObJe MpexBbpiieH B chcrosiHue |3). Maentudumnupanu ca 12 pasnuyau
MOCJIEIOBATETHOCTH OT PE30HAHCHU MMITYJICH, NP KOUTO C€ HAOII0aBa XUPATHO PA3CIISTHE C BUCOK
KOHTpacT. Bcuuku ciydand, KOMTO TMO3BOJISIBAT XHPATHO paseNisiHe, UMaT OOIIOTO, Y€ MbPBUAT U
TPETUST UMITYJIC Ca T/2-UMITYJICH, a CPEeTHUAT € m-umiync. OCBeH TOBa, €IWH OT TPUTE UMITyJca
TpsiOBa /1a € OTMECTeH Mo (a3za Ha 7/2 CIpsSMO APYruTe NBa. BhIpeku mpuBUIHATA CU MPOCTOTA, B
MpaKkTUYeCKa CUTYyalusi MOJIXOMBT 3aBHCH OT PE30HAHCHM WMITYJICH C TPEIM3Ha BpEeMEHHa IUIOMNI.
[TokazaHo e, 4ye TOYHOCTTa M YCTOMYMBOCTTAa HAa METOJa MOXE Ja c€ IMOoA0OpU dYpe3 3amsiHa Ha
AMHUYHUTE UMITYJICH C TTOCIIE0BATETHOCTH OT KOMITO3UTHU umnyicu. (Tpure eanHIYHN UMITysIca ce
3aMEHST C KOMITO3UTEH TU/2-UMITYJIC, TIOCIIEABAH OT KOMITO3UTEH T-UMITYJIC, TIOCEABAH OT KOMITO3UTEH
n/2-umnync.) B mpakTHdecku CHUTyallMd pPE30HAHCHUTE B3aUMOJEHCTBUS ChHLIO MoOrar Ja ca
npoOieMaTnyH. EHepruuTe Ha HHBaTa MOXE Ja C€ pa3linyaBaT 3a pa3ITUYHUTE MOJIEKYTH B
aHcamObJa, HaAmp. 3apajJd MPOCTPAHCTBEHO HEXOMOTECHHHU pasmpeselieHHss Ha MarHUTHOTO TOJNE U
3aBHCEIU OT BpeMeTo oTMecTBaHus Ha Il[apk mopaaun u3MEHEHHITa BHB BPEMETO Ha WHTEH3UTETA Ha
MPUJIOKEHUTE TosieTa. ToBa Ou TOBEJO J0 TPEIIKH B OTCTPOMKUTE OT Pe30HaHca, a Te Ou TpsAOBaio 1a
ObJIaT KOMIIGHCUPAHU €IHOBPEMEHHO C €BEHTYATHHTE TPEIIKH B IUIOMHMTE Ha ummyicute. [lo Ta3u
JIOTUKA Ce CTUTa J0 M3BOJa, 4e TpsAOBa Ja ce M3MOI3BAT J1Ba T/2-KOMITO3UTHU HMMITYJICA M €IUH Ti-
KOMIIO3UTEH HMITYJIC MEXIY TSIX, BCHUKU C JBOWHA KoMIeHcauus u crabuwinu ¢azu. BsB Bce ole

HeMmyOJMMKyBaH TpyA 10I. TOpOCOB € ToOKaszajl, 4Ye MOrar Ja c€ H3MOJ3BaT W TO-IBbJITH
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MOCJICIOBATETHOCTH, 3a Ja CE MOCTHTHE OIe MOo-100pa YCTOWYMBOCT Ha Tpoduiia Ha BB3OYKIaHE
CIIpsIMO TpEImKHd B uecTtoTata Ha Pabm u B OTCTpolkata OT pe3oHaHC (Hamp. 9-mummyscHa
nocienosarennoct). B Paznen 6.2. ca mpencraBeHu aBa MeToja 3a €(EeKTUBHO MACHTU(HUIMPAHE HA
XUPAIHU MOJIEKYNH, 0a3upaH Ha IMOCIEJOBATEIHOCTH OT €AWHUYHU MMIYJICH M JABOMKM PamaHOBH
UMIyJAcU. EIUHUAT METOJ U3M0JI3Ba IOCJIEI0BAaTeIHOCT OT TPU CTHIKKM Ha B3aUMOJCHCTBUE:
eAMHUYEH HMITYyJIC, PaMaHOB HMMITyJlC W OILIE €IWH eAUHUYEH HUMITyJC. J[pyrusit MeTro H3MoJ3Ba
IIOCJIEZI0BATEIHOCT OT CaMO JIBE CTHIIKM Ha B3auMOJeicTBUE: PaMaHOB UMIIYJIC U €AMHUYEH MMILYJIC.
Bropusit MeTron € mo-mpocT U mo-0bp3, HO U3MCKBA MO-CIIOKeH PamMaHoB mmmysc oT mepBus. U1 B
JIBETE TEXHUKH €IMHUYHUTE U PaMaHOBUTE UMITYJICH MOTaT Jia ObJaT 3aMEHEHU C T0CIIeI0BATEIIHOCTH
OT KOMITO3UTHHU UMITYJICH, C KOETO T€ J]a CTaHAT MO-yCTONYHUBH KbM I'PELIKH.

