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LaTym e

Beorpan, 30. maj 2025.

[Ipeamer:

Moui6a 3a moxperame NOCTYNKA 32 pen30op y 3Bamhe HAYYHH CAPAJHHK
MOJIBA

C o03upom 1a ucnymaBaM KpHUTEpHjyME€ MpONHMCAHe O] CTpaHe MUHMCTapcTBa Hayke,
TEXHOJIOWIKOI pa3Boja M mHOBanMja PenybGiuke CpOuje 3a 3Bambe HAydyHH CapajHMK, MOJHM

Hayuno sehe UuctuTyTa 3a dusmky y Beorpay na nokpese nocTynak 3a Moj peu300op y HaBeIeHO
3BamE.

VY npuKory focraBbam:

1. Munuseme pykoBouona 1abopaTopuje ca npeioromM 4iaHoBa KOMHCH]e 3a pen3fop y
HABEJICHO 3Bambe:

Crpyuny 6uorpadujy;

[Ipernes Hay4yHe akKTHBHOCTH;

EjlemenTe 3a KBAIMTATHBHY H KBAHTHTATHBHY OLIEHY HAYYHOT JOMPHHOCA Ca JOKa3UMa;
Cnucak u konuje oGjaB/beHUX Pag0Ba U APYrHX MyOGIuKaluja;

[TonaTke o UMTHPAHOCTH;

Komnuja perema o nperxoHoM u360py Y 3Bame;

JlonaTHe mpuiiore Koju AOKYMEHTYjy HaBOIE.
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IIpeamer:

Muubene pyxosoanona jJaboparopuje 3a peustop ap Jaapanke Bacubesuh y 3pame
HAY4YHH CapagHHK

Jp Janpanka Bacumesuh 3anocnena je y Jlaoparopuju 3a Teopujcky onTuky y oksupy Llentpa
3a poToHnky, Haunonannor uentpa nsysetHux speaHoct Mueruryta 3a pusuky y Beorpany. V
CBOM HCTPaXHBAauyKoM pajy OaBu ce (opMHUpameM anepHoAMYHHUX (OTOHCKMX pPELIETKH
(opmupanux kopuihemwem Heaudparyjyhux spaka kao M HCUTHBaKe GEHOMEHA NMPOCTHPAILA
CBETJIOCTH y tbMMa. OCHM Tora MCTpaXkyje HOBE HauWHe peajin3aiidje HeypeheHMX pelieTKH M
u3yvaBaibe rnojase AH/IEPCOHOBE JIOKA/IN3AlMje Y lUMa.

C obG3upom na ap Bacussesuh ucnymasa cBe npeasubhere ycinose y ckiany ca [IpasuaHMKOM 0
NOCTYNKY BpelHOBalba M KBAHTUTATUBHOI MCKa3MBama HayYHOMCTPAXMBAYKUX pe3y/rara
MuHHCTapeTBa HayKe, TEXHONOWIKOr pa3Boja u HHoBaumja Peny6iuke Cpbuje, carnacan cam ca
NMOKpeTameM NocTyrnka 3a pensdop Jlp Jaapanke BacuibeBuh y 3Bare Hay4HU capaHUK.

3a cacraB komucHje 3a u3bop ap Jaapanke BacusbeBuh y 3Bame HayuHM capajiHUK NPELIAKEM:

1. ap lparana Josuh Casuh, nayunu caBetnuk, MHcturyr 3a dpusuxy y Beorpany

2. np [Hlejan TwumornjeBuh, Hayunu caBeTHuMK, HHCTUTYT 3a MYyNTHAMCUMILTMHADHA
HeTpaxkuBama YHuBepsutera y beorpany

3. ap Jlyman Apecnosuh, Hayunu caBeTHn, MHCTHTYT 3a usuky y Beorpany.

SZP;W (L& /?’* ( EGpts /ML
Hp yman Apcenosuh

Hayuuu caBeTHHK

HucrutyT 3a pusuky y beorpany



2. CtpyyHa Ouorpaduja kanauaara

Janpanka BacumpeBuh pohena je y KpameBy 1990. roqune, rae je 3aBpiimia OCHOBHY U
cpeamy mkory. OCHOBHE akaleMcke cTyauje Ha [IpupogHo-mareMaTHUKOM (QaKyiITeTy
Yuusep3uteta y KparyjeBny, cmep ®@usuka, ynucana je 2009. roaune, a 3aBpiimia ux
2013. roguHe ca mpocedyHoM orieHoM 9,51. McTe roauHe ymucaia je MacTep akaJeMCKe
cryadje Ha uctoM (Qakynrery, cmep Pusmka, koje je 3aBpmmia 2014. roaune ca
MPOCEYHOM OIICHOM 9,5. 3aBpIIHM pal MoJ HA3WBOM: ,,/Ipocmuparse u nokanuzayuja
ceemiocmu y K8A3unepuoOUdHUM GOMOHCKUM peuemxama ‘’, 9iju je eKCTIepUMEHTATHN
neo ypamwia Ha MHcTuTyTy 32 usuky y JlabopaTtopuju 3a HemUHEapHY (OTOHHKY IO
MeHTopcTBOM Jp parane Jouh CaBuh, omOpanuna je 2014. romune Ha I[Ipupomno-
MaTeMaTH4KoM Qakyiarery YHuBepsurera y Kparyjeriy.

JlokTopcke akamemMcke cryauje Ha dusmukom QaxkynteTy YHuBep3utera y beorpany,
cTyaujcku mporpam KBaHTHa onTuka u jgacepu, ynucania je mkoincke 2014/2015. rogune.
JIoKTOpCKa IucepTanuja mox Ha3uBoM ,, Propagation, localization, and control of light in
Mathieu lattices* (,IIpocmupamwe, noxanuzayuja u KOHMPONA CE6EMAOCMU Y
Mamjeosum pewmemkama®) ypahena je mon meatopctBom np Jparane Jopuh Casuh u
koMeHTopcTBOM Jip Jlejana TumotujeBuha y Jlaboparopuju 3a HenuHeapHy GOTOHUKY Ha
Wucturyry 3a ¢usuky u onmdpamena je 30. cenremOpa 2020. rommHe Ha DPHU3NUKOM
¢bakynrery VYHuBep3utera y beorpamy. JlokTopcka nucepraunuja Harpahena je
Crynentckom HarpagoMm MHctutyTa 3a ¢usuky y beorpany 3a Haj00Jby JOKTOPCKY TE3y
onopameny TokoMm 2021. ronune

Op ampmia 2015. no HoBemOpa 2017. rogune Ouna je ctuneHaucra MHUHHCTapCTBa
MIPOCBETE, HAYKE U TEXHOJIOMIKOT pa3Boja. Ox HoBeMOpa 2017. roauHe 3amocieHa je Ha
Wuctutyty 3a pusuky y beorpany kao ucrpaxkuBau mpurpaBHUK y JlabGopatopuju 3a
HeNuHEeapHy (OTOHUKY, Te je Ouia aHTa)KOBaHA Ha MPOJEKTY OCHOBHHMX HMCTPAXKUBaHba
OU171036 ,, Henuneapna ghomonuxa nexomozenux cpeouna u nogpuiuna - MUHHACTapCTBa
MPOCBETE, HAYKE W TEXHOJIOMIKOT pa3Boja PemyOnuke CpOuje, unju je pyKoBOIWIAIL JP
Hparana Josuh Casuh. ¥V 3Bame HayuyHOr capajHuka nzabpana je 20. janyapa 2021.
TOJIUHE.

VYuecTBOBana je Ha OunarepamHoM npojekty usmely Pemybmuke Cpb6uje u PemyOnuke
Hemauke ,, Kommpona ceemnocmu nomohy OemepmMuHuCmudkux anepuoOudnux u
komnaekcHux pomonckux pewemku “ 2016. u 2017. roquHe, y OKBUpY KOT j€ BUIIE ITyTa
noceruna MHCTUTYT 3a mpuMemweHy ¢Qu3uKy YHuBepautera y Muncrepy, Hemauka.
Capaqby je HacTaBHJIa M HAKOH 3aBpIIETKA MPOjeKTa.

Opn janyapa 2022. o neuemOpa 2024. rogune yuecTBoBajia je Ha npojekty @oHja 3a HayKy
Penyommuke Cpowuje ,, Control and manipulation of light in complex photonic systems
(CompsLight). Ha Tom mpojexTy pyKOBOIY pagHUM MaKeTOM KOjU ce OaBH H3y4aBambeM
MIPOCTHPama CBETIOCTH Yy HEeypel)eHNM AeTepMUHUCTHYKUM allepUONIHAM pelIeTKama.
Capaamy je HacTaBHUJIa U HAKOH 3aBpIIeTKa OUIaTepaIHOr MPOjeKTa.



Opn mkoncke 2022/2023. roauHe aHraxoBasa je Ha [IpuponHo-MaTeMaTHUYKOM (BaKyiaTeTy
VYuusep3urera y Kparyjesity Ha TOKTOPCKUM aKaJIeMCKHM cTyarjama (pu3uKe, 3a morpede
oJ]p>KaBama HacTaBe Ha npeameruma OnroenekTpoHuka u Ousmka nacepa.

Bena obmact ucTpakuBama je ONTHKAa M HenuHeapHa (oToHuka. Pesynrare cBor
UCTpa)KMBama MyoJIMKOBaa je y IeBeT pajioBa Koju cy LuTupanu 32 myra 0e3 ayTolurara,
y3 XwupiioB unaekc 5 (mogamu u3 6asze Web of Science na man 30.05.2025.): jenan pan y
MelyHapoAHOM Yacomnucy U3y3eTHUX BpeAHOCTH (KaTteropuja M21a), cenam pagoBa y Tpu
BpxyHcKka MelyHaponna wacommca (kareropuja M21) u jeman pag y HMCTaKHYTOM
MehyHapogHoM dacomucy (kateropuja M22), Tpu KoHEpeHIMjcKa pajaa, jeaHo
npe/laBame M0 MO3uBY ca MehyyHapomHOTr ckyma mrammnano y u3soxy (M32), kao u 10
caomIITeha ca Mel)yHapoIHHUX CKYIOBa IITaMIIaHa y u3Boay wid neiauau (M34 u M33).



3. IIPEI'JIEJl HAYYHE AKTUBHOCTHU KAHAMJATA

Jp Janpanka BacwpeBnh 0aBu ce ucTpaxuBamuMa y o00JIaCTH HeJIMHEapHe (HOTOHHUKE:
UCIUTHBAKkE (PEHOMEHAa KOjU C€ OJHOCE Ha IPOLEC HHTEPAKLHUje JIACEPCKOT 3paucma ca
HEJTMHEapHOM OITHYKOM CPEIMHOM, MCHTHBame edekara mpomaranmje CBETIOCTH Kao IITO Cy
JTMCKpeTHa Mudpakinja u/ui AHAEPCOHOBA JIOKATU3AIH]€ Y PA3TUYUTUM (POTOHCKHM pEIIETKaM,
noiazehn OJ MPOCTHX NEPHOAYHHX Ka CBE CIOXKCHUjUM alepHOAWYHUM U HeypeheHum
CTPYKTypama, HCIUTUBAE 0COOMHA Heudparyjyhox 3paka y pa3aIuuuTHM ONTHYKUM CpeIuHaMa
U BHUX0BA NpUMEHa 3a (opMUpamke POTOHCKUX PEHICTKH Ca MOJICCHBUM KapaTepucTHkama. then
paj ce MOKe MOAEIUTH y JBE LIEJIMHE, Ol Yera CBaKa LieJIMHA UMa TEOpHUjCKa UCTPaXKUBamba Koja
Cy peayin30BaHa IMPEKO HyMEPUUKHX CHUMYyJalnuja ¥ eKCIeprMEeHTalHa UCTpaxuBama. Hajope je
70 eKCIEPUMEHTATIHUX pe3yiTaTa KaHIWJATKUIa J00WIa y OKBUpPY OmiaTepanHe capaime
u3mely Penybnuke Cpbouje u PenyOnuke Hemauke. Hakon Tora je y okBupy mpojekra Mneje y
CpOuju moKpeHyna EKCIEPHMEHT 3a ONTHYKH HHIYKOBaHY TEXHHKY Y (opopepakTHBHUM
MaTepHjajiuma, ¢ OTEHIMjaIHOM IIPUMEHOM U Ha aApyre cpeaune. OcuM kanubpaliyja nojeuHuX
eKCIIEpUMEHTAIHAX CEeTMEHaTa WM I0jeIMHAYHuX ypehaja, Hajorpaauia je WHUIHjaTHY
eKCIIEPUMEHTAIIHY TIOCTaBKY, KOja caJja uMa J0CTa HOBMX MOTYNHOCTH M CAaMHUM TUM OTBapa HOBE
MpaBIIe UCTPAKUBAKHA.

IIpBH A€o ucTpakUBamba 0THOCH ce Ha (OPMHpPAIHE alePHOANYHIX (DOTOHCKUX PEIIECTKH
ca TMojAecMBMM ocoOMHama KopuiihewmeMm Heaudparyjyhux 3paka y doropedpaTuBHUM
HEJIMHEAPHUM ONTYKUM CpelMHaM U MCIHUTUBambe (DeHOMEHA MPOCTHPamka CBETIOCTH Y TAKBUM
¢doroHckuM pemerkama. OBa HCTpaXKMBamba BE3aHA Cy 3a MpOjeKaT Ha KOME je KaHAWIATKHHbA
ouna ykspyuena "Control and manipulation of light in complex photonic systems"(CompsLight),
nporpam Uneje @onpa 3a Hayky PC (2022 — 2024). HcrpaxuBame 00yxBaTa eKCIIEPUMEHTAIHY
peannzanujy GOTOHCKUX PEIIETKH ca MOJECUBUM 0coOOMHaMa y (POTOPEPPaKTUBHOM KPUCTAITY Y3
OMONh ONTHYKM HHAYKOBaHE TEXHHKE, KOjy IpaTe oaronapajyhe HyMepHuyke CHMYyJalyje.
Hymepuuku 1 ekcnepuMeHTaJHO Takohe je McnuTaHa M Iporaraiyja ycke mpode y TakBUM
pemerkama. Kanaugatkuma je ydecTBOBaJla y MOKpeTamy EKCIepHUMEHTAJHE IOCTaBKe 3a
(dbopMupame POTOHCKUX peHIeTKH y poTopepakTUBHOM KpHUCTally, yHanpehemy nocraBke Kako
O ce Mpuarojja 3a HCIMTaBamke JMHEApHe U HeTMHeapHe Mopoarraiyje NpooHor 3paka.

Henudparyjyhu 3pann cy MOHOXpoMaTcka ONTHYKA [10Jba YHjU TPOQUIT TONPEYHOT UHTEH3UTETA
0CTaje HEMPOMEHEH TOKOM NPOCTHpama, a J00Hjajy ce Kao peliema XOMOTeHE XeIMXOJI0Be
JeHaYMHE CcemnapanujoM Yy pa3Id4uTUM KOOpJMHATHUM cuctemuma. Jlene ce y 4 rinaBHe
dbamunuje: JlexkapToBu (paBHH Tanac v 30Mp paBHUX Tajaca), becenosu, MatjeoBu u mapaboMaHu
(Ejpu u BebepoBn) 3panu. Kapakrepuiiie ux ocoOMHa CaMOPEKOHCTPYKIIHje OJJHOCHO MOTyhHOCT
pereHepaiyje y OpUTHHAIHU TPO(HI MHTEH3WTETa HAKOH MpOJIaCKa KPO3 HETPaHCIIApEHTHE
npernpeke. Fimajy npuMeHny y 6pojHIUM 00J1acTIMa Kao ILTO CY aTOMCKA ONTHKA, ONTHYKE ITMHLIETE
(eHr. tweezer), HeTMHeapHa ONTHKA, (OTOHMKA UTA. 3axBajbyjyhu poOyCHOCTH OBUX 3paka, OHU
NpeJCcTaBibajy 10o0pe KaHauaare 3a Gopmupame (OTOHCKUX pemeTkd y (poTopedpakTUBHUM
Metrepujanuma. GOTOHCKE PEeNIeTKe Cy je/IHa o] peanu3anuja (GOTOHCKUX KpUCTaja, a pa3iuka y
OJTHOCY Ha KJIacCHuHE (POTOHCKE KPUCTAJIE j€ Ta ILITO IOCelyjy Mamby IPOMEHY HHAEKCa ITpeaMamba
IITO 3apaBO OTBapa MOTYNHOCT Ja ce y ’UMa MOTY HCIUTHBATH KOJCKTUBHU (EHOMEHH, Kao
IITO Cy JUCKpeTHa Tudpakinja win AHJIEpCOHOBA JIOKATU3aIHja.



Jlp BacusbeBuh ce y oBOM HMcTpaxkuBamy Oazupaina Ha Hemudparyjyhe MatjoBe 3pake Koju cy
pemiera XeIMXOJIOBE jeAHAUYMHE Y EINHITHUYKOM KOOPJIMHATHOM CHCTEMY, jep BapHjaimja
napamerapa MarjeBux 3paka (pell, eIMITUYHOCT M BeIM4YMHA) oMoryhaBa KOHCTHUTYHCAHhC
pPa3IMYUTUX MPOCTOPHUX ITUCKPETHUX KOH(UTypalyja ca MOJECHBUM OCOOMHAMa U Kao U
MOTYhHOCT pacroese MomnpevHe AUCTPUOYIHje TUCKPETHUX CTPYKTYpa MO Pa3IHIUTHM KPHUBUM
(xpyr, emunca win xunep6ona). Dokycupana ce Ha POTOHCKUM CTPYKTypaMa y EIUNTHIHO-
palvjasHOj TEOMETPHjH Ca ATICPUOTUIHOM JIMCKPETHOM PACIIOICIIOM UHTCH3HUTETA, jep OHE HYJe
IIMPOK CHEKTap 00JINKA, YKIbYUYjyhH eIMITHYHOCT Kao JOAATHH CTereH cinoboae. Hymepuuku je
dopmupana pazimunre MatjeoBe GOTOHCKE pelIeTKe TaKo Ja Cy TalaacoBoau pacnopeheHu Ha
KpYT'Y, €JIUIICH ¥ XUIIepOOJIH, MPOMEHOM OAroBapajyhux nmapamerapa MarjeoBux 3paka. MatjeoBu
3pan  omMoryhaBajy jeTHOIPONa3HYy €KCIIEPUMEHTAIHY peallu3alijy, TEXHUKOM OIpPUYKE
WHIYKIHje U YIOTPEeOOM MPOCOTOPHOT MOJyJIaTOpa CBETIIOCTH, 3axBajbyjyhu CBOM OOJHKY,
dbopMupajy ce mpupoIHO orpaHuueHe (eHr. truncated ) anepuonuyne GOTOHCKE peUIeTKE, Y KOjUM
jé TOroJHO HWCHHTUBAKE I10jaBe TMOBPIIMHCKUX CTamkba Kao M JUCKPETHY MU(paKIujy Ha
noBpiHy 1 uBHIK. OHe Takohe omoryhaBajy na ce aHaaM3upa TUMEH3MOHATHOCTH OCTBApPCHE
JTUCKPETHE MU PAKIIH]E.

Y pBOM KOPaKy UCTPKHBakba HYMEPUYKH U EKCIIEPUMEHTATHO j€ UCIUTAJIa YCIOBE CTAaOMITHOCTH
TAaKBUX CTPYKTYypa y ¢oropedpakTuBHOM Kpuctany CTpHOLMjyM OapujyM HHOOATy JOMUPAHO
nepujymom (SBN), omHOCHO TapameTapa 3a peayinzaiyjy MatjeoBux ¢GoToHCKkux pemerkn y SBN
kpuctaiu. Kako Ou exkcrnepuMeHTanao M3Bella OBO MCTpakuBame Jp BacusibeBuh je mokpenyna
eKCIIEpUMHTAJIHY IIOCTaBKy 3a TEXHHMKY ONTHYKE HHIYKIHje KoOja YKJbydyje Kopuirheme
IIPOCTOPHOI MOAYJIaTOpa CBETIOCTH y3 MOMoh CBOjUX Kojera, Kopucrehu mpeTxogHo CTEeU4eHO
EKCIIEpUMEHTAIHO 3HAWkhE W BEHITHHE. Y APYroM KOPaKy HCTPaKHWBamba, EKCIIEPUMEHTATHO U
HYMEpHUYKH j€ UCIUTUBAIA JMHEAPHO MPOCTUPAkE YCKOI MPOOHOT 3paka y Tako (pOopMHpaHUM
¢doroHckum penretkama. Kako Ou ypanmna JIpyrd [€0 €KIIEPUMEHTAHOI HCTPAKUBAMKA,
KaHIMJIaTKUba j€ YHAIpeauiIa U MpUjIaroiuia NpeTxoIHo ypheHy mocTaBky Tako Ja je moryhe
peanu3oBatd (OTOHCKE pEmIeTKe MOMON ONTHYKKM WHIYKOBAaHE TEXHHWKE ajll W HUCIHTHUBATH
JUHEapHO W HEJIMHEeapHO TMpocTUpame NpoOHOr 3paka. Ypahena je kanuOpanuja
eKCTIEpUMEHTAIHE TIOCTaBKE W EKCIIEPHMEHTAIHUX Tapamerapa Kako OM ce YCKIaIiIn ca
HYMEpPUUYKUM CUMYJIallijama.

3a pa3uKy Off alepUIUYHUX PELIETKH, Y MEePUOAUYHUM (POTOHCKUM pelIeTKkama MocToje caMo
JIBa TIapaMeTpa Koja yTU4Yy Ha JUCKPETHY AUQPPAKIN]y: TIEPUO] PEIIeTKE U TyOuHa MOAyJaIuje
MHJIeKca MpejlaMama, U OHU Cy YHU(GOPMHH M0 11eJ10j pemeTku. [leproa pemerke u Moayamnmja
WHJIeKca TpenaMama MaTjeoBUX (OTOHCKHX PEIIeTKH HHUCY HE3aBUCHH TapaMeTpH; OHH CY
MOBE3aHM TMpeKo TMapaMerapa MatjeoBor 3paka (ped, BeIUYMHA U EJIUITHYHOCT). 300r
arepruoMYHOCTH MaTjeOBHUX pEIIeTKH, ITOCTOje pa3IMuuTa JOKaJTHA OKpYXKema MPOOHOT 3paka
KOja MMOJIp’KaBajy AUCKPETHY TU(PaKLIK]y MO YTHIIajeM HajOInKHX cyceaa. TOKOM MpocTHpama,
npoba mudparyje Kpo3 pasiIdyuT JIOKAIHA OKpPYXKeHa IITO Y3pOKYje TOJaTHE Bapujaruje y
epexTMa AUCKpeTHE Audpakiyje.

Y 0BOM HCTpaXUBamy EKCIEPUMEHTATHO M HYMEPHUYKH IOKa3aHa je eNUNTHUYHO-pajujasiHa
TUcKpeTHa naudpakurjy y (GOTOHCKMM pelieTkama peaju30BaHUX KOpHUIINemeM jeaHOr
MarjeoBor 3paka. [IpoMmeHoM pefia, BeIMYMHE U €IMITHYHOCTH MatjeoBor 3paka, oka3aHo je 1a



je Moryhe KOHTpOJIHCAaTH AUCKPETHY AUDPAKIH]y Y paaujaJTHOM MPaBIy, Ka0 U OOJUK HUXOBUX
pacriozienia y MONpevyHUM MpaBIUMa: KPYKHHUM, SIIMOTHYHUM WM XurepOoaudkuM. [Ipomenom
MOJIOKaja ylla3HOT MPOOHOT 3paka, moka3aH je mpenazak ca 1/] Ha 21 nuckpetHy audpakiujy.
Kopumihean ¢otopedpaktuan asonpenamajyhem SBN kpucran omoryhaBa wucnuTuBame
yTUIaja aHU30TPOIIMje KpUCTajla Ha TOjaBy AMCKpeTHE Audpaxiuje. Y OBOM HCTPaKUBAY
MOKa3aHo je J1a KPUCTATHA aHU30TPOIIH]ja UTPa BAXKHY YIIOTY Y EHOMEHY JUCKpeTHe audpaxiyje:
Hajuspaxennja 2J[ muckpeTHa audpakipja 100HujeHa je QyX MpaBla KpUCTaTHE aHU30TPOIIH]e.

Omnwucanu pe3ynTatu 00jaB/bEHH Cy Y JEAHOM paay Y BpPXyHCKOM Mel)yHapoTHUM YacONmHCHMa!

1. Jadranka M. Vasiljevié, Vladimir P. Jovanovi¢, Aleksandar 7. Tomovié, Dejan V.
Timotijevi¢, Radomir Zikic, Milivoj R. Beli¢, and Dragana M. Jovi¢ Savi¢,
“Interdimensional radial discrete diffraction in Mathieu photonic lattices”

Optics Express 31 (18), 28946 (2023).
https://doi.org/10.1364/0OE.497795
(M21, IF= 3.4).

Jlp BacusseBuh je mpeseHToBana aoOujeHe pesyiaTare y okBupy mehyHaponne koHdepHmje -
SPIE Photonics Europe, 7 — 11 April 2024 Strasbourg, France u o6jaBibeH je KOHDEpEHIIHjCKU
pax:

1. Jadranka M. Vasiljevi¢, Vladimir P. Jovanovi¢, Aleksandar 7. Tomovi¢, Dejan V.
Timotijevi¢, Radomir Zikic, Milivoj R. Beli¢, Dragana M. Jovi¢ Savi¢,
“Dimensionality crossover of radial discrete diffraction in optically induced Mathieu
photonic lattices*
SPIE Photonics Europe 2024, Strasbourg France, Proceedings Volume 13004, Nonlinear
Optics and its Applications 2024; 130040J (2024).
https://doi.org/10.1117/12.3017229
(M33).

JIpyru 1eo ucTpaKuBamba KaHAUJAaTKHBE CACTOJU CE OJ1 ITPEIOTa HOBUX HYMEPHUYKUX IPUCTYTIA
3a peanu3zanujy 2/] Heypehenux pemerku, nopeheme 1 yTuiaja pa3amuyuTHX METOAa Ha TPAHCIIOPT
CBETJIOCTH W JIOKAJIHM3AIH]y Y TaKBUM pelleTkama JYX IMpaBla MpOCTHPama a Y 3aBUCHOCTH O]l
cHare (mpoueHTa) HeypeheHnoctu. I[IpemyioskeHa cy aBa mpucTyna 3a peanu3alyjy HeypeheHux
penieTKy Koja Ou oAroBapaia pa3IMuuTUM €KCIIEPUMHTAITHUM peanu3arujama. Oda npuctymna cy
IpUMEHhaHa Ha pealln3allijy HeypeheHUX anepuoAnYHUX PelIeTKH U HeypeheHuX NepuoIuuHux
pemerku. KanauaaTkuma je HyMEpUUKH UCTIMTAla W aHaJU3Hpalia Mporarainujy ycke mpooe y
JeIHOM Tuny HeypeheHuX anepuoJUMYHUX PEHIeTKH M pe3yiTaTe Mopeausia ca oAronapajyhum
pesyaTatuma Tmponaraiuje ucre npode y HeypeheHUM nepuonuvHuM pemeTkama. JlomaTHo je
JeIaH o]l MPeNIOKEHNX HYMEpUYKUX MOJIeNa pelu3alyje Heypel)eHOCTH HCKOPUCTHIIA KaKo Ou
HYMEpPHYKH ¥ EKCIIEPHUMEHTAIIHO peajn3oBalia HeypeleHe amepuoanyHe (OTOHCKE perieTKd
¢dopmupane on Heaupparyjyhux MartjeoBux 3paka kopucTehn TEXHHKY ONTHYKE MHAYKIHjE Y
doropedpakruBaoM SBN kpucray.


https://doi.org/10.1364/OE.497795
https://doi.org/10.1117/12.3017229

U oBaj 1eo uctpaxuBama UMa JBE €TEIe:

1. dopmupame cIoxKeHUX (POTOHCKUX PEIICTKH

2. UcnutuBame ¥ aHaim3a  edexkara NpOCTHpama CBETIOCTH y Tako (HOpMUPAHUM

pelieTkama.

