Yuusepsurer y Beorpany
Enextporexuuuku dakynrer

HACTABHO-HAYYHOM BERY

ITpeamer: TlomoGHOCT TeMe U KaHaMATa Mapuje Rypunti, mactep UHXEHepa eleKTPOTEXHHKE U
pavyHapeTBa, 3a U3pany JOKTOPCKe JHCepTaLH]e.

Omnyxom Hacrasno-nayyHor seha Enexrporexanuxor daxynrera Op. 5014/16-1 ox 30. 9. 2019.
TONMHE, MMCHOBAHM cMO 3a wWiaHose Komucuje 3a oneny mogoGHocTH Teme u Ka"uata Mapuje
Rypuuh, MacTep HHXKebepa eNeKTpoTEXHUKE 1 PaiyHApCTBa, 32 M3pajy NOKTOPCKE AMCEpTalije 1
Hay1He 3aCHOBAHOCTH TEME IO/ HACIOBOM: ,IIpuMeHa KBAHTHHX H HeJHHeapHHX (heHOMeHA y
IapH KadHjymMa 3a KOHTPOJIy ocoGuHA Jacepekor spavewa” (Application of quantum and
nonlinear phenomenon in hot potassium vapor for controlling properties of laser radiation).

Ha ocHoBy matepujana npuioskenor ys 3axtes kanuzara, Komucunja nognocu cnenehn

H3BEINITAJ

1. Hogann o KAHIHAATY

1.1. Brorpadeku Hogag‘n

Mapuja Rypuuh je poljena 12.08.1991. roauue y Kpasbeny. Hzabpana je 3a haka reHepanmje HakoH
3aBpIICHE OCHOBHE IIKOJIe. Yrmcana je MaremaTuHuky rumHasnjy y Kpamesy, kojy je sappumia
Kao Hocunar BykoBe muriome. YV 0CHOBHO] CPelib0]j LIKOJIH YYeCTBOBATA je Ha peny6imukuM
TaKMH4CIbAMA U3 MaTeMaTHKe M ¢usuke. EnekTporexumuku axynrer je ynucana 2010, rogure.
Aunnomupana je Ha ofceky 3a Pusmuxy CJICKTPOHNKY, cMep Hanoenexrponrika, onroenexrponnka
M Jacepcka TexHuka, 2015. roamme ca ykynmHOM mpoceuHoM oueHom 8.89, u onenoM 10 ma
3aBpIIHOM pany Ha Temy “"Kocumynmamuja usmely Matlab-a u OptiSystem-a Ha mpumepy
pedIEKCHOHNX NOTYNPOBOAHMYKNX OITHYKHX nojauapava”. JIMMIOMcke axkameMcke — MacTep
ctymuje Ha EnexrpotexHmuxom dakynrery y Beorpamy, Ha Moaymy 3a HaHOemeKTpoHMKY U
oronuky ynucana je y oxro6py 2015. romuue. ITososuia Jje CBe HCIIHTE ca MPOCeYHOM OLEHOM
10 u onbpanuna macrep pag Ha TeMy "Hesmneapha cnexrpockonuja Y mapH kajnujyma" ca oreHoM
10. 2016. roguue 3anounme JOKTOPCKE CTy[Hje Ha MOy Hanoenexrponnka n ¢oronnka. On
HoBeMOpa 2016. je 3amocnena y Ilentpy 3a ¢oTonnxy Mucturyra 3a ¢usuky y Beorpany y 3Bamy
MCTpaXnBay npunpasauk, Ox 2017, roguse ywecHuk je Gunarepansor npojexra ca Ilerum
MHCTUTYTOM 3a Qu3uky y Iltyrrapry. Y oksupy oge CapaJie MpoBeJa je BHINE MECEId TOKOM
2017. u 2018. Ha Yumeepsurery y lryrrapry. On 23. no 28. jyma 2018, noxabana je kypc
Nanoscale Quantum Optics y oxBupy MHTepHan1oHanne mKose ¢pusuke Enrico Fermi y Bapenn,




1.2. Creueno HAayYHOUCTPaKUBAYKO HCKYCTRO

EBp. HasuB ncnura HoTmicao vactaBuuk | Onena ECIIb
1 Monenorame H0JIyHPOBOIHMYKHX Jiacepa Hejan I'sozauh 10 9
2 PoToHcKe KOMyHUKaIuje JacHa lpmanckn 10 9
3 KsanTHa ontuka bpanucnas 10 9

Jenenkopuh
4 Onrtruke oco6une TIOJTYIIPOBO AHUYKIX Jenena Panopanoruh 10 9
HaHOCTPyKTYpa
5 Onrrumuszanuja u HHXKEHECPHHT Jenena Panopanosuh | 10 9
HAHOCTPYKTYPHHUX IIapameTapa
6 Henmueapha onruxa ITerap Marapyss 9 9
7 Monepue oroncke KOMIIOHEHTE U CHCcTEMM [lerap Marapyss [9 9
8 Tpancnoprau npouecy Y HaHOENEKTpoHuHM | Mapko Kpcruh 9 9
4 hoTonumyM
Mogenosame HaHOCTpyKTypa Bramumup Apcockn | 10 9
10 YBoJ y HayuHu pan 3opan Ionosuh 10 9
Hasug o6agese
1 CTynmjckn ueTpaxupauxm panl 15
2 Crynmjcku uctpaxupauxy pan II 15
3 Hayuro crpyynu paa 3
[Ty6nukoBauu panoBu:

Hanosn y BpxyHckim MehyHapoaHuM vacomucuma M21):

[1] M. M. Curéié, T. Khalifa, B. Zlatkovig, 1. 8. Radoji¢i¢, A. J. Krmpot, D, Arsenovié, B, M.,
Jelenkovi¢, M. Gharavipour, Four-wave mixing in potassium vapor with an off-resonant
double-Lambda system, Phys Rev A 97,063851 (2018).

[2] D. Arsenovié, M, M. Curéié, T. Khalifa, B. Zlatkovi¢, 7, Nikitovié, I, S. Radojigi¢, A. J.
Krmpot, B. M. Jelenkovig, Slowing 80-ns light pulses by four-wave mixing in potassium
vapor, Phys Rev A 98, 023829 (2018).
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Ilpenasame mo TI03HBY ca Melynapouor CKyna MTaMIIaHO Y LeHHN (M31):




(1]

M. Curdié, B. Jelenkovié, Squeezed states of light generated by four wave mixing in
potassium vapor, 21%International Conference on Transparent Optical Networks,
ICTON’2019, Angers, France, July 9-13, 2019.

Ipenasame 110 no3uBy ca MehyHapoaHor CKyIa ITaMIIaHo y usBoay (M32):

(1]

M. Curdi¢, B. Zlatkovié, 1. Radojidié, 7. Nikitovié, A. Krmpot, D. Arsenovi¢, B. Jelenkovic,
Slowing light pulses due to four-wave-mixing in Potassium vapor ~ theory and experiment,
Hot Atomic Workshop, European Workshop on the Science and Technology of Hot atomic
Vapors, Stuttgart, Germany, 23-25. May, 2018.