B Pazgen 7 mou. TopocoB € 00001MI OCHOBHH HAYYHH MPUHOCH, OMHCAHHU B JAUCEPTALIMSTA,
KaKTO U TSIXHOTO 3HAa4YCHHUE.

Pesynrarure, onucanu B AucepTanusaTa, ¢ KOUTO A0I. TOpocoB yyacTBa B IMpoleaypaTa, ca
nyOJIMKyBaHM B TNPECTHXHHM MexAyHapoaHu cnucaHus - Physical Review Letters (APS, 16p., IF=9,
Ql), Physical Review Applied (APS, 16p., IF=4.4, Q1), Physical Review Research (APS, 26p., [F=4.2,
Ql), Physical Review A (APS, 106p., [F=2.9, Q1), Journal of Physics B (IOP, 16p., [F=1.5, Q2), ¢ xoero
ce (hopMupa TexeH cymapeH ummnakT-akrop 52.3, u ca nuTUpaHud He3aBucuMo Haja 477 mbru. Haii-
nutupanute My myonukamuu ([3] - 98 mertu, [2] - 61 nbTH, [11] - 65 mbTH, [12] - 66 MBTH) ca
[IOCBETEHH Ha TMPWIOKEHUETO Ha TJaJKH KOMIIO3UTHH HUMIyJICH [2] W Ha KOMIIO3UTHHU
MOCJIEIOBATETHOCTH HA UMMYJCH ¢ yupn [3] 3a oOpaboTBaHe Ha KBaHTOBa MHGOpPMAIIs, KaKTO U Ha
ujesTa 32 HEEPMUTOB MPSK BT KbM anuabaTHocT [11] u mpunaranero i kbM cTuMmynupaH PamaHoB
aguabateH mpexon [12].

HayunuTe 1 Hay4HO-TIPUIIOKHUTE TPpUHOCH Ha JotieHT bosH TopocoB ca yoeautennu. bux ru
kBanpuuupan kato (opMmylupaHe Ha HOBM XHUIIOTE€3M B KBAHTOBaTa OINTHKA, TEOPETUYHO
pazpaboTBaHe U, B peauna ciay4al — EKCIEpUMEHTAIHO JOKa3BaHE Ha HOBH WJIH Ha
YCBhBBPILIEHCTBAHU ChILIECTBYBAIIIM €KCIEPUMEHTAIHH MOJIX0/IM Ha KBAHTOB KOHTPOJI, IPHIIOKEH KbM
CHUCTEMH C MTOBEYE HMBA M KBAaHTOBU NeHTOBE, KAKTO U BaJUAMpPAHE HA TEOPETHUYHU pa3pabOTKU upe3
MPAKTUYECKO MpuiiaraHe Ha peajHU CBPBXIIPOBOJHUKOBH KBAaHTOBU Mpoliecopu. Te naBaT MpUHOC
KbM 000TaTsBaHEe Ha CHIIECTBYBAIIUTE 3HAHUS U Ca C OMPEICTICHH MEPCIIEKTUBY 3a TIPUIIOKEHUSI.

6. Kputnunu 0ejie:KKH U BBIIPOCH

ITo 06em, chabprkaTenHaTa 9acT Ha aBTopedepara HanxBHPIst 50% OT ChAbpXKATETHATA YaCT

Ha qucepranusaTa. @opmaiHo, TOBa HE € 00MUYaiiHO, HO IO MPHEMaM 3a CMUCIIEHO. ABTOpeepaThbT
UMa CaMOCTOSITEIHA MHPOPMATUBHA CTOWHOCT, BKIIOUHTEITHO CTOWHOCT Ha MaTepHall, KOWUTO MOXKe
na ObJe MpeqoCTaBsH HAa JUIUIOMAaHTH U Ha JOKTOPAaHTH. B TO3M CMUCHI, OTHOCHUTEIHO TO-
MoJIpOOHOTO BBBEXKJAHE HA YMTATENs B MPOOJIEMUTE U MOJI3BaHATa TEPMHUHOJIOTHS € KeJNaTeaHo U
TOBa € HampaBeHo. J[oOpe 6u 6110 ChKpallleHUs] Ha TEPMUHU BHHATH Ja C€ BbBEXKIAT IIPU TbPBOTO