Kangunatkuma je mpBO HYMEPUYKH HMCIHTANA MapameTrape CTaOMIHOCTH HOBOO(OPMIBECHHUX
cTtpyktrypa y ¢dortopedppaktuBHoMm SBN kpucramy mro mpencraB/ba HyMEPUUYKY CHUMYIIALH]Y
eKCIIepUMEpHTAIIHE peanu3anrje (POTOHCKUX PEeIIeTKH TEXHUKOM ONTHYKEe MHIyKIHE, Ja Ou y
HapeHOM KOpaKy HYMEpPHYKH W EKCIIEpUMEHTATHO HCIUTHBANA YTHLA] HeypeheHocTH Ha
POCTHpamE ycKe Mpobde y Heypel)eHnM (POTOHCKUM pernieTKama.

Jp BacusseBuh popmupana je cnosxkeHe ctpykrypa unTepepHIrjoM Brie MatjeoBHUX 3paKa KOju
Cy JaJbe YMHOXKaBaHU Iy’ X M y npasana. JloOujeHe auctpuOynuje NHTEH3UTETaTa CIOKCHHUX
CTPYKTYpa IOT0JIHE CY 3a (OPMHUPAHE PA3TUIUTUX AIEPUOANIHHUX (POTOHCKH perieTku. CIoKeHH
OINITHYKU CHCTEMH, Kao IITO Cy IETEPMUHUCTUYKE aneproandHe MatjeoBe perieTke, 3a pasjiuKy
OJ1 IEPHOANYHHIX OMETajy AU(PPaKIKjy CBETIOCTH HA HAYMH YIOPEAUB ca Heypel)eHUM ONTHYKUM
cuctemuma. KaHaunaTkuma je 101aTHO CUCTEMATCKH YKJbYYHIIa CIIy4ajHOCT y Tako Beh cioxkeHe
ONTHYKE CHCTEM, Mepehr HEH pellaTUBHH JONPUHOC CIYYajHOCTH Kako OM aHaIM3Hpaya Be3y
u3mely neypehenoctu u cnoxenocru. IIpemioxkuna je aBa MeTona 3a peanusaiyjy HeypeheHux
anepruoauuHUX MaTjeoBUX PEIIeTKH ca HyMEPHUYKH KOHTPOJIHMCAHUM CTEIeHOM HeypehenocTw,
Koju ce 0Oa3upajy Ha pa3lMIMTOj BapHjallMju HMHTE3UTETa PEUIETKE ca MPOMEHOM MpPOIEHTa
Heypehenoctn. Metoje je momaTHO omucaia a MOTOM pa3jiMKe aHATU3Wpajia MPeKo JMHeapHe
Mporaraiujy IpooeHor 3paka.

3a pa3nuKy of MEPUOAMYHHUX PEUIETKH, I/le Cy pacTojama M jauuHe TanacoBoja YHHU(POpPMHA U
XOMOTE€Ha KOJ alepruoANYHUX M HeypeheHUX pelIeTKH OKpYXKeme MoOyne Wrpa BakHY YIOTY
(pactojama cy HeyHH(OpPMHA YjeIHHO U jauWHE TajaacoBOJa Cy HEXOMOTreHe). 3a ONMUCHBAWkE U
KapakTepu3aiyjy edexara mponaraiuje CBETJIOTH y TAKBUM CTPYKTypama HEOIIXOIHO j€ HCIITaTH
Behu Opoj pa3nuuuTuxX mNo3ulMja mpoda Kako OM ce yKbyduo ITo Behw Opoj pasnuyuTux
okpyxema. Kannuaatkuma je 3ato ypaauia cBeoOyxBaTHAa CTATUCTUYKA aHAJINM3a BEIUKOT Opoja
pa3NUUYUTUX TO3UIMja MoOyJae 3a pa3IMuuTe jauuHe HeypeheHOCTH, ypaauiia ycpelraBambe
pesynrara, JOJAaTHO je aHalNM3Majia YTHUIA] AyKHHE IIpolaraiuje, WHTCH3UTETa peIleTKe
(eKBMBAJICHT TMPOMEHM HMHJAEKCa IpeMama), IHpUHEe U To3unuja npode (yHu(pOpMHO U Ha
TaacoBO/Y) Ha T0OHMjeHe pe3yIiTare.

[TokazaHo je na Heypehene pemieTke popmupaHe NpeanoKeHUM METo/1aMa JI0BOJIE JI0 Mojauama
TPaHCIOPTa CBETJIOCTU 3a CBE MPOILIEHTE HeypeheHOCTH y OJHOCY Ha amepUuOJIMYHYy PEIIeTKY
(aeypehenoct = 0%) - Tpancmopt nojadan Heypehenoirhy (enr. disorder-enhanced transport), 3a
Behe creneHe HeypeheHOCTH AOOMjEHO je OIajame TPAHCIOPTa CBETIOCTH y OJHOCY Ha Mame
nporeHTe Heypehenoctn. Ca HUXKE MPOIICHTE HEypeh)eHOCTH TPaHCTIOPT CBETIIOCTH j€ j€ CIMYaH
madysaom (,,diffusive-like) mok 3a Hajsehe mnporente HeypeheHocTm momasum 10 mojaBe
AnpnepconoBe sokan3anuje. Hymeprnuko ucnutuBame Ha BehuM pacrojamuma Iporaraiuje
nokasyje Jia je mpar JeTeKlHje AHAECPCOHOBE JIOKAIU3alfje MOMEpPEH Ka HIKUM CTEleHHMa
HeypeheHocTH.

HonatHo, kako O ce omucanu M KBaHTU(UKOBala e(dekTe, KaHAMJIATKHIba j€ padyHaia
e(peKTHUBHY IIUPUHY 3paKa Koja ce KOPUCTH Jia MoKaxe Opoj moOyheHux rasacoBoja ajau HEHO



MOHAMIAKEe TOKOM TpoMaramnuje je KOPHUCHO Jla C€ OMUIIe THI TPAaHCIOPTa CBETIOCTU
(6anuctuukw, ,,diffusive-like, noxnanszanuja). EdexrrBHa mmpuHa je u3padyHaTa 3a HyMEpHUKe
aJIi U eKCTIEpUMEHTAITHE pe3yiTare Iie cy Jo0HujeHa jako 100pa mokianama BpeqHocTu. Kako je
AHJIIepCOHOBaA JIOKaJIM3alKja 100HjeHa y oJlpeheHOM PErHoHy MpoIleHTa HeypeheHOCTH y TOM
PETHOHY je n3padyHara JOKaTu3aroHa Jy)K1HA (1 32 EKCEPUMEHTATIHE U HyMEpHUUKe pe3yiaTare),
Kao Mepa jaunHe AHIepcoHOBe Jokanu3anuje. Jlokanu3anuoHa ay>kuHa KopuniheHa je 1 kao Mmepa
3a mopeheme pasIMUUTUX NPEUIOKEHHX MeToaa. Pesynratm m00WjeHH Yy aHHU30TPOITHOM
nsosioMHOM SBN moka3syjy aa ce AHIEpCOHOBA JIOKAJIW3aIHja jaBJba Y PA3TUIUTHM OTICE3UMa JTYK
Pa3IMYUTHX MpaBala, mMTo je A0JATHO MOTBPH)EHO H3MEPEHUM JIOKATM3AIMOHUM JTy>KHHAMA.

VYpahena je ananmsza ycpeambeHUX pe3yiTara 3a pa3InduTe Mo3uIHje mpode Koje Cy moMepaHe 1o
pemieTkn y o0a mpaBia yHU(OPMHO 3a jeJJHaKa pacTojama Tako Jia Cy y CTaTUCTHKY yIUIe
Mo3uIyje Mpode Ha TalacoBOUMa allu M u3Mel)y TanacoBoa, mTo je yrnopeheHo ca pesyararuma
CTaTHCTHKE KOja je yKJby4dHBajla MO3UIMje Mpobda caMoO Ha TalacoBOAWMMA, LITO HHjE MOKAa3aio
3HaYajHy Pa3JIMKy y JOKaIH3anuoHuM edextnma. Mnak mokaszaHo je aa mupuHa npode 3HaYHajHO
yTUYe Ha T0jaBy JIOKaJIU3allkje, TAe 3a MHPOKY rayCHjaHCKy MpoOy JoKanu3aiujy Huje moryhe
JIOOUTH y TakBUM pemieTkaM. Hymepudko ucnuTHBame Ha BehuM pacTojamMMa Mpomaraimje
MOKa3yje Ja je mpar JeTeKuuje AHIEPCOHOBE JIOKATHM3alHje IMOMEPEH Ka HIKHM CTEleHHMa
Heypehenocrtu.

Onucanu pe3ynraTi 00jaBJbEHU CY y JIBa Paly Y BPXYHCKOM Mel)yHapOJHUM YacOIMCHMA.

1. D. V. Timotijevié, J. M. Vasiljevi¢, and D. M. Jovi¢ Savic,
“Numerical methods for generation and characterization of disordered aperiodic photonic
lattices”
Optics Express 30 (5), 7210 (2022).
https://doi.org/10.1364/0OE.447572
(M21, IF= 3.8).

2. J. M. Vasiljevié¢, A. Zannotti, D. V. Timotijevi¢, C. Denz, and D. M. Jovi¢ Savi¢,
“Light transport and localization in disordered aperiodic Mathieu lattices”
Optics Letters 47 (3), 702 (2022)
https://doi.org/10.1364/0L.445779
(M21, IF= 3.5).

Jlp BacuseeBuh je mpeseHToBana goOMjeHe pe3yaTare y OKBUPY MelyHapoaHe KOH(epHIHje -
SPIE Photonics Europe, 3 — 7. April 2022 Strasbourg, France u o0jaBibeH je KOH(MEPEHIIN]jCKU
paz:

= Jadranka M. Vasiljevi¢, Dejan V. Timotijevi¢, Dragana M. Jovi¢ Savi¢

“Light propagation in disordered aperiodic Mathieu lattices generated with two different
randomization methods”

Proc. SPIE 12143, Nonlinear Optics and its Applications 2022, 121430A (25 May 2022).
https://doi.org/10.1117/12.2621228

(M33)



https://doi.org/10.1364/OE.447572
https://doi.org/10.1364/OL.445779
https://doi.org/10.1117/12.2621228

u y okBupy Mehynaponne xondepuuuje - European Optical Society Annual Meeting

(EOSAM) 2022, Porto, Portugal, 12-16. 9. 2022.

2.

Jadranka M. Vasiljevi¢, Dejan V. Timotijevi¢, Dragana M. Jovi¢ Savi¢

“Light propagation in disordered aperiodic Mathieu photonic lattices”,

European Optical Society Annual Meeting (EOSAM) 2022, Porto, Portugal, 12-16. 9.
2022.

https://doi.org/10.1051/epjconf/202226608015

(M33).

Jlocanamimby HaydHO HCTpaKUBauku pajn Jaiapanke BacuibeBuh, Moxe ce kiacudukoBatd y
cienehe OCHOBHE TIpaBIle:

1.

[Ipeuior HOBUX MeToIa 3a peanu3anujy HeypeheHUX peleTKH ca HyMEpUYKd
KOHTPOJIMCAHUM CTEIICHOM HEype)eHOCTH KOjH je IMOTojaH 3a MPUMEHY Ha Pa3IuduTUM
peleTKkama: epUuoANIHUM, KBa3UIIEPUOIUNIHUM, alICPUOUIHIM,

Peanm3zamuja  pagwjaTHO-CTUNTHYHUX  MPHPOJHO  OTPAHUYCHUX  AlCPHOJUIHHUX
JUCKpPeTHUX (DOTOHCKHX peleTkn moMmohy Heaudparyjyhux MarjeoBux 3paka ca
MOJIECHBOM TIPOCTOPHOM PACIIOJIEIIOM.

[IpoyuyaBame, aHanmM3a W KapakTepusanuja edekara Mporaraiuje CBETIOCTH Y
Heypel)eHHM pemeTkaM M MCITUBAmE YCIIOBAa 32 HACTaHAK AHIEPCOHOBE JIOKAM3aIlHje
W/WIM TI0javyaH TPAHCIIOPT y TAKBUM CTPYKTypama.

HcnutuBame W KapakTepuszanuja edekara mpomaranuje CBETJIIOCTH Y paaHjajHO-
SIIMNTHYHUM JUCKPETHUM alepHOAMYHUM pelIeTKaMa ca MOJCCUBUM pacTojarbhMa H
MIPOCTOPHOM pactioenio. Kornrpomna 06muka 1 JMMEH3HOHATHOCTH JUCKPETHE MU PaKIUje
y KOMOWHAIU)U paJIfjaHOT TIpaBIla ca KPY>KHUM, eTUITHYHUM U XUTIEPOOTHUYHUM.
HcnutuBame w aHamm3a yrunaja aHumzorpomnudje nBosomMHor SBN  kpucrama Ha
WHTEPAKIIN]y CBETJIIOCTH U MaTepHje.


https://doi.org/10.1051/epjconf/202226608015

4. EJIEMEHTU 3A KBAJIMTATUBHY AHAJIN3Y PAJIA KAHANJATA

4.1 KBanureTr HayYHHMX pajgoBa
4.1.1 3nauyaj HAyYHHUX pagoBa

Hp Janpanka BacuspeBuh mma ykymHo 9 o0jaB/beHUX pajioBa KOjU Cy HUTHpaHu 32 myTta 0e3
ayroruTara y3 XupmoB uuaexc 5 (mogamnu u3 6aze Web of Science na gan 30.05.2025.). Ox Tora
1 pan y kateropuju M21a, 7 pagoBa y kareropuju M21 u jenan pan y kareropuju M22.

Hakon omnyke Hayunor Beha o yTBpheHOM mpemiory 3a mpeTxoIHU U300p Yy 3Bamkbe HAay4HU
capanaHuK, np BacusseBuhje 6ma ayrop 3 perieH3upaHa HaydHa pajia 00jaBibeHa y Mmel)yHapomaum
yaconmcuma. CBa Tpu pana cy kareropuje M21. Onprxana je BUILE peaBamba Ha Mel)yHapoJHIM
KoH(epeHIjama, 01 KOjUuX JeTHO NMPEAABAE MO MO3UBY.

1. D. V. Timotijevi¢, J. M. Vasiljevi¢, and D. M. Jovi¢ Savié,
“Numerical methods for generation and characterization of disordered aperiodic photonic
lattices”
Optics Express 30 (5), 7210 (2022).
https://doi.org/10.1364/0OE.447572
(M21, IF= 3.8).

2. J. M. Vasiljevi¢, A. Zannotti, D. V. Timotijevié, C. Denz, and D. M. Jovi¢ Savi¢,
“Light transport and localization in disordered aperiodic Mathieu lattices”
Optics Letters 47 (3), 702 (2022)
https://doi.org/10.1364/0OL.445779

3. Jadranka M. Vasiljevi¢, Vladimir P. Jovanovi¢, Aleksandar 7. Tomovié, Dejan V.
Timotijevi¢, Radomir Zikic, Milivoj R. Beli¢, and Dragana M. Jovi¢ Savi¢,
“Interdimensional radial discrete diffraction in Mathieu photonic lattices”

Optics Express 31 (18), 28946 (2023).
https://doi.org/10.1364/0OE.497795
(M21, IF= 3.4).

On nperxogHOT M300pa y 3Bamke KaHAMIATKUbA je IPBU ayTop Ha 2 paja, a Ha cBa TpH paja [p
BacusbeBuh je nmaa riiaBHu gonpuHoc. JJonpruHOC ce caacToju Ha KOHIUIHpaby UCTPaKUBamba
KpO3 Pa3BOjy M KapaTepH3aju HOBUX HYMEPHUKHX METOJ]a, YK/bYUHBaHk€ HOBUX INPEITIOKEHUX
Metona y Beh mocrojehn HymepuyKkH MOJEN, MOKpETame U yHanpehewe eKClIepuMEeHTaJIHE
MOCTaBKE 3a peain3alli]y HyMEPUUYKY CUMYJIMPaHUX, KaTUOpaIfjy eKCIIepUMEHTATHUX yCIIOBa ca
HYMCPHUYKHUM, ITPUKYIIJbALE U aHAJIW3a CKCIICPUMCHTAIIHUX U HYMCPHUYKHUX pe3yliTaTta, JOAaTHU
HYMEpPUYKHU MPOPavyyHU 3a aHAIM3Y pe3yJiTaTa, MPUIPEMY U MHUCakE pPagoBa, KOMyHHKAIU]y ca
YPEAHULIMMA U PELIEH3EHTUMA.

IIpBu pan cactoju ce oJ Ipeuiora HOBUX HYMEPHUKHMX METO/a 3a peaju3alujy HeypeheHux
pELIEeTKH ca HYMEPUUYKH TOJECUBUM CTENEeHOM HeypeheHocTn koju Ou oaroBapaiu JBeMa
eKCIIepUMEHTAIHUM pealu3aljaMa M aHaju3e U mopehema JBa MeTo/la Kpo3 HCTPaXHBambe
IIPOCTHpama CBETIIOCHE Mpobe Kpo3 Tako ¢opmupane QortoHcke pemerke. Jp BacuibeBuh
MIPEUIOKIIIA je ABa METO/Ia 3a pealn3alujy Heypel)eHUX anepuoJAndYHU pelIeTKH ca HyMEpUUKH
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MOJICCUBUM cTeneHoM HeypeheHoctu kopuctehu MatjeoBe Henudparyjyhe 3pake, Tako 1ooujeHe
CTPYKTYpE HMIUIEMEHTHpaJla jeé Yy CBOje IocTojehe HyMEpHYKe KOJOBE KOJH CHMYIHPA]Y
EKCIICPUMCHTAIHY peanu3anujy (OTOHCKMX pPEHMICTKH TEXHHUKOM ONTHYKE WHAYKIHUjE Y
¢doTropepaKTUBHOM KPHCTAITY WJIH CKCICPUMEHTAIHY peaju3alijy MpOoCTHpama Mpode y
(GOTOHCKMM pelmieTkama. YTpeauia je J1Ba HyMepuyka MeETo/a UCIHTHBameM edekara mnpu
mpomnaranuju mpoOHOr 3paka. AHanmu3upana je eeKTe TPaHCIIOpPTa CBETIOCTH W I10jaBe
AHJEpCOHOBE JIOKATU3allMje Y TAKBUM PEIIeTKaM Yy 3aBUCHOCH OJ1 CTeTICHa HeypelheHOCTH, Koje je
JOJJaTHO KBaHTH(HKOBAJIA JOJATHUM HYMEPUYKAM DPAYyHOM E(PEKTUBHE U JIOKATH3AI[HOHE
mmpune. Onpaguna je Behum Opoj HyMEpHUKHMX CHMYNalldja, yCpeamuiaa M aHaTu3upaia
pesyarare. Mcnurana je kako mpoueHat Heypeh)eHOCTH, IMPHUHA U TTO3HIKja PoOe, UHTCH3UTET
pelieTke W Iy)KWHA TPOCTHpama yTHYy Ha e(eKkTe mpu MPOCTUPABmY CBETIOCTH Y TaKBUM
(dotoHckuM pemeTkama. [J1aBHM Wb je OMO J1a UCTaKHE yTUIla] HeypeleHoCcTH Ha mpocTHpame
cemiocT, (okycupajyhm ce Ha edekTe IoKalM3amMje W TPAHCIOPTAa CBETIOCTH YK
IPOCTHPAA.

3a oba MerToja je JOOMjeHO Ja MOpacToM MPOLEHTa HeypeheHOCTH, TPAHCIIOPT CBETIOCTH Ce
nosehaBa y ognocy Ha 0%. Ca moBehameM IpoleHTa HeypeheHocTH A00MjeH je mpena3 ca
TUQY3HOT TPaHCHOPT Ha AHAEPCOHOBY JioKayin3anujy. [TokazaHo je J1a MHTEH3UTET PElIeTKE
CMamYyje TPaHCIIOPT CBETJIOTH, JY)KHHA IpoMaraiyje J0BOIH JI0 U3PAKEHH]jE JTOKATU3aIije 1 Ha
HWKHUM TIPOIEHTHMA HeypeheHOCTH, MprHa pode Ma BakHY yiory Aa Jim he mohu 1o mojase
AnzepconoBe Jnokanu3anuje. [lokazaHo je pa3iMYUTO TOHAIAKE (IUPY3HH TPAHCHIOPT U
AHIEpCOHOBA JIOKAIHM3AIIUja) Iy’K Pa3THIATHX MIPaBaia y 0JHOCYy Ha onTuiky ocy SBN kpucrana.
Jeman om Merona je moKa3ao Ja JOBOIW JO H3paXKCHHjE JOKAIM3alHje MTO je MOTBphEHO
JOJIATHUM OJipe)uBambeM JIOKATH3aI[MOHE TyKHHE.

Hakon ananuse u ommca Mmojena u edekaTa npoamnranuje, KaHAMJATKHBbA j€ youusa Be3y
YCpeACHOT HHTEH3UTETA pellieTKe (M0Be3aH ca YCPeIheHIM HHICKCOM MpeliaMarma) 1 eekara
JIOKaJIM3alyje ¥ TPaHCIopTa ca MPOMEHOM IpoLieHTa HeypeheHocTH, 3a 06a Monena. J{upekTHo
youJbUB MopehemeM 3aBUCHOCTU WHBEP3HOI YCPEIHEHOI MHTEH3UTea M e(pEeKTHBHE LIUTHHE Y
3aBUCHOCTH 0J1 MpolieHTa Heypehenoctu. [TokazaHo je 1a ycpeimeH! HHTEH3UTET peleTKe onaja
ca MopacToM MpPOLEHTa Heype)eHOCTH 10 HEKOI MPOLEHTa HAaKOH Yera pacte ajiu He JOCTHXKe
BPEJIHOCT yCpelleHOI MHTEH3UTETa peeTke 6e3 Heypehenctu. Koj jennor o Monena pasnuka
yCpeIlbHUX MHTEH3UTETa je BUIlIEe H3paKEHHMja ca MPOMEHOM MpOIeHTa HeypeheHOCTH, IITOo
JI0BOJIM JI0 M10jaBe U3pakEHH]je JIoKan3alyje 3a Taj Meto]l. CBa mpeTxo/iHa aHalu3a Mokasyje aa
YKJbYUMBakbeM Heypel)eHOCTH y amnepuoJuuHy pelleTKe A0Na3u JI0 OHajama YCPEIHEeHOT
MHTEH3UTETa LITO 32 MOCJEeIUBY MMa I0jayaH TPAHCHOPT CBETJIOCTH, M j€ 32 UCTE MPOLIEHTE
HeypeheHnocTn Moryhe uCTOBpeMEHO UMATH U TPAaHCIIOPT NojayaH HeypeheHnourhy u AHIEpCOHOBY
JIOKaJN3a1ujy.

I'maBHM nOTIPHHOC OBE CBEOOYXBAaTHE aHAIM3E /IBA METOAA je M TO IITO MPEII0KEHE METOne
peanu3aiyje Heype)eHUX peleTKH HUCY OTpaHnYeHe caMo Ha allepuoInYHe pelieTke Beh ce Mory
NPUMEHUTH U Ha OpojHEe Jpyre NMpocTHje WIM KOMIUIEKCHHMje perieTrke. Takohe pax orBapa
MoryhyhHOCT 3a Jajba MCTpaKMBama ald W UJAEjy 3a HOBE METOJIe peanu3anuja HeypeheHux



pemetku. [lopen Tora, uctuue 3Ha4a] MHTCH3WTETAa M AHU3OTPOIHjE y IMOjaBamMa Kao IITO Cy
JOKaJIM3aIuja u JuQpaKimja.

JlpyTH paj HyMEpHUUKH M EKCIIEPUMEHTATHO UCIUTY]e e(eKTEe TPAHCIIOPTA CBETIOCTH U YCIIOBa 32
1mojaBy AHJIIEPCOHOBE JIOKanu3auuje y HeypeheHum amepuoandnuM MatjeoBUM peleTKama.
Kangunatkuma je npenioxuia GopMupame anepuandHUX PEIIeTKH KOopHcTehn yMHOXKaBambe
30up Bume Heaudparyjyhux MatjoBux 3paka. Kako KOMIIJIECHH ONTUYKU CUCTEMH, Ka0 IITO CY
anepuoanyHe MatjoBe pemieTke cy30ujajy AUQPaKINjy CBETIOCTH CIWYHO Kao HeypeheHu
ONTUYKH CUCTEMH, KAHIWAATKUIbA j€ aHaIM3Mpaja JOJAaTHO CHUCTEMAaTHYHO YKJbYUHBAmbE
Hypel)eHOCTH y TakBe CHUCTEME ca HAEjOM pa3yMeBama Be3e KOMIIEKCHOCTH M HeypeheHoCTH.
I'enepucana je cepuja 2/] Heypehenunx anepoanuanx MatujeoBux pemetku y SBN kpucrany ca
HYMEPHYKH KOHTPOJHMCAHUM CTENEHOM HeypeeHocTHu. Ycku mpoOHM 3pak KopHInheH je 3a
UCIIUTUBaKkE eeKara Mupema Kpo3 CTPYKTYpeE.

JlonmpuHOC KaHAMIAaTa Y OBOM PEIy CAacTOjU C€ O] EeKeICpUMEHTAIIHE peann3alyje HeypeheHux
anepruoJYHuX MaTHjOBHX PEUIETKH M MCIUTHBama (JeHOMEHA MpHU Iporaraiyje ycke mpoode y
BUMa, KOjy IpaTe oAronapajyhe HyMepHuKe CUMyalldje ¥ TOJATHA MPOPAYYHH, TPUKYIIHabe
pesyarara, CyMUpame TJAaBHUX 3aKmbydaka, NMpHUIpeMa W THCAake paja, KOMyWHHKalHja ca
ypEeIHHIINMA U peIIeH3EHTHMA.

Hymepuuku u ekcriepuMEeHTalHO je HCIHTajla BEeMUKH Opoj mosuiuja mpode y HeypeheHum
anepuoanyHuM MatjeoBum pemietkama gopmupanux y SBN kpucranmy, kopucrehu TexHHKY
ONITHYKE MHAYKIH]jE. Ypaauia je ycpeambaBambe HyMEPHUKUX U eKCIIEPUMEHTATHUX pe3yiiTaTa y3
J0IaTHa Mepema e(QEeKTHBHE W JIOKAIM3AllMOHE IIMPHH M Jo0Mia jako 1o0pa MOKIamama
pesyirara.

Hcnutan je ytunaj npoMeHe NporeHTa Heypel)eHocTH, a MoKa3aHo je J1a y OBaKBUM CHCTEMHUMa
MOCTOjJW TPAHCTIOPT CBETIIOCTH TojayaH HeypeheHomrhy, a 3a Benuke HeypeheHnoctu moansu a0
nojaBe AHJEpCcOHOBE Jokanu3anuje. Kako ekenmpuMeHTaIHU YCJIOBU OTpaHWYaBajy aHAJIU3y Ha
2CM, KaHAUATKUHA j€ HyMEpUYKH cuMynrpaia Behe myxuHe mpoctupama (10 S5CM) 1 oKa3aHo
je na Ha BehuMm nqykuHama AHAEPCOHOBA JIOKAIM3allMje Ce I0jaBJbyje Ha MamkUM MPOLIEHTHMA
HeypeheHocTu.

I'maBHM ONPUHOC OBOT pajia U KaHIAUJIATKUILE je MpuilarohaBame eKIepuMEeHTaIHe TOCTaBKe 3a
peanu3zanyjy HeypeheHuX anepuuyuHUX PELIeTKH KOpUcTehu ONTHYKM MHIYKOBaHY TEXHHKY Y
SBN kpucrany. JI[BoauMen3uHanHa HeypeheHa anepuanuHa MatjeoBa pelieTka peain3oBaHa je y
caMoO jeJHOM TMpolleCy ONTHYKE HHAYKIHUje MoMohy MpPOCTOPHOI MOAYJaTopa CBETIOCTH U
HYMEpHUYKU TpepayyHaTHX HeypeheHuX CTpyKTypa ca MOJECHBMM IPOLEHTOM HeypeheHOoCTH.
Hymepuuku mMeTon M ekcriepuMeHTallHa KOH(pUrypamuja, Kojy je KaHIuAaTKUba KOPUCTHIIA, 32
pa3MKy OJf TPETXOAHO KOPWUIINEHHWX EKCINEPUMEHTATHUX TEeXHHKa omMoryhaBa JHWPEKTHY
KOHTPOJIy IIPOIIEHTa HeypeheHOCTH penieTke M MapajlelHo YIHCHBAmbe YHTaBe CTPYKTYpe Kpo3
¢doropedpakTUBHU KpPHUCTAIL.