Caomureme ca MeljyHapoHOT cKyIIa ITamnano y uzsony (M34):

[1]

(2]

[3]

[5]

[6]

[7]

(8]

D. Arsenovié, M, M. Curéié, B. Zlatkovi¢, A. J. Krmpot, 1. S, Radoj¢i¢, B. M. Jelenkovié,
Four wave mixing in potassium vapor with off-resonant double lambda system,
PHOTONICA 2017, Insitute of Phzsics, Belgrade, pp. 62-62, isbn: 978-86-82441-46-5,
Belgrade, Serbia, 27-31. Aug, 2017.

B. Zlatkovi¢, A. J. Krmpot, D. Arsenovié, 1. S. Radoj¢i¢, M. M. Curéié, B. M. Jelenkovig,
Ultraslow propagation of optical pulses in hot potassium vapor, PHOTONICA 2017,
Insitute of Physics, Belgrade, pp. 48-48, isbn: 978-86-82441-46-5, Belgrade, Serbia, 27-31.
Aug, 2017.

M. Curéié, R. Bek, R. Loew, M. Jetter, B. Jelenkovié, Towards realization of frequency
doubled VECSEL for Rydberg spectroscopy in rubidium and potassium, 11" Photonics
Workshop, pp. 40-40, isbn: 987-86-82441-47-2, Kopaonik, 11-15. Mar, 2018.

B. Zlatkovi¢, M. M. Curtié, I. S. Radojii¢, A. J. Krmpot, Z. Nikitovié, D. Arsenovi¢, B. M.
Jelenkovi¢, Slow propagation of pulses bz four wave mixing in potassium vapor, 11
Photonics Workshop, pp. 39-39, isbn: 987-86-82441-47-2, Kopaonik, 11-15. Mar, 2018.

B. Zlaktovié, M. Curgig, 1. Radoji¢i¢, A. Krmpot, Z. NIkitovi¢, D. Arsenovié, B. Jelenkovig,
Slowing probe and conjugate pulses in potassium vapor using four wave mixing, Book of
Abstracts, The Nanoscale Quantum Optics (NQO) Workshop, Prague, Czech Republic, 13-
16. Feb, 2018.

I. Radoji¢ié, M. Curi¢, B. Zlatkovié, Z. Nikitovi¢, A. Krmpot, D. Arsenovié. B. Jelenkovig,
Propagation of short twin pulses in four wave mixing in hot potassium vapor, 50%
Anniversary EGAS conference, Faculty of Physics, Astronomy and Applied Computer
Science, Jagiellonian Uniwersity, pp. 105-105, isbn: 978-83-945937-5-9, Krakow, Poland,
9-13. Jul, 2018.

B. Zlaktovié, M. Curdié, L Radoji¢i¢, D. Arsenovié, A. Krmpot, B. Jelenkovié, Non-
degenerate four wave mixing based slow light in hot potassium vapor, Hot Atomic Vapor
Workshop, European Workshop on Science and Technology of Hot atomic Vapors,
Stuttgart, Germany, 23-25. May, 2018.

A. Cutuk, M. Curdi¢, M. Plach, R. Hermann, M. Grossmann, R. Bek, R. Loew, H. Kuebler,
M. Jetter, P. Michler, Blue InGaAs-VECSELSs for Rydberg atom spectroscopy, DPG Spring
Meeting, Regensburg, Germany, 31-5. Apr, 2019.




[91 D. Arsenovi¢, 7. Nikitovi¢, B, Zlatkovié, 1. S. Radoj¢i¢, M, M. Curéié, A. J. Krmpot, B. M.
Jelenkovi¢, Evolution of laser pulse propagation in Four Wave Mixing atomic medium,
PHOTONICA 2019, Belgrade, pp. 86-86, isbn: 978-86-7306-153-5, Belgrade, Serbia, 26-
30. Aug, 2019.

[10] M. M. Curéic’, B. M. Jelenkovié, Amplitude squeezing by four wave mixing in hot
potassium vapor, PHOTONICA 2019, Belgrade, pp. 85-85, isbn: 978-86-7306~153—5,
Belgrade, Serbia, 26-30. Aug, 2019,

[11] M. M. Curéié, M. Grossmann, R, Bek, R. Loew, M. Jetter, B. Jelenkvi¢, Blue InGaAsP
VECSEL for Rydberg Spectroscopy in Rb and K, 12% Photonics Workshop, Kopaonik, 10-
14. Mar, 2019,

Hana 10.10.2019. romuue wa Enexrporexnuukom bakynrery y Beorpany, Mapuja Rypuuh je
MMAJIa jaBHH YCMEHHM MCIIHT o MOA0GHOCTH TeMe M KkammwnaTa TIPEN TPOUNAHOM KOMHCHjOM y
cacTaBy:

1. np JacHa Lpmanckm, BaHpeaHu npogecop, Enekrporexmmuxn daxynrer y Beorpany
2. np Oyman Apcenoruli, Hayynu CaBeTHHK, MucTuTyT 33 ¢usnky y Beorpany

3. np Upanu Ionosut, Banpeaau npogecop, Enexrporexmimuxu daxynrer y Beorpany

Komucuja je saxmyuuna A4 KaHIMJAT UCIYIHaBA YCITOBE 34 pan Ha TPC/UIOKCHO] TeMH JOKTOpCKe
AMCEPTAIHje M OLCHHIA HCIIHT OLleHOM 3a0BOJLHO.

1.3. Ouena HNONOOHOCTH KaHaunaTa 33 PaN HAa NPEANIOKEHO] TEMU

* [Ilonoxumna cee wenure u SaBpuIMia cse obasese npenpulere HACTABHUM [IIAaHOM M
TporpamoM, u Tume ocreapuna 120 ECITE bonoga,

¢ JaBHo onGpanuna TEMy JOKTOpCKe mucepTamuje 10.10.2019. roaume Npea TpowiaHoM
KOMHCHjoM  (hopMHpanoM O cTpane HacraBHo-mayunor peha Enexrporexuuukor
axysrera y Beorpany.

* ToxoM tpajama AOKTOPCKMX CTyAHMja aKTHBHO aHraxoBaHa Ha npojexry Munucrapersa
[IPOCBETE, HAYKE M TEXHOJIOLIKOr pasBoja 11145016, kao 1 ua Onnarepanumm HpojeKkTUMa ca
VHCTUTYTHMA ca YHHBep3uTeTa y Ulryrrapry.

¢ IlybmukoBana Bume pazoBa y HayyHuMm vaconmeuma u HayYHHM CKYIIOBHMa U3 06yactu
KOjoj npumnama NIPEJUIOKEHA  TeMa  HOKTOpCKe AMCEpTaLlje 4YMMe je mokasana
KBanupukanuje 3a Hay4HH pan u abuHHTET Npema Temu AOKTOpCKe ucepTanuje.