MM II0JI3BAHEC, HO TOBA HC MPCACTABJIABA PCAJICH HpOGHCM.
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BbB BpB3ka ¢ pesynrarute B ['71aBa 2 OMX MCKaJl Ja CIOMEHA, Y€ BHB BBHJIHOBAaTa ONTHKA
(da30BH CKOKOBE B aMIUIMTYIUTEC Ha TOJeTaTa HEMUHYEMO BOIST 1O MOIYyJAIlMH Ha TEXHHUTE
WHTEH3UTETHU TPO(UIM, A0 T.HAP. TBMHH UMMyJicH. Te Ouxa MOINIM Ja ce OmHucBar ¢ (PyHKIMH
tanh(t/T), ymHoxenu Hanp. ¢ ['aycoBa oOBHBKa, 3a Ja Ob/ie €HEpPrusaTa UM KpaiiHa BenuduHa. B
myOJUKAIMUTE CU IO Temata JIoll. TopocoB u3non3ba ¢yHkius sech(t/T), KosATo ChIO AaBa KpaliHa
€Heprus, HO BUCOKA CTOWHOCT Ha aMIUIMTYJaTa Ha IOJIETO B MO3HIUATA Ha (a30BUS CKOK. Moxe

Ou JECcepTaHTHT OM MOT'BJI 1a OOMUCIH U J]a MOTHPCH PEIICHUE Ha TO3H IPOOIEeM.

bux npenopbuan goun. TopocoB na yrounu ymoTpebara Ha TepMHUHA ,,yITPa-TECHOJIECHTOB
KOMITO3UTEH UMMYJC” B TepMUHU Ha Dypue-npeodpa3zyBaHUETO (T.€. KOJIKO KbC MOXE Jla € €IuH
,»TECHOJIEHTOB® UMNyJC). JlMCepTaHThT pas3riexia U KOMIIO3UTHU NOJy-T UMIyscH. Pesynrarure,
pa3bupa ce, ca UHTEPECHHU, HO 32 MEH OTHOBO BB3HHMKBA BBIPOCHT 32 BBTPEIIHATA BPB3Ka MEXKIY
psi3ka (ckokoOpasHa) (a3oBa U aMILTUTYTHA MOTyJIaIusl.

7. JIM4HU Bre4aT/eHHs 3a KaHIUJaTa

JImyHKTE MU BIIEYATIICHHS €A 32 €IMH BUCOKOMOTHUBUPAH M CTIOCOOEH MJIajl MpodecnoHalucCT,
u3pacHai B rpymnata Ha npodecop Hukomnait Butanos, 3a enH eTu4eH Myajl Kojera, MOoiI3Ball ce ¢

YBAXXCHUECTO HA KOJICTHATA.

8. 3akiarouenmne
Crnen kaTo ce 3amo3Hax ¢ MPEICTABEHHUTE JUCEPTALMOHEH TPYH, aBTopedepaT U C APYruTe
MaTepualiy, Bb3 OCHOBA HA HAINPABEHMs AHAJIM3 HA TAXHATAa 3HAYMMOCT M ChIBPXKAIlU CE€ B TAX

HayYHU IIPUHOCH, NOTBBPKAABAM, Y€ HAVYHUTEC NMOCTUIKCHUA OTrOBaApsAT HA H3UCKBAHUATA Ha

3PACPB u IlpaBunHuka 3a npuiaoXkeHHeTo My, Ha cboTBeTHUA I[IpaBunHuk Ha BAH u nHa
JokymeHTa HM3uckBanwus, ycioBus, npaBwia u pemeHus Ha Hayunmss ceBer Ha HMOTT 3a

NpuA00OMBAHE HA HAYYHATA CTENEH .. IOKTOP HA (hu3nueckuTe HAyKu“. B YaCTHOCT, KaHAUAATbhT

HallbJIHO OTrOBaps M, B OIPEIEICHU OTHOILICHMS, 3HAYUTEIHO HAAXBBpPJIA MUHUMAIHUTE
HallMOHAJTHU U3UCKBaHUs B MpodecnoHanHo HanpasiaeHue 4.1. @usznyecku Hayku. He ycranoBsiBam
IUTArMaTCTBO B IMPEICTAaBEHUTE IO KOHKypca IUCEpTAlMOHEH TpyJl, aBTopedepaT U HayuyHU

TpynoBe. JlaBaM CBOsITA MOJIOKUTEIHA OIICHKA HAa TUCEPTAITHOHHUS TPY/I.