Tpehun pan, koju je HajBaXHHMjU pajJ KaHIUTATKUIE jJep YKIbydyje TIOKpEeTame HOBE
eKCIIEpUMEHTAJIHE [TOCTAaBKE 3a peann3ajy (pOTOHCKUX pemeTku y GpoTopedpakTHBHOM KPHUCTCITY
Oy’XKMHE 2CM, ald M HAJOTpajmy Te IOCTaBKE 3a WCHHUTHBaKbA JIMHEApHE U HEJIMHEapHe



npomaranuje ycke mpode y GoTOHCKMM pelieTkama, KOpucTehu MpeTXOMHO CTEYCHO 3HAmE U
BEIITHHE y CKEIIEPUMEHTAIHOM pajay. Y MPETXOJHOM HAYYHOM pajay KaHAHIATKUIbA je Haydnia
0 TeXHHUIIM ONTHUYKE WHIYKIH]jE KOja j€ IMOTro/IHa 3a peaanu3annjy (GOTOHCKUX PEIIeTKH KoprucTehu
dboropedpakTuBHu edekar y poropedpaktuBHOM KpucTany. KaHnumaTtkuma je ydecroBaiga y
IUTAHUPaky W HA0aBIM MOTpeOHE ompeMe (J1acep, MPOCTOPHH MOJIYJIATOP CBETIOCTH, WU3BOP
Harajama, Kamepa, pa3InIuTH ONPUYKH SJIEMEHTH) ca YaHOBUMA CBOje TpyIIe.

Hakon ananmm3e ocobuHa ¢oropedpakTHBHUX KpUCTala, MO3HABaWma pe3yiTrara y oO0JacTH,
NPETXOAHOT MCKYCTa M TOHYZAC, KaHIWAATKUIba W WIAHOBHU TpyNe 3aKJbydyWlid Cy Ja je
HAjTIOTOJIHU]€ KOPUCTUTH HEMMHEeapHU GoTopedpakTuBHU Kpuctan CTpoHIjyM 6apujym HHoOAT
nomupan nepujymoM (SBN). Kako 6u ce ununmpao dorpedpaxkruBau edexkar y SBN kpucrary
HEONXO/JHa jé NMPUMEHUTH XOMOTEHO CIOJhAIlhE EIEKTPUYHO IO0JBE y IMPAaBIy ONTHYKE OCE.
Kpucran npunaga rpynu Kprcraia ca JBa JIoMa KOjU Claja y TPyIy MO3UTHBHUX KpHCTaja ca
JEHOM ONTHYKOM OCOM, IITO 3HA4W Ja KPUCTAJI MMa OCOOMHY aHU30TPOINHjE - CIHOCOOHOCT
Marepujana Ja pa3IHyuTo MpejiaMa CBETJIOCT y Pa3IYMTUM IMpaBHuMa. 300T TOra, Pa3iIuduTO
M0JIapU30BaHa CBETIIOCT Ce Jpyradrje mpocTupe y kpucraty. Ta ocoonna SBN kpucrana, kopucHa
je y HenuHeapHoj ¢GOTOHHUIM jep oMoryhaBa mapasneneHo peanu3anujy (OTOHCKUX PEIIeTKH
TEXHUKOM ONTHYKE HHIYKIHM]je M HWIICUTHBAaKE IMPOCTUpama IMpoOHOr 3paka, KopuurhemeMm
Pa3IMUUTO MOJIAPU30BAHMX 3paka (JIMHEPHO IIApH30BaHH — HOPMAaIHO WM BaHpeaHo). Takohe,
KpHUCTaJ je KOPUCTAH U 32 HCITUTHBAE HETMHEPHHUX e(eKaTa MPOCTHPAHE CBETIOCTH.

Kako Oum exkcnepmeMHTalHa IMOCTaBKa OWiIa IMOTOJHA 3a peaHu3alujy OpOjHHX pa3IMYUTHX
(OTOHCKHX CTPYKTypa Yy IMOCTAaBKY j& UMIUIEMEHTHPAH MPOCTOPHH MOJIYJIATOP CBETIOCTH KOjU
KOPUCTH yHampeJ HyMEpHUKHU MpepavuyHaTe XoJorpaMe Koju caJpku nmoTpedHe nHpopmamje o
XKEJbEHO] CTPYKTypHu (MHTEeH3UTeT U (aza). Kaga macepcku 3pak obacja MpOCTOPHU MOJYJIATOP
CBETJIOCTH pe(IeKTOBaHa CBETIIOCT j€ MPOCTOPHO CTPYKTYHpPaHa U Ha /1aJbe C€ MyTeM ONTHUYKHX
eJleMeHaTa BOJM 0 Kpuctana. KanaunaTkuma je HalpaBuia HEONXOJHE HyMepHUUYKe KOJIOBE 32
n3paay HyMEpHUKHUX X0JorpaMa CTpyKTypa Koje cy Win he ce UCIUTUBATH.

HaxkoH npBe noctaBke eKCriepuMeHTa, 3a notpede peanusanrje GOTOHCKUX PELIETKH, TECTUpaHe
Cy pa3iIuuMTe CTPYKTYpe Koje Cy JoBeaeHe N0 Kpuctana. [Ip BacumeBuh je ypaauna ananusy
napameTrapa noTpeOHux ma O6m ce dopmupaia pemerka Koja ce HE Mema Yy YHYTPAIlkbOCTH
Kpuctana. TecTupaHu cy YyCIOBH Yy Jiabopatopuju jga OW ce chpedmsia HeCTaOWUITHOCT
eKCIIEpUMEHTAJIHE TTOCTaBKe U paja. [IpeqHocT KpucTalia je mTo MO3€e J1a c€ KOPUCTH HeOpojaHao
nyTa, nporec popmupama pemerke je peaaTuBHo 0p3 (o1 10S 10 HEKOIMKO MUHYTA), CTPYKTypa
he ocraru ,,3amucaHa® y KpUCTaly JOK C€ HE H3JI0KHM OelloM CBETIy IITO MOTIYHO ,,0puiie’
3anMcany cTpykTypy. Kajga cy mHOCTUTHYTH ONTHMANIHH YCJIOBHU, KaHAUJATKUbA j€ YHAIpeausa
MOCTaBKy TaKO Jla je MOrojHa u 3a (QopMmHpame MPOOHUX 3paKoBa, YHje MPOCTUpame Ou ce
ucnuTrBana y GopmMupanuM GOTOHCKUM perieTkama. Mcrnmranu cy yciaoBH J1a MpOCTHpama Mpoode
HE YyTHUE Ha IPETXOJHO PEaTu30BaHy PEIIETKY.

Kana je monemaBame u kanubOpanuja ekcriepuMeHTa 3aBplieHa, JIp BacuibeBuh je mpenuia Ha
UCIHUTHBake eekaTta JMHEeapHe Mpornaranuje ycke npode y (OoTOHCKHM peleTkama kopuctehu
MarjeoBe 3pake, ca IIMJbEM KOHTpOJE IUCKpeTHE Audpakiuje yHyTap (OTOHCKE pelieTKe y
EJIIUNITUYHO] TEOMETPHU]H.



MarujeoBu 3paiy, Kao IMOMpPEeYHAa MOHOXPOMATCKa ONTHYKA IM0Jba KOja C€ HE MEHajy TOKOM
MPOCTHPama MOTOJIHU Cy 3a peayin3anujy (HOTOHCKUX PEIMIETKH TEXHHKOM OINTHYKE WHAYKIIH]E.
Kangunatkuma je MpeTxoJHO HYMEPUYKH TeCTHpalia rapaMeTpe MarjeoBHX 3paka Kako Ou
dbopmupana 2D nuCKpeTHE CTPYKTYpe YMjU Cy AMCKPETHU (hparMeHTH pacnopeheHu Ha Kpyry,
SIUTICK WU XHUIepOoiu. 3aTHUM je HYMEPUYKH W EKCIEPUEMHTAIHH HCIUTHBANA CSPEKTe
npornaraiujy ycke npooe y pa3nuuuTuM MaTujeoBuM perieTkama. TecTupaHna je yTuilaj mpoMeHae
o0vKa pacrojenie pemeTKy, AUMEH3Uje M PacTojama TalacoBOAA PEIICTKH, KA0 W IO3HIIN]je
pooe.

Hymepuukn je noOujeHa a eKCHEpUMEHTAIHO NOTBpl)eHa BHIIETUMEH3MOHAIHA paiHjaHa
nuckpetrHa audpaknuja ucnutyjyhn edekre JTUMHEpHE mporaraiyje ycke mpole y ONTHYKH
WHIyKOBaHUM MartujeBorM (OTOHCKUM pemieTkama. J(udpakiivja y oBUM pelieTkam OJIBHja ce
pamujanHo (O] LEHTpa Ka CIojba), Ka0 W JyX TallacoBojia pacmopeheHux mayX KpYKHUX,
SIIMITHYHUX WM XUTIEPOOJIHYKUX MyTarha, Y 3aBUCHOCTH 01 00JInka MaTjeoBUX pelieTke, mTo ce
MOCTHXKE IIPOMEHOM TTapamerapa KopuinheHnx Marjeoux 3paka (pell, SITUITHYHOCT U BEITMYHHA).
[Tonoxaj yna3Hor 3paka yTudye Ha TUMEH3HOHAITHOCT J00ujeHe audpakiifje y OBUM penieTkama:
2D nmudpaxiyje kaaa je mo3uiuja npode Ha UBHUIM pemieTke, npena3 ca 2D Ha 1D gudpakuujy
Kako ce mo3unuja nmpobe momepa oxa usuie. [lopen Tora mokasaHo je na moBehamem pena u
CMamkeHEeM BelIMIMHE KopuitheHor MatjeoBor 3paka JOBOIM JI0 MopacTa Audpakimje.

OBaj pam mpencTaBjba HOB HAYWMH YIpaB/bakba CBETIOMNY y ONTHYKUM peIIeTkaMa ca
MIPOMEHJBUBOM JTMMEH3HOHATHOIINY, ITO je BaXKHO 3a MOTEHIUjaJIaH J13ajH HOBUX (POTOHCKUX
ypehaja, ympaBibame mpeHocoM mH(pOpMamuja cBemionihy, Wik pa3BOj HOBUX TallaCOBOJA U
(OTOHCKHUX CTPYKTYpa.

4.1.2. llapaMeTpH KBaJIMTETa Yaconuca

Kangunatkumwa np Jaapanka je o0jaBunma ykymHO 3 pama y MehyHapoanum uacomucuma (y
HEPHO.Ty O TIPETXOIHOT H300pa y 3Bare Hay9IHH CapaHHK) U TO:

2 panx y MeljyHapoIHOM daconucy u3y3eTHux BpeaHoctu (M21) Optics Express (IF = 3,4 SNIP =
1.267 (2023) u IF = 3,8 SNIP = 1.63 (2022)),

1 pax y mehyHapoaHoMm gaconucy u3ysetHux BpeaHoctu (M21) Optics Letters (IF = 3.5 SNIP =
1.55).

VYkymnan uMmnakt ¢akrop o6jaBbeHUX panoBa ap Jagpanke BacuibeBuh je 10.25.

JlonaTHu OMOTMOMETPH]CKM TOKa3aTeJbl MpeMa YIYTCTBY O HAuWHY MHCamba H3BEIITaja o
n300puMa y 3Bama Koje j€ yCBOjuo MaTu4Hu HayqHHU 0100 32 PU3UKY CY:

Nd M CHUIT
YkynHo 10.25 24 4.447
YKynHO 10 4iIaHKy 3.5 8 1.480
YKynHo 1o auropy 2.45 5.41 1.034




4.1.3 IuTHpaHOCT HAYYHUX PAT0OBA KAHIUIATA

IIpema momanmma u3 6a3ze Web of Science na mam 30.05.2025, pagoBu np BacusbeBuh cy
IUTHpaHH YKymHO 54 myta, o dera 32 myra Oe3 ayrouurata. [Ipema moganmuma u3 ucre 6ase,
XUPIIOB WHACKC KaHIUIATKUIbE je 5 Kaja ce y3My y 003Up CBH LIUTATH.

[Tpunor: noxanu npeyseru u3 6aze Web of Science nana 30.05.2025. ronune.

4.1.4 Harpane

Hp Jagpanka BacuibeBuh je Harpahena CryneHtckom Harpagom HWHcTuTyTa 3a (QU3HKY Y
beorpany 3a Haj00sby TOKTOPCKY Te3y oa0pameHy TokoM 202 1. rongune

[Tpwtor: noka3 o CTyACHTCKO] Harpaju.

4.2. Hopmupame Opoja KOAyTOPCKHUX PaJ0Ba, MATEHATA U TEXHUYKHUX pellemha

[Ipema IlpaBuiHUKY O CTHLAKky HCTPAXHMBAYKUX W HAYYHUXH 3Bama, pajoBu ap JanpaHke
BacusbeBuh npusHajy ce ca myHHUM OpojeM MoeHa.

Bbpoj xoaytopa Ha jemHoMm pany u3 kareropuje M21 je 3. Pag ce 6aBu HyMEpUYKUM padyyHAPCKUM
cUMyJanyjama TJe ce ca IIyHOM TEeKHMHOM Ipu3Haje Opoj koayropa mo 5. [pyra nBa pan w3
kateropuje M21 umajy 7 omHOocHO 5 KoayTopa M 0aBe c€ EKCIIEPHUMEHTAIHUM MEpemHMa U
MOJIETIOBAbEM, I7/I€ Ce IIyH Opoj ImoeHa nmpuxsara J1o 7 Koayropa.

Yxynan Hopmupan Opoj M 0OogoBa je HempoMewmeH M H3HOocH 29,5 mTO je BHIIE 0]
3axTeBaHuX 16 6010Ba 32 pen3dop y 3Bathbe HAYYHOT CapaJHUKA.

4.3 Yyemhe y npojekruma, NOTHPOjeKTUMA U NPOjeKTHUM 3a4alMMa

On janyapa 2022. no neuemOpa 2024. roguHe y4yecTBoBana je Ha mpojekty PoHaa 3a HayKy
Pennyonuke CpOuje ,, Control and manipulation of light in complex photonic systems "
(CompsLight). Ha Ttom mpojekTy pyKOBOAM pPagHMM MAKETOM KOjU ce OaBH H3ydaBambeM
POCTHpama CBETIOCTH Yy HeypeheHUM AEeTepPMUHUCTHYKUM arepruoOANYHUM pelIeTKama.
Capaamy je HacTaBHUJIa U HAKOH 3aBpIIeTKa OUIaTepaIHOT MPOjeKTa.

[Ipuror: moTBpAa pyKOBOAMOLIA MTPOjEKTa O PYKOBOhEHY POJEKTHUM 3a/IaTKOM.



4.4. Aura:;xoBaHoct y popmupamy HAYYHHX KaJApoBa

On mkoncke 2022/2023. ronuue np Jampanka BacwibeBuh anraxosana je Ha Ilpupomno-
MaTeMaTH4KOM (akynaTeTy YHuBep3urera y KparyjeBiyy Ha TOKTOPCKHM aKaJeMCKHM CTY/HjaMa
¢usuke, 3a morpede opKkaBamba HACTaBE HA IpeaMeTMa Onmoenekmponuka v Puzuka nacepa.

HpI/IJIOF CarjIaCHOCT O aHI'AXKOBaAIbY.

4.5 Opranusanmja Hay4YHUX CKyINoOBa

Kanaumarkuma je Ousa 4iaH JOKaIHOT OpraHu3alroHoT o100pa Ha Ocmoj MehyHapoHO] KON
u koHpepentmju o poronnun PHOTONICA 2021 & HEMMAGINERO workshop, koja ce
onpxaina y aBrycry 2021. ronuse.

[ToTBpaa xomuja KUTe ancTpakTa.

4.6. AKTUBHOCT y HAYYHMM M HAYYHO-CTPYYHUM JPyLITBUMA

p BacumeBuh penensupa HayyHe pagoBe y uacomucuma Journal of the Optical Society of
America A, Optics Letters, Optics Express, Nature Communications, Journal of Low Temperature
Physics.

[Tpuno3u: moTBpAe O peleH3rujaMa Mpey3eTe U3 PeleH3eHTCKUX 0a3za Jacormuca, MoBe3aHOCT Ha
ORCID nanory wim 3aXTeB ypeHHUKA 32 PELCH3H]Y.

4.7. YTuuaj HaydyHUX pe3yJTara

VYTunaj Hay4HHuX pe3ysiTara ce BUAM Kpo3 M0JIaTKe O IUTHPAHOCTH HaBeAeHe y cekuuju 4.1.3. [Ip
BacupeBuh je y u300pHOM mepuoiy ojpikalia jeHO TpeaaBame Mo Mo3uMBY Ha YeTBproj
MehyHapoanoj koHpepenuuju, Laser, Optics and Photonics, 2023.

[Ipunor I1o3uBHO ECMO.

4.8. KoHkpeTaH JONPMHOC KAaHAWAATA Yy peaju3aliju pajoBa y HAYYHUM
LeHTPUMaA Y 3eM/bH U HHOCTPAHCTBY

p BacuibeBuh je CylUTHHCKH JONPUHEO CBAKOM pajay y YMjoj U3palu je€ y4ecTBOBao. Y CBHUM
pazoBUMa y KojuMa je pBu ayTop (2 o1 yKymHO 3 pazoBa 00jaBJbeHUX y M300pHOM MEPHOTY) ATl
Uy paqy Izie je Ipyru ayTop, JonpuHoc Ap BacuseeBuh je 610 KibyuHu U oaydyjyhu, kao mro je
ommcaHo y cexkuuju 4.1.1. xoja aaje mperyien Tpu pajia u3 u300pHOT MEeproIa.

VY pany y xojeM je npyru aytop, qonpuHoc ap BacuipeBuh je 6mo kibydaH u oqrydyjyhu jep je
KaHMIaTKUha TIPEUIOKIIIa HOBE HYMEPHUYKE METO/Ia 3a pealin3anujy HeypeheHuX pemieTku ca



HYMEPHYKH ITOJICCUBUM CTETIEHOM HEeypel)eHOCTH KOju O 0JIroBapaiy IBeMa eKCIIepUMEHTATHIM
peanu3anyjamMa u aHaiu3e U nopehema 1Ba MeTo1a Kpo3 HCTPAKUBAKE MPOCTUPAA CBETIOCHE
npobe Kpo3 Tako ¢opmupane poroHcke pemeTke. 3a Te morpede np BacusbeBuh je momyHmia
nocrojehe HyMepu4Ke KOJOBE U 00aBHUIa HyMEpUYKE CUMYJalrje, Koje Cy Jaie pe3ysiTtaTe Koju
Cy YTHIIAJM Ha 3aKJbydyKe H3BeleHe y TOM paay. Takole je mpumpemuia HanpT pyKOIHCa,
y4eCcTOBaJIa Y AUCKYCHJH PE3yJITaT MPOLEeCy peleH3uje paaa, KOMyHyHIMpala ca ypeIHUuIuMa 1
pe3eH3eTHMA.

Jlp BacubeBuh je cBoje MCTpakMBauke aKTUBHOCTH peain3oBao y MHCTUTYTY 3a QU3UKY U
HNuctutyty 3a MyATHAMCHUIUIMHAPHA HCTapKuBama y beorpany m MHCTUTYT 3a mpuMemEHY
¢usuky u Llenrap 3a HenmuHeapHy Hayky (CeNoS), Yauepsurer y Muncrepy, Hemauka.

Hajsehu neo pesynrata ocTBapeHUX y H300PHOM MEPUOTY j€ Y IIENIOCTH peann3oBaH y MHCTUTYTY
3a ¢u3uky y beorpany, 1ok je 1 pan nenuMudHo peanu3oBad HCTUTYT 3a IPUMEHEHY (DU3HKY U
Lenrap 3a Henuneapny Hayky (CeNoS), Yuusepsutet y Muncrepy.

Tokom cBOjux MacTep W JOKTOPCKUX CTyauja u OwmmarepanHe capamme ca Hemaukom, [p
BacusbeBnh je cTekiia eKCEpUMEHTAIHO 3HAkE M BEIITHHE, KOje je MCKOPHCTHIIA J]a TOKOM
M300pHOT MepHo/ia TIOKPEHE U MOIECH HOBY €KCIIEPUMEHTAIHY IIOCTABKY.

4.9. YBoaHa npeiaBama Ha KOH(epeHI[HjamMa, Ipyra npeJaBamba 1 AKTUBHOCTH

Jp BacusbeBuh je y m3bopHOM mepHoay oJpikalia jeHO MpelaBarme M0 Mo3UBY Ha UeTBpTOj
melyHapoaHoj kodepenuuju, Laser, Optics and Photonics, 2023 [penaBame je 60 y TIIaBHO]
cecuju (keynote).

[Ipunor Ilo3nBHO nECMO.

Takolhe cBoje pesynrare je mpe3eHToBana Ha Buie Meh)yHapoaHuk koHdepenimja u Webinar, u
JEITHOj TTOCTeP CECHjH.

[Ipuior cetndukaru o yuenrhy u nporpamMmu CKynosa.



5. EJIEMEHTH 3A KBAHTUTATHUBHY OLEHY HAYYHOI'

JOMMPUHOCA KAHIAJIATA

OcTBapeHu pe3ynTaT y nepuoay HakoH ojuryke Hayunor Beha o mpensory 3a cTuiiame HayqyHOT

3Bamkba HAY4YHU CapaHUK.

Kareropuja M ©6omoBa mo | bpoj paxoBa Ykynan M | Hopupanu 6poj
pany 0omoBa oomoBa

M21 8 3 24 24

M32 1.5 1 1.5 1.5

M33 1 3 3 3

M34 0.5 2 1 1

Hopehe}be ¢ca MUHUMAJIHUM KBAHTUTATHUBHHUM YCJIOBHMaA 3a I/1360p Yy 3BalkC Hay4YHH CapaJHUK.

Munumanuu 6poj M 6o10Ba Heonxo | OcTtBapeno, OctBapeHo,
TTHO o6poj M HOPMHpaHH
0omosa 0e3 6poj M
HOpMUpamba 060710Ba
YKynHO 16 29.5 29.5
M10+M20+M31+M32+M33+M41+M42 | 10 29.5 29.5
MI11+M12+M21+M22+M23 6 24 24




5. Cniucak pagoBa kanauaara ap Jagpanke Bacusbsesuh

Panosu o0jaB/benn HAKOH n30opa y 3Bambe HayYHU CAPAJHUK

5.1. PagoBu y BpxyHckum Mel)ynapoanum yacomucuma (M21)

1. Jadranka M. Vasiljevi¢, Vladimir P. Jovanovi¢, Aleksandar 7. Tomovié, Dejan V.
Timotijevi¢, Radomir Zikic, Milivoj R. Beli¢, and Dragana M. Jovi¢ Savié,
“Interdimensional radial discrete diffraction in Mathieu photonic lattices”

Optics Express 31 (18), 28946 (2023).
https://doi.org/10.1364/OE.497795
(M21, IF= 3.4).

2. D. V. Timotijevi¢, J. M. Vasiljevi¢, and D. M. Jovi¢ Savic,
“Numerical methods for generation and characterization of disordered aperiodic photonic
lattices”
Optics Express 30 (5), 7210 (2022).
https://doi.org/10.1364/0OE.447572
(M21, IF= 3.8).

3. J. M. Vasiljevié, A. Zannotti, D. V. Timotijevié, C. Denz, and D. M. Jovi¢ Savi¢,
“Light transport and localization in disordered aperiodic Mathieu lattices”
Optics Letters 47 (3), 702 (2022)
https://doi.org/10.1364/0L.445779
(M21, IF= 3.5).

5.2. IliieHapHO WM YBOAHO MpeAaBame MO MO3MBY ca Mel)yHapoaHOr CKyna mITAMIIAHO Y
uzBoay (M32)

1. J. M. Vasiljevi¢, D. V. Timotijevi¢, D. M. Jovi¢ Savi¢
"Composite photonic structures: generation and light propagation in them™
4™ Edition of Laser, Optics and Photonics, February 10, 2023

5.3. Caonmrema ca mel)ynapoanux ckynosa mrammnana y ueannu (M33)

1. Jadranka M. Vasiljevi¢, Vladimir P. Jovanovi¢, Aleksandar Z. Tomovié, Dejan V.
Timotijevié¢, Radomir Zikic, Milivoj R. Beli¢, Dragana M. Jovi¢ Savié,
“Dimensionality crossover of radial discrete diffraction in optically induced Mathieu
photonic lattices*


https://doi.org/10.1364/OE.497795
https://doi.org/10.1364/OE.447572
https://doi.org/10.1364/OL.445779

SPIE Photonics Europe 2024, Strasbourg France, Proceedings Volume 13004, Nonlinear
Optics and its Applications 2024; 130040J (2024).
https://doi.org/10.1117/12.3017229

2. Jadranka M. Vasiljevié, Dejan V. Timotijevi¢, Dragana M. Jovi¢ Savié¢
“Light propagation in disordered aperiodic Mathieu photonic lattices”,
European Optical Society Annual Meeting (EOSAM) 2022, Porto, Portugal, 12-16. 9.
2022.
https://doi.org/10.1051/epjconf/202226608015

3. Jadranka M. Vasiljevi¢, Dejan V. Timotijevi¢, Dragana M. Jovi¢ Savié¢
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Abstract: We introduce numerical modeling of two different methods for the deterministic
randomization of two-dimensional aperiodic photonic lattices based on Mathieu beams, optically
induced in a photorefractive media. For both methods we compare light transport and localization
in such lattices along the propagation, for various disorder strengths. A disorder-enhanced light
transport is observed for all disorder strengths. With increasing disorder strength light transport
becomes diffusive-like and with further increase of disorder strength the Anderson localization is
observed. This trend is more noticeable for longer propagation distances. The influence of input
lattice intensity on the localization effects is studied. The difference in light transport between
two randomization methods is attributed to various levels of input lattice intensity. We observe
more pronounced localization for one of the methods. Localization lengths differ along different
directions, due to the crystal and lattice anisotropy. We analyze localization effects comparing
uniform and on-site probe beam excitation positions and different probe beam widths.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

The phenomenon of Anderson localization (AL) originally discovered a few decades ago is
one of the basic prominent phenomena in solid-state physics [1,2]. Originally introduced to
explain the localization of electronic wave functions in disordered crystals, it has found growing
applications in a variety of classical and quantum systems [3-5], including light waves in different
materials [6-8]. AL of light has achieved renewed interest due to the potential for the realization
of localization of optical waves in random media, especially in discrete systems [9], laser-written
waveguide arrays [10—13], and/or optically induced randomized potential [14]. It is in the focus
of investigations, especially in nonlinear optics and photonics, due to the development of new
optical technologies and media, such as disordered photonic crystals and photonic lattices, in
which the presence of AL appreciably changes the propagation of light [15—17]. Owing to the
analogy of paraxial photonic systems to solid-state systems, where the wave function evolution
corresponds to propagation of light and thanks to the fact that longitudinally invariant disorder
can be effectively realized in lattices, experimental activities in AL of light started to attract the
attention of optical community [8].

Up to now, periodic photonic structures have led to light control by photonic band gaps in
space and time, whereas random photonic structures give rise to localization [6,8,18]. Dynamical
control and manipulation of light by deterministic aperiodic or complex photonic structures
[19-21] at the intersection between periodic and random crystal structures, especially the
randomization of aperiodic structures, have not yet been fully understood nor exploited for
applications. Two-dimensional aperiodic photonic lattices were experimentally realized by the
optical induction technique in photorefractive crystal by different combinations of nondiffracting
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Mathieu beams [22], combining them in metastructures by splicing in both transverse dimensions
with different offsets, thus allowing for the tunable optical response. Nondiffracting beams are
convenient for the generation of photonic lattices by optical induction technique since they have
propagation invariant property that is retained under the condition of week nonlinearity [23].
There are four nondiffracting beam families that are exact solutions of the Helmholtz equation
in different coordinate systems [24,25]: plane waves in Cartesian, Bessel beams in circular
cylindrical [26], Mathieu beams in elliptic cylindrical [27], and parabolic beams in parabolic
cylindrical coordinates [28].