KoMmucuja 3aKIbyYyje la KaHIuOaTKUba Mapuja Rypunh Y CBAaKOM NOTJIely MCIymaBa ycioBe 3a
Paji Ha npeyioKeHoj Temu,




2. IIpeameT H HHJb HCTPAXKHMBAHA

Hnrepaxiyja m3meljy onTHYkux mossa u MaTepije ONABHO je y JKIKHM HHTEpEeCOBaiba
HAaYYHHKA, WTO je 3a MOC/eAHLY HMaJIo OTKpuhe Besukor Opoja ¢uznuknx npoueca. V JATEpaTypH
Cy A0 cana JETAa/bHO ONMCAHA ONTHYKA CBOjCTBA MATEPHje IIOMYT ancopnumje, peduiekcuje,
TpellaMarba, pacejama, JUCIIep3uje,... Ilojammere oBux KapakTepHUCTUKA MEeIUjyMa CIEeAWIO je 13
T0jalikEmka CBOJCTABA aTOMA KOjH UHTEparyjy ca ceemoutiy. Peanusanuja Jlacepa foBena je 110
TVIABHE MPEKPOTHANE Y HCTPAXKUBAMLUMA Y TIOJBY KBAHTHE U HETUHEAPHE OIITHKE, U OTBOpHIIA BpaTa
otkpully QacumHaHTHHX Qu3MYKEX deHomena. V3 AIOBOJBHO  jaKe JIaCepCKe CHOIOBE,
KOHTPOJIMCAHNX ~ KAapaKTepHCTHKA, IocTano je Moryhe o6nukoBaTH CBOjCTBA MaTepwuje,
KOHTPOJIMCATH HAIMH FCHE MHTEpaKIyje ca (OTOHNMA, alM M FeHePHCATH HOBA CTAMA CBETIIOCTEL
Haunn 3a nocTusame mociieame moMenyTor Jecte xoprmhemem edexara xoje cBpcTaBaMo y obmacr
HeMHeapHe onTuke [1]. JexHo on nmoceGHO MHTepecaHTHHX HEKIACHYHHX CTAbA CBETIIOOTH jecre
TaKo3BaHa CTHCHYTA cBeTIOCT [2].

ANKanHU €NeMEeHTH, Ka0 aKTUBHE CPE/MHE, TOKA3AIM Cy C& Kao M3pa3suTo MNOTOAHU U
MHTEPECAHTHH Y 0BOj chepH UCTpakuBarba. Haume, y miMa Je, mon ozpeljenum ycnosuma, Moryhie
TEHEPHCATH HEMHEAPHOCTH KOje Cy 110 MHTEH3HTeTy jade y nopeljemy ca JPYTUM MaTepHjanuma,
nomnyT kpuctana. Ilopes Tora, Hyne WMPOK CIIEKTAP M PA3HOMMKY KoMOuHanujy edekara Koju ce u
Jajbe MOKasyjy aTpaKTHBHHM Y HMCTPaKHBAHMA. Crienudmana aToMcKa CTPYKTypa anKaqHHX
©JIEMEHATA j& TIOTOJIHA 33 PeANH3ALHjy KOXSPEHTHNX KBAHTHHIX eexara. Ilox tume noce6Ho TpeGa
ucrahin pa ayroxuselia xunepdunHa HHBOA OCHOBHOT CTawba, eNIEKTPHYHNM JHUIIOIOM CIIPErHyTa ca
IPBUM NOGYeHNM CTamHMa, HA TANACHO] [y>KUHH y 6nmckoj mH(ppanpsenoj obmacry, Huonnw,
OAHOCHO TIOJYNPOBOIHUYKH JIACEPH Y OBOM JeJy CIICKTPa cy KOMEpPLHMJaIHO MOCTYIHH, U CKOpPO
HEM30CTABHM /IO CBMX Js1abopaTopHja 3a KBAaHTHY (H3HKY. Hmajyhu y Bupy moctymmoct
AACKBATHHX M3BOPA 3pavCiba, ka0 M YMILCHHLY [a je npenas mameby Ta ja xurepuHa HHBOA
3a0pareH, OBaKBa CTPYKTypa omoryhiasa Jaky ONITUYKY NOJIAPH3ALM]Y aTOMA 1 ONITHYKO IyMIatke,
TIpeAycioBe 3a peanusauyjy edeKara o4 MHTEpeca y ajbe OMHUCAHOM ucTpaxusamy. KoHkperHo,
HCTpa)XNBaK:a Be3aHa 3a oBY Te3y fie Ouru paljena y napu xanujyma.

KoxepeHTHe MHTepaKuMje eEKTPOMATHETHOr 1OJbA €A  BHIICHUBOBCKHM aTOMCKUM
CHCTeMUMA JI0BOZIE /IO TOjaBe IMPOKOT CIIEKTpa QU3MUKUX (heHOMeHa. Koxepentnu tenomenn y
napu KajaujyMa KOjUMa ce MOTY KOHTPOJIICATH M OGIMKOBATH CTama CBETIOCTH Gulic npeaMer
MPE/VIOKEHOT  MCTPAXKMBAYKOT pana. Jleo McTpaxupama koje he kammupar criposectw Guhe
hoxycupaH Ha HeNMHeapHH (EHOMEH YETBOPOTANACHOT MeIlama Tanaca Yy TapH Kaudjyma
peanusoBaH Ha IBOCTPYKO] ambzia memu Ha J{1 nunmju [3). OBaj edekar je ox moceGHor uHTEpeca
Jep noBozwm o reHeprcama Ba KOPEIUCaHa CHOMA 3a KOje ¢ MoKa3syje 1a ce MOTY MCKOPHCTHTH 34
noOHjame aMIUIUTYICKH CTHCHYTE CBETNIOCTH, OCHOBHO CBOJCTBO CTHCHYTE CBETJIOCTH je ompeljeHo
XajsenOeproBoM penanujoM HeoapeleHOCTH, IITO 3HAYA Ja MO JHMHTHPaHU ca nperusHourhy
MCTOBpEMEHOr onpehuBama dase m ammiutyse. Peammsarmjom CTUCHYTE CBETIOCTH BPLIAMO
ACHMETPHHY penucTpuOymjy oBe Heonpelenoct. UsBopu aMmumryacku CTHCHYTE CBETJIOCTH CY
0/ noceGHOr MHTEpeca jep HaM omoryhaBajy CMAmBMBAILE TEXHUYKOT uryMa, 1to je ox rocebHe
BOXCHOCTH TIPH [ETeKUMj TPaBHTALMOHMX Tanaca [4], peanmsanumju  6uocenzopa [5], kao u
no6oJbIIaky MPEUU3HOCTH OITHYKE MuKpockomje [6]. OBo cramwe cBemlocTH je g0 cana
ACMOHCTPHpaHO y mapu pyGuamjyma [7-9] u uesujyma [10]. Mehyrum, napa KajJmjyma je ocranaa
BPJIO /160 HCTPaMceH MeUjyM.