I1. OB O 3AKJIIOYEHUE

Bb3 0cHOBa Ha roOpeH3JI0KeHOTO, NPENOPbYBAM HA HAYYHOTO KyPH A2 NPHUCHAU Ha 101,
n-p bosin Tone TopocoB HaydyHaTa cTemeH ,/JJOKTOP HAa HaykuTe* B NPOGeCHOHATIHO
HanpasJienue 4.1. @usndeckn Hayku (Jlazepna pusuka, pusnka Ha aToMHUTe, MOJICKYJINTE U

IJ1a3MaTa U (PU3MKa HA BBJIHOBHUTE NPOLECH).

19.05.2026 r. WBTOTBUIT PELIECHBUATA: ...covvenreerenieenveeeesirenieenieeeens

(akazn. mpod. Anexcanasp painy)



REVIEWER’S REPORT

of a thesis submitted for awarding the scientific degree ,,Doctor of Sciences® in Physical sciences
according to the ongoing procedure in Institute of Solid State Physics (ISSP) of the Bulgarian
Academy of Sciences (BAS) prepared by Acad. Prof. Dr.Sci. Alexander Alexandrov Dreischuh from
Faculty of Physics of Sofia University “St. Kliment Ohridski” in his capacity of a member of the jury
according to order PJT 09-32/31.03.2026 of the Director of ISSP-BAS.

Title of the Thesis: Quantum Control with Applications in Quantum Technologies
Author of the Thesis: Assoc. Prof. Dr. Boyan Tonev Torosov

I. General description of the submitted documents

1. Data for the submitted documents

The applicant Assoc. Prof. Dr. Boyan Torosov has submitted a Dissertation (in English) and
an Abstract (in Bulgaria). I accept that this is subject to the prior approval of the Scientific Council
(SC) of the Institute of Solid State Physics (ISSP) according to Chapter 7 (Final Regulations) § 1 of
the document Requirements, Conditions, Regulations and Decisions (RCRD) of the SC of the ISSP,
in addition to the Regulations on the Conditions and Procedures for the Awarding of Scientific
Degrees and for the Occupation of Academic Positions in the BAS. Attached is the required Table 3,
which contains a comparison of the minimum number of points required for each group of indicators
with these of the applicant, in accordance with the laws ZRAS RB, ZRAS BAS, and the requirements
of the ISSP. Attached is a list of 4 publications outside the dissertation, which provide 100 points
according to group of indicators G, as well as a list of citations of the publications included in the
dissertation, which ensure 954 points according to group of indicators D. According to Article 6 of
the document “Requirements, Conditions, Rules, and Decisions of the Scientific Council of the
Institute of Solid State Physics (ISSP), in addition to the Regulations on the Conditions and
Procedures for the Award of Academic Degrees and the Holding of Academic Positions at the
Bulgarian Academy of Sciences (BAS),” Assoc. Prof. Torosov declares that of the fifteen scientific
publications used in his dissertation for the award of the degree of “Doctor of Science,” eleven have
not been used in previous procedures (where a minimum of eight is required). From the list of these
15 publications, in all of which he is the first author, Dr. Torosov’s leading role in the research is
clearly evident. The remaining requirements of Article 6 of the RCRD document of the Scientific
Council of the ISSP have also been met. The doctoral candidate has submitted a copy of his “Doctor”
degree certificate. I did not find any records of his presentations at international scientific events,
however, he has the right not to submit such additional information.

2. Data for the applicant

In 2005, Dr. Torosov received his bachelor's degree, and in 2006, his master's degree from the
Faculty of Physics at Sofia University "St. Kliment Ohridski" (SU). In 2010, SU awarded him the
academic and scientific degree of “Doctor.” From 2010 to 2016, Dr. Torosov served as a Head
Assistant Professor, and since 2016, he is an Associate Professor at the Institute of Solid State Physics

(ISSP) at the Bulgarian Academy of Sciences (BAS). Since 2022, he is the Head of the Quantum
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Control Unit at the Canadian company 1QBit. Dr. Torosov has received at least two prestigious
awards: in 2013, the “Marin Drinov” Award for the best young scientist at the Bulgarian Academy of
Sciences, and in 2019, the ISSP Award of the Bulgarian Academy of Sciences for outstanding

scientific achievements.