Aperiodic lattices in contrast to periodic lattices contain non-uniform distances between the
lattice sites with non-homogeneous intensity depths distributions, therefore light propagation
strongly depends on the probe beam excitation position local environments [29-31]. Such lattices
including quasiperiodic Penrose and Fibonacci, and aperiodic Mathieu lattice, are shown to
hamper diffraction of linear light [30,31] which can be explained by excitation of highly localized
linear modes [32]. Such lattices also support nonlinear light localization [29,31]. Disordering
periodic lattices can lead to AL [7,8] or its suppression [33], referred therein as inverse Anderson
transition. AL is enhanced by self-focusing nonlinearity in disordered periodic lattice [7,8].
Disordered quasiperiodic Penrose lattice can support AL and disorder-enhanced transport (DET)
which is associated with broadening of eigenfunctions with the disorder. Instead of a singular
pattern of quasiperiodic structures such as Penrose or Fibonacci with limited variation in probing
local environments, we are proposing consideration of a whole class of aperiodic structures based
on Mathieu beams [22] with the adjustable spatial and intensity distribution, thus providing
different probing local environments, as well as introducing structure anisotropy variability. A
further step is randomization of such class of aperiodic structures in order to create an appropriate
platform for investigation of light propagation effects and study their possible transition to AL or
DET, which is still an unexplored topic. Exhaustive theoretical or experimental analysis of light
propagation in such a large class of aperiodic structures is difficult to implement, therefore, in
this paper, we focused on one exemplary aperiodic Mathieu structure and numerically model
their possible randomizations and probing of resulting disordered lattices.

In this article, we introduce the modeling of two different methods for the generation of
two-dimensional propagation invariant disordered aperiodic Mathieu lattices, corresponding to
two different experimental realizations using optical induction technique in a photorefractive
crystal. One of the methods corresponds to the already known randomization method [32] with
potentially simpler experimental realization such as we use in our previous studies. But for the
first time, we suggest a substantially different randomization method and compare them with the
previous method, with additional improvement. We present a comprehensive numerical study
of transverse light localization in such waveguides arrays. We aim at elucidating the effect of
disorder on light propagation considering localization effects along propagation. The influence of
lattice intensity on the diffraction rate is also analyzed; specifically differences in the localization
while varying a nominal lattice intensity, as well as investigating the averaged lattice intensity. We
discuss the effect of different choices for input excitation sites on the disorder-induced localization
in such a system. Finally, the effect of the probe beam width on the localization effects is studied.

By gradually adding disorder to the lattice we demonstrate enhanced light transport of the probe
beams for all disorder strengths, as well as show the transition from diffusive-like transport to the
AL for higher disorder levels. More pronounced localization is observed for longer propagation
distances even for lower disorder levels. We attribute effective beam width difference between
two randomization methods to varying levels of lattice intensities. We observe more pronounced
localization for one of the methods; shorter localization length decreases indicating more
pronounced localization. It is shown that localization length differs along different directions,
which we attribute to the lattice and crystal anisotropy. There is no noticeable difference in
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localization effects when probe beam excitation positions are distributed only on-site instead of
uniformly. For broad Gaussian probe beams localization is not observed in such lattices.

2. Numerical modeling of light propagation in disordered lattices

By solving the coupled nonlocal system of two equations: the nonlinear Schrodinger equation, as
propagation equation and a potential equation [34], we numerically simulate the weak nonlinear
propagation of probe beam in the photorefractive cerium-doped strontium barium niobate (SBN)
crystal with disordered aperiodic Mathieu lattices modeled as propagation invariant potential.
Both propagation and potential equations are initial values problems with absorbing boundaries
numerically solved by the symmetrized spectral split-step beam propagation method [35]. The
propagation equation for an initial extraordinary polarized scalar electric field A (probe beam)
with longitudinal wave vector £, is

. 1 kZ 2 2 _
A + AL+ S0 (|A| )A - 0. (1)

0,e

The wave number k = 27/1 = /(k? + k2) is defined by the wavelength 2 = 532nm. The

potential in this equation is given by nonlinear refractive index on> (|A|2) = —nﬁger13,33E, where

ne = 2.325 and n, = 2.358 are the extraordinary and ordinary indices, and ri3 = 47 pm/V,
r33 = 237 pm/V are corresponding electro-optic coefficients of photorefractive birefringent SBN
crystal, respectively. The electric field E = E¢y + E that builds up inside the SBN crystal is a
superposition of an external electric field Eqx = 2000 V/cm and an internal space charge field E.
that is determined by the intensity distribution / = |A|? with a potential equation. The external
electric field Ec is aligned with the optical ¢ = x-axis, perpendicular to the z— axis, the direction
of propagation, that is parallel to the long axis of the crystal.

In order to take photorefractive material response as well as the electric bias of the SBN crystal
into account, we deploy the anisotropic, diffusive potential equation for the spatial evolution of
the electrostatic potential ¢, of the optically induced space-charge field Ej,

AJ_¢SC +V. ln(l +1+ IDL) . VJ_¢SC = EexOx 111(1 +1+ IDL) s (2)

where [ is obtained from Eq. (1) and subsequently Eq. (1) is updated with Es. = 0, ¢y, iteratively.
Disordered lattice intensity distribution Ip; = |ADL|2, with input lattice intensity /;,, modeling
transverse intensity distribution of nondiffracting pattern homogeneous in the propagation
direction, is persistent through iterations. Experimental laser power P is connected with Ip; via

Iin. Intensity and spatial distribution of Ip; determine on? (|A|2) in Eq. (1) through iterations.

In this way, instead of modeling refractive index modulation 6> (|A|2) directly, we model its

underlying cause. Potential Ip; = |Apr|? of disordered lattices DL is formed by coherently
adding the two-dimensional original structure L and disorder pattern D with same maximum
structure intensity according to the relation

ApL=(1-p)* AL +p=* Ap, 3)

where A stands for field amplitude. Parameter p is the relative contribution of the original
structure and disorder pattern, which we identify as disorder strength (disorder level). By varying
p (0 < p < 1), considering it a uniform measure of disorder strength, we gradually adjust the
level of lattice disorder relative to the original, undisturbed structure.

The whole process of writing propagation invariant disordered lattice is here abstracted and
modeled through potential Ipy, in Eq. (2), which we will further refer as a writing lattice pattern.
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Justification of substitution of the writing process with model potential /p; is based on numerically
simulation of writing process and the experimental realization of propagation invariant photonic
lattices in SBN crystal as in our previous publication [22]. The same writing simulation is carried
out as part of our preparation procedure to find a range of input lattice intensities /i, for which
aperiodic Mathieu lattice stays stable and propagation invariant through the SBN crystal.

3. Two methods for the generation of disordered lattices

Here, we present two methods for the realization of two-dimensional propagation invariant
disordered photonic lattices with adjustable disorder strength. We calculated the complex light
field of disordered lattice for any disorder strength according to Eq. (3). Such calculated complex
light fields of disordered lattices can be used as the writing light patterns for the generation
of waveguide lattice by optical induction in the SBN crystal. Previous studies that applied
the optical induction technique for realization of photonic lattices in birefringent SBN crystal,
externally biased with an electric field aligned along the optical ¢ = x-axis, and perpendicular to
the propagation direction (z-axis), used the ordinary polarized writing beam with a laser power
P, considered to be fairly linear in SBN crystal.

For each disorder strength, when the maximum lattice intensity of the resulting disordered
lattice is left unscaled, we will refer to that case as the first method (M), and laser power for
experimental realization will vary with change disorder strength. The second method (M2) is
characterized with scaling Ip; with I;, for each disorder strength, which effectively keeps the
experimental lesser power constant. This distinction in methods results is the result of differences
in potential experimental realizations.

For the proposed fabrication of the disordered lattices by the optical induction technique, which
corresponds to M1 and M2 we can use our experimental setup from our previous study [22]
using one spatial light modulator (SLM) which modulated writing beam, producing computer
generating hologram. Another way for experimental realization of M1 based on experimental
setup presented in Ref. [32] is to split the structure beam into two parts with controllable powers.
The complex light field of the original structure would modify one part of the structure beam
by the first SLM, while the complex light field of the disorder pattern addressed on the second
SLM would modify the other part of the structure beam. Afterward, those two structure beams,
which spectra in the transverse Fourier space are set to be located on the same circle with radius
k to ensure the same propagation constant, coherently interfere to create propagation invariant
disordered aperiodic lattice. In this way, a relative disorder strength would be indirectly deduced
from structure beam powers.

In this paper, as the original undisturbed structure L, we use aperiodic Mathieu structure
designed by Mathieu Gauss beams, introduced in our previously paper [22]. Disorder pattern D
is numerically calculated by interfering plane waves with constant amplitude and random phases,
to generate the propagation invariant structure with random pattern in transverse dimension. We
generate the disorder pattern whose spectrum in the transverse Fourier space is located on the
same circle with radius k as the original undisturbed structure [36], to crate propagation invariant
structures with the same propagation constant. The disorder pattern’s mean grain size 27 /k
is equal to the characteristic structure size a = 25um of Mathieu Gauss beams, used for the
realization of the aperiodic structure. Transverse intensity distributions of the original aperiodic
Mathieu structure and disorder pattern, that constitute disordered lattice DL created according to
Eq. (3), are shown in Figs. 1 (A1) and (B1), respectively. By increasing disorder strength we
change the geometry of the original structure until we completely substitute the original structure
with a disorder pattern. As the difference in methods causes two choices of intensity scaling,
we will investigate and compare the consequences of such scaling options. For both methods,
variation of disorder strength p leads to the variation of writing lattice intensity, effectively
correlating disorder strength with writing lattice intensity and indirectly with optically induced
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refractive index modulation inside the crystal. For the same disorder levels averaged lattice
intensities differ for M1 and M2, causing differentiation in propagation characteristics under
these method’s conditions. Transverse intensity distributions of disordered aperiodic lattices
with 40% disorder for these two methods are presented in Fig. 1 (C1) and Fig. 1 (D1). Their
displayed area is less than 3% of the whole transversal computational space.
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Fig. 1. Two methods of modeling disordered lattices. The transverse intensity distribution
of: (Al) aperiodic lattice, with white box indicating typical pattern; (B1) disorder pattern;
(C1) and (D1) disordered aperiodic lattices with 40% disorder for M1 and M2, respectively.
(A2) - (D2) Corresponding representative lattice intensity cross-section taken along the
x-axis marked with a white dashed line in (A1); dashed lines indicate maximum intensities
of original lattice and disorder pattern. The maximum lattice intensity (E1) and the averaged
lattice intensities (E2) versus disorder strength for different methods.

As an illustration of Eq. (3) in Figs. 1 (A2) - (D2) we present a single typical intensity
cross-section along the x-axis (y-position indicated with a dashed line in Fig. 1 (A1)) for aperiodic
lattice, disorder pattern, and resulting disordered aperiodic lattices with 40% disorder for two
different methods. Levels for p = 0.4 and 1 - p = 0.6 are dashed and coincide with maximum
intensities of disorder and aperiodic structure, respectively. Unlike the periodic lattice, our
aperiodic lattice is not uniform in the waveguide’s distances and their depths vary. For M1
and M2 spatial distribution of the disordered aperiodic lattices are the same, but they differ in
waveguides depths as M2 intensity values are greater than M1 intensity values (red and blue plots
in Figs. 1 (C2) and (D2)).

We noted that the disorder strength p changes the lattice intensity, hence in addition to maximum
lattice intensity Imax, we calculate averaged lattice intensity loye = 2., IpL(r) = X, IADL(r)Iz,
representing the level of influence of potential term in Eq. (2). The resulting differentiation of
our methods in Iy« and I,y dependence on disorder strength is shown in Figs. 1 (E1) and (E2),
respectively. In the first method disordered aperiodic maximum lattice intensity and the averaged
lattice intensity decrease from 0% to 70% disorder, afterward increase. For 100% disorder, only
maximum lattice intensity returns to an input value. In the second method, the maximum lattice
intensity of disordered aperiodic lattice is equal to [, for all disorder strengths, but averaged
lattice intensity always decreases with increasing disorder strength. Both the maximum lattice
intensity and the averaged lattice intensity for M1 are lower than for M2, except for 0% and
100% disorder. Assuming the same disorder pattern, both methods produce the same lattices for
0% and 100% disorder strengths we will exclude these two endpoints when we discuss method
differences.
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4. AQuantitative description of localization phenomenon

To investigate the transverse light localization in disordered lattices, we statistically analyzed probe
beam propagation for different excitation positions selected to involve various local environments.
For probe beam excitation positions we use an equidistant 8 X 8 grid covering one complete
typical pattern depicted in Fig. 1 (A1l). We performed such analysis, averaging 64 various probe
beam intensity distributions at the different propagation distances, for several disorder levels.
For each disorder level, we have different realizations of the disordered lattice that are spatially
similar due to fixed deterministic disorder pattern with statistical sampling spanning excitation
probe positions only (N=64). In the preliminary investigations, we perform statistics with several
different fixed disorder patterns and concluded that the statistical quantities and their dependence
of disorder we want to report are not significantly influenced by the choice of disorder pattern.
Due to the aperiodicity of our lattice, not each typical pattern is the same so we perform N=64
statistics on several of them, again finding no significant variation in statistical quantities of
interest. Based on this preliminary analysis we did not vary the disorder pattern between different
realizations of disordered lattices.

For comparison, in addition to sampling equidistant excitation positions (uniform), we
also perform the statistical analysis sampling on-site positions, exciting only positions of
waveguides. On-site excitation positions are chosen according to the positions of aperiodic lattice
waveguides, which implies that for higher disorder strengths these positions become less accurate
as waveguide’s positions and depths are modified by randomization. The process of defining
and numerically detecting waveguides positions modified by disorder is time-consuming and
we did not pursue it, therefore we abstained from giving strong conclusions regarding on-site
positioning at higher disorder levels.

In order to characterize light propagation and localization, we calculate the effective beam
width along the propagation distance z according to the relation

Wep(z) = P(z)7'72, )

where P(z) = ([ |A(x,,2)|*dxdy)/([ |A(x,y,2)|*dxdy)* is the inverse participation ratio [8].
We present scaled averaged effective beam width (we) = Weg(2)/(Wer(0)/ FWHM) where
FWHM is probe beam full width at half maximum. In addition to averaged transverse output
intensity distribution, we consider the log-plot profiles of such output intensity distributions to
further describe light propagation. Parabolic log-plot fit indicates diffusive-like transport. The
exponential decay of the transverse intensity distribution profile determines light localization,
hence the linear fit of log-plots of such intensity profiles around the center demonstrates AL. In
the region of disorder strength where AL occurs, we obtain localization length &, along the x-axis
by fitting intensity profiles I(x, yp) with the exponential function

I(x,y0) = exp (—2M), )
&x

where xg, yp denote the position of the beam center. The analogous procedure is applied along
the y-direction. In some intermediate cases, when the linear fit is not obvious we compare the
goodness of fit of parabolic and linear fits, where higher goodness of fit (closer to 1) indicates
preferable fitting of the log plots. Hence, we use the goodness of fit to confirm a suitable fit,
linear, or parabolic i.e. to discern the diffusive-like transport or AL. By shrinking the domain
where we fit log-plots we notice an increase of the goodness of fit, indicating that localization
occurs in a finite central domain, not in whole computation space.

5. Light transport and localization in disordered aperiodic lattices

We compare effects along light propagation in disordered aperiodic lattices generated with two
different randomization methods. Figure 2 summarizes the difference between the two methods
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Fig. 2. Comparison of diffraction dependence on disorder strength and propagation distance
for two methods. (we) for various disorder strengths along the propagation distance for:
(A1) M1, and (B1) M2; the colormaps display (weg) [um]. {weg) along the propagation
distance for 0%, 30%, 70%, 100% disorder strengths on a double logarithmic scale for: (A2)
M1, and (B2) M2. Parameters: input Gaussian probe beam FWHM is 8 ym and /;, = 0.7.

considering scaled averaged effective beam width (weg). Figures 2 (Al), (B1) display the
difference between the two methods presenting (weg) along the propagation distance for various
disorder strengths. {(weg) during the propagation increases for all disorder strengths. Beam
expansion is maximal in the region of 60% to 80% disorder strength for M1 (Fig. 2 (A1)), and in
the region of 80% to 90% disorder strength for M2 (Fig. 2 (B1)) indicated with a distribution
of points where black isolines cross vertical sections. Examining the horizontal cross-sections
from Figs. 2 (A1) and (B1) for each propagation length we confirm DET occurrence. For both
methods during the propagation when disorder strengths deviate from that region, we observe
the deceleration of (weg) increase. For deviation from disorder strength with maximal beam
expansion toward lower disorder strengths, we observe a reduction of DET while for deviation
toward higher disorder strengths reduction of DET could be attributed to AL. But, in the case of
our lattice, this process is strongly mediated with variation in aggregate lattice intensity, so that
we could not identify AL as the sole cause. To confirm that AL of light occurs, and for which
disorder levels, we will investigate where the log-plots of the averaged intensity distributions are
linearly fitted near the center.

For both methods, in Figs. 2 (A2), (B2) we present {wes) as a function of propagation distance
z (on a double logarithmic scale), for four disorder strengths. A purple dashed lines define fits
of {wesr) by power-law {weg)(z) « 27, for M1 and M2, respectively. v corresponds to beam
expansion rate: v = 1 signifying ballistic transport and v = 0.5 characterize diffusive-like
transport. For a short propagation distance (z<1 cm), beam expansion is almost linear (v = 1 i.e.
ballistic transport). For a longer propagation distance (from 1 cm to 10 cm), the beam expansion
rate is closest to v = 0.5 i.e. diffusive-like transport. For M1 is maximal for 70% v = 0.52 and
lower v = 0.48 for both 30% and 100%. For M2 the beam expansion rate is maximal for 100%
v = 0.48 and lower for 70% and 30%, v = 0.47 and v = 0.45, respectively.

For both methods in the disordered aperiodic lattice with any percent of disorder (weg) is
greater than in the lattice without disorder indicating DET, which could be explained that disorder
spreads linear modes [32] (Fig. 3 (A)). At the shorter propagation distance (z = 2 cm), {(Wef)s
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are increasing with increasing disorder strength. A broadening of the beam is more pronounced
for longer propagation distances (z = 6 cm and 10 cm). There we notice that (weg)s at the fixed
propagation distances are increasing up to the maximum values which occur at disorder strength
80% for M1 and 90% for M2, indicating maximum of DET. With the further increase of disorder
strength, (weg)s are decreasing indicating the possibility of AL occurrence. Corresponding
{wesr)s have greater values for M1 than for M2, which is easily discerned from Fig. 3 (A).

A hod 1 hod 2 i method 1 J | method 2 ]

J———T =~ [0em -
B == =06
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Fig. 3. Influence of disorder strength p and input lattice intensity /i, on the light diffraction.
(A) {wef) versus disorder strength after 2 cm, 6 cm, and 10 cm of propagation for Ij, = 0.7
for both methods. The error bars are the statistical standard deviations of (weg). (B) M1
and (C) M2: interpolated surfaces of (weg) along the propagation distance for 0%, 30%,
70%, 100% disorder strengths and for various /. Other parameters are as in Fig. 2.

The following study is the independent verification of the influence of input lattice intensity [,
on diffraction. We compare {weg)s in dependence of disorder strength along propagation distance
for 3 different values of the input lattice intensity /;,. Figures 3 (B), (C) summarize {weg) for two
methods where we highlight lines of constant disorder strength along the propagation distance.
By observing slopes of highlighted lines for each I;,, we illustrate the beam expansion explained
in the description of Fig. 2. For all disorder strengths and propagation distances, we observe the
direct influence of lattice intensity on diffraction, for both methods, where lowering I;, causes an
increase in (weg). Since the explicit independent increase in lattice intensity leads to a similar
effect as the inclusion of weak nonlinearity in disordered lattices, indirect change in intensity due
to correlation with variation of disorder strength can also influence AL [7,8]. This effect will
especially be visible in Figs. 6 and 7, where comparing log-plots of average intensity distributions
for two methods for the same higher disorder strengths, observing that M1 which has lower lattice
intensity than M2, produces lover central picks and higher tails, similar to Refs. [7,8].

The main difference in our methods is caused by the difference in the maximum lattice intensity
I'max, Which is varying with change of disorder strength for the first method, while it is constant for
the second method, as well as different variations of the averaged lattice intensities I,y with the
change of disorder strength for different methods (Figs. 1 (E1), (E2)). For both methods, {we)
variation versus disorder strength is different for different propagation distances (Fig. 3 (A)). We
notice that (weg)s after a longer propagation distance (10 cm), have a dependence on disorder
strength similar to /,s (Fig. 1 (E2)). Hence, to investigate this connection, we normalize (wes)
and reciprocal averaged lattice intensity (Ia\,g)‘1 according to relation F(p)/(F(1) — F(0)) — F(0),
where F is (weg) or (Iavg)_l, and p is disorder strength. We present them, as well as their
differences in Fig. 4 for both methods. For both methods, variations of normalized (weg) closely
follow (Iavg)‘l. Therefore, we conclude that (weg) is strongly influenced with the variation in
(Iawg)’1 versus disorder strength for longer propagation distances, for narrow probe beam width.

Deviation of {weg) and (Iavg)‘l graphs is quantified with their difference, quantity that contains
the influence of parameters not directly connected to the lattice intensity, such as lattice and beam
shapes. For M2 where the dependence of (Iavg)‘1 on p is monotonous, distributions of {we) and
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Fig. 4. Comparison of methods via (weg) and (Iavg)_l. Normalized (wef), (Iavg)_1 and
their differences for both methods as a function of disorder strength. Other parameters are as
in Fig. 2.

(Iavg)_1 and (Iavg)‘1 vs. p closely overlap. We associate a dip of deviation for M1 in Fig. 4 with a
sharp minimum in dependence of the maximum lattice intensity /yx versus p (Fig. 1 (E1)) and
also with a minimum in /s versus p (Fig. 1 (E2)), occurring at the same disorder level. As we
demonstrate in Fig. 3, light diffraction is reverse proportional to input lattice intensity. Hence, for
the minimum of the maximum lattice intensity in M1, we have the highest (weg) (maximal DET).
The narrow probe beam for low lattice intensity diffracts the most, but at longer propagation
distances {(weq) does not reach the variation of I,y as at minimal lattice intensities beam already
rapidly expanded early in propagation. Further in this section, we will independently study probe
beam width influence on diffraction in our lattice.

We analyze the averaged transverse intensity distributions of probe beam along the propagation
distance by using the log-plot cross sections of averaged intensity distributions and localization
lengths. Figures 5 (A) - (D) summarize the averaged transverse intensity distributions of probe
beam for some disorder strengths and some propagation distances. Parallelly, we investigate
a suitable log-plot cross section along the x-axis (gray/red/cyan plots) and y-axis (black/dark
red/dark cyan plots) in Fig. 6.

method 1 method 2 method 1
30%disorder || 130%disorder T0%disorder

Fig. 5. Disorder-induced light transport and localization in aperiodic Mathieu lattice.
Numerically averaged intensity distributions at the lattice output for different disorder
strengths at different propagation distances. Other parameters are as in Fig. 2.
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Figure 5 (A) depicts averaged intensity distribution in aperiodic lattice without the disorder,
for 3 different propagation distances (2 cm, 6 cm, and 10 cm), demonstrating discrete diffraction
of light, also visible in Fig. 6 (A). Figures 5 (B), (C) present averaged intensity distributions for
two values of disorder strength (30% and 70%) after 3 propagation distances for both methods;
suitable log-plot cross section along the x-axis (red and cyan plots) and y-axis (dark red and dark
cyan plots) are presented in Figs. 6 (B), (C). For 30% disorder averaged intensity distributions
and the log-plot cross sections near the center are broader for M1 than for M2. More pronounced
diffraction, i.e. DET for M1 is evident (Figs. 5 (B), Fig. 6 (B)). Also, the less pronounced
diffraction of light along the y-direction, for both methods, is noticeable due to the crystal
(r33>>ry3) and lattice anisotropy (Fig. 1 (A1)).

With further increasing disorder strength (>30%), averaged intensity distributions and the
log-plot cross sections near the center are broadened, indicating DET. Additionally, the diffraction
and localization effects are more noticeable along the y-transverse direction, for both methods,
due to the crystal and lattice anisotropy: as visible for 70% disorder strength at z = 2 cm (Figs. 6
(C11), and (C21)). The interplay of lattice and crystal anisotropy influence is evident for shorter
propagation distances in the log-plot cross sections near the center for M1 (Figs. 6 (C11)), where
the log-plot along the x-axis is fitted with parabola, indicating diffusive-like transport, while
the log-plot along the y-axis is linearly fitted indicating light localization. At the same time, as
the influence of lattice anisotropy is mediated with lattice intensity, for M2 the log-plots cross
sections near the center along the x- and y-axis are linearly fitted (Fig. 6 (C21)). The localization
length is shorter along the y-axis, indicating that localization is still stronger in this direction. The
influence of the lattice and crystal anisotropy persists for longer propagation distances (Figs. 6
(C12), (C22), (C13), (C23)), which will be illustrated with different localization lengths along
the x- and y-direction in Fig. 8. Also, localization lengths in both directions for M2 are shorter
than for M1, which shows that stronger localization occurs for M2.

[ 0%disorder I mefhod 1 Ill)l)%ddsordni
[ ] Al B L loetr
] |/A2
£
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] D3
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Fig. 6. Comparison of light localization along different directions. Log-plot cross sections of
averaged intensity distributions along the x-axis (gray/red/cyan plots) and y-axis (black/dark
red/ dark cyan plots), for different disorder strengths: (A) 0% , (B1), (B2) 30%, (C1), (C2)
70% and (D) 100%; blue dashed lines are corresponding linear fits. The horizontal axes
span 400 um in the x- and the y-direction. For each plot, there are two stacked vertical axes,
where short horizontal bars are set on 1’s. Other parameters are as in Fig. 2.

For 100% disorder, we notice even more pronounced localization with a longer propagation
distance (Fig. 5 (D), and Fig. 6 (D)). Also, more pronounced localization is along the y-axis than
the x-axis. Since, for 100% disorder, the original lattice does not contribute to anisotropy and the
disorder pattern, we use in our study, does not have clear x-y anisotropy preference, we conclude
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that the direction of crystal anisotropy is primarily cause of more pronounced localization in the
y-direction. On the other hand, the asymmetry of log plots (along any axis and arbitrary disorder
level) is due to the specific occurrence of the used disorder pattern. The influence of the disorder
pattern anisotropy (not along x-y-direction) is noticeable at some probe beam transverse intensity
distributions, as can be discerned comparing Figs. 5 (D2) - (D3) with Fig. 1 (B1).

To mitigate asymmetry of the log-plot cross-sections of averaged intensity distributions we
use the average of the left and right sides of such profiles along the x-axis from the center.
We fit such averaged log-plots cross sections and calculate the localization length according
to Eq. (5) for disorder levels where the log-plot cross sections are linearly fitted. Figure 7
depicts a comparison of localization along the x-axis in our two methods for various disorder
strengths and two propagation distances (4 cm and 8 cm). For lower disorder strengths we do
not fit the log-plots (Figs. 7 (A1) and (B1)), where significant features of aperiodic lattices are
remaining. However, we notice the spreading of the log-plots simultaneous with increased {wef),
indicating that DET occurs. For both methods, at disorder strength between 50-60% at the
shorter propagation distance (4 cm) light diffraction is closest to diffusive-like transport where the
parabolic fits of the log-plots near the center could be attempted with low confidence (goodness
of fit lower than 0.85). But, this tendency is further weakened at a longer propagation distance, so
after 8 cm of propagation for 60% disorder log-plots are linearly fitted near the center indicating
light localization (Fig. 7 (B2)). For higher disorder strength (80% and 100%) light localization is
visible for the shorter propagation distance (4 cm, Fig. 7 (A2)), but more pronounced localization
is evident for longer propagation distances also proved by linear fits of log-plots. One can see
more pronounced localization for M2 than M1: log-plot fits for the same disorder level are steeper
for M2, the slopes of the fits determine localization lengths.
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Fig. 7. Comparison of light localization in two methods for various disorder strengths and
two propagation distances. Log-plot cross sections of intensity distributions symmetrized
over left and right side of the x-direction, for M1 (left), M2 (right), and different disorder
strengths after (A1)-(A2) 4cm, and (B1)-(B2) 8 cm of propagation. The y-axes stacked
similarly as in Fig. 6 and the other parameters are as in Fig. 2.