Kopak pame y crymuju koxepentnmx edexara y mapu kanujyma Oufie moGyna BHCOKHX
Punbeprosux nusoa [11]. Kako ce BanenTan e/IeKTPoHH Kpehly mo opGurama jako yma/beHHM of
jesrpa, uak u y3 jako ciaGa eNeKTPHYHA [0Jba MOKEMO MMATH Jake qumonHe MoMeHTe, IITO BOaM
RO CHAXHUX MHTepakuuja mely atommma. Pusuka PupbeproBux crama Jje obnact ucrpaxuBama
KOja je AaHac y JKHKM MHTePEeCcOBama MHOTHX IPYIIa, IoceGHO Y KOHTEKCTY oxyialieHuX atoma, jep
Ce MoKasyje Ja CBOjy MpUMeHY Moxe HaliM y TOJBY KBaHTHOT npouecupawa MHpoOpMalMja u
peanusanmju KBaHTHUX padyHapa. Meljytum, aTomcke mape, xao MEMjyMH, Cy 10 HEIABHO Guiie
3anemapene. HemasHo je memomcTpupan edexar Punbeprose Grokase [12], anu u peanmsopan
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JjenHoQoToHCKH H3BOp y mapu pybunujyma [13]. Cuara MHTepakuwja usmely Punbeprosux aroma
MOXE OWTH J1aKo KOHTpONHCAHA TIPOMEHOM TYCTUHE CpefuHe MM HpoMeHOM  1oGyleHor
PunGeprosor crama, Tj. IIaBHOT KBaHTHOT 6poja. HoBuua KOjy oBa oGnacT dusmke noHOCH Jjecte

Lme npemioxkene Auceptauje he, nopex came peannsaumje nmomenyTnx edexara, Gurn
ToKasaTd fa je mapa kamujyma TIOTOIHH{I MeaujyM 3a TCHOPHUCAe HOBHUX CTama CBETIOCTH y
nopehemy ca Apyrum ankannum MeTanuma.
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3. Honasne xunorese
Hctpaxupaukn pan he ce Gasuparu na cieniehinM onasHuM xunortesama:
* VYonen xapakrepuctuune aTOMCKE CTPYKType, pasiuuute y mopelhemy ca npyrum

AIKATHAM MeTanuMa, ToIma mapa KallMjyMa Moxe GuTH NIOTOHUM Meaujym 3a
eHKacHO reneprcame CTHCHYTE CBETIIOCTH.




e EjexrpomarHercku HMHIyKoBaHa TpaucrapeHunja  (EMT) Ha  crenennuactoj
aTOMCKO] LieMH Tpexo noGyne Puabeproeux nS u nD crama Y TapH KaaujyMa Moxe
CC peA30BATH ¢4 MabUM MHTEH3UTETOM NPOGHOT Jlacepa HEro ITO je MOTPeSHO
KOA JApyrux ajkana, 3000 YMIEHUIE Ja aTOM KadjyMa HMMa 3HATHO Mamy
CHEPrUjCKY PasJIHKy XUNep(QHHAX HUBOA OCHOBHOT CTakba,

° Ha ocHOoBy nmpermmuHapHux amanmsa u  jocanamImBux TeCTUPaa
TIOJTyHpOBOJHMIKOT YA Ha Ga3n KBaHTHHX jama ox InGaAs npernocTaska Jje na fie
peamusanuja miaBor VECSEL-a (Vertical External Cavity Surface Emitting Laser)
GHTH YCIISIIHO 3aBpIIeHa.

e T'eHepucameM JIpyror XapMOHHMKA y3 momoh HEJIMHeapHOr KPUCTala IIOCTABJEEHOT
YHYTAp JIACEPCKOT Pe3OHATOpa MOXe Ce J0CTHIM JKeJbeHA CHAra y IVIABOM ey
cnexrpa (~2 W),

* HMuxopriopaumja onTHUKE NYMIE YHYTAp CI0jeBA KBAHTHHX jamMa moBomm g0
CMambCHOr 3arpeBalba aKTHBHOT MeaujyMa u omoryhaBa Gosee KOHOHHHUpae
HOCHJIaUa HAC/ICKTPUCAaha YHYTap KBAHTHHUX jaMa,

4. Hay4ne Merote HCTpPasKHBaIba

Jenan on samaraka TokoM wmcTpaxumBama Gulie remepucame AMIUINTYJICKH CTHCHYTE
CBETJIOCTH, H HA Taj HA4MH NPEBA3HIIAKEHE OTPaHHYCHHA HaMCTHYTHX CIy4ajHAM KBaHTHHM
¢nykryanujama. Haume, KBaHTHO-MexaHMIKe aykryaumje y Bakyymy namehy orpanmderma kana
Jje y nutamy npenmsHoct Mepema. Ta rpaHuua ce HeuHUIIE KAO CTAHAPIHM KBAHTHH JIUMUT. Y
Jlabopatopwju 3a KBaHTHY 1 aTOMCKY (H3HKy, y HHerntyTy 3a busmky, kavpmpar je y Moryhzoctu
Ad TCHEPHIe aMIVIUTYICKH CTHCHYTY CBETJIOCT, M HA Taj HAYMH CMAlbH PelIaTHBHE daykryanuje y
MHTCH3UTETY m3Mely aBa nacepcka cHoma. Ilpouec ce Gasmpa Ha ¢eHOMEHY YeTBOpOTAaNaCcHOT
Mellawa Tajaca, KOju Npe/ICTaBjba MHTEPAKLH]Y YeTHPH MOJA MOJba NOCPECTBOM MHTEpAKIIHNje ca
menujymom. Kopuern ce soctpyka nambaa imema, y KomOuHammju ca 1Ba komponarmpajyha
Jlacepcka CHOMA, JaKAM CHOTIOM TyMIle M ¢laGHjUM CHONOM mpoGe. IMpouec werBoporamacHor
Melllaiba Tasaca cacToju ce y PamanoBuM npenasuma usMely XHIepQHUHEX CTamba 0CHOBHOT HHBOA,
a pesyiTupa CNOHTAHOM EMUCHjOM KOHjyroBaHor (otoHa. CHare AoOHjeHNX CHOTIOBa ce Mepe
MHJMBA/laITHO, & 3aTHM CE CHTHAJTH O/ly3HMajy M IIaJby Ha CTISKTPAIHH aHATH3ATOp, CHOM npoGe u
KOHjyroBaHH CHOII, KOjH ¢e JOOWjy Ha M3Ia3y Cy KOPEJMCAHH, INTO 3HAYH Jla Cy UHTCH3HUTETCKE
$iykryanmje npobe yTHCHyTe y KOHjyroBaHH CHOM. 3a ajexBaTaH CKyNl TapaMeTapa CHCTeMa
BpCAHOCT pasiKe HHTCH3NTETA OBA /1Ba CHOMA Criauifie NCMIO/ BPEAHOCTH KBAHTHOT JIMMHTA LIyMA.
Y eKCIIepUMEHTY KBAHTHH LIYM KOjH IPEACTABIbA pedepenTHy Tauky jecre mym caume. V3
CKCIICPUMEHTANHY aHanu3y Oufie CrpoBefieHa M TeOpHjcKa, pamu JeTabHUjer MOTIYHHjer
pasyMeBama M Nnojammera J0OHjeHHX pesyTara,