3. General evaluation of the scientific achievements of the applicant

Between 2007 and 2025, Assoc. Prof. Torosov published a total of 39 articles in highly-reputed
scientific journals with impact factors (27 in Phys. Rev. A, 2 in Phys. Rev. Lett., 2 in Phys. Rev.
Research, 2 in J. Phys. B, 2 in Opt. Commun., 1 in J. Phys. A, and 1 in an IEEE publication - The
Institute of Electrical and Electronics Engineers). He is participating in the present procedure with 15
publications - 1 article in Physical Review Letters, 1 in Physical Review Applied, 2 in Physical
Review Research, 10 in Physical Review A, and 1 in the Journal of Physics B. These 15 articles have
attracted more than 477 independent citations. As of the date of submission of the documents, the

candidate’s Hirsch index is h=15.

In view of the content of the dissertation, Assoc. the research interests of Prof. Boyan
Torosov’s lie in the field of fundamental theoretical studies related to new techniques for quantum
control in quantum systems with two or more states and their validation for specific applications. The
scientific publications included in the dissertation meet the minimum national requirements (under
Article 2b, paragraphs 2 and 3 of the Law ZRASRB), of the Regulations on the Conditions and
Procedures for the Award of Academic Degrees and the Occupation of Academic Positions at the
Bulgarian Academy of Sciences (BAS), and the additional requirements of the Scientific Council of
the Institute of Solid State Physics (ISSP-BAS) for the award of the academic degree “Doctor of
Science” in professional field 4.1. “Physical Sciences”. Table 3, attached to the candidate’s
documents, clearly shows that these requirements are fully met and significantly exceeded in terms of
independent citations of his publications. All articles with which Assoc. Prof. Torosov participates in
the procedure have been published in highly-reputed international scientific journals after
successfully passing independent peer-review procedures. I consider this to be indicative that the
published results, as well as those in the dissertation and the abstract, are original scientific
contributions by Assoc. Prof. Torosov. I therefore reject the possibility of plagiarism in any form.

4. Characterization and evaluation of the teaching activity of the candidate

Assoc. Prof. Torosov’s teaching activities include holding lectures and seminars on Quantum
Computers and Quantum Algorithms for the “Quantum Informatics” master’s program at the Faculty
of Physics, Sofia University (2022-2024). At the time of submitting the documents, he has been co-

advisor to two doctoral students.

5. Analysis of the basic and applied scientific achievements of the candidate as evident
from the documents for participation in the procedure
The dissertation devotes considerable attention to the theory and application of composite

pulses to two-level systems (Chapter 2) and multi-level systems (Chapter 3). A stimulated Raman
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adiabatic passage (STIRAP) is introduced, and error-resilient quantum gates are analyzed, including
the development of composite pulses with smooth time profiles. The feasibility of techniques based on
such composite pulses has been demonstrated on IBM quantum processors (Chapter 4). Chapter 5
analyzes the idea of a non-Hermitian shortcut to adiabaticity. The adiabatic transition requires slow
evolution of the quantum system. In the author’s publications, it has been shown that adding a suitable
imaginary term to the Hamiltonian can allow for population transfer at the desired high speed without
the need for stronger control fields. Chapter 6 is devoted to the quantum control of chiral molecules,
with an emphasis on a new method for detecting such molecules using sequences of three pulses that
control a three-state quantum system. In Chapter 7, Assoc. Prof. Torosov summarizes his main
scientific contributions in his dissertation and outlines his vision for the further development of his
research.

Chapter 2 presents a model of a two-state quantum system affected by a pulse in the form of a
hyperbolic secant and, importantly, with a phase jump ¢ at its peak. The detuning from resonance is
modeled with a constant component and a frequency-modulated component. It is shown that a nonzero
phase jump ¢ causes significant changes in the transition probability - ranging from complete
population inversion to a complete return to the initial state.

Assoc. Prof. Torosov’s research is further focused on developing the technique of composite
pulses for manipulating quantum states. In this technique, a single pulse is replaced by a sequence of
pulses with appropriately selected phases, which are used to control and shape the excitation profile in
the desired way. The construction of broadband, narrowband, and rectangular composite pulses, as
well as effective n- and partial-n-pulses with the desired smoothness, has been demonstrated. A
method is also presented for optimizing the technique of adiabatic passage between two quantum states
using composite sequences of frequency-modulated pulses - composite adiabatic passage (CAP) - with
the aim of creating an excitation profile that is maximally resistant to variations in pulse area. The
assumption that the areas of all sub-pulses in the composite pulse are equal corresponds to those
actually generated by lasers emitting pulse trains. It is shown that, for ultra-broadband composite
pulses, those with different areas of the constituent pulses outperform those composed of identical
pulses.