We characterize light localization by comparing the localization length (Eq. (5)) of linearly
fitted log-plots along the x- and y-direction (Fig. 8) after 10 cm of propagation. The localization
lengths in either direction are greater for M1 than for M2 indicating more pronounced localization
for M2, qualitatively connecting lattice intensity with AL strength. For both methods, more
pronounced localization is visible along the y-axis where the localization lengths have lower
values comparing to the x-axis, due to the crystal and lattice anisotropy. One can see that
differences between localization lengths are larger for lower disorder strengths, while their values
converge to each other as disorder strength increases, meeting at 100% disorder strength; a similar
conclusion stands for {weg)s (Fig. 2 (A)). We notice that AL occurs at different disorder levels
along different directions. Along the y-axis, localization appears for lower disorder strengths than
along the x-axis. Figure § illustrates diffusive-like transport along the x-axis and light localization
along the y-axis for the same 50%-60% disorder region.
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Fig. 9. Influence of probe beam excitation positions on the diffraction and localization
(for M1). (A) (wegr) versus propagation distances for uniform excitation positions and
only on-site positions for different disorder strengths. (B) and (C) Appropriate averaged
intensity distributions at the lattice output. (D) Log-plot cross sections of averaged intensity
distributions along the x-axis (red/gray plots) and y-axis (dark red/black plots) for uniform
and on-site positions for different disorder strengths. Other parameters are as in Fig. 2.
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Moreover, we study the consequences of the choice of excitation probe beam positions
distribution on the beam propagation. Statistics presented up to this point was based on the
uniform distribution of probe beam excitations regardless of waveguide positions. Further, we
investigate if the choice of only on-site excitation positions significantly changes the diffraction
and localization characteristics. Figure 9 summarizes such results for M1. We compare {weg)s
for three disorder levels (Fig. 9 (A)) and observe slight differences between uniform and on-site
excitation. Appropriate averaged intensity distributions are presented in Figs. 9 (B), (C) as well as
their log-plots along the x- and y-axis (Fig. 9 (D)). We notice dissimilarity in {we)s for uniform
one and on-site cases, at the different propagation distances for 0% and 30% disorder than for
60% disorder. (weg) has higher values for on-site excitation cases than for uniform, especially
for lower disorder strengths (0% and 30%) after 6 cm propagation distance. However, for higher
disorder strength (60%) (weg) is greater for uniform excitation case after 10 cm propagation
distance. Such difference is caused by different computational spaces: the effective beam
width is calculated for the whole computation space, with the significant contribution of tails
in calculations, while the transverse intensity distributions and the log-plots are shown for the
shorter (central domain), where tails contributions are discounted. Also, discrete diffraction is
more pronounced for lower disorder strength for on-site excitation cases than for uniform cases,
as is visible from intensity distributions and log-plots (Figs. 9 (B2) - (D2), and (B3) - (D3)).
For 60% disorder, discrete diffraction is not observed for the on-site case, due to the diminished
accuracy of on-site positions for higher disorder strengths. For all disorder strengths, the weaker
difference is in log-plots along the y-direction. Asymmetry of log-plots is due to the specific
occurrence of the used disorder pattern. However, the consequence of this choice is unsubstantial
on statistical quantities.

In this research, we observe that dependence of light diffraction on various parameters is more
noticeable for longer propagation. However, the question remains if the wider beams that are
consequences of longer propagation distance lose their sensitivity to the local environment and
thus hinder the accuracy of diffraction properties investigation. We observed different rates of
increase of averaged effective beam width during propagation in our disordered lattices and
consequently a variety of beam widths and shapes. Hence, we investigate the independent
influence of probe beam width on light transport and localization in our disordered lattices in
comparison to the free space propagation of the Gaussian beam. Figure 10 summarizes such
results.

We choose three various input probe beam widths (8um, 20pum, and 50um). Averaged effective
beam widths are considered along the propagation distance for different disorder strengths: 0%,
70%, and 100% (Fig. 10 (A)). More pronounced light transport is observed for narrower probe
beam widths. Strong correlation of (weg) with Ia_vfg for input probe beam of 8um presenting
in Fig. 4, gradually diminish for wider probe beams. Also, wider probe beam reduces their
sensitivity on disorder strength p and propagation distance, making wider beams less suitable
for our investigation. Appropriate averaged intensity distributions after 4 cm propagation are
presented in Figs. 10 (B), (C), (F). For 70% disorder, the log-plots along the different domains of
the x-axis are shown in Fig. 10 (D) for different input probe beam widths, while Fig. 10 (E) present
only their central domain along the x-axis of 400um. We show that for all probe beam widths,
along the x-axis in our disorder lattices light is spreading to the same degree as the Gaussian in
free space propagation. Different domains along the x-axis represent the degree of diffraction for
different probe beam widths (Fig. 10 (D)). However, a significant difference between the log-plots
in our disordered lattice and the log-plots of Gaussian free space propagation is noticeable only
in a limited central domain after the same propagation distance (Fig. 10 (E)). For narrow probe
beam widths (8um and 20um), Figs. 10 (E1) (E2), localization occurs in the central domain with
a size comparable to the size of the typical lattice pattern. In contrast, a wide probe beam (50um)
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Fig. 10. Influence of probe beam width on the localization effects for M1. (A) Normalized
{wefr)s versus propagation distances for three probe beam widths and different disorder
strengths. Appropriate averaged intensity distributions after 4 cm (the dashed line in (A))
propagation distance for various disorder strengths: (B) 0%, (C) 70%, (F) 100%. (D)
Log-plots of averaged intensity distributions along the x-axis in disordered lattice with 70%
disorder strength compared with corresponding log-plots of Gaussian free space propagation.
(E) The same log-plots along the x-axis as in (D) for narrow central domain from -200 to
200 pm. Other parameters are as in Fig. 2.

barely diffracts, i.e. propagates almost the same as a wide Gaussian beam in free space, limiting
suitable widths of the probe beam for lattice excitation.

6. Conclusion

In this article, we presented two different theoretical methods for the realization of disordered
two-dimensional photonic lattices optically induced in a photorefractive media. We numerically
model light propagation in disordered aperiodic Mathieu lattices. We observed enhanced light
transport for all disorder strengths but AL of light for higher disorder strengths in both methods.
Localization effects are more pronounced for longer propagation distances. More pronounced
localization is observed for M2 than M1: we attributed the difference between the two methods
to various levels of lattice intensity. When studying the dependence of AL and DET on disorder
level, to mitigate the influence of lattice intensity, we suggest further modification of our M2 in
which averaged intensity levels are equalized for every disorder strength used. Localization length
differs along different directions, due to the crystal and lattice anisotropy. There is no noticeable
difference in localization effects if we choose only on-site probe beam excitation positions, as
compared to uniform position distribution. For broad probe Gaussian beams localization is not
observed in such lattices.
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Complex optical systems such as deterministic aperiodic
Mathieu lattices are known to hinder light diffraction in a
manner comparable to randomized optical systems. We sys-
tematically incorporate randomness in our complex optical
system, measuring its relative contribution of randomness,
to understand the relationship between randomness and
complexity. We introduce an experimental method for the
realization of disordered aperiodic Mathieu lattices with
numerically controlled disorder degree. Added disorder
always enhances light transport. For lower disorder degrees,
we observe diffusive-like transport, and in the range of high-
est light transport, we detect Anderson localization. With
further increase of disorder degree, light transport is slowly
decreasing and localization length decreases indicating more
pronounced Anderson localization. Numerical investigation
at longer propagation distances indicates that the threshold
of Anderson localization detection is shifted to lower disor-
der degrees. © 2022 Optica Publishing Group

https://doi.org/10.1364/0OL.445779

Localization of light has drawn considerable attention in many
areas of light-matter interaction owing to the evident potential
for the realization in disordered media [ 1-4]. In contrast, Ander-
son localization (AL) is a well-known effect in condensed-matter
physics, which predicts that electrons may become immobile in
a disordered crystal. This concept of waves in disordered media
has been subsequently transferred to many other areas, such as
matter waves, ultracold atoms, and light or sound waves [2].
Realizing that AL is a wave phenomenon relying on interfer-
ence, these concepts were extended to optics and photonics.
The AL of light has been successfully demonstrated in various
customized configurations, when the disorder degree (DD) is
increased [5—10]. In optically induced disordered photonic qua-
sicrystals with weak disorder, it is observed that weak disorder
enhances light transport. When increasing disorder finite-time,
diffusive-like transport appears, while a further increase of disor-
der leads first to coherent backscattering [11] and for the strong
disorder to AL. Thereby, the spatial extent of the probe beam
decreases and its central part of the log-plot intensity profile
displays an exponential decay [9,12,13].

0146-9592/22/030702-04 Journal © 2022 Optica Publishing Group

In nature, perfect periodicity, in contrast to disorder or
aperiodicity, is not very often encountered. Deviation from peri-
odicity results in higher complexity. In optics, the properties of
various photonic quasicrystals and aperiodic systems have been
studied [13—-18]. Considering localization characteristics, such
structures lie between periodic and random structures. Numer-
ous aperiodic and quasiperiodic photonic structures have been
realized artificially [19-21]. Non-diffracting beams, with propa-
gation invariant transverse intensity distributions, are applicable
in modern photonic research e.g. numerous two-dimensional
aperiodic photonic lattices have been optically induced in
photosensitive media using them [21-23]. Aperiodic lattices
contain non-uniform distances between the lattice sites with
non-homogeneous intensity depth distributions, and hence light
propagation crucially depends on the nature of the local envi-
ronment of the probe beam positions. In contrast that occurring
in periodic systems, light diffraction is hampered owing to the
aperiodicity [12,21,22,24]. Still, light localization in aperiodic
lattices is an unexplored area of research, especially in random-
ized aperiodic lattices. In our previous studies, we introduced
a method for the creation of various two-dimensional aperiodic
photonic structures by the interference of Mathieu beams, exper-
imentally realized in a single optical induction process in parallel
[23]. We showed that such obtained aperiodic Mathieu photonic
lattice (AML) hinders linear light expansion in comparison to
periodic lattice and supports nonlinear light localization[24].

In this Letter, we introduce a numerical method for control-
lable randomization of AMLs to investigate if they support
AL. We construct an experimental system for the realization
of disordered lattices by a single optical induction process in
parallel using a spatial light modulator (SLM) and numerically
precalculated disordered patterns with adjustable DDs. This
numerical method and experimental configuration, in compar-
ison to the previous one [5,12], enable us direct control of the
lattice DD and parallel optical induction of the corresponding
light intensity in the whole volume of the photorefractive
crystal.

Here, we investigate the light propagation in disordered AMLs
numerically and experimentally. We study the conditions for
light localization in such lattices as well as the effects of dis-
order during the propagation. For all DDs, we experimentally
obtain and numerically confirm disorder-enhanced transport in
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such lattices. For lower DDs, we observe diffusive-like trans-
port. In contrast, for strongly disordered lattices, AL is verified.
We demonstrate that the localization length differs along dif-
ferent transverse directions owing to the crystal and lattice
anisotropy. We also confirm numerically a more pronounced
localization for longer propagation distances, while for lower
DDs, the AL prevails over diffusive-like transport for longer
propagation distances.

To realized disordered aperiodic lattices with an adjustable
DD, we generate numerically a two-dimensional disordered ape-
riodic Mathieu structure DS by combining the original aperiodic
Mathieu structure S with disorder pattern D according to the
relation:

ADSZ(I_p)*As+p*AD, (1)

where A stands for the field amplitude and the parameter p
(0 < p <1) denotes the DD as the relative contribution of the
original structure and disorder pattern. We experimentally gen-
erate the aperiodic Mathieu structure as a combination of the
spatially shifted patterns from Fig. 3(el) of Ref. [23] with the x
and y shifts of 144 and 152 pum, respectively. Such a structure has
an invariant transverse intensity profile during propagation, with
Fourier components located on a circle with radius k, [23,25].
A two-dimensional disorder pattern is numerically created by
interfering plane waves with constant amplitude and random
phases [9]. We generate a propagation invariant disorder pattern
whose spectra are located on the same circle in the transverse
Fourier space as the original aperiodic structure. The grain size
of the disorder pattern plays a significant role in the propagation
behavior [9], and we specify it to be equal to the character-
istic structure size of the Mathieu—Gauss beams used for the
realization of the original aperiodic structure.

We use the experimental configuration presented in Fig. 1
to fabricate and probe two-dimensional disordered AMLs. The
laser source is a frequency-doubled Nd:YVO, laser that emits
continuous wave laser light at a wavelength of 1 = 532nm and
a maximum power of 5W. The expanded and subsequently
collimated laser beam is divided into two separate beams —
the writing beam being ordinary polarized and an extraordi-
nary polarized probe beam. The writing beam optically induces
a refractive index modulation in a photorefractive birefrin-
gent cerium-doped strontium barium niobate (SBN) crystal
(Altechna), addressing the weaker electro-optic coefficient
ri3 = 47pm/V. Probing the artificial photonic structure with
extraordinarily polarized probe beams addresses the stronger
electro-optic coeflicient r;; = 237 pm/V. The SBN crystal with
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Fig- 1. Experimental configuration for investigating light propa-
gation in two-dimensional disordered aperiodic lattices.
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dimensions of 5 x5 x 20mm?® has refractive indices of n, =
2.325 and n, = 2.358. We use an imaging system formed by a
microscope objective (MO) and a 16-bit camera with 0.32 um
per pixel to detect the transverse intensity distribution of the
writing and/or probing beam at the back face of the crystal.

For our experimental realization of disordered lattices, we first
calculate numerically the respective complex light fields we are
using as digital holograms that we image onto the optical sys-
tem by a phase-only SLM [26]. The entire field information of
the desired structure is encoded in elaborate diffraction gratings
displayed by the SLM 1. The diffraction pattern of the disordered
lattice is bandpass filtered in Fourier space (FF,) [26]. In this
way, an ordinarily polarized beam is spatially modulated. We
expand it to illuminate the SBN crystal. The crystal is externally
biased with an electric field of E.,, = 2000 V/cm aligned along
the optical ¢ = x axis, perpendicular to the direction of propaga-
tion, the z axis, and parallel to the long axis of the crystal. As a
result, the ordinarily polarized beam optically induces a refrac-
tive index modulation, which corresponds to the numerically
calculated disordered aperiodic structure.

We demonstrate a powerful approach for the experimental cre-
ation of two-dimensional disordered photonic lattices (periodic,
quasiperiodic, or aperiodic) in a single writing process. For the
experimental induction, it is sufficient to numerically precalcu-
late the light field of desired structures with any DD according
to Eq. 1, and encode by SLM, thus generating in a single step
a corresponding light intensity distribution in the volume of the
SBN crystal. One example of disordered AML is presented in
Fig. 2.

After fabrication of the lattice, the writing beam and the exter-
nal electric field are switched off, and a narrow Gaussian probe
beam illuminates the lattice. Because the probe beam power of
~ 10 uW keeps propagation in the linear regime, the modula-
tion of the lattice refractive index stays near unmodified until
active deletion. The probe beam of a full width at half maxi-
mum of 8§ um is directly positioned in front of the crystal and
its transverse position defines the input center, and the beam
size is adequate to illuminate one lattice site. Simulation of
the light propagation along the z axis in optically induced dis-
ordered aperiodic Mathieu lattices in a photorefractive SBN
crystal is numerically described by solving a system of equations
as explained in Ref. [24].

To investigate the transverse localization of light in disordered
lattices, we statistically analyze the probe beam propagation for
different excitation positions selected to involve various local
environments [12,21,24]. We performed such an analysis for
each disordered lattices at various DDs using only one disor-
der pattern, averaging 100 different intensity distributions at the
output face of the crystal, after a propagation distance of 2 cm.
In addition to the averaged transverse output intensity distribu-
tion, we consider the log-plot profiles of such output intensity

aperiodic lattice | | disorder pattern| disordered lattice
(ame ioeder i

Fig.2. Transition from aperiodic to disordered lattice: (a) original
AML;; (b) disorder pattern; (c) disordered AML with 60% DD.
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distributions to further analyze the light propagation. To charac-
terize the light localization, we consider the averaged effective
beam widths at the output of the crystal and along the propaga-
tion distance. We calculate the effective beam width according
to the relation w.s = P(z)~"/?, where P(z) is the inverse partic-
ipation ratio [5]. Considering the averaged w.ss and log-plot
intensity profiles, we determine the DD range for the light local-
ization. The parabolic fit (a Gaussian shape) of the log-plots of
the averaged transverse intensity distribution profiles indicate
diffusive-like transport [22]. However, the exponential decay of
the transverse intensity distribution profile characterizes the light
localization [22]. When the log-plots of such intensity profiles
can be linearly fitted around the center, we consider AL to be
confirmed. Owing to the crystal and lattice anisotropy, we obtain
the localization lengths & along the x and y axes separately. &
along the x axis is determined by fitting the intensity profiles 7(x)
with the exponential function I(x) = exp [-2|x — x,|/£], where
X, denotes the position of the beam center. The same functional
form applies to the y axis.

Figures 3(al)-3(f1) represent experimental results for aver-
aged intensity distributions at the output crystal face for six
values of DD and their experimental log-plot cross-section along
the x axis (white plots). Corresponding numerical log-plots (red
line) are depicted in Figs. 3(a2)-3(f2). Comparing experimen-
tal and numerical log-plots and their linear and parabolic fits
of the central areas (shown in black), we notice a good agree-
ment between experimental and numerical results. Figure 3(al)
depicts the experimental averaged intensity distribution in the
original AML [24], which demonstrates discrete diffraction of
light. Next, we introduce disorder in this aperiodic lattice. For
10% DD, the averaged intensity distribution is broader than with-
out disorder, as is shown in Fig. 3(b1). With further increase of
DD, the averaged intensity distributions are broadened, while the
log-plot cross-sections near the center can be fitted by a parabola,
indicating diffusive-like transport, presented in Figs. 3(c)-3(d).
However, an even stronger DD narrows the averaged intensity
distributions, and the log-plot cross-sections near the center can
be linearly fitted, as depicted in Figs. 3(e)-3(f), demonstrating
AL in such a disordered aperiodic lattice.

To quantify the amount of beam expansion, we calculate
the average w.gse of the output intensity distributions from
experiment and numerics (2cm) for different DDs; Fig. 4(a)
summarizes such results with a very good agreement between
numerics and experiment. Figure 4(b) presents a log-plot cross-
section along the x axis of the experimental averaged intensity
distributions. Comparing the w.4s and log-plots, we find regions
of diffusive-like transport and light localization in our disordered
aperiodic lattices. The averaged w.q in the disordered aperiodic
lattice with any DD is larger than in a corresponding lattice with-
out disorder. We notice that the averaged w.s increase up to 60%
DD indicating disorder-enhanced transport and decrease with
further increase of the DD indicating light localization. Addi-
tionally, for lower DDs, log-plots are parabolically fitted near the
center, characterizing diffusive-like transport [Fig. 4(b)]. AL of
light is obtained for the highest DDs (80%—100%) where the log-
plots are linearly fitted near the center [Fig. 4(c)]. In addition
to this characterization, we also describe the light localization
using & for DDs where linear fits of the log-plot are obtained.
We notice that & decreases as DD increases. For 100% DD, we
find the lowest & = (107.3 + 7.2) um, while for 90% and 80%
DD, é&s increase by 15% and 30%, respectively. Diffraction in
disordered AMLs along different directions (x axis and y axis) is
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Fig. 3. Disorder-induced light transport and localization in
AMLs. (al)—(f1) Experimentally obtained averaged intensity dis-
tributions at the crystal output for different DDs, with their
experimental log-plot cross-section along the x axis [marked with
a white dashed line in panel (al)]. We clean the experimental
noise (caused by the rapid multiple experimental realizations of
disordered lattices and subsequent probing) by removing 10% of
the overall intensity for every intensity distribution. (a2)—(f2) Cor-
responding log-plots of numerically simulated averaged intensity
distributions. Black lines represent the corresponding fits near the
center. In the experiment, a laser writing beam power of 50 pW
corresponds to the input maximum lattice intensity of 0.7 a.u. in
simulations.
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Fig. 4. Light localization dependence on DD. (a) Numerically
simulated and experimentally obtained averaged w.gs at crystal back
face versus DD after 2 cm of propagation. (b) Experimental log-plot
cross-sections along the x axis of averaged intensity distributions
from the back face of the crystal. (c) Experimental log-plots of
averaged intensity distributions at the back face of the crystal along
different directions (the x and y axes). Experimental log-plot cross-
sections in panels (b), (c) are shown for all DDs (dots) from panel

(a).

different owing to the crystal and lattice anisotropy, as noticeable
from Fig. 3. With increasing DD, even as the log-plots along the
y axis exhibit the same tendency as the log-plots along the x axis,
transition to AL does not necessarily occur at the same DD. In
the region of AL, £s along the x axis are lower in comparison to
¢&s along the y axis. With the further increase of DD, &s along
the x direction are lower for 30% to 70% than in the y direction
as noticeable from Fig. 4(c).
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Fig. 5. Light localization dependence on the propagation dis-
tance. (a) Numerically simulated averaged wes along with the
propagation distance for different DDs. The red dashed line indi-
cates the experimental propagation distance. (b) Numerical log-plot
cross-section taken along the horizontal direction of averaged
intensity distributions after propagation distances of 2 and 5 cm.

To understand if localization also occurs for lower DDs,
we investigate the effects of disorder along the propagation
distance. Numerically we choose a propagation length longer
than the experimental crystal length. We calculate the averaged
w.r along the propagation (for a 5 cm long crystal) for different
DDs [Fig. 5(a)]. weq increases during propagation for all DDs.
The beam expansion is minimal for the original AML and max-
imal in the region of 50% to 70% DD, which is indicated by
a distribution of points where black isolines cross vertical sec-
tions. For non-zero DDs up to 60%, w.; increases at a higher
rate during the propagation indicating disorder-enhanced light
transport. For DDs larger than 60%, w.ss increase at a lower rate
during the propagation (for all propagation distances) simultane-
ously with the occurrence of light localization. However, AL is
more evident from intensity distribution log-plots for the longer
propagation distances. Figure 5(b) depicts log-plots along the
x axis of the averaged intensity distributions after propagation
lengths of 2 and 5cm for different DDs. For 60% DD after
2 cm of propagation, the log-plot is fitted with a parabola near
the center indicating diffusive-like transport. In contrast, after
5 cm of propagation, the log-plot is linearly fitted near the center
indicating light localization. For higher DD, light localization is
visible for a shorter propagation distance (2 cm), but more pro-
nounced localization is evident for longer propagation distances
also proved by the linear fits of the log-plots. Notwithstanding
that we have a higher expansion at 5 cm than at 2 cm (higher w.g),
we observe that the localization is more pronounced at 5 cm than
at 2 cm. At longer propagation, it is easier to see that regions of
AL and maximum expansion overlap. We further quantify light
localization by comparing & of such linear fitted log-plots after
propagation distances of 2 and 5 cm. £s we obtain after 2 cm are
approximately 30% larger than &s after 5cm, which indicates
more pronounced AL as the propagation distance increases.

To conclude, we have introduced an advanced experimental
approach with the numerical controllable DDs for the realization
of disordered AMLs by one parallel induction process. By intro-
ducing different DDs, we have realized controllable media for
the investigation of light localization effects. Experimentally and
numerically, we have investigated linear propagation of the nar-
row Gaussian probe beam in such disordered aperiodic Mathieu
lattices. For all DDs, we have demonstrated disorder-enhanced
light transport. AL of light in disordered AMLs is observed
for the highest DD. Localization lengths along the x axis are
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lower than the corresponding localization lengths along the y
axis, according to crystal and lattice anisotropy. Nevertheless,
for the longer propagation distances, a more pronounced AL is
demonstrated. The results we obtained in disordered aperiodic
Mathieu lattices are similar to those in disordered quasicrys-
tals and in contrast to those in disordered periodic lattices. In
general, our approach can be applied to other kinds of photonic
lattices using the presented ideas and methods.
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Abstract: We demonstrate transitional dimensionality of discrete diffraction in radial-elliptical
photonic lattices. Varying the order, characteristic structure size, and ellipticity of the Mathieu
beams used for the photonic lattices generation, we control the shape of discrete diffraction
distribution over the combination of the radial direction with the circular, elliptic, or hyperbolic.
We also investigate the transition from one-dimensional to two-dimensional discrete diffraction
by varying the input probe beam position. The most pronounced discrete diffraction is observed
along the crystal anisotropy direction.

© 2023 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

The ability to tailor and manipulate light in photonic lattices is an important topic of scientific
investigations and practical applications in optics [1]. Photonic lattices or arrays of evanescently
coupled waveguides are typical examples of structures where discrete effects and dynamics can
be investigated. Light focused into one waveguide that linearly propagates along the waveguide
array will tunnel to neighboring sites, exhibiting a characteristic diffraction pattern with the
intensity mainly focused in the outer lobes. This phenomenon, called the discrete diffraction
of light [2] was theoretically and experimentally observed in one-dimensional (1D) waveguide
arrays [3] and two-dimensional (2D) photonic lattices [4]. It is also investigated in aperiodic
photonic lattices [5—8] as well as in other systems, such as atomic photonic lattices [9—-11].

The truncation of periodic photonic lattice causes an additional distortion in the periodicity
and results in the formation of optical surface states that are analogous to the surface states in
the electronic theory of periodic systems [12,13]. Optical self-trapped discrete surface waves -
surface solitons - have been demonstrated in 1D waveguide arrays [14,15] and in 2D photonic
lattices [16]. Physical systems with dimensionality crossover have attracted huge attention, for
example, the continuous transformation of photonic lattice from one dimension to two dimensions
[17]. In such systems, intermediate states can occur that do not exist in either 1D or 2D geometries.
For these structures, there are still open questions: How, when and why does a system cross over
from one to two dimensions?

Nondiffracting beams are convenient for the generation of 2D photonic lattices, since they
can retain propagation-invariant structure even under weak nonlinearity [18]. There are four
major nondiffracting beam families that are exact solutions of the Helmholtz equation in different
coordinate systems [19,20]: plane waves in Cartesian, Bessel beams in circular cylindrical
[21], Mathieu beams in elliptic cylindrical [22], and parabolic beams in parabolic cylindrical
coordinates [23]. We opt for Mathieu beams, since they are used for optical lattice-writing that
allows solitons or even elliptically shaped vortex solitons [24]. They are also used for the creation
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of different aperiodic photonic lattices by the optical induction technique in photorefractive
crystals [8,25], as well as for particle manipulation [26].

In this paper, we investigate the conditions for discrete diffraction occurrence and its properties
in the aperiodic Mathieu photonic lattices, both experimentally and theoretically. Owing to their
shape, Mathieu beams enable one-pass experimental realization of naturally truncated aperiodic
photonic lattices, supporting surface states as well as discrete diffraction on the surface. We focus
on the aperiodic photonic structures in elliptical-radial geometries, since they offer a broad range
of shapes, including ellipticity as an additional degree of freedom. They also allow to raise the
question on the dimensionality of discrete diffraction. For difference, in periodic photonic lattices
there are only two parameters affecting discrete diffraction: the lattice period and the refractive
index modulation depth, and they are uniform over the whole lattice. However, the lattice period
and the refractive index modulation of Mathieu lattices are not independent parameters; they are
connected via Mathieu beam parameters (the beam order, characteristic structural size, and the
ellipticity of the beam). Due to the aperiodicity of Mathieu lattice, there are various probing
local environments supporting discrete diffraction influenced by the nearest neighbors. During
the propagation, diffracting probe can pass through changed local enviroments, unlike in the
periodic lattice, causing additional variations in the discrete diffraction effects.

Here, we demonstrate elliptical-radial discrete diffraction in photonic lattices realized by a
single Mathieu beam. By changing the order, characteristic structure size, and ellipticity of the
Mathieu beam, we are able to control discrete diffraction in the radial direction, as well as the
shape of their distributions in the perpendicular directions: circular, elliptic, or hyperbolic. By
changing the input probe beam position, we observe switching from the 1D to the 2D discrete
diffraction. In our medium - the photorefractive birefringent cerium-doped strontium barium
niobate (SBN61:Ce) - the crystal anisotropy plays an important role in the discrete diffraction
phenomenon: we observe the most pronounced 2D discrete diffraction along the crystal anisotropy
direction.