3a noGyny m netexumjy PunGeprosux crama uekopuctuhe ce (peHOMEH eNeKTpOMAarHeTCKu
WHIlyKOBaHe TpaHcnapeniuje. OBa nojaBa ce Gasupa HA TOCTOjalkY TAMHHX CTamba Koja HuCY
CNIPETHYTA Ca JIACCPCKUM MOJbeM. Kako Cy aroMum y TaMHOM cTamy He Mory 6utH no6yhenn
JIaCepCKUM I10/bUMA, Na Ha Tdj HAYMH MOCTAjy TPAHCHAPEHTHH y oapeljeHoM JIely CHeKTPaHOT
oncera. Peanmsaunjy EWT-a he ce noctuhu y3 nomoh zsa KOHTparnponarupajyha nacepcka cHoma
KOjuM he ce criperHyTH Tpu aToMcKa cTama y TaKO3BAHOj CTENEHNYACTOj weMn.. Ha oBaj Haunn ce
Ha HEWHBA3WBAH HAYMH MOTY JNETeKTOBAaTH PunGeprosa cTama W M3BPUINTH BUXOBA JETAIBHA
CNIeKTPOCKONHKja y mapu KamujyMa. TOKOM paja ca alKaiHUM eleMEHTHMA YecTO ce NpoBIAaYA
aHaIorMja ca aToMHMa BOJOHHMKA. Pasnuka y CHePIreTCKOj CTPYKTYpH u3Melly OBHX eneMeHara
onpelieHa je kpanTHHM Aedextima. Kama cy BpegHOCTH KBAHTHHX nedexaTa mosHaTe, MOxKe ce
H3pauyHaTH BPSAHOCTH PunbeproBux crama. Kammupar he moxymaru na us pesymrara Mepema
OApe/t BPC/IHOCTH KBAHTHMX JAe)eKaTa, a 3aTHM YIOPeAMTH MepeHe (peKBeHIe npenasa ca
npopadyHaTiM npenasuma. J[loGwjenn nojauw he jatm npywutm moryhHoer 3a  mame
aHAIMTHYKE/HYMEPHUKE KaJIKyJTalyje i npeasubjara.




3a ucTpaxuBama y o6macTy aTOMCKe (DH3HKE, HEOIXOJHH CY JlacepcKH H3BOPU 3paversa
onpeljeHnx KapakrepucTHia, 3a nobyae Punbeprosa crama Yy napu kanujyma notpe6an je cHaxan
1 cTabuiaH rasu Jacep, Ha ~460 nm. U3 tor pasiora Jeman meo merpakusaukor nipotieca Guhe
nocselien peanmsanuju mmasor BEPTHKANHOT MOBPIIHHCKO eMutyjyhier nacepa ca €KCTEPHUM
pesonatopom (VECSEL-a). OBaj t™an nacepa nocezyje xkomGuHanmjy Ro6pHUX KapakTepucTHKa

5. Ouexnpann HayYHU Tonpuroc

Kao pesynratn onucanor HCTpakuBama, oueKyjy ce cnepehu HayYHH JOTIPUHOCH:

* Crymuja  KkBaHTHHX ¢enomena, UCTBOPOTANIACHOr  Mewlama  Tamaca u
CJICKTPOMATHeTCKH  MH/yKOBaHe TpaHCIapeHLwje, y napu Kandjyma, ajkanHoM
METaly KOju 110 cajia Hije AeTasbHo HCIIUTaH y OBOM KOHTEKCTY.

* TI'eHepucame AMIUTYACKA CTHCHYTE CBETIIOCTH Yy Tlapu Xanujyma npexo deHoMena
I€TBOPOTANACHOT MelIama Taaca,

* OnpehuBame CKynma napamerapa cucrema 3a KOju ce nobuja MakcHManHo
AMIUTHTYAICKM CTHCHYTA CBETIIOCT.,

* Teopujcka anammsa NIOMeHyTor edekra pamm nmomatHor nojallmerba  No6HjeHmx
CKCIICPUMEHTAIHUX pesynTaTa,

¢ JletaspHa CHeKTpockonuja Punbeprosux crama Y Hapu Kanujyma npeko deHomena
CICKTPOMATHETCKH HHIYKOBaHe TpaHCHIapeHIyje,

e llppa peanmusamvja nmasor VECSEL-a, onmimuxy [IyMITAaHOT  yHYTap ciojeBa
KBAHTHHX jaMa, ca CHaXHOM, MOHOMOJTHOM EMHCHjOM.

6. Ilnan merpaxusama n CTPYKTYpa paga
Hcrpaxupame he 6ury CIIPOBENIeHO Yy citeaehinm Kopanuma:

* Ilpeu neo ucrpaxxupauxor pana 6uhie moceehen Temu HCTBOPOTANIACHOT MeIlama Tajaca, Ha

CTHCKaba CBETIIOCTH 3aBHCE 0 flapamMeTapa cuCTeMa: CHare Jiacepekux CHOIMOBA, yrya moj
KOjUM Ce CHOMOBM CeKy y hemuju, myxmue hemje, jenmodoronckor u ABO(OTOHCKOT
¢pexsennujckor noMepaja, TyCTHHe aToma y hemujn, ako u euKacHoCTH JeTeKuje
CHOTIOBA HAKOH MPOJIACKA KPO3 hemujy. Jlacepcku M3BOP y EKCIIEPUMEHTAIHO] OCTABIH je
MBRuacep, mogen 110 on Coherent-a, kojum ce Mosxe mocrahiu 1o | W usnaswe chare na
TaNacHoj My:xuuu ox 770 nm. 3a pexBenHImjcKy MOZyaumjy cHoma npo6e ce KOpHCTE [1Ba
aKyCTO-ONTHYKA MozymaTopa. Perynanumjom TeMnepatype hemuje ce moctmke sxesbena
T'YCTHHa Kanujyma. 3a AETEKUMjy Ce KOPHCTH OajiaHCHH doToneTexTOp, Hakow wera ce
CHTHATM, panu pame obpage, LAJbY Ha OCIMIIOCKON M CHEKTpaiHu a”amusatop. OBakpa




* Hapennu xopak npencraessahe AeTeKUHMja BUCOKONOOYheHnx PunGeprosux crama. Ona he
ce nocrulim y3 mnomoh deHoMeHa mnox HasHBOM CJICKTPOMArHeTCKH  WHAYKOBaHA
TpaHCHAapeHIMja, PeaJTN30BaHOT Ha TPOHHMBOBOCKOj CTEIICHUYACTO] aToMckoj memn, CHomom
npobe Ha 770 nm he ce Chipesat HUBOM Ha JI1 smHUju, mox he KOHTPOJIHU CHOI Ha
TaJIaCHOj YXKHMHA 011 0Ko 460 nm, CIy:xuTH 3a oOyay nS m nD PunGeprosux crama. Kao
13Bop Ha 770 nm he ce xopucTHTH AwMomHM nacep. CeeTnocHH cHoml Ha 460 nm he ce
nobuTH y3 momoh reneparmje apyror X8pMOHHKA y KPUCTaJIy Ca ABOJHHM MpeaMarseM. Y
Ty cBpXy fie ce ynBajatu dpexBeHIa 0CHOBHOT CHOMA Koju ce 1o6mja 3 MBR Jacepa. V3
MOBOJBHO BHCOKY €()MKACHOCT KOHBep3Hje Y /IpYrdl XapMOHMKa, KaHmuiar he 6utw y
MOTYRHOCTH i@ OCTHrHE J0BOJBHO BHCOKY CHary jacepa y INIaBOM Jie/ly CrieKTpa Koja he
OMOryhuTH noveTHe KapakTepusauuje Punbeprosux atoma, V pasmmaurim YCIIOBMMA U TIpH
CKeHHpamy (PPeKBeHIle INIABOT Jacepa, Mepulie ce TpaHcMuCH]a cHOMa npoGe. Ha Taj naunn
he ce chumarn EUT CIIEKTap, M3BPLIMTH JETasbHa CIIEKTpockonHuja PunGeprosux crama y
Napy KalujymMa, U Ha Taj Ha9MH MOCTABHTH TEMeb 3a AaJbe YCNEINHEe eKCIITEPHMEHTANTHE H
TEOPHjCKe CTyauje y obacTu PupGeprose dusuke y napu Kanujyma,