Chapter 3 of the dissertation is devoted to the study of composite pulses applicable to the
quantum control of systems with more than two states. More specifically, composite pulses are used
to implement Stimulated Raman Adiabatic Passage (STIRAP). STIRAP is a quantum control
technique used to transfer population between two states without significant population in an
intermediate state, which could introduce losses or be unstable. By using composite sequences of
pairs of partially time-shifted pulses with appropriate phases, the non-adiabatic transitions that
prevent STIRAP from achieving maximum efficiency can be suppressed to a high order through
destructive interference, and the technique can be made “arbitrarily precise” (in the author’s terms).

Composite phases are described by analytical formulas and do not depend on the specific shapes of



the pulses, the delay between them, or their areas. Assoc. Prof. Torosov and his co-authors refer to
the combination of the two techniques—composite pulses and STIRAP - as the composite STIRAP
technique. Simply put, this technique consists of a sequence of an odd number of ordinary STIRAP
“back-and-forth” transitions, 1) — |3) — [1) — [3) —» = = — |I) — |3). It has been shown that
each individual STIRAP can be relatively inaccurate (with an error of ~20-30%), but at the end of the
process, a population transfer is achieved with a cumulative error well below 10~%. It has been shown
that the resonant STIRAP allows for a complete population transfer from state |1) to state [3). I will
allow myself a brief comment: In the resonant case, as seen in the top panel of Fig. 3.1, the pulses
must have variable delays between them, i.e., they would be difficult to generate directly from a laser
emitting trains of pulse. In the non-resonant case, as shown in the lower panel of the same figure, the
delays between the pumping and Stokes pulses are constant, and the aforementioned problem does
not exist.

The Householder reflection is a linear transformation that describes the mirror reflection of a
vector with respect to a plane in multidimensional space. In the simplest physical terms, it can be
thought of as the reflection of a light ray off a mirror. Taking a small step further, but still intuitively,
in quantum mechanics we can imagine the state of a system as a vector. On this vector, the
Householder reflection acts as a “quantum mirror.” In classical physics, the reflection reverses
direction in real space. In quantum physics, reflection reverses amplitudes, phases, and interference
ratios. Through a series of such reflections, the quantum algorithm can suppress the population of
undesirable states and amplify the “correct” response of the system. As an example of this, Assoc.
Prof. Torosov studies a broad-spectrum composite Hausholder reflection that is robust against
variations in the pulse area. The pulse is modeled as composed of a sequence of two broad-bandwidth
composite pulses.

Chapter 4 describes an experimental demonstration of the operation of composite pulses on
IBM quantum computers. Section 4.1 explains how the superconducting qubit can be understood,
starting from a conventional LC oscillator and extending this concept to a resonator based on a
Josephson junction with discrete, non-equidistant energy levels. It is shown that, for a standard LC
oscillator, the Hamiltonian of the quantum harmonic oscillator includes the characteristic frequency
w = 1/V/LC, and the energy spectrum of this Hamiltonian is equidistant. This is undesirable, since
during resonant control of the population of the transition between two of the oscillator’s states,
chosen to represent the qubits, other states will inevitably be excited. Thus, it becomes necessary to
add a nonlinear element. The inductance in the LC circuit is replaced by a Josephson junction (two
superconductors separated by a thin insulating barrier). The key property of the Josephson junction
here is that its inductance is nonlinear with respect to current. An early implementation of a qubit
derived from this Josephson oscillator is the so-called “Cooper pair box”. With Josephson energy,
which is much higher than the capacitive energy of the circuit, a “transmon qubit” is realized. In it,

selective manipulation of the qubit’s states is possible via microwave pulses that induce transitions
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between quantized energy levels. By adjusting the frequency, amplitude, and phase of the microwave
pulses, transitions between specific energy levels can be selectively controlled. This is considered the
basis for single-qubit gates. Furthermore, the coupling of several transmons allows for the realization
of two-qubit gates.

In Section 4.2, using one of open-access quantum processors of IBM based on
superconducting transmon qubits, Assoc. Prof. Torosov describes detailed experimental tests with
various composite pulse sequences. Low-level access to the hardware, granted by IBM Quantum, was
utilized. Excitation profiles were obtained for various broadband, narrowband, and rectangular
composite pulses corresponding to pre-selected target transition probabilities (from zero to one). In
all experiments, excellent agreement was achieved between the theoretical and experimental
excitation profiles.