2. Numerical modeling and experimental realization of light propagation in Math-
ieu photonic lattices

We investigate the light propagation in Mathieu photonic lattices in the photorefractive medium
and study the conditions for the discrete diffraction of light in such lattices. We model linear light
propagation in a photonic lattice by solving the coupled system of two equations: the nonlinear
Schrodinger equation for the scalar electric field, as the propagation equation, and the diffusion
equation for the electrostatic potential as the potential equation [27,28]. We solve both equations
numerically, by employing a spectral split-step beam propagation method [29]. The propagation
equation of the scalar electric field A with longitudinal wave vector k;, is given by:

1 k
i0.A+ —A A+ —6n%A =0, 1
At A . (1)

where the wave number k = 27r/A = [ (k> + k2) is defined by the laser wavelength A = 532nm.

The potential in the propagation equation is specified by 6n* = —né’er13,33E, where n. = 2.325
and n, = 2.358 are the extraordinary and ordinary indices, and 3 = 47pm/V and r33 = 237pm/V
are the corresponding electro-optic coefficients of the birefringent SBN61:Ce crystal. The total
electric field E = Ee + E that builds up inside the crystal is a superposition of an external
electric field Ecx; = 2000V/cm aligned with the optical ¢ = x axis and an internal space charge
field E that results from the incident intensity distribution within the potential equation.

In order to take the electric bias of the crystal into account and the photorefractive material
response, we implement an anisotropic potential equation for the spatial evolution of the
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electrostatic potential ¢, of the optically-induced space-charge field E
AJ_¢SC +VJ_ 11’1(1 +I)'VJ_¢SC =Eexlaxln(1 +I), (2)

where I = |A|” is obtained from Eq. 1. Subsequently, Eq. 1 is updated with the optically induced
space-charge field

Es = xPscs 3

obtained by solving Eq. 2. This procedure is iteratively repeated along the propagation direction.

The process of generation of the propagation-invariant Mathieu photonic lattice is modeled
through the distribution I = I;,; from Eq. (2), which we refer to as the writing lattice pattern in
the experiment [25]. Thus, we obtain first the spatial distribution of /;,; in a separate numerical
simulation of Egs. (1) and (2), by propagating an ordinary Mathieu beam in the weak nonlinear
case. Then we use such a nearly diffractionless lattice distribution as a lattice potential, to
simulate an extraordinary Gaussian probe beam propagation. For this, we use the same equations
but with the modified total intensity distribution I = I, + Ij4, where the Gaussian probe beam
intensity /1, = |A|? is obtained from Eq. 1. In our simulations with the probe beam, I, is kept
sufficiently weak, so as not to cause an excessive nonlinear modification.

To experimentally investigate the linear light propagation of narrow probe Gaussian beam in
Mathieu photonic lattices, we use the experimental setup shown in Fig. 1. As a light source, we
use a frequency-doubled Nd:YVOy laser that emits continuous wave laser light at a wavelength
of 1 = 532nm. The expanded and collimated laser beam (telescope L1-L2) illuminates as a plane
wave the phase-only spatial light modulator (SLM). Both the amplitude and phase of the reflected
light field are modulated. This is accomplished by addressing to the SLM a precalculated
hologram containing the information on the complex light field of the Mathieu lattice, encoded
with an additional blazed grating [25,30]. In this way, an ordinary polarized beam is spatially
modulated and we use it as the writing beam. We demagnify it by a telescope (L3-L4), to
illuminate a crystal. The diffraction pattern of the Mathieu lattice is bandpass filtered in Fourier
space (FF) [30]. The SBN61:Ce crystal with dimensions of 5 x 5 x 20mm? is externally biased
with an electric field of E.; aligned with the optical ¢ = x axis, perpendicular to the direction of
propagation, z axis, and parallel to the long axis of the crystal. As a result, the ordinary polarized
beam optically induces a refractive index modulation, using the lattice writing beam power P,
corresponding to the numerically calculated Mathieu lattice. After the fabrication of the Mathieu
lattice, the writing beam and the external electric field are switched off. Then an extraordinary
polarized narrow Gaussian probe beam illuminates the specified lattice position and we observe
linear light propagation in the Mathieu photonic lattice. A half-wave plate rotates the probe
beam’s linear polarization by 90° relative to the writing beam’s polarization, addressing the

L3 FF L4 HWP SBN61:Ce MO Camera

L. - Lens FF - Fourier Filter
BS - Beamsplitter HWP - Half-Wave Plate

SLM - Spatial Light Modulator MO - Microscope Objecive

Ni: YV Oy
A=532nm

Fig. 1. Experimental setup for the light beam propagation investigation in the two-
dimensional Mathieu photonic lattice.
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stronger electro-optic coefficient. We use an imaging system formed by a microscope objective
(MO) with the camera to detect the transverse intensity distribution of the writing and/or probing
beam at the back face of the crystal. A low probe beam’s power keeps the propagation in a linear
regime, and the lattice refractive index modulation remains unmodified (until erased by white
light). The probe beam of full-width-at-half-maximum of 8um is directly positioned in front of
the crystal and its transverse position defines the input center. We determine the beam size to be
adequate to illuminate one lattice site.

3. Transition from 1D to 2D discrete diffraction

Mathieu beams are a class of nondiffracting beams suitable for the realization of photonic lattices.
We base our study on even Mathieu beams M,,(¢,1) of order m, which are mathematically
described as a product of the radial c,,, and angular J,,, Mathieu functions of order m: M,,,(¢£,7n) =
Coi( @) em(&; @)cem(n; q). Here, Cp(q) is a weighting constant that depends on the ellipticity
parameter g = f2k? /4 that is related to the positions of the two foci f and the transverse wave
number k; = 27 /a, where a is the characteristic structure size. Elliptical coordinates (£, n7) are
related to the Cartesian coordinates (x, y) by x + iy = fcosh(¢ + in). Mathieu beams M,,, are used
for generating lattice intensity distribution /;,, by numerical simulation of Eq. 1 and Eq. 2. By
changing some of the main characteristics of Mathieu beams, defined by the parameters: beam
order m, ellipticity g, and characteristic structure size a, we are capable of managing various
spatial intensity distributions of Mathieu lattices [25]. The refractive index change and the lattice
period of such a lattice are not independent parameters, but are connected via Mathieu beam
parameters m, g, and a. Various probing local environments in Mathieu lattices support the
formation of different discrete diffraction patterns. By changing the ellipticity of the Mathieu
lattice, one changes the curvature of the lines connecting nearest neighbour sites (which is zero
in the periodic lattice), thus influencing discrete diffraction patterns. Similarly, the anisotropy
of our medium (SBN61:Ce crystal) enables the conditions for supporting discrete diffraction in
certain directions.

We start by using Mathieu lattice with zero ellipticity (g = 0), where the waveguide arrays
are distributed along the circles, as well as along the radial spikes. Three input probe beam
positions are chosen, shown in Fig. 2(al), (1, 2, and 3) marked with yellow arrows for the sites
at the first, second, and fourth circle waveguide arrays, respectively. All 3 positions belong to
the same radial spike, while positions 4 and 5 (the green arrows) belong to the most intense
first circular waveguide. We compare the numerical and experimental results of the probe beam
intensity distributions at the crystal back face after 2 cm propagation. For the first input probe
beam position on the lattice edge (marked as position 1 in Fig. 2(al)), we observe behavior
similar to the 2D discrete diffraction. We will refer to it as the radial 2D discrete diffraction in
the truncated elliptical-radial lattice (Fig. 2(b1),(b2)). On the same circular waveguide array,
but on the opposite side of the input probe beam position, we notice out-of-order appearance of
intensive spots collecting evanescent leakage of the waveguides from the opposite side.

Following the geometrical distribution of the lattice, we show the projection of the probe beam
intensity distributions on the circle and spike waveguide arrays (the corresponding circles and
spikes are marked in Fig. 3(a)) along the propagation distance. In the circular direction, we cut the
first four circles opposite to the excitation position and show flattened probe intensity distributions
in Fig. 3(b), presenting discrete diffraction along circles. On the edges of Fig. 3(b) distribution,
corresponding to the cut point, we can follow the dynamics of the previously mentioned opposite
intensive spot. In the radial direction, we notice discrete edge diffraction along some of the
truncated spike waveguide arrays (Fig. 3(c)). When we shift the probe beam input position away
from the lattice edge (position 2 in Fig. 2(al)), the two-dimensionality of discrete diffraction is
less pronounced, but at the expense of separate circular and radial 1D discrete diffractions. For
the third probe beam position (position 3 in Fig. 2(al)), we notice separate circular and radial
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Fig. 2. Influence of various probe beam input positions on the discrete diffraction in Mathieu
lattice. The intensity distribution of the Mathieu lattice at the exit crystal face observed
numerically (al) and experimentally (a2), with yellow arrows in (al) indicating various
input probe beam positions. Intensity distributions of the probe beam at the exit crystal face
obtained numerically (the first row) for the input probe beam positions: 1 (b1), 2 (cl), 3 (d1),
4 (el), and 5 (f1), taken from Visualization 1, Visualization 2, Visualization 3, Visualization
4 and Visualization 5, respectively, representing the numerical intensity distributions of the
probe beam along the propagation direction. Experimentally obtained intensity distributions
at the crystal exit face (the second row) for input probe beam positions: 1 (b2), 2 (c2), 3
(d2), 4 (e2), and 5 (f2). Parameters are: Mathieu lattice order m = 7, ellipticity g = 0, and
characteristic structure size a = 30um, I;,; = 1, experimental lattice writing beam power
P =0.5mW.

discrete diffractions. Hence, we observe the switching from 2D to 1D discrete diffraction in
truncated elliptical-radial lattice, by changing the input probe beam position.

Additionally, we investigate the influence of crystal anisotropy on light diffraction in such a
lattice (Fig. 2). We consider various input probe beam positions, depicted as positions 1, 4, and 5
in Fig. 2(al): All input beam positions are on the same circular waveguide array and would be
equivalent, apart from the relative orientation to the crystal anisotropy. As one can see, in such
lattices 2D discrete diffraction is possible to observe only for input probe beam positions along
the crystal anisotropy direction (c-axis) (Fig. 2(b)).

With increasing Mathieu lattice order m, the number of spike waveguide arrays is increased,
favoring 2D discrete diffraction (Fig. 4(a-c)). We study the probe beam propagation for three

L. circle

Fig. 3. Discrete diffraction along the circular and spike waveguide arrays. Projections of
intensity distributions along circles (b), and spikes (c) corresponding to (a). For each circle,
the circumference is measured in the angular coordinate € starting from the cut point, and
the radial coordinate d from the common center of the circles. The parameters are as in
Fig. 2(b1).
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lattice orders: m = 7,9, and 12, and obtain more pronounced 2D discrete diffraction for higher
lattice order. Also, we study how the variation of the Mathieu lattice characteristic structure
size a influences the propagation of the probe beam: Increasing the characteristic structure
size a uniformly increases the distance between neighboring sites (Fig. 4(c-e)). We are able to
control optimal conditions for 2D or more 1D discrete diffractions in certain regions, and with the
variation of structure size a, we are able to move those regions. We investigate Mathieu lattices
for three characteristic structure sizes: a = 30, 35, and 40um. 2D discrete diffraction becomes
less pronounced with the increase of a, which is caused by the increasing order separation in
each concentric elliptical waveguide array.

NUMERICS
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Fig. 4. Influence of Mathieu lattices order m and structural size a on the discrete diffraction
patterns. (al-el) Numerically observed intensity distributions of the probe beam at the
exit crystal face for different parameters m, a, marked in each panel, and g = 5, taken
from Visualization 6, Visualization 7, Visualization 8, Visualization 9, Visualization 10,
respectively. The second row presents the corresponding experimental exit face intensity
distributions (a2-e2). Other parameters are as in Fig. 2.

At the end, we study how the variation of Mathieu lattice ellipticity g influences the discrete
diffraction of light (Fig. 5). We perform our investigation by probing Mathieu lattices with
various ellipticities: g = 0, 10, 125, and 625. Probe beam input positions are marked with the
yellow arrows depicted in Fig. 5 (the first row). For ellipticity ¢ = 0, we notice 2D radial discrete
diffraction, in contrast to the ellipticity of ¢ = 10, where one notices the splitting to 1D radial
discrete diffractions along the inner ellipse and the left spike waveguide array. With further
increasing ¢, due to modulation depth distributions - i.e., nonuniform distributions, favorable
conditions for discrete diffraction appear for high g, where we have hyperbolic lattices. For
ellipticity g = 125, we obtain 2D discrete diffraction across hyperbolas, while for g = 625, we
observe more 1D discrete diffraction along the edge hyperbola, mostly due to the sharp decrease
of array intensity distribution away from the edge hyperbola. As stated, the distribution is rapidly
decaying away from the edge row, which in the absence of anisotropy would result in dominantly
1D discrete diffraction (not shown).
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Fig. 5. Lattice ellipticity ¢ influence on the discrete diffraction of light. First row: Intensity
distributions of Mathieu lattice. Second row: probe beam intensity distributions at the exit
face of the crystal, obtained numerically (a2- d2), taken from the corresponding numerical
intensity distributions of the probe beam along the propagation direction: Visualization
1, Visualization 11, Visualization 12, Visualization 13, respectively. The third row:
Experimental intensity distributions of the probe beam at the crystal exit face (a3-d3). Other
parameters are as in Fig. 2.

4. Conclusion

In summary, we have presented a method for radial and angular discrete diffraction generation in
various Mathieu lattices, experimentally and numerically. Such photonic lattices are optically
induced in a photorefractive crystal, using one-pass creation in the experiment. They are also a
kind of truncated lattices that could support surface states. Mathieu photonic structures offer
an extensive variation of shapes as well as ellipticity, as the additional degree of freedom, with
the waveguides deployed along circles, ellipses, and hyperbolas, as well as radial spikes. We
have controlled radial discrete diffraction by changing the order, characteristic structure size, and
ellipticity of Mathieu beams used for the optical induction of photonic lattices. Shifting the input
probe beam position, we have observed a transition from 1D to 2D discrete diffraction. We have
found the most pronounced 2D discrete diffraction along the crystal anisotropy direction. Note
that the discrete diffraction created by our approach exhibits branching 1D discrete diffraction
along circle/ellipse and spike waveguide arrays, while predominantly 1D discrete diffraction
occurs in hyperbolic lattices. Our results pave the way for exploiting light propagation in a novel
class of optical lattices, but they are not limited to these particular lattices: They can readily be
generalized in other kinds of optically induced lattices. Adaptivity and reconfigurability of the
light-guiding structures play an important role in enabling functionality, displaying a significant
advance in modern photonics and providing an important step towards novel innovative wave-
guiding applications and light routing approaches. They will hopefully find useful applications
in the capacity-enhanced optical information processing.
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Light transport and localization in disordered aperiodic Mathieu
lattices

IESHEEE D. V. Timotijevicz, and D. M. Jovic Savic!
! Institute of Physics, University of Belgrade, P.O. Box 68, 11001 Belgrade, Serbia
2 Institute for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1, 11030, Belgrade, Serbia

Complex systems may be governed by just a few simple rules, not unlike highly ordered systems such as periodic,
still, they produce patterns that can be compared to random systems. Complex photonic lattices are suitable for the
investigation of many physical phenomena from solid-state to atomic physics with easier experimental realization.
Light transport in complex optical systems is a rich and fascinating topic of research. From the investigation of
light propagation in aperiodic and disordered media plentiful interesting optical phenomena are obtained, such as
Anderson localization.

Nondiffracting beams are highly relevant in optics and atom physics, particularly because their transverse intensity
distributions propagate unchanged for hundreds of diffraction lengths [1]. They have potential applications in free-
space wireless communications, optical interconnections, long-distance laser machining, and surgery. Four
different fundamental families of propagation invariant light fields, distinguish in the underlying real space
coordinate system, exist: Discrete, Bessel, Mathieu, and Weber nondiffracting beams [2-4], also, suitable for
generation of photonic lattices [5-8].

We realized deterministic aperiodic photonic lattices with controllable complexity, using Mathieu beams
combined in metastructures and spliced in both transverse dimensions with different offsets [7], and shown that
such lattices hinder light diffraction in comparison to periodic lattices [9]. A further step of randomization of these
structures allows for an additional level of diffraction control. Also, the propagation of light in such structures is
an unexplored topic, hence will be one of the topics of investigation in this paper. The aim is to involve the
fundamental concepts of structured dielectric materials, photonic crystals, as promising candidates for advanced
information processing with the unique property of light localization as a nonlinear light-mater interaction
phenomenon. We focus our research on the generation of randomized aperiodic lattices with gradually controlled
disorder degree in various systems with the investigation of the relationship between complexity and randomness.

We present a comprehensive numerical study of the transverse localization of light in disordered aperiodic Mathieu
photonic lattices comparing disorder degree differentiation. A disorder-enhanced light transport is observed for all
disorder degrees. With increasing disorder strength light transport becomes diffusive-like and with further increase
of disorder degree the Anderson localization is observed. Furthermore, the influence of lattice intensity on the
localization effects is studied. The difference in light transport is attributed to various levels of lattice intensity
managed by disorder degree. Additionally, we show that localization length differs along different directions, due
to the crystal and lattice anisotropy.
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Light transport and localization in disordered aperiodic Mathieu lattices

SIS D. V. Timotijevicz, and D. M. Jovic Savic!
! Institute of Physics, University of Belgrade, P.O. Box 68, 11001 Belgrade, Serbia
2 Institute for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1, 11030, Belgrade, Serbia

Complex photonic lattices are suitable for the investigation of many physical phenomena from solid-state to atomic
physics with easier experimental realization. Light transport in complex optical systems is a rich and fascinating topic
of research. Nondiffracting beams are highly relevant in optics and atom physics, particularly because their transverse
intensity distributions propagate unchanged for hundreds of diffraction lengths, moreover, suitable for the generation
of photonic lattices. Four different fundamental families of propagation invariant light fields, distinguish in the
underlying real space coordinate system, exist: Discrete, Bessel, Mathieu, and Weber nondiffracting beams. We
realized deterministic aperiodic photonic lattices with controllable complexity, using Mathieu beams combined in
metastructures and spliced in both transverse dimensions with different offsets, and shown that such lattices suppress
light diffraction comparing with periodic lattices. A further step of randomization of these structures permits an
additional level of diffraction control. The propagation of light in such structures is an unexplored topic, hence it is
one topic of investigation in this paper. The aim is to involve the fundamental concepts of structured dielectric
materials, photonic crystals, as promising candidates for advanced information processing with the unique property
of light localization as a nonlinear light-mater interaction phenomenon. We generate randomized aperiodic lattices
with gradually controlled disorder degree in various systems to investigate the relationship between complexity and
randomness. We present a comprehensive numerical study of the transverse localization of light in disordered
aperiodic Mathieu lattices comparing disorder degree differentiation. A disorder-enhanced light transport is observed
for all disorder degrees. With increasing disorder strength light transport becomes diffusive-like and with further
increase of disorder degree, the Anderson localization is observed. Furthermore, the influence of lattice intensity on
the localization effects is studied. The difference in light transport is attributed to various levels of lattice intensity
managed by disorder degree.
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Light propagation in disordered aperiodic Mathieu lattices
generated with two different randomization methods

_ Dejan V. Timotijevi¢®, and Dragana M. Jovi¢ Savié?

#Institute of Physics, University of Belgrade, P.O. Box 68, 11001 Belgrade, Serbia
PInstitute for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1, 11030,
Belgrade, Serbia

ABSTRACT

We present the numerical modeling of two different randomization methods of two-dimensional aperiodic photonic
lattices based on Mathieu beams, optically induced in a photorefractive media. We numerically study light
propagation in such lattices. For both methods, we compare light transport and localization in such lattices
along the propagation and for various disorder strengths. For all disorder strengths, a disorder-enhanced light
transport is observed. With increasing disorder strength light transport becomes diffusive-like while with further
increase of disorder strength, the Anderson localization is observed. For longer propagation distances this
transition is more pronounced. The influence of input lattice intensity on the localization effects is studied. We
observe more pronounced localization for one of the methods, and different diffraction and localization along
different directions, due to the crystal and lattice anisotropy. The difference in light transport and localization
between two randomization methods is attributed to various levels of input lattice intensity.

Keywords: light propagation, disordered lattices, Mathieu beams, Anderson localization, disorder-enhanced
light transport, diffusive-like transport

1. INTRODUCTION

Some of the fascinating effects observed when light propagation through different types of periodic photonic
structures was studied are light discrete diffraction or discrete spatial solitons.' It was demonstrated that
periodic lattices have essential characteristics of photonic crystal structures (Brillouin zones, band structure, etc.)
leading to light control by photonic band gaps in space and time. Also, light localization in disordered media was
investiagted.®® Anderson localization (AL), a basic phenomenon from solid-state physics has found applications
for light waves in different materials,®® Bose-Einstein condensates,” and sound waves.'® It was demonstrated
an appreciable change of light propagation in the presence of disorder, the transition from the diffraction of light
to spatial AL is observed by increasing disorder strength in different customized configurations.® '-14

Deterministic aperiodic structures are at the intersection between periodic and disorder crystal structures.
Various aperiodic and quasiperiodic photonic structures were realized artificially,'® !¢ their properties have been
studied for light control and manipulation.'” '® Aperiodic lattices contain non-uniform distances between the
lattice waveguides with unequal waveguides intensity depths. Therefore in such lattices in contrast to peri-
odic, light propagation strongly depends on local environments of the probe beam excitation position,'® ¥ and
linear light diffraction is hampered owing to the aperiodicity.!®!? Also, aperiodic lattices support nonlinear
light localization.!?>20 Still, numerous aperiodic structures exist and have not yet been fully explained or ex-
ploited for applications. For instance, Penrose or Fibonacci structures have limited variation in probing local
environments, however aperiodic Mathieu lattices?! with the adjustable spatial and intensity distribution allow
the tunable optical response which is provided with numerous different probing local environments, as well as
introducing structure anisotropy variability. For the experimental realization of photonic lattices by optical in-
duction technique in general, nondiffracting beams are convenient since they are propagation invariant for weak
nonlinearity.?? Two-dimensional aperiodic photonic lattices based on multiplexing of nondiffracting beams were
experimentally realized by the optical induction technique in photorefractive crystal.?'>23

Author to whom correspondence should be addressed. Electronic mail: jadranka@ipb.ac.rs
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Besides nonlinear localization, an additional step of light control was the randomization of periodic or
quasiperiodic photonic lattices.”® ?* Disordering periodic lattices can lead to AL™® or its suppression, referred
to as inverse Anderson transition.?? Disordered quasiperiodic Penrose lattice can support AL and disorder-
enhanced transport (DET) which is related to the broadening of eigenfunctions with the disorder.?* However,
an unexplored topic is the control and manipulation of light in other disordered aperiodic lattices. In order to
create an appropriate platform for investigation of light propagation effects in disordered aperiodic lattices and
study their possible transition to AL or DET, we propose considering randomization of a whole class of aperiodic
structures based on Mathieu beams.?! Since in such a large class of aperiodic structures is difficult to imple-
ment an exhaustive theoretical or experimental analysis of light propagation, in this paper, we are focusing on
one aperiodic Mathieu structure and numerically model their possible randomizations and probing of resulting
disordered lattices.

In this contribution, we introduce the modeling of two different methods for the generation of two-dimensional
propagation invariant disordered aperiodic Mathieu lattices with adjustable disorder strength, corresponding to
two different experimental realizations using optical induction technique in a photorefractive crystal.2® We
numerically investigate a transverse light localization in such lattices and compare the effects of disorder on
light propagation considering two different randomization methods. We examine the influence of propagation
distance, for both methods, as well as the lattice intensity influence on the diffraction rate. We demonstrate
disorder-enhanced light transport of the probe beams, for all disorder strengths, by gradually adding disorder
to the aperiodic Mathieu lattice. Also, we show the conversion from diffusive-like transport to AL for higher
disorder strengths. More pronounced localization is demonstrated for longer propagation distances even for lower
disorder strengths. We attribute the difference of effective beam width for two randomization methods to varying
levels of lattice intensities. We observe more pronounced localization for one of the methods, which is related to
shorter localization length for one of the methods. Also, it is shown that localization length differs along different
directions, which we attribute to the lattice and crystal anisotropy.

2. TWO NUMERICAL METHODS FOR FORMATION OF DISORDERED
APERIODIC LATTICES

Here, we present two methods for the generation of two-dimensional propagation invariant disordered aperiodic
photonic lattices with adjustable disorder strength. We formed complex light filed of disordered lattices DL
by coherently adding the two-dimensional original structure L and disorder pattern D with same maximum
structure intensity according to the relation

oprL=(1—=p)* oL +p* ¢p, (1)

where ¢ stands for field amplitude, while intensity distribution of such complex light field display transverse
intensity distribution of disordered aperiodic lattice Ipr, = |p DL|2 with input intensity I;,. Parameter p is the
relative contribution of the original structure and disorder pattern, which we identify as disorder strength. By
varying disorder strength (0 < p < 1) we gradually adjust the level of lattice disorder relative to the original
structure. Calculated complex light fields of disordered lattices can be used as the writing light patterns for
the generation of two-dimensional photionic lattice by optical induction in the cerium-doped strontium barium
niobate (SBN) crystal.?! Previous studies that applied the optical induction technique for realization of photonic
lattices in birefringent SBN crystal, externally biased with an electric field aligned along the optical ¢ = z-axis,
and perpendicular to the propagation direction (z-axis), used the ordinary polarized writing beam with a laser
power P, considered to be fairly linear in SBN crystal.

When the maximum lattice intensity of the resulting disordered lattice for each disorder strength is unscaled,
we will refer to that case as the first method (M1). The second method (M2) is characterized by scaling
Ipp, with I, for each disorder strength. A consequence of distinction in methods accompanies differences in
potential experimental realizations. For the proposed fabrication of the disordered aperiodic lattices by the
optical induction technique, which corresponds to both methods we can use experimental setup from our previous
study?! using a spatial light modulator to modulated writing beam, producing computer generating hologram.
For prospective experimental realization of such disordered aperiodic lattice according to our suggest M1, laser
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power of an ordinary polarized writing beam will vary with change of disorder strength, while for M2 it will be
constant for each disorder strength.

As the original undisturbed structure L in this paper, we use an aperiodic Mathieu structure designed with
combinations of Mathieu-Gauss beams spliced in both transverse dimensions with different offsets, as introduced
in our previous paper.?! Numerically by interfering plane waves with constant amplitude and random phases,
we calculated propagation invariant structure with random pattern in transverse dimension, disorder pattern D.
Also, we adjusted his spectrum in the transverse Fourier space to be located on the same circle with radius k as
the original structure,?” to provide propagation invariant structures with the same propagation constant. The
disorder pattern’s mean grain size 27/k is equal to the characteristic structure size a = 25um of Mathieu Gauss
beams, used for the realization of the aperiodic structure.?!

For both methods, by increasing disorder strength we change the geometry of the original structure shown
in Fig. 1 (A) until we completely substitute the original structure with a disorder pattern display in Fig. 1 (B).
Transverse intensity distributions of disordered aperiodic lattices with 40% disorder for these two methods are
presented in Figs. 1 (C) and (D). As an illustration of Eq. (1) in Fig. 1 (E) we present a single typical intensity
cross-section along the z-axis (y-position indicated with a dashed line in Fig. 1 (D)) for disordered aperiodic
lattices with 40% disorder for two different methods. In contrast to the periodic lattice, our aperiodic lattice is
not uniform in the waveguide’s distances and their depths vary. For M1 and M2 spatial intensity distribution of
the disordered aperiodic lattices are the same, but they differ in waveguides depths as M2 intensity values are
greater than M1 intensity values, as noticeable from red and green plots in Fig. 1 (E).