* Kako je cnara nyasor crona go6ujeror Ha TIPETXO/IHO OMMCAH HAYHMH JUMUTHPAHA CHATOM
MBR nacepa u e¢uxacnomhy KOHBEep3uje, KanauaaT he MCTOBpeMeHo panutH Ha
peanuzauuju cHaxxnor miapor VECSEL-a Koju he eMUTOBaTH 3pauerse Ha TamacHo j AYKMHM
oko 460 nm, 3a moGyay nS u nD PunGeprosux crama y napu Kanujyma. JIOBO/RHO CHaXKaH
nnaBu u3Bop omoryhuhie crynmje jaxux onTaukix HEJIMHEApHOCTH J10 Kojux Mosxxe ohu y
OMHCAHOj ATOMCKOj CPE/MHHM M HA KOjH HAYMH OHE MOTY JIOBECTH [0 I'€HEpHCama HOBHX
CTatba CBETIOCTH. Pa3Boj oBaxkBor THma jlacepa  TOApasymeBa  IM3ajHUpare
HOJIyNPOBOAHHUYKOT Yuma (6a3upaHor Ha KBAHTHUM Jjamama), xao u exctepHor pe3oHaropa,
Y3 CBe ONTHYKE enemMenTe Koju he ce y wemy nalin. Jegan ox IpBHX KOpaka 6ulie TecTpame
Y30paka o pasiMMTHX KOMOUHAIM]a NOJTYTIPOBOAHMYKIX MaTepHjaja, y Quiby JOCTH3amba
KCJbCHE TallaCHEe NY)KUHE EeMHCHje, KA0 M TIOCTH3ama INTO GoJbe KOH(DHHHpaHOCTH
HOCHIIala Haenexktpucama. CBM ymnoBd he 6uTH nobujeHn MetonoM MeTajI-Opraucke
enuTakcuje u3 napue ¢ase. Hakon Tora, nobujenn uun he Gury TECTUPaAH Y pPasJIH4YHTHM
TUIIOBMMA Jracepekor pesonaropa. Cienehn kopak 6Guhie TeHEPHCame APYIOT XapMOHHKA Y
bBO kpucrany, nocraBisenom YHYTap pe3oHaTopa, M KapakTepH3alHja CHare, TanacHe
AYXHHE, ka0 U mpoduna moGujeHor cHoma. 3a mocTH3ame MOHOMOJIHOT 3payera, Kao W
pagu MOryhHOCTH CKeHHMpama TajacHe AYKUHC, YHyTap pesoHartopa Gulic mocTaB/beHH
€TaloOH M (UITEp ca HBOJHAM HpeaMarbeM. Ha 6u oBakaB nacep nawao NPUMEHY Y
aTOMCKOj CIIEKTPOCKOIHH Gulie HEONXOHO CTAGHIH30BATH HBEroBy (hpeKBeHily.

7. 3akibyqak u npeasior

Ha ocHoBy npusioxene noxymentamuje, u creuere ciuke o TEMH JIOKTOPCKE AUCEPTalHje 1
AocajanimeM HayyHOM pagy Mapuje Rypuuh, Komwuchja saxspyuyje na xanmmuatkuma HCIyHaBa
CBC YCJIOBE Jia YCNCILIHO CNPOBEAE MCTPAsKHUBAME M peanusanmjy fokTopcke aucepTammje mop
TeMOM ,,IIpMeHa KBaHTHHX M HeJMHEApHUX (heHOMeHa y mapu kammjyma 3a KOHTpPOJy 0co0uHa
JIACEPCKOT 3pauerma’”,

IlpemnoxeHa Tema npumana YXKOj HaydHoj oOnacTu Hanoenexrponnka u doronuxa,
nonobnact HemvHeapny ¥ KBAHTHM ONTHYKY edextu. TeMa je HayuHO 3acHOBaHA u pesynTarn o
Kojux hie xanzunar nohm npencrapspahe 3HAYajaH ¥ OPHUTHHANAH JOTIPHHOC Y IOMeHyToj obnacTu
MCTpaXMBarba. 3a MEHTOpa H3paje HOKTOPCKe AucepTaumje npemiaxe ce Ap Bpanmcnas
Jenrerkosuh, HayYHH caBeTHHK M monmcHH wian CAHY . Y3 U3BEIITAj C& NPUIIAKE CIUCAK panoBa
TIPE/UIOKEHOT MEHTOPA KOJU I'a KBAIGHKY]y 3a MEHTOpa.

Hokropcka nucepranmja he Gurn Hanmcana Ha eHIVIECKOM Jjesuky.

Ysumajyhn y o63up cBe panuje masezeno, Komucuja npeyane Hacrasno-nayunom sehy
Enextporexnuukor ¢akynrera y beorpany na xammuparkuimu Mapuju hypuuh ono6pu H3pagy
ROKTOPCKE IUCEPTaLije o/ HacioBoM ,IIpaMena KBAHTHHX u HeJIHHeaAPHUX (eHoMeHa y napn
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University of Belgrade

Faculty of Electrical Engineering

TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Eligibility of theme and candidate Marija Cur&i¢, Master of Electrical and Computer
Engineering, for the preparation of the doctoral dissertation,

By decision of the Teaching and Scientific Council of the Faculty of Electrical Engineering no.
5014/16-1 of September 30. 2019., we have been appointed as members of the Commission for
the assessment of eligibility of the topic and the candidate Marija Curgi¢, Master of Science of
Electrical and Computer Engineering, for the preparation of the doctoral dissertation entitled:
»Application of quantum and nonlinear phenomenon in hot potassium vapor for
controlling properties of laser radiation” (IIpumena keanmmnux u nenuneaprux gernomena y
NAapu Kanujyma 3a KOKmMpomy ocobuHa 1AcepeKoz 3payersa).

Based on the material attached to the applicant's request, the Commission submits the following

REPORT

1. Candidate information

1.1. Biographical information

Marija Curéié was born on August 12, 1991. in Kraljevo. She was selected as the best student
of the generation after graduating from elementary school. She enrolled at the Mathematics
High School in Kraljevo, which she completed as a Vuk diploma holder. During elementary
and high school, she participated in republic competitions in mathematics and physics. She
enrolled in the Faculty of Electrical Engineering in 2010, She graduated from the Department
of Physical Electronics, Department of Nanoelectronics, Optoelectronics and Laser
Engineering, in 2015 with an overall average score of 8.89, and a grade 10 for the Bachelor
thesis titled "Co-modulation between Matlab and OptiSystem on the example of Reflective




Semiconductor Optical Amplifiers", In October 2015, she started her Master studies at the
Faculty of Electrical Engineering in Belgrade, at the module for Nanoelectronics and Photonics,
She passed all exams with a average grade of 10 and defended her master's thesis "Nonlinear

During this collaboration, she had Spent several months during 2017, and 2018. at the
University of Stuttgart. From July 23, t0 28, 201 8, she attended the Nanoscale Quantum Optics
course at the Enrico Fermj International School of Physics in Varena,

1.2. Scientific research experience
=Rl Iesearch experience

Modeling of Semiconductor Lasers _
Photonic Communications -
10
0

Quantum Optics Branislav Jelenkovyig -_

Optical Properties of Semiconductor Jelena Radovanovic .