To put it simply, the three main characteristics of the Hermitian Hamiltonian are (1) its real
eigenvalues (i.e., the energies are always real), (2) the eigenstates corresponding to different energies
are orthogonal (i.e., the quantum states are clearly distinct, and any state can be decomposed into
them), and (3) quantum information is not lost during their idealized evolution. Non-Hermitian
Hamiltonians describe quantum systems that exchange energy or particles with the environment (i.e.,
losses, amplification, decay, or dissipation). Again, roughly speaking, they (1) have complex
eigenvalues (the real part determines the energy, the imaginary part determines amplification or
damping) and (2) the evolution does not preserve normalization (since the system is open or has
dissipative dynamics). Adiabatic transitions require slow evolution. The author has shown that adding
a suitably chosen imaginary term to the Hamiltonian can compensate for the non-adiabatic coupling,
allowing for perfect population transfer at the desired high speed without the need for stronger control
fields (i.e., without increasing the interaction). In Chapter 5 of the dissertation, this idea is developed
by introducing a “non-Hermitian shortcut to adiabaticity.” The discussion begins with a brief overview
of the theory of fast adiabatic transition for a two-state Hermitian system. The evolution of the
population densities in time, shown in Fig. 5.1, for the Hermitian Landau-Zener model and for the
model with the addition of a non-Hermitian term indicates that, in the latter case, population transport
is always perfect, regardless of the strength of the interaction. In Section 5.2, a non-Hermitian
generalization of the STIRAP is theoretically investigated, which allows the non-adiabatic interaction
to be canceled out and the speed and efficiency of the process to be increased. For STIRAP with
Gaussian pulses, the required imaginary terms of the Hamiltonian turn out to be time-independent. For
hyperbolic secant-type pulses, however, these imaginary terms do depend on time. The method,
however, is not applicable to certain pulses (e.g., of the sin’(...) type). It is found that the technique is
sensitive to the initial conditions and works only for resonant STIRAP. In Section 5.3, analytical
solutions are derived for a special type of pseudo-Hermitian generalization of a two-state problem
(Landau-Zener-Stiickelberg-Majorana; LZSM) with potential applications in waveguide optics and in

nonlinear sum-frequency generation.



Simplified, a chiral molecule is one whose mirror image cannot be superimposed onto itself
(just as this is not possible for a person’s left and right hands). In other words, some molecules have a
“left” or “right” form, called left-handed and right-handed enantiomers, respectively (from the Greek:
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enantios—“opposite,” “opposite” and meros—“part,” “form”). Chiral molecules are important, for
example, in biology and pharmacy, because living organisms often distinguish between the two mirror
images. (For example, one form of a drug may be therapeutic, while the other is toxic.) The left-
handed and right-handed enantiomers have the same optical properties (transition frequencies and
dipole moments of the transitions). The only difference is in the sign of one of the bonds. In Section 6
of his dissertation, Assoc. Prof. Torosov presented a method for identifying chiral molecules using
sequences of three pulses. The method is based on quantum systems with three states in closed loops.
By “identification,” generally speaking, the following is meant: If the system is initially in state |1), the
goal at the end of the pulse sequence is for one enantiomer to remain in that state, while the other is
transferred to state |3). Twelve different sequences of resonant pulses have been identified in which
high-contrast chiral separation is observed. All cases that allow chiral separation have in common that
the first and third pulses are m/2-pulses, while the middle one is a m-pulse. Furthermore, one of the
three pulses must be phase-shifted by m/2 relative to the other two. Despite its apparent simplicity, in a
practical setting the approach relies on resonance pulses with a precise temporal width. It is shown that
the accuracy and robustness of the method can be improved by replacing the single pulses with
sequences of composite pulses. (The three single pulses are replaced by a composite n/2-pulse,
followed by a composite n-pulse, followed by a composite n/2-pulse.) In practical situations, resonant
interactions can also be problematic. The energies of the levels may differ for different molecules in
the ensemble, e.g., due to spatially inhomogeneous distributions of the magnetic field and time-
dependent Stark shifts caused by time-dependent changes in the intensity of the applied fields. This
would lead to errors in the detunings from resonance, and these would need to be compensated for
simultaneously with any errors in the pulse areas. Following this logic, one concludes that two n/2-
composite pulses and one m-composite pulse between them should be used, all of them with double
compensation and stable phases. In a still unpublished paper, Assoc. Prof. Torosov has shown that
longer sequences can also be used to achieve even better robustness of the excitation profile against
errors in the Rabi frequency and in the resonance detuning (e.g., a 9-pulse sequence). Section 6.2
presents two methods for the effective identification of chiral molecules based on sequences of single
pulses and pairs of Raman pulses. One of the methods uses a three-step interaction sequence: a single
pulse, a Raman pulse, and another single pulse. The other method employs a sequence of just two
interaction steps: a Raman pulse and a single pulse. The second method is simpler and faster, but
requires a more complex Raman pulse than the first. In both techniques, the single and Raman pulses
can be replaced with sequences of composite pulses, making the approach more error-resistant.