The difference in methods is caused by choices of intensity scaling, hence, we will investigate and compare the
consequences of such scaling options. For both methods, variation of disorder strength p leads to the variation
of lattice intensity, effectively correlating disorder strength with lattice intensity and indirectly with optically
induced refractive index modulation inside the crystal. For the same disorder strength, lattice intensities differ
for M1 and M2, causing a distinction in light propagation characteristics in such disordered lattices. As we
mentioned, the disorder strength p changes the lattice intensity, hence in addition to maximum lattice intensity
I'max, we calculate averaged lattice intensity Inve = Y . Ipr(r) =D . |¢ DL(r)|2. The resulting differentiation of
our methods in Iyax and Iy, dependence on disorder strength is shown in Figs. 1 (F) and (G), respectively. For
M1, the maximum lattice intensity and the averaged lattice intensity of disordered aperiodic decrease from 0%
to 70% disorder, afterward increase. For 100% disorder, only the maximum lattice intensity returns to an input
value. For M2, the maximum lattice intensity of disordered aperiodic lattice is constant and equal to I, for all
disorder strengths, but the averaged lattice intensity always decreases with increasing disorder strength. Both
the maximum lattice intensity and the averaged lattice intensity for M1 are lower than for M2, except for 0%
and 100% disorder. Assuming the same disorder pattern, both methods produce the same lattices for 0% and
100% disorder strengths we will exclude these two endpoints when we discuss method differences.

method 1 F G

— — — et 2

methad |

method 1 |
——— methad 2 |

o | =~ — method 2

T
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Figure 1. Two methods for generation of disordered aperiodic lattices. The transverse intensity distribution of: (A)
aperiodic lattice, an typical pattern marked with black rectangle; (B) disorder pattern; (C) and (D) disordered aperiodic
lattices with 40% disorder for M1 and M2, respectively. The displayed area is less than 3% of the whole transverse
computational space. (E) Intensity cross-section taken along the z-axis marked with a black dashed line in (D) for
disordered aperiodic lattices with 40% disorder for M1 and M2; dashed lines indicate maximum intensities of original
lattice and disorder pattern. (F) The maximum lattice intensity and (G) the averaged lattice intensities versus disorder
strength p for different methods.
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3. NUMERICAL MODELING OF LIGHT PROPAGATION IN OPTICALLY
INDUCED DISORDERED APERIODIC MATHIEU LATTICES

In this paper we consider numerically simulations of the weak nonlinear propagation of probe beam in the
nolinear photorefractive SBN crystal with disordered aperiodic Mathieu lattices modeled as propagation invari-
ant potential by solving the coupled nonlocal system of two equations: the nonlinear Schrédinger equation as
propagation equation and a potential equation,?® using a spectral split-step beam propagation method.?° The
propagation equation for an initial extraordinary polarized scalar monochromatic electric field ¢ (probe beam)
with longitudinal wave vector k, is

1 k
%Aﬁ/ﬂ‘

0.4 + —on? (lul*) v =0. (2)

2n7

The wave number is defined by the wavelength A = 532nm as k = 27/X = /(k? + k2). The potential in
propagation equation is given by nonlinear refractive index dn? (|1j}|2> = —ng’eT13733E, where n, = 2.325 and

n, = 2.358 are the extraordinary and ordinary refractive indices, and r3 = 47pm/V, r33 = 237pm/V are
corresponding electro-optic coefficients of photorefractive birefringent SBN crystal, respectively. The electric
field E = FEext + Fsc that builds up inside the crystal is a superposition of an external electric field Eoy; and an
internal space charge field Ey.. The external electric field Eqyt = 2000V /cm is aligned with the optical ¢ = z-axis,
perpendicular to the z—axis, the direction of propagation, that is parallel to the long axis of the crystal while
the internal space charge field Fy. is determine by the intensity distribution I = |1p|2 with a potential equation.

Photorefractive material response, as well as the electric bias of the SBN crystal, are taken into account by
deploying the anisotropic, diffusive potential equation for the spatial evolution of the electrostatic potential ¢,
of the optically induced space-charge field Ej.,

AL(ZSSC‘FVLIH(I%—I—FIDL)'VLgﬁsc :Eextaxln(1+I+IDL), (3)

where I is obtained from Eq. (2) and subsequently Eq. (2) is updated with Fs. = 0,¢s., iteratively. Disordered
aperiodic lattice intensity distribution Ipy, with input lattice intensity I;,, modeling transverse intensity dis-
tribution of nondiffracting pattern homogeneous in the propagation direction, is persistent through iterations.

Intensity and spatial distribution of Ip;, determine én? (|¢|2> in Eq. (2) through iterations. Potential Ipy, of

disordered lattices DL is formed according to Eq. (1). Here we abstracted and modeled the whole process of
writing propagation invariant disordered lattice through potential Ipy, in Eq. (3), based on numerical simula-
tion of the writing process and the experimental realization of propagation invariant photonic lattices as in our
previous publication.2! We applied such numerical simulation to find a range of input lattice intensities I, for
which aperiodic Mathieu lattice stays stable and propagation invariant through the SBN crystal.

4. DISORDER-ENHANCED LIGHT TRANSPORT AND LOCALIZATION IN
APERIODIC MATHIEU LATTICES

Here, we compare effects along light propagation in disordered aperiodic lattices with adjustable disorder strength
generated with two different randomization methods. In order to study the transverse light localization in such
lattices we statistically analyzed the propagation of narrow probe beam for different excitation positions, selected
to involve various local environments. The probe beam excitation positions are selected from an equidistant 8 x 8
grid within one complete typical pattern depicted in Fig. 1 (A1). For several disorder strengths, we study averaged
transverse intensity distributions, which we averaged over 64 various probe beam intensity distributions and at
different propagation distances. We use the same disorder pattern for both methods and all disorder strengths.
Hence, we produce the same lattices for 0% and 100% disorder strengths, consequently, we will exclude these
two endpoints when we discuss method differences. To further describe light propagation we consider the log-plot
profiles of such averaged intensity distributions. The parabolic log-plot fit of the log-plot profiles of averaged
intensity distributions indicates diffusive-like transport. The exponential decay determines light localization, or
in another word the linear fit of log-plots of such averaged transverse intensity distribution around the center
demonstrates AL. In the region of disorder strength where AL occurs, we obtain localization length &, along
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the x-axis by fitting intensity profiles I(x, yo) with the exponential function I(x, yg) = exp [—2|x — z¢|/&s], where
Z0, Yo denote the beam center position. The analogous procedure is applied along the y-direction. Furthermore,
in order to characterize light propagation and localization, we calculate the effective beam width along the
propagation distance z according to the relation Weg(2) = P(2)~/2, where P(2) is the inverse participation
ratio.® We present scaled averaged effective beam width (weg) = Weg(2)/(Weg(0)/FW HM) where FW HM is
probe beam full width at half maximum.

First, we study the influence of disorder strength p on light diffraction after various propagation distances.
For both methods in the disordered aperiodic lattice with any percent of disorder, scaled averaged effective
beam widths (wegr) is greater than in the lattice without disorder indicating DET (Fig. 2 (A)). At the shorter
propagation distance (z = 2cm), (wesr)s are increasing with increasing disorder strength for both methods.
However, a broadening of the beam is more pronounced for longer propagation distances (z = 10cm). Hence,
we notice that (weg)s at the fixed propagation distances are increasing up to the maximum values which occur
at disorder strength 80% for M1 and 90% for M2, indicating maximum of DET. With the further increase of
disorder strength, (wes)s are decreasing indicating the possibility of AL occurrence. Corresponding (weg)s have
greater values for M1 than for M2, signifying more pronounced DET for M1, which is easily discerned from
Fig. 2 (A).
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Figure 2. Diffraction dependence on disorder strength and propagation distance for two methods. (A) (weg) versus disorder
strength p, for both methods, after 2cm and 10cm of propagation. (B)-(C) (wes) for various disorder strengths along
the propagation distance for M1 and M2, respectively; the colormaps display (weg) in pm. (weg) along the propagation
distance for 0%, 30%, 70%, 100% disorder strengths on a double logarithmic scale for: (D) M1, and (E) M2. Parameters:
input Gaussian probe beam FWHM is 8 um and I;, = 0.7.

In order to compare distinction of light propagation between methods we present (weg) along the propagation
distance for various disorder strengths for M1 and M2 in Figs. 2 (B), (C) respectively. Maximal beam expansion,
noticeable from the distribution of points where black isolines cross vertical sections, is in different regions for
different methods. For M1 it is in the region of 60% to 80% disorder strength (Fig. 2 (B)), and in the region
of 80% to 90% disorder strength for M2 (Fig. 2 (C)). For both methods, during the propagation {weg) increases
for all disorder strengths. To quantify beam expansion rate v, we examine (weg) as a function of propagation
distance z (on a double logarithmic scale) for 4 disorder strengths, display in Figs. 2 (D), (E) for M1 and M2,
respectively. We fit (weg) for some disorder strengths by power-law (weg)(2) o 2 (indicated with a pink dashed
lines in Figs. 2 (D), (E)). Only for a short propagation distance (z < 1cm), beam expansion is almost linear
i.e. ballistic transport, designate with v = 1. For a longer propagation distance (from 1cm to 10cm), the beam
expansion rate is closest to v = 0.5 indicating to diffusive-like transport. For M1 the beam expansion rate is
maximal for 70% v = 0.52 and lower v = 0.48 for both 30% and 100%, while for M2 is maximal for 100%
v = 0.48 and lower for 70% and 30%, v = 0.47 and v = 0.45, respectively.

Next, for some disorder strengths and some propagation distances (2 cm and 10 cm), we analyze the averaged
transverse intensity distributions and corresponding log-plot cross section along the z-axis (gray/red/green plots)
and y-axis (black/dark red/dark green plots) summarized in Fig. 3. For aperiodic lattice without disorder,
discrete diffraction of light is demonstrated, also visible from log-plot cross sections. Then we increase disorder
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Figure 3. Light transport and localization in disorder aperiodic Mathieu lattice. Numerically averaged intensity distribu-
tions at the lattice output and corresponding log-plot cross sections of averaged intensity distributions along the z-axis
(gray/red/green plots) and y-axis (black/dark red/dark green plots) (A1) - (D1) and (A2) - (D2), after 2 cm propagation
distance and (A3) - (D3) and (A4) - (D24) after 10 cm propagation distance, for different disorder strengths. Blue dashed
lines are corresponding linear fits. The horizontal axes span 400 pm in the z- and the y-direction. For each plot, there are
two stacked vertical axes, where short horizontal bars are set on 1’s. (E) Localization lengths after 10 cm of propagation
distances for various disorder strengths along the x- and y-directions. Log-plot cross sections of intensity distributions
symmetrical over left and right side of the z-direction, for M1 (left), M2 (right) at different disorder strengths: (F) 0%,
20% and 40% and (G) 60%, 80% and 100% disorder. Other parameters are as in Fig. 2.

strength. For 30% disorder for both methods, more pronounced diffraction i.e. DET, is noticeable from averaged
intensity distributions and the log-plot cross sections Figs. 3 (B). More pronounced DET is evident for M1 than
for M2. With further increasing disorder strength (> 30%), averaged intensity distributions and the log-plot
cross sections are more broadened, still showing DET. Also, for 70% disorder we notice DET for both methods,
and at the same time, for longer propagation distance 10cm, the log-plots cross sections are linearly fitted
(Figs. 3 (C14), (C24)), demonstrating AL. The slopes of the fits determine localization lengths £. Since they
are sharper for M2 than for M1, we conclude we have stronger localization for M2 at 70% disorder. For 100%
disorder for all propagation distances (Figs. 3 (D)), we notice even more pronounced localization than for 70%
disorder, mark with sharper slope of linear fits.

For both methods we examine light diffraction and localization along the z- and y- directions. For all disorder
strengths, the less pronounced light diffraction along the y-direction is noticeable due to the crystal (rs3 >> r13)
and lattice anisotropy (Fig. 1 (A)). The interplay of lattice and crystal anisotropy influence is evident for 70%
disorder for shorter propagation distances from the log-plot cross sections for M1 (Fig. 3 (C12)). The log-plot
along the z-axis is fitted with parabola, showing diffusive-like transport, while the log-plot along the y-axis
is linearly fitted, indicating light AL. However, for M2 the log-plots along both directions are linearly fitted,
therefore, AL is observed along both directions (Fig. 3 (C22)). For 70% disorder at longer propagation distances
for both methods (Figs. 3 (C14), (C24)), and for 100% disorder for all propagation distances (Figs. 3 (D))
we notice liner fits of log plots along the both directions, with sharper slope of linear fits along the y-axis,
indicating that AL is stronger in this direction. Since, for 100% disorder, the original lattice does not contribute
to anisotropy and the disorder pattern, we use in our study, does not have clear x-y anisotropy preference,
we conclude that the direction of crystal anisotropy is primarily cause of more pronounced localization in the
y-direction.

For disorder strengths where we observed localization (linearly fitts of log-plot cross sections) we characterize
light localization by comparing the localization length along the z- and y-direction. Such localization lengths
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after 10 cm of propagation are depicted in Fig. 3 (E). For both methods, more pronounced localization is visible
along the y-axis where the localization lengths have lower values compared to the z-axis, due to the crystal and
lattice anisotropy. Also, it is noticeable that localization lengths are larger for lower disorder strengths, while
their values converge to each other as disorder strength increases, meeting at 100% disorder strength; a similar
conclusion stands for (weg)s (Fig. 2 (C)). Even more, we notice that AL occurs at different disorder strengths
along different directions. Along the y-axis, localization appears for lower disorder strengths than along the
x-axis. Figure 3 (E) illustrates diffusive-like transport along the z-axis and light localization along the y-axis for
the same 50%-60% disorder region.

The asymmetry of log plots cross-sections of averaged intensity distributions, along any axis and arbitrary
disorder strength, is due to the specific occurrence of the used disorder pattern. The influence of the disorder
pattern anisotropy (not along x-y-direction) is visible at some probe beam averaged transverse intensity distri-
butions, as can be discerned comparing Figs. 3 (D3) with Fig. 1 (B). To mitigate asymmetry of the log-plot
cross-sections we average the left and right sides of such profiles along the z-axis from the center, and we fit
them with parabola or linearly. Figures 3 (F) - (G) depict a comparison of localization along the z-axis in our
two methods for various disorder strengths after 8 cm) propagation distance. Since for lower disorder strengths
significant features of original aperiodic lattices are remaining, the log-plots are not fitted (Fig. 3 (F)). Still, we
notice the spreading of the log-plots simultaneous with increased (weg) along the propagation, shown in Figs. 2,
indicating DET. For both methods, at disorder strength between 50-60% light diffraction is closest to diffusive-
like transport, however the parabolic fits of the log-plots could be attempted with low confidence (goodness of fit
< 0.85). After 8 cm of propagation for 60% disorder log-plots are linearly fitted near the center indicating light
localization (Fig. 3 (G)). For higher disorder strength (80% and 100%) light localization is noticed also confirmed
by linear fits of log-plots. Since the slopes of the fits determine localization lengths, one can see that log-plot fits
for the same disorder strength are steeper for M2 showing more pronounced localization for M2 than M1.

In the following, we are studying the independent input lattice intensity I[;, influence on light diffraction
for both methods. We compare (weg)s in dependence of disorder strength along propagation distance for 3
different values of I;,,. Figures 4 (A), (B) summarize (weg) for M1 and M2, respectively. By observing slopes
of highlighted lines for constant disorder strength along the propagation distance for each I;,, we emphasize the
beam expansion. For all disorder strengths and propagation distances, we observe the direct influence of lattice
intensity on diffraction, for both methods, where lowering I}, causes an increase in (We).
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Figure 4. Input lattice intensity Iin influence on the light diffraction. (B) M1 and (C) M2: interpolated surfaces of (wes)
along the propagation distance for 0%, 30%, 70%, 100% disorder strengths and for various Iin. Other parameters are as
in Fig. 2.

In previous examinations, we notice differences in methods comparing corresponding averaged transverse
intensity distributions, the log-plot cross section along the z-axis and y-axis or quantities (wes)(z,p) and local-
ization lengths. As we describe in Section 2, the main difference in our methods is caused by the difference in the
maximum lattice intensity Inax with the change of disorder strength p (Fig. 1 (F)). As a consequence, a different
variation of the averaged lattice intensities I,vg with p for different methods is noticeable from Fig. 1 (G). For
both methods, we observed that influence of disorder strength p to {weg) variate with increases of propagation
distances (Fig. 4 (A)). After a longer propagation distance (10 cm) we noticed that (weg)s dependence on disorder
strength p is similar to reciprocal Iuyg.
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Figure 5. Methods differentiation via (wes) and (Iavg)fl. Normalized (wes), (Ia\,g)f1 and their differences for both methods
as a function of disorder strength. Other parameters are as in Fig. 2.

To investigate (weg) and reciprocal averaged lattice intensity (Iawg)’1 connection we normalize them according
to relation F'(p)/(F(1)—F(0))—F(0), where F is (wef) Or (Inyg) ~*. For both methods, we display such normalized
values, as well as their differences in Fig. 5. We conclude that (weg) is strongly influenced with the variation
of (Iayg)™* with disorder strength for longer propagation distances and for narrow probe beam width, since
variations of normalized (wer) closely follow (Inyg) ™! for both methods. M2 has a minor deviation of (wes) from
(Iavg)’1 versus p, while for M1 a slightly more prominent deviation is visible. Also, for M2 we noticed more
pronounced localization in both directions in comparison to M1, hence, we can connect lattice intensity with
AL strength. Additionally for M1, a dip of deviation of (wef) from (Iavg) ™' versus p we can associate with a
sharp minimum of Iyax and Iy, versus p (Figs. 1 (F) - (G)) which occur at the same disorder strength. As we
prove in Fig. 4, light diffraction is reverse proportional to input lattice intensity. Hence, for the minimum of the
maximum lattice intensity in M1, we have the highest (weg) (maximal DET). The narrow probe beam for low
lattice intensity diffracts the most, but at longer propagation distances (wes) does not reach the variation of I,yg
as at minimal lattice intensities beam already rapidly expanded early in propagation. By a difference of {wes)
and (Iuvg) ™' a deviation of these two quantities that contain the influence of parameters not directly connected
to the lattice intensity, such as lattice and beam shapes, can be quantified.

5. CONCLUSION

In summary, we presented two different theoretical methods for the realization of two-dimensional disordered
aperiodic photonic lattices with adjustable disorder strength optically induced in a photorefractive media. We
numerically investigate light propagation in disordered aperiodic Mathieu lattices. Comparing the effective beam
width along the propagation distance for various disorder strengths, averaged transverse intensity distributions,
the log-plot profiles of such averaged intensity distributions, and localization lengths along different directions
we characterize light transport and localization for two methods. For both methods, we observed enhanced light
transport for all disorder strengths but AL of light for higher disorder strengths. Localization effects are more
pronounced for longer propagation distances. More pronounced localization is observed for M2 than M1, and
we attributed the difference between the two methods to various levels of lattice intensity. We observe that
localization length differs along different directions, due to the crystal and lattice anisotropy. According to the
investigation we present in this study we suggest diminishing the influence of lattice intensity for studying the
dependence of AL and DET on disorder strength. We propose a further modification of our M2 in which averaged
intensity levels would be equalized for every disorder strength used.
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Abstract. We present the numerical modeling of two different randomization methods of photonic lattices. We
compare the results of light propagation in disordered aperiodic and disordered periodic lattices. In disordered
aperiodic lattice disorder always enhances light transport for both methods, contrary to the disordered periodic
lattice. For the highest disorder levels, we detect Anderson localization for both methods and both disordered
lattices. More pronounced localization is observed for disordered aperiodic lattice.

1 Introduction

Anderson localization (AL), a well-known phenomenon in
solid-state physics [1] is transferred to other fields like
ultracold atoms, matter, light or sound waves [2], and
demonstrated in various customized configurations [3—
6]. The physics of periodic photonic systems has funda-
mental importance. Still, deviations from periodicity are
significant as they may result in higher complexity, like
the realization of photonic quasicrystals, the structures
that are between periodic and disordered ones. Hereto-
fore, light propagation properties have been studied in pe-
riodic photonic lattices [7, 8], as well as in disordered
ones [3, 9, 10]. However, the quasiperiodic and aperiodic
photonic lattices are merged as a further attractive research
field for light propagation.

In our previous studies, we introduced aperiodic Mathieu
structures with controllable complexity [11] and we stud-
ied light localization in them [12]. In such lattice, light
expansion is hindered in comparison to periodic lattice
and nonlinear light localization is demonstrated [12]. Ran-
domization of periodic lattices can lead to AL [3, 9] or
its suppression [13], while disordered quasiperiodic Pen-
rose lattice can support AL and disorder-enhanced trans-
port (DET) [14].

In this paper, we present two numerical methods for con-
trollable randomization of photonic lattices and study dis-
order level (DL) influence on light propagation. For both
methods, we numerically investigate the linear light prop-
agation in disordered aperiodic Mathieu (DA) and dis-
ordered periodic (DP) lattices. For all DLs, we observe
DET and AL is verified for higher DLs in DA lattices, for
both methods. In contrast, in DP lattices disorder suppress
diffraction and AL is observed for higher DLs. Localiza-
tion length differs along different transverse directions ow-
ing to the crystal and lattice anisotropy. We confirm a more
pronounced localization for DA lattices in both directions
and both methods.

*e-mail: jadranka@ipb.ac.rs

2 Light propagation in DA and DP lattics

Two-dimensional disordered structures DS, with an ad-
justable DL, are numerically realized by combining an
original structure S with a disorder pattern D according
to the relation Aps = (1 —p) xAs + p *Ap, where A is
the field amplitude, and parameter p is the relative con-
tribution of the original structure and disorder pattern, i.e.
DL. To ensure propagation invariant structures with the
same propagation constant, we preset the Fourier spec-
trum of the disorder pattern, numerically calculated by in-
terfering plane waves with constant amplitude and random
phases, to be located on the same circle with radius & as the
original structure [15]. As the original structure we use an
aperiodic Mathieu structure created as in our paper [11],
or square lattice with period d equal to the characteristic
structure size a = 25 um of Mathieu beams used for the
creation of the aperiodic structure. Disorder pattern’s mean
grain size 27 /k is equal to a of Mathieu beams. A case
when the maximum lattice intensity I, of the disordered
lattice Ip;, = |ADS|2 for each DL is unscaled, we will refer
as M1, and M2 is the case when Ip; is scaled with I, for
each DL. For both methods, an increase of DL modifies
the transverse intensity distribution of the original struc-
ture until completely substitutes it with the disorder pat-
tern. For the same DL, the spatial intensity distributions of
the disordered lattices are the same for both methods, but
they differ in waveguides depths. For both methods, I,
dependencies of DL for DA and DP lattices are almost the
same (Fig. 1 (A)). Opposite to the periodic lattice, our ape-
riodic lattice is not uniform in waveguide’s distances, and
their depths vary. We calculate averaged lattice intensity
Lyg = Y Ipr.(r) of DA and DP lattices for both methods
(Fig. 1 (B)). For both methods, Lygs are lower for DA than
for DP lattices. For M1, Iy, and I,y are lower than for M2.

We study the difference in light propagation in DA and DP
lattices realized with these methods. We use intensity dis-
tributions of disordered structures Ip; in numerical sim-
ulation of the light propagation along the z-axis in dis-
ordered lattices in a photorefractive crystal, numerically

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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Figure 1. Methods differences of realization and light propaga-
tion in DA and DP lattices. (A) Iy, (B) Iovg of DA and DP lattices
versus DL for different methods. (C) (@) and (D)-(E) localiza-
tion lengths along the x- and y-axis for M1 and M2, respectively
versus DLs after 10cm of propagation.

described by solving a system of equations as explained
in Ref. [12]. We statistically analyze the propagation of a
narrow Gaussian probe beam, of an FWHM of 8 um, for
different excitation positions selected to involve various
local environments of the disordered lattice [14]. We real-
ize such analysis for various DLs, using only one disorder
pattern, averaging 64 different intensity distributions after
10cm propagation distance.

According to relation W = /IPR(z), where IPR(z) is
the inverse participation ratio [3], we calculate the effec-
tive beam width Weg and determine a range of DL where
DET and light localization are obtained. In Fig. 1 (C) we
show scaled averaged effective beam widths (weg) =
Wet(z)/ (Were(0)/FWHM). In the DA lattice with any per-
cent of disorder, (@) is greater than in the lattice with-
out disorder, specifying DET for both methods. A maxi-
mum DET is indicated with (@) highest value noticed
at 80% for M1 and 90% for M2. Further increase of DL
decreases (@), indicating the possibility of AL occur-
rence. (@efr) has a greater value for M1 than for M2, denot-
ing a more pronounced DET for M1. Opposite in the DP
lattice, (@efr) decreases up to the minimum values which
occur at 60% for M1 and 70% for M2. With the further in-
crease of DL, (wef) increases for M2, while for M1 fluc-
tuates. We examine the averaged transverse intensity dis-
tributions and corresponding log-plots of such averaged
intensity distributions (not shown here). When the log-
plots intensity profiles are linearly fitted around the center,
we consider AL is confirmed [10]. In the region of DL
where AL occurs, we obtain localization length by fitting
intensity profiles with the exponential function [10], along
the x and y-axis. For DA and DP lattices, in Figs. 1 (D)-
(E) we show localization lengths for M1 and M2, respec-
tively. For both methods, more pronounced localization is
visible along the y-axis where localization lengths have
lower values compared to the x-axis, due to the crystal and

lattice anisotropy. AL occurs at different DLs along differ-
ent directions, along the y-axis appears for lower DL than

along the x-axis.

3 Conclusion

We presented two different methods for the creation of dis-
ordered photonic lattices with adjustable DL. We numeri-
cally studied light propagation in DA and DP lattices. For
both methods, we observed enhanced light transport for all
DLs but AL of light for higher DLs in DA lattice, contrary
in DP lattice, we only observed AL for higher DLs. More
pronounced localization is demonstrated in DA lattices for
both methods and for M2 in both DA and DP lattices. Due
to the crystal and lattice anisotropy, localization lengths
differ in different directions.
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ABSTRACT

We demonstrate transitional dimensionality crossover of radial discrete diffraction in optically induced radial-
elliptical Mathieu photonic lattices. Varying the order, characteristic structure size, and ellipticity of the Mathieu
beams used for the photonic lattices generation, we control the shape of discrete diffraction distribution over
the combination of the radial direction with the circular or elliptic. We also investigate the transition from
one-dimensional to two-dimensional discrete diffraction by varying the input probe beam position. Discrete
diffraction is the most pronounced along the crystal anisotropy direction.

Keywords: Dimensionality crossover, radial discrete diffraction, photonic lattices, discrete diffraction, Mathieu
beams, optical induction, strontium barium niobate crystal

1. INTRODUCTION

One of the main areas of research and applications in optics is the control and manipulation of light in photonic
lattices.! Arrays of evanescently coupled waveguides or photonic lattices are common structures for discrete
effects and dynamics studies. When light is focused into one single waveguide and propagates linearly along the
array, it will tunnel to the neighboring waveguide and display a distinctive diffraction pattern, with the intensity
mainly concentrated in the outer lobes. The discrete diffraction of light? was observed in one-dimensional (1D)
waveguide arrays®and two-dimensional (2D) photonic lattices,* both theoretically and experimentally. It is also
studied in other systems, like atomic®® and aperiodic”'° photonic lattices.

An additional periodicity distortion is produced by the truncation of the periodic photonic lattice, leading
to the development of optical surface states that are analogous to the surface states in the electrical theory
of periodic systems.!!:12 Surface solitons (optical self-trapped discrete surface waves) have been found in 2D
photonic lattices'® and 1D waveguide arrays.'® !> Physical systems that exhibit dimensionality crossover have
gained significant interest; one such example is the continuous transformation of 1D into a 2D photonic lattice.'6
One can observe intermediate states that do not have 1D or 2D geometry in such systems. An unanswered
question regarding these structures remains: How, when, and why does a system transition from one to two
dimensions?

Nondiffracting beams are practical for 2D photonic lattice creation as they retain their propagation-invariant
structure even with weak nonlinearity.!” Four principal nondiffracting beam families are exact solutions of the
Helmholtz equation in different coordinate systems:'®1? plane waves in Cartesian, Bessel beams in circular
cylindrical,?® Mathieu beams in elliptic cylindrical,?! and parabolic beams in parabolic cylindrical coordinates.??
Mathieu beams are utilized for optical lattice writing, even allowing the development of elliptically formed vortex
solitons.?? They are additionally used for different aperiodic photonic lattices generation by the optical induction
technique in photorefractive crystals'®-2* and for particle manipulation.?®
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Both experimental and theoretical methods are used in this work to investigate the requirements for discrete
diffraction occurrence and its properties in the aperiodic Mathieu photonic lattices. Mathieu beam shape enables
the one-pass experimental realization of naturally truncated aperiodic photonic lattices, allowing both surface
states and discrete diffraction on the surface. We focus on the aperiodic photonic structures in elliptical-radial
geometries because they provide a diverse range of shapes, including ellipticity as an additional degree of freedom.
They also allow us to consider the dimensionality of discrete diffraction. The lattice period and the refractive
index modulation in periodic photonic lattices are uniform over the whole lattice. Contrarily, they are not
independent parameters in Mathieu lattices since they are both related to beam characteristics (beam order,
characteristic structural size, and beam ellipticity). Due to the aperiodicity of the Mathieu lattice, several probing
local settings permit discrete diffraction impacted by the nearest neighbors. Unlike the periodic lattice, during
the propagation, the diffracting probe might pass through several local environments, resulting in additional
variations in the discrete diffraction effects.

Here, we demonstrate elliptical-radial discrete diffraction in photonic lattices realized by using a single Math-
ieu beam and a dimensionality crossover of radial discrete diffraction. We can control discrete diffraction in
the radial direction and the shape of their distributions in the perpendicular directions by varying the order
and characteristic structure size of the used Mathieu beam. By shifting the position of the input probe beam,
we observe the transition from 1D to 2D discrete diffraction. In our medium - the photorefractive birefringent
cerium-doped strontium barium niobate (SBN61:Ce) - the crystal anisotropy plays a significant role in the dis-
crete diffraction phenomenon. Hence, we observe the most pronounced 2D discrete diffraction along the crystal
anisotropy direction.

2. NUMERICAL MODELING AND EXPERIMENTAL REALIZATION OF LINEAR
LIGHT PROPAGATION IN MATHIEU PHOTONIC LATTICES

We examine the conditions for discrete diffraction of light by investigating its linear propagation in Mathieu
photonic lattices made in the photorefractive medium, SBN61:Ce crystal. By solving the coupled system of
two equations, the nonlinear Schrédinger equation of the scalar electric field (propagation equation) and the
diffusion equation for the electrostatic potential (potential equation),?%2” we model linear light propagation in
a photonic lattice. Using a spectral split-step beam propagation method,?® we numerically solve both equations.
The following is the propagation equation of the scalar electric field ¥ with longitudinal wave vector k., :

1 k.
AU+

0,
ST 2n2

on?T =0, (1)

where the wave number k = 27/X = /(k? + k2) is defined by the laser wavelength A\ = 532nm. The potential
in the propagation equation is specified by dn? = —nﬁ’erl3’33E, where n, = 2.325 and n, = 2.358 are the ex-
traordinary and ordinary indices, and 715 = 47pm/V and rs3 = 237pm/V are the corresponding electro-optic
coefficients of the crystal. The total electric field E = FEeyt + Fgs that builds up inside the crystal is a super-
position of an external electric field Foy; = 2000V /cm aligned with the optical ¢ = x axis (perpendicular to
the propagation direction z—axis) and an internal space charge field E. that results from the incident intensity
distribution within the potential equation. Taking into account the electric bias of the crystal and the photore-
fractive material response, we solve an anisotropic potential equation for the spatial evolution of the electrostatic
potential ¢,. of the optically-induced space-charge field Fg.

AJ_¢sc+vJ_ 1H(1+I) 'VJ_(bsc = extaxln(1+l)7 (2)

where I = \\II\Z is obtained from Eq. (1). Subsequently, Eq. (1) is updated with the optically induced space-charge
field

Esc = a:(bscv (3>
obtained by solving Eq. (2). This procedure is iteratively repeated along the propagation direction z.

The propagation-invariant Mathieu photonic lattice is numerically generated using the distribution I = Ij4
from Eq. (1), which we reference as the writing lattice pattern in the experiment.?* Thus, in distinct numerical
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simulations of Egs. (1) and (2), we first obtain the spatial distribution of I;4+; by propagating an ordinary
Mathieu beam in the weak nonlinear case. Then, we use such a nearly propagation-invariant lattice distribution
as a lattice potential, to simulate an extraordinary Gaussian probe beam propagation. In this case, we use the
same equations yet modify total intensity distribution I = Ij, + Ijq4, where the Gaussian probe beam intensity
I, = |\I/|2 is obtained from Eq. (1). Not to cause an excessive nonlinear modification in our simulations with the
probe beam, I, is kept sufficiently weak.

To experimentally investigate the linear light propagation of narrow probe Gaussian beam in Mathieu photonic
lattices generated in photorefractive SBN61:Ce crystal, we use the experimental setup shown in Fig. 1. As a
light source, we use the continuous frequency-doubled Nd:YVOy, laser that emits at a wavelength of A\ = 532 nm.
The collimated and expanded laser beam (telescope L1-L2) illuminates as a plane wave the phase-only reflected
spatial light modulator (SLM). In this fashion, both the amplitude and phase of the reflected light field are
modulated. That is accomplished by addressing to the SLM a precalculated hologram containing the information
on the complex light field of the Mathieu lattice, additionally encoded with a blazed grating.?* 29 In this way, an
ordinary polarized beam is spatially modulated, and we use it as the writing beam. The second telescope (L3-14)
demagnifies the writing beam to illuminate the crystal. The diffraction pattern of the Mathieu lattice is bandpass
filtered in Fourier space (FF).? The SBN61:Ce crystal with dimensions of 5 x 5 x 20mm? is externally biased
with an electric field Feyt, aligned with the optical ¢ = z axis, perpendicular to the direction of propagation,
z axis, and parallel to the long axis of the crystal. As a result, the ordinary polarized beam, with power P,
optically induces a refractive index modulation, writing the lattice in the crystal whose nodes conform with the
numerically calculated Mathieu lattice.

L3 FF L4 HWP SBN61:Ce MO Camel

=

=

L - Lens HWP - Hali~Wave Plate

BS - Beamsplitter MO - Microscope Objecive

SLM - Spatial Light Modulator

FF - Fourier Filter
Nd:YVOy

A =532nm

Figure 1. Experimental setup for investigating the light beam propagation in the two-dimensional Mathieu photonic
lattice.

After the fabrication of the Mathieu lattice, the writing beam and the external electric field are switched off.
Subsequently, an extraordinarily polarized narrow Gaussian probe beam illuminated the specified lattice position,
and we observed linear light propagation in the Mathieu photonic lattice. A half-wave plate rotates the probe
beam’s linear polarization by 90° relative to the writing beam’s polarization, addressing the higher electro-optic
coefficient. We use an imaging system formed by a microscope objective (MO) with the camera to detect the
transverse intensity distribution of the writing and/or probing beam at the back face of the crystal. A probe
beam’s low power keeps the propagation in a linear regime, and the lattice refractive index modulation remains
unmodified (until erased by homogeneous white light). The probe beam, whose full-width-at-half-maximum is
8 um, is directly positioned in front of the crystal, and its transverse position defines the input center. The probe
beam size is adequate to illuminate only one lattice site.

3. DIMENSIONALITY CROSSOVER OF RADIAL DISCRETE DIFFRACTION IN
MATHIEU PHOTONIC LATTICES

Mathieu beams, as a class of nondiffracting beams, are suitable for the photonic lattices generation. We base
our study on even Mathieu beams M,, (£, n) of order m, which are mathematically described as a product of the
angular J.,,, and radial c.,, Mathieu functions of order m: M,,(&,m) = Cn(q)Jem (&; @) Cem(n;q). A weighting
constant C,,(q) depends on the ellipticity parameter ¢ = f2k?/4, related to the positions of the two foci f and
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the transverse wave number k; = 27 /a, where a is the characteristic structure size. Elliptical coordinates (&, 1)
are related to the Cartesian coordinates (x, y) by x + iy = fcosh(§ + in). Mathieu beams M,,, whose intensity
distribution I}, is numerically calculated from Egs. (1) and (2), generate lattices in photorefractive crystal. By
changing Mathieu beams parameters, i.e., beam order m, characteristic structure size a, and ellipticity g, we can
realize different spatial intensity distributions of Mathieu lattices.?* The refractive index change and the period
of such lattice are not independent but linked via Mathieu beam parameters m, ¢, and a. Various probing local
environments in Mathieu lattices support the formation of different discrete diffraction patterns. By varying the
Mathieu lattice ellipticity, the curvature (equal to zero in the periodic lattice) of the lines connecting nearest
neighbor sites, and thus the discrete diffraction pattern, changes.

Figure 2. Discrete diffraction in Mathieu lattice for various probe beam input positions. Numerical (A1) and experimental
(A2) intensity distribution of the Mathieu lattice at the exit crystal face, with arrows in (A1) indicating various input
probe beam positions. The first row shows numerically observed probe beam intensity distributions at the exit crystal face
for the input probe beam positions: 1 (B1), 2 (C1), 3 (D1), 4 (E1), and 5 (F1). The second row presents experimentally
obtained intensity distributions at the crystal exit face for input probe beam positions: 1 (B2), 2 (C2), 3 (D2), 4 (E2),
and 5 (F2). Parameters are: Mathieu lattice order m = 7, ellipticity ¢ = 0, and characteristic structure size a = 30 um,
Liatt = 1, experimental lattice writing beam power P = 0.5mW .

We first use the Mathieu lattice with zero ellipticity (¢ = 0), where the waveguides are distributed along the
circles and the radial spikes. The input probe beam enters the lattice at the leftmost sites (positions 1, 2, and
3 in Fig. 2 (A1) marked with yellow arrows) of the first, second, and fourth circular waveguide array. All three
positions belong to the same radial spike, while positions 4 and 5 (the green arrows in Fig. 2 (A1)) belong to
the most intense (inner) circular waveguide array. We compare the numerical and experimental results of the
probe beam intensity distributions at the crystal back face after 20 mm propagation. For the first input probe
beam position on the lattice edge (marked as position 1 in Fig. 2 (Al)), we observe behavior similar to the
2D discrete diffraction. We will refer to it as the radial 2D discrete diffraction in the truncated elliptical-radial
lattice (Fig. 2 (B1), (B2)). On the same circular waveguide array, at the position (right) opposing the entrance
of the input probe beam, we notice the out-of-order appearance of intensive spots collecting evanescent leakage
of the waveguides from the opposite, left side. When we shift the probe beam input position away from the
lattice edge (position 2 in Fig. 2 (Al)), the two-dimensionality of discrete diffraction is less pronounced at the
expense of separate circular and radial 1D discrete diffractions. For the third probe beam position (position 3
in Fig. 2 (A1)), one notices separated circular and radial 1D discrete diffractions.

Figure 3 displays the propagation distance dependence of the light intensity of probing beams projected to
circles, following the geometry of the lattice. First, we cut the four inner circles (Fig. 3 (A)) at points opposing
the excitation positions 1 and 3 (Fig. 2 (Al)) and show flattened probe intensity distributions in Figs. 3 (B)
and (C), respectively, exhibiting discrete diffraction along circles. At the cut point (the right-hand side position
mentioned in the previous paragraph), i.e., on the edges of distributions in Figs. 3 (B) and (C), the intensity
builds up near the exit side of the crystal, an effect predominantly noticeable on the first circles for both input
positions. According to probe intensity distributions, for input position 1, discrete diffraction appears along
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Figure 3. Discrete diffraction along the circular waveguide arrays. Propagation distance (z) dependence of intensity
distributions (B) and (C), projected to four circles given in (A), for probing beams entering the lattice at positions 1 and
3 in Fig. 2 (A1), respectively. For each circle, the circumference is measured in the angular coordinate 6 starting from
the cut point.

the first four circles (Fig. 3 (B)). For input position 3, discrete diffraction is observed only along the first circle
(Fig. 3 (C)). The discrete edge diffraction is apparent along some truncated spike waveguide arrays in the radial
direction. The transition from 2D to 1D discrete diffraction happens in the truncated elliptical-radial lattice
upon changing the input probe beam position.

The anisotropy of our medium (SBN61:Ce crystal) favors the discrete diffraction in some directions. Hence,
to investigate the influence of crystal anisotropy on light diffraction in the Mathieu lattice, we consider different
input probe beam positions, depicted as positions 1, 4, and 5 in Fig. 2 (A1). Note that all input beam positions
lie on one circular waveguide array. If the crystal did not have the anisotropy, the discrete diffraction would
have resulted in equal intensity distributions for all three points. However, the crystal possesses anisotropy, and
the intensity distributions for the chosen input beams are not identical (Figs. 2(B), (E), and (F)). Therefore, in
such lattices, 2D discrete diffraction is observable only when the input probe beam enters waveguides that are
located at the lattice symmetry axis parallel to the crystal anisotropy direction (c-axis) (Fig. 2(B)).

Figure 4. Influence of Mathieu lattice order m and structural size a on the discrete diffraction patterns in elliptical
waveguide arrays. Numerically (A1-E1) and experimentally (A2-E2) observed intensity distributions of the probe beam
at the exit crystal face for parameters m and a, marked in each panel. The ellipticity ¢ = 5, and other parameters are as
in Fig. 2.

Finally, we investigate how lattice order m and characteristic structure size a influence discrete diffraction

patterns (Fig. 4). Mathieu lattice ellipticity ¢ is set to 5 to observe the effects of discrete diffraction for different
curvatures. Hence, the waveguide arrays are distributed along the ellipse, as well as along the radial spikes. We
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examined the probe beam propagation for three lattice orders, m =7, 9, and 12 (Fig. 4 (A-C)). With increasing
order m, the number of spike waveguide arrays rises, leading to more pronounced 2D discrete diffraction. The
effect of tree characteristic structure sizes, a = 30, 35, and 40 um, on descrete diffraction in Mathieu lattices
was analyzed (Fig. 4 (C-E)). When characteristic structure size a increases, the distance between neighboring
sites grows, lowering the order of discrete diffraction (from 2D to 1D). Controlling m and a, we can maintain
optimal conditions for 1D, 2D, or intermediate discrete diffractions in certain regions, and with the structure
size a variation, we can move those regions.

4. CONCLUSION

In conclusion, we presented an experimental and numerical method for obtaining radial and angular discrete
diffraction in various Mathieu lattices. Mathieu photonic lattices are optically induced in a photorefractive
crystal through one-pass creation in the experiment. They are also a kind of truncated lattices that could
support surface states. Mathieu photonic structures have a broad spectrum of shapes and ellipticity as an
additional degree of freedom, with the waveguides arranged along circles, ellipses, hyperbolas, and radial spikes.
We control radial discrete diffraction by varying the order and characteristic structure size of Mathieu beams
utilized for photonic lattice induction. We observed a dimensionality crossover of radial discrete diffraction from
1D to 2D discrete diffraction by shifting the position of the input probe beam. The most pronounced 2D discrete
diffraction is observed along the crystal anisotropy direction. Our approach provides branching 1D discrete
diffraction along circle/ellipse and spike waveguide arrays in truncated photonic lattices. The findings from this
work pave the way for exploiting light propagation in novel classes of optical lattices without limitation to the
ones studied here. The adaptability and reconfigurability of light-guiding structures are essential in allowing
functionality, demonstrating a substantial advancement in photonics nowadays and making an important step
towards novel, innovative waveguiding applications and light routing approaches. They should be of great
importance in capacity-enhanced optical information processing applications.
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Light manipulation in photonic lattice (PL) is a prime area of investigation and application in optics [1]. PLs provide a huge
platform for investigating discrete light diffraction effects. Discrete diffraction of light was theoretically and experimentally
observed in both one-dimensional (1D) and two-dimensional (2D) structures, as well as in aperiodic or other systems.
Truncating periodic PLs cause additional distortion of the periodicity, resulting in the formation of optical surface states akin
to electronic surface states in periodic systems [2]. The continuous transition from 1D to 2D PLs is an attractive field of study,
with a still open question regarding intermediate states that can occur in such physical systems with dimensionality crossover
that do not exist in either 1D or 2D geometries [3].

Nondiffracting beams, propagation-invariant fields over hundreds of diffraction lengths even in the presence of weak
nonlinearity [4], are ideal for generating 2D PLs and have diverse applications in free-space wireless communications, optical
interconnections, long-distance laser machining, and surgery. There are four fundamental families of such propagation-
invariant light fields: Discrete, Bessel, Mathieu, and Weber nondiffracting beams [5-7]. Among these, Mathieu beams are
preferred for optical lattice writing, enabling solitons, elliptical vortex solitons, and the creation of various aperiodic and
disordered PLs through optical induction in photorefractive crystals, as well as for particle manipulation [8-12].

In this paper, experimentally and theoretically we examine conditions for discrete diffraction occurrence in aperiodic Mathieu
PLs. The unique shape of Mathieu beams enables the creation of naturally truncated aperiodic PLs with our advanced one-
pass experimental realization by optically induction in the photorefractive crystal using a single Mathieu beam [13]. Such
photonic structures in elliptical-radial geometries offer diverse shapes, with circular, elliptical, and hyperbolic waveguide paths
and radial spikes, raising questions about discrete diffraction dimensionality. Mathieu lattice period and the refractive index
modulation are connected via Mathieu beam parameters (the beam order, characteristic structural size, and the ellipticity of the
beam). Different local environments within these lattices during propagation create additional variations in discrete diffraction
effects.

We study weak nonlinear light propagation in various aperiodic Mathieu PLs and experimentally and numerically demonstrate
radial and angular discrete diffraction in them. We are able to control discrete diffraction in the radial direction and shape their
distributions in perpendicular directions: circular, elliptic, or hyperbolic, by modifying the Mathieu beam's order, size, and
ellipticity. Additionally, we investigate the transition from 1D to 2D discrete diffraction, highlighting the significant role of
crystal anisotropy in our medium, with the most prominent 2D discrete diffraction observed along the crystal anisotropy
direction. Our findings lay the groundwork for exploiting light propagation in a novel class of optical lattices, extending beyond
these specific lattice configurations, and generalized to diverse types of optically induced lattices. Such adaptivity and
reconfigurability of light-guiding structures are vital for advancement in modern photonics with a significant step towards
innovative wave-guiding applications and light-routing approaches.
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We focus our experimentally and numerical investigation of weak nonlinear light propagation in various aperiodic Mathieu
lattices optically induced in the photorefractive medium using our advanced one-pass experimental setup. We demonstrate the
transitional dimensionality of discrete diffraction within such radial-elliptical Mathieu photonic lattices. We control the shape
of discrete diffraction distribution over the combination of the radial direction with the circular, elliptic, or hyperbolic through
adjustments of beam order, characteristic structure size, and ellipticity of the Mathieu beams used for the photonic lattices
generation. By varying the input beam position, we investigated the transition from one-dimensional to two-dimensional
diffraction, and we observed the most prominent discrete diffraction along the crystal's anisotropic direction.
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The Raman and Hyper-Raman Scatterings of Light by LO-Phonons in a CdS Crystal Under Excitation Near Resonance
with the An=2 and Bn=1 Exciton Levels Abstract

M Martyanov, S Mironov, A Poteomkin (IAP RAS, Nizhny Novgorod, Russia)
Compact Multipass Yb: KGW Amplifier for Photocathode Laser Driver Abstract

Tuesday, 20 July, 2021

Chair: Maria Komissarova (Russia)

K V Lvov (Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia), S Yu Stremoukhov
(National Research Center "Kurchatov Institute", Moscow, Russia; Faculty of Physics, M.V. Lomonosov Moscow State
University, Moscow, Russia), F V Potemkin (Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow,
Russia)

Anti-Stokes Wing Shift on External Focusing Change Under Mid-IR Filamentation in Dielectrics Abstract

M V Komissarova (Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia), T M Lysak (Faculty of
Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia), I G Zakharova, A
A Kalinovich (Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia)

Parametric Gap Solitons in PT-Symmetric Optical Structures Abstract

K A Barantsev, A N Litvinov (Institute of Physics, Nanotechnology and Telecommunications, Peter the Great
St.Petersburg Polytechnic University, St.-Petersburg, Russia)
Peculiarities of Autobalanced Ramsey Spectroscopy of CPT Resonance in Optically Dense Medium Abstract

M V Ponarina (Oscillation department, Prokhorov General Physics Institute of RAS, Moscow, Russia), A G Okhrimchuk
(Fiber Optics Research Center, Prokhorov General Physics Institute of RAS, Moscow, Russia; D. Mendeleyev University
of Chemical Technology of Russia, Moscow, Russia), T V Dolmatov, M G Rybin (Oscillation department, Prokhorov
General Physics Institute of RAS, Moscow, Russia), E D Obraztsova (Natural Sciences Center, Prokhorov General
Physics Institute of RAS, Moscow, Russia), V V Bukin, P A Obraztsov (Oscillation department, Prokhorov General
Physics Institute of RAS, Moscow, Russia)

Tunable Multi-Wavelength Mode-Locking in Nd: YAG Waveguide Laser Abstract
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Twisted Photonic Lattices Created by Elliptical Mathieu
Beams

I » 7 ~vorri2, D V TiMOTUIEVIGS, C DENZ2, AND D .M JovIC SAVIC!

LInstitute of Physics, 11080, Belgrade, Serbia. Contact Phone: +381113713088
2 Institute of Applied Physics and Center for Nonlinear Science (CeNoS), 48149 , Munster, Germany
3 Institute for Multidisciplinary Research, Belgrade, Serbia
Contact Email: jadranka@ipb.ac.rs

Nondiffracting beams are highly applicable in optics, photonics, and atom physics, peculiar because
their transverse intensity distributions propagate unchanged for hundreds of diffraction lengths and allow
the creation 1D and 2D photonic lattices in photosensitive media[l|. Four different fundamental families
of propagation invariant light fields exist, distinguish in the underlying real space coordinate system:
Discrete, Bessel, Weber, and Mathieu nondiffracting beams [2-5|. Mathieu beams are the solution of
the Helmholtz equation in elliptic cylindrical coordinates [5-7], therefore they are the best suited to
address physical effects in elliptical coordinates. Mathieu beams are classified according to their symmetry
properties as even and odd. Their transverse discrete intensity distributions can be shaped by their order
and an ellipticity parameter. These real-valued beams are characterized by only discrete spatial phase
distributions. By complex superposition of appropriate even and odd Mathieu beams, elliptical Mathieu
beams are obtained, with remarkable continuously modulated spatial phase distributions that act as orbital
angular momenta, related with transverse energy flow [8].

Experimentally and numerically, we investigated linear and nonlinear self-action of elliptical Mathieu
beams in a photorefractive SBN crystal [8]. Linear propagation of elliptic Mathieu beams enables a
nondiffracting transverse intensity distribution with transverse energy redistribution along elliptic paths
compensated in each point. In contrast, their nonlinear self-action in SBN breaks this sensitive equilibrium
and leads to the formation of high-intensity filaments, which rotate in the direction determined by the
energy flow. We show that such filamentation depends on the strength of the nonlinearity and the
structure size of used Mathieu beams. We investigate the nonlinear propagation of such refractive index
formations in SBN crystal and show they are convenient as lattice-writing light to optical induction of
two-dimensional chiral twisted photonic refractive index structures with tunable ellipticity. This study
provides considerably advancing the field of chiral light and photonic structures since we demonstrated
that elliptical Mathieu beams are suitable for the fabrication of two-dimensional photonic lattices with
elliptic trajectories by optical induction technique.
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Linkin Science Conferences

Linkin Science conferences are well crafted and designed by a team of skilled experts. Our conferences are
vast expanded into Medical, life sciences, health care, Engineering and other social sciences. Each conference,
summit or executive briefing is tailored to the sector, topic and audience need. Our event structure varies
depending on issue and market requirements featuring Keynote presentations, Oral talks, Poster presentations,
Young research forum, Exhibitions, roundtables and variable formats.

Welcome to Linkin Science

Linkin Science organizes a wide range of scientific events worldwide and thus evolving to be a hub for
scientists, researchers, doctors, students, industries and delegates. We are dedicated to provide high-quality
online Journals, Conferences, events and information, through unparalleled speaking sessions, workshops and
unique face-to-face networking opportunities. This Scientific Networking creates meaningful relationships
with like-minded professionals that elevate the conference experience for the participants. We value the
research and other scientific prospects and works done by individuals.

We schedule different Medical, Health Care, clinical and engineering conferences to establish divergent
platforms for delegates and other scientific researchers. Each conference, summit or executive briefing is
tailored to the sector, topic and audience need. Our event structure varies depending on issue and market
requirements. Keynote presentations delivered to all works for some content, whilst other conferences feature
multiple breakout sessions, panels, roundtables and variable formats.

A team of highly skilled committee members dwell upon the trending topics of research to create a conference

theme which can be used to exhibit ideas and research works among the scientific group laying the path for
scientific discoveries.
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Welcome Message

Linkin Science welcomes you all to the the Virtual Online Conference On Advancements Of Laser, Optics
& Photonics to be held during September 01-02, 2021. We anticipate, your participation at Laser, Optics &
Photonics 2021 which catalyses ideas and enhance new interdisciplinary collaborations.

Laser, Optics & Photonics 2021 are rapidly expanding by playing a prominent role in many fields. This
Conference is a platform to Industry, Academia, Researchers, Innovators to come together to discuss the
research activities, advancements, ideas and exhibit laser, optics & photonics products.

Laser, optics & photonics is rapidly gaining traction across a range of industries, from agriculture to water
treatment to energy storage. Today, laser, optics & photonics is one of the most innovative, cutting-edge areas
of scientific study and it continues to advance at staggering rates. Laser, optics & photonics have made some
of the greatest advancements in pediatric optometry & skin laser resurfacing. Scientists in the laser, optics &
photonics fields are focused on determining how future drifts in laser, optics & photonics. While laser, optics
& photonics are their recent application & trends in it, the benefits are clear with it. Scientists and engineers
are focused on applying laser, optics & photonics to resolve these issues. Laser, optics & photonics have been
hailed as the next big thing for decades, but it is only now that it is truly becoming a reality in the medical
device space.

Our exciting scientific program will be presented over the course of three days in various session types
Keynote Presentations, Oral sessions, Young research forum, symposia, Poster sessions and workshops.

Highlights of Conference

* Keynote Talks

* Best Poster Awards

* Outstanding Abstract

* Best Research

* Young research Forum (YRF)

Regards,
Scientific Committee
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Experimental realization of chiral photonic lattices

-, Alessandro Zannotti’, D. V. Timotijevic?,

Cornelia Denz?, and D. M. Jovi¢ Savi¢!
L2University of Belgrade, Serbia
3University of Mlinster, Germany

Nondiffracting beams find their applications in optics, photonics, and atom physics. Particularly, their
transverse intensity distribution propagates unchanged for hundreds of diffraction lengths, consequently
allowing the creation of 1D and 2D photonic lattices with nondiffracting beams in photosensitive media.
Low diffraction and robustness of nondiffracting beams make them appropriate for deployment in free-
space wireless communications, optical interconnections, long-distance laser machining, optical tweezers,
biology, surgery, etc. There are four different propagation invariant light fields: Plane waves, Bessel, Weber,
and Mathieu nondiffracting beams. Mathieu beams are the solution of the Helmholtz equation in elliptic
cylindrical coordinates, therefore being the best suited to address physical effects described in elliptical
coordinates. They are classified according to their symmetry properties as even and odd Mathieu beams.
Elliptical Mathieu beams are obtained as a complex superposition of appropriate even and odd Mathieu
beams, with remarkable continuously-modulated spatial phase distributions that create orbital angular
momenta, related with a transverse energy flow. Their transverse intensity distribution can be shaped by
their order and the parameter of ellipticity.

We study linear characteristics and nonlinear self-action of elliptical Mathieu beams in a photorefractive
crystal experimentally and numerically. Linear propagation of such beams validates a nondiffracting
transverse intensity distribution with transverse energy redistribution along elliptic paths compensated
in each point. In contrast, their nonlinear self-action breaks this sensitive equilibrium and leads to the
formation of high-intensity filaments, which rotate in the direction determined by the energy flow. Our study
advances the field of chiral light and photonic structures by pointing to the suitability of Elliptical Mathieu
beams as light patterns for optical induction of chirally twisted photonic lattices with elliptic envelopes in
the transverse plane. The order of used Elliptical Mathieu beam determines the number of created chiral
waveguides, where the waveguides slopes can be manipulated by changing the nonlinearity strength or the
structure size of the used beam.

Biography

Dr. Jadranka M. Vasiljevi¢ received her Ph.D. degree in 2020 at the Faculty of Physics at Belgrade University, Serbia. Since
2015 she joined the research group of Dr. DraganaJovi¢Savi¢ at the Institute of Physics, University of Belgrade, Serbia. She
is part of the Laboratory for Nonlinear Photonics at the Institute of Physics, University of Belgrade, Serbia. Her research area
is Nonlinear Optics and Photonics. Currently, research interests are nondiffracting beams, in particular, based on the family of
Mathieu beams. She is studying the realization of two-dimensional dynamical structures