Heterostructures
Jelena Radovanovi¢

Optimization and Engineering of
Nanostructural Parameters

Nonlinear Optics

_ Petar Matavulj __

e

. Transport Processes in Nanoelectronics and T-.
Photonics

_ Modeling of Nanostructures m_
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2 Research work related to the final thesis IT 15
3 Scientific paper 3
Published papers:
Category M21:

[1] M. M. Cursig, T. Khalifa, B. Zlatkovi¢, L. S. Radojigi¢, A. J. Krmpot, D. Arsenovié, B.
M. Jelenkovié, M. Gharavipour, Four-wave mixing in potassium vapor with an off-
resonant double-Lambda system, Phys Rev A 97,063851 (2018).

[2]  D. Arsenovié, M. M. Curéié, T. Khalifa, B. Zlatkovié, Z. Nikitovié, 1. S. Radojigié, A.
J. Krmpot, B. M. Jelenkovié, Slowing 80-ns light pulses by four-wave mixing in
potassium vapor, Phys Rev A 98, 023829 (2018).

[3] B. Zlatkovié, M. M. Curgi¢, I. S. Radoji¢i¢, D. Arsenovié, A. J. Krmpot, B. M.
Jelenkovié, Slowing probe and conjugate pulses in potassium vapor using four wave
mixing, Optics Express 26, 034266 (2018).

Category M31:

[1] M. Cursié, B. Jelenkovi¢, Squeezed states of light generated by four wave mixing in
potassium vapor, 21% International Conference on Transparent Optical Networks,
ICTON’2019, Angers, France, July 9-13, 2019,

Category M32:

[11 M. Curéié, B. Zlatkovié, I Radojicic, 7. Nikitovi¢, A. Krmpot, D. Arsenovié, B.
Jelenkovic, Slowing light pulses due to four-wave-mixing in Potassium vapor — theory
and experiment, Hot Atomic Workshop, European Workshop on the Science and
Technology of Hot atomic Vapors, Stuttgart, Germany, 23-25, May, 2018.

Category M34:

[1] D. Arsenovié, M. M. Curéié, B. Zlatkovi¢, A. J. Krmpot, L. S. Radojéi¢, B. M.
Jelenkovi¢, Four wave mixing in potassium vapor with off-resonant double lambda
system, PHOTONICA 2017, Insitute of Phzsics, Belgrade, pp. 62-62, isbn; 978-86-
82441-46-5, Belgrade, Serbia, 27-31. Aug, 2017.

[2] B. Zlatkovié, A. J. Krmpot, D. Arsenovié, 1. S. Radojéi¢, M. M. Curéié, B. M.
Jelenkovi¢, Ultraslow propagation of optical pulses in hot potassium vapor,




[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

PHOTONICA 2017, Insitute of Physics, Belgrade, pp. 48-48, isbn: 978-86-82441-46-
5, Belgrade, Serbia, 27-31, Aug, 2017,

2018.

Vapor Workshop, European Workshop on Science and Technology of Hot atomic
Vapors, Stuttgart, Germany, 23-25, May, 2018,

B. M. Jelenkovié, Evolution of laser pulse propagation in Four Wave Mixing atomic
medium, PHOTONICA 2019, Belgrade, pp. 86-86, isbn: 978-86-7306-153-5, Belgrade,
Serbia, 26-30. Aug, 2019.

M. M. Cursié, B. M. Jelenkovig, Amplitude squeezing by four wave mixing in hot
potassium vapor, PHOTONICA 2019, Belgrade, pp. 85-85, isbn: 978-86-7306-153-5,
Belgrade, Serbia, 26-30, Aug, 2019,

M. M, Curéié, M. Grossmann, R, Bek, R, Loew, M. Jetter, B, Jelenkvié, Blue InGaAsp
VECSEL for Rydberg Spectroscopy in Rb and K, 12" Photonics Workshop, Kopaonik,
10-14. Mar, 2019,

On 10/10/2019. at the Faculty of Electrical Engineering in Belgrade, Marija Curgié had a public
oral examination on the eligibility of the topic and the candidate before a three-member

1. Jasna Crnjanski, PhD, Associate Professor, Faculty of Electrical Engineering in Belgrade




2. Dusan Arsenovié, PhD, Scientific Advisor, Institute of Physics, Belgrade

3. Ivan Popovi¢, PhD, Associate Professor, Faculty of Electrical Engineering in Belgrade

The committee concluded that the candidate fulfilled the requirements for work on the proposed
doctoral dissertation topic and evaluated the exam with a satisfactory grade.

1.3. Assessment of the candidate's suitability to work on the proposed topic

Based on the previous presentation of the results of Marija Cur&ié's work so far, and taking into
account the above mentioned facts, the Committee has gained insight into the candidate's
capabilities and scientific work, and concludes that the candidate:

* Passed all exams and completed all coursework requirements, earning 120 ECTS
credits.

* Publicly defended her doctoral dissertation topic on 10/10/2019. before a three-member
commission formed by the Teaching and Scientific Council of the Faculty of Electrical
Engineering in Belgrade.

* During her doctoral studies she was actively involved in the project of the Ministry of
Education, Science and Technological Development 11145016, as well as in bilateral
projects with institutes from the University of Stuttgart,

* Published several papers in scientific journals and conferences in the field to which the
proposed doctoral dissertation topic belongs, demonstrating qualifications for scientific
work and affinity for the topic of the doctoral dissertation.

The Committee concludes that candidate Marija Curgi¢ in every respect fulfills the conditions
for working on the proposed topic.

2. Object and purpose of research

The interaction between optical fields and matter has been in the focus of scientific
interest for a long time, resulting in the discovery of a large number of physical processes, The
optical properties of light-matter interactions such as absorption, reflection, refraction,
scattering, dispersion, etc. have been described in detail in the literature so far. The realization
of the laser has led to a major turning point in research in the field of quantum and nonlinear
optics, and opened door to the discovery of fascinating physical phenomena. With a strong laser
beams, with controllable laser characteristics, it became possible to fine control interactions and
to change the properties of matter, and also to change properties of the laser light itself, By the
ways of optical nonlinear interactions [1), generation of interesting non-classical states of light
called squeezed light was demonstrated [2].