In Chapter 7, Assoc. Prof. Torosov summarizes the main scientific contributions described in

his dissertation, as well as their significance.



The results described in the dissertation, with which Assoc. Prof. Torosov is participating in the
procedure, have been published in highly-reputed international journals - Physical Review Letters
(APS, 1 paper, IF=9, Q1), Physical Review Applied (APS, 1 paper, [F=4.4, Q1), Physical Review
Research (APS, 2 papers, [F=4.2, Q1), Physical Review A (APS, 10 issues, IF=2.9, Q1), Journal of
Physics B (IOP, 1 issue, IF=1.5, Q2), resulting in an overall impact factor of 52.3, and have been cited
independently more than 477 times. His most cited publications ([3]—98 times, [2]—61 times, [11]—
65 times, [12]—66 times) are devoted to the application of smooth composite pulses [2] and composite
sequences of chirped pulses [3] for processing quantum information, as well as to the idea of a non-
Hermitian direct path to adiabaticity [11] and its application to stimulated Raman adiabatic passage
[12].

The scientific and applied scientific contributions of Associate Professor Boyan Torosov are
convincing. I would describe them as formulation of new hypotheses in quantum optics, theoretical
development, and, in a number of cases — experimental verification of new or improved existing
experimental approaches to quantum control applied to multi-level systems and quantum gates, as
well as the validation of theoretical developments through the practical application of real
superconducting quantum processors. These contribute to the enrichment of existing knowledge and
hold definite prospects for applications.

6. Ciritical remarks and questions

In terms of length, the main body of the abstract exceeds 50% of the main body of the

dissertation. Formally, this is not standard practice, but I consider it reasonable. The abstract has an
independent informational value, including material that can be provided to master’s and doctoral
students. In this sense, a relatively more detailed introduction for the reader to the issues and the
used terminology is desirable, and this has been done. It would be good to always introduce

abbreviations before their first use, hiwever this does not pose a real problem.

In connection with the results in Chapter 2, [ would like to mention that in wave optics, phase
jumps in the field amplitudes inevitably lead to modulations in their intensity profiles, resulting in
so-called dark pulses. These could be described by tanh(t/T) functions, multiplied, for example, by
a Gaussian envelope, so that their energy is a finite quantity. In his publications on the subject,
Assoc. Prof. Torosov uses sech(t/T) function, which also yields finite energy but a high value for
the field amplitude at the position of the phase jump. Perhaps the Dr. Torosov could consider and

seek a solution to this problem.

I would recommend that Assoc. Prof. Torosov clarify the use of the term “ultra-narrowband
composite pulse” in terms of the Fourier transform (i.e., how short a “narrowband” pulse can be).
The author also examines composite half-r pulses. The results are, of course, interesting, but for me
the question arises again regarding the intrinsic relationship between abrupt (step-like) phase

modulation and amplitude modulation.



7. Personal impressions of the candidate
My personal impression is of a highly motivated and capable young scientist who grew up in
the research group of Academician Professor Nikolay Vitanov, and of an ethical young colleague

who is highly respected by his colleagues.

8. Conclusion

After getting acquainted with the presented dissertation, abstract and other documents, based on
the analysis of their significance and scientific and applied scientific contributions, herewith I confirm
that the scientific achievements meet the requirements of the law (3PACPB) and of the Regulations
for its application and the relevant Regulations of BAS and the document “Requirements,
Conditions, Rules, and Decisions of the Scientific Council of the Institute of Solid State Physics
(ISSP) for the award of the degree of “Doctor of Physical Sciences”. In particular, the candidate
fully meets and, in certain respects, significantly exceeds the minimum national requirements in
professional field 4.1, Physical Sciences. I find no evidence of plagiarism in the dissertation,

abstract, and scientific papers submitted for the competition.

Herewith, I give my positive assessment of the Dissertation.

II. GENERAL CONCLUSION
Based on the above, I recommend the scientific jury to award Assoc. Prof. Dr. Boyan Tonev
Torosov the scientific degree "Doctor of Science'" in professional field 4.1. Physical Sciences

(Laser physics, Physics of atoms, molecules, and plasma and Physics of wave phenomena).

19.05.2026 Reviewer’s report prepared bY: .......ccceeveevverieeciencvenenenne.
(Acad. Prof. Alexander Dreischuh)