Alkaline elements are particularly interesting as medium for efficient development of
different nonlinear and quantum phenomena. Namely, under certain conditions, defined by the
atomic scheme of interactions, alkaline vapor can become highly nonlinear. Its nonlinearity
can be stronger compared to other materials, such as crystals. In addition, they offer a wide




range and diverse combination of nonlinear and quantum effects that continue to attract
research interest, The specific atomic structure of alkaline elements is suitable for realizing
coherent quantum effects, The exitance of two long-lived hyperfine sublevels of the ground
state level, coupled via electric dipole transitions to first excited states, at a wavelength in the
near-infrared region covered by simple and cheap diode lasers, makes alkalj atoms medijum of
choice for most valuable and impressive scientific results oftoday, several being awarded lately
by Nobel prices. Since the transition between two hyperfine levels of alkalis is forbidden, this
atomic structure allows for casy optical polarization ofthe atoms, prerequisites for realizing the
effects of interest in the study described below.

our expectations that potassium vapor is a more suitable medium for generating new states of
light than other alkali metals,

Coherent interactions of the electromagnetic field with multi-level atomic systems give
rise to a wide range of physical phenomena, Coherent phenomena developed in potassium vapor
that can be used for controling and shaping states of light will be the subject of the proposed
research work. Part of the research that the candidate wil] conduct will be focused on the
nonlinear phenomenon of four-wave mixing in a potassium vapor realized on a double lambda
scheme on the D1 line [3]. This effect is of particular interest because jt leads to the generation
oftwo correlated light beams that could be used to obtain amplitude-squeezed light. The basic
property of squeezed light is determined by the Heisenberg relation of uncertainty, which states

recently, atomic vapors, as active mediums, have been neglected. The effect of Rydberg
blockade has recently been demonstrated [12]. Also a single-photon source has been realized




phenomenon of electromagnetically induced transparency [15] realized on a ladder atomic
scheme.
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3. Starting hypotheses
The research work will be based on the following starting hypotheses:

* Due to the characteristic atomic structure, different from other alkali metals, warm
potassium vapor may be a more suitable medium for efficient squeezing of light.

* The levels of achieved gain are higher than those obtained in rubidium and cesium, As
the level of light squeezing is directly related to the gain, it can be assumed that
squeezing of light in the potassium vapor will be more effective than in the other media,




¢ A theoretical analysis based on a semi-classical approach, a set of Maxwell-Boltzmann
equations, allows us to determine the range of experimental parameters for which we
can expect to generate squeezed light.

o Electromagnetically Induced Transparency (EIT) on a ladder atomic scheme employing

ground state.

® Based on preliminary analyses and previous testing of InGaAs quantum well based
semiconductor chip, the assumption is that the realization of blue VECSEL, (Vertical
External Cavity Surface Emitting Laser) will be successfully completed.

the Institute of Physics, the candidate is able to generate amplitude-squeezed light, thereby
reducing the relative fluctuations in the intensity between the two laser beams. The process is
based on the phenomenon of four-wave mixing, which represents the interaction of four modes
of the field through interaction with the medium. A double lambda scheme is used, in the
combination with two copropagating laser beams, a strong pump beam and a weaker probe
beam. The process of four-wave mixing consists of Raman transitions between hyperfine

The electromagnetically induced transparency will be used to excite and detect Rydberg
states. This phenomenon is based on the existence of dark states that are not coupled to the laser
field. Because atoms are in the dark state they cannot be excited by laser fields, and thus become
transparent in a certain part of the spectral range. The realization of the EIT will be achieved
with the help of two counter-propagating laser beams, which will couple the three atomic states
in the so-called ladder scheme. When working with alkaline elements, an analogy with
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with the calculated transitions. The data obtained will provide an opportunity for further
analytical/numerical calculations and predictions.

For the research in the field of atomic physics, laser sources with specific features are
necessary. For the excitation of Rydberg states in potassium vapor strong and stable blue laser
is needed, at ~ 460 nm. For that reason, a part of the research process will be related to the
realization of the blue VECSEL. This type of laser has a combination of good characteristics of
semiconductor lasers and optically pumped solid-state lasers, which means that high powers of
the laser output can be achieved, together with a narrow spectral lines. Their design also enables
the flexibility in the realization of an external cavity and in choice of the emission wavelength..
All of these features make this type of the laser an ideal choice for the spectroscopy of Rydberg
states.

5. Expected scientific contribution

As a result of the research described, the following scientific contributions are expected:

¢ A study of quantum phenomena, four-wave mixing and electromagnetically induced
transparence, in potassium vapor, an alkali metal that has not been thoroughly examined
in this context so far,

* Generation of amplitude-squeezed light in potassium vapor via the phenomenon of four-
wave mixing,

* Determination of the set of parameters of the system for which maximum amplitude
squeezing is obtained.

* Theoretical analysis of the mentioned effect in order to further clarify the obtained
experimental results.

* Detailed spectroscopy of Rydberg states in potassium vapor by the phenomenon of
electromagnetically induced transparency.

» The first realization of blue VECSEL, optically pumped inside quantum well layers,
with powerful, singlefrequency emission.

6. Research plan and work structure
The research will be conducted in the following steps:

¢ The first part of the research work will focus on the topic of four-wave mixing, and in
what way and under what conditions it can lead to the generation of amplitude-squeezed
light. The atomic transitions will be realized on the D1 line of potassium. It will be
shown how and to what extent gain, as well as the efficiency ofthe amplitude squeezing
of light, depend on the parameters of the system: laser beams powers, the angle at which
the beams intersect in the cell, the length of the cell, the single-photon and two-photon
detunings, the atomic density in the cell, and beam detection efficiency after passing
through the cell. The laser source in the experimental setup is MBR laser, model 110
Coherent, which can deliver up to 1 W of output power at a wavelength of 770 nm, Two
acousto-optic modulators are used for frequency modulation of the probe beam, By
regulating the cell temperature, the desired potassium density is achieved. A balance
photodetector is used for detection, after which the signals are sent to an oscilloscope
and spectral analyzer for further processing. Such an experimental setup makes it




possible to individually measure the intensity ofthe probe and conjugated beam, as well
as their differences. In this way, a correlation between the beams can be confirmed and
obtained squeezing of light can be determined.

* The next step will be the detection of highly excited Rydberg states. This will be
achieved by a phenomenon called electromagnetically induced transparency, realized

generation of new light states. The development of this type of laser involves the design
of a semiconductor chip (based on quantum wells), as well as an external resonator, with
all the optical elements that will be included. One of'the first steps will be to test samples
with different combinations of semiconductor materials in order to reach the desired
emission wavelength, as well as to achieve the best possible confinement of charge
carriers. All chips will be grown by metal-organic vapor phase epitaxy. After that, the

7. Conclusion and proposal

On the basis of the attached documentation, and the acquired impression on the topic of
the proposed thesis and the scientific work of Marija Curgi¢ so far, the Committee concludes
that the candidate fulfills al the conditions to successfully conduct the research and realize the
doctoral dissertation under the title "Application of quantum and nonlinear phenomenon in hot
potassium vapor for controlling properties of laser radiation",

The proposed topic belongs to the narrow scientific field of Nanoelectronics and
Photonics, sub-domain Nonlinear and Quantum Optical Effects. The topic is scientifically

to the aforementioned area of research. Dr Branislav Jelenkovic, a scientific advisor and
correspondent member of SASA, is proposed as a mentor for the preparation of the doctoral




dissertation. Together with this report, a list of the scientific papers of the proposed mentor
which qualifies him as a mentor, will be submitted.

The doctoral dissertation will be written in English.
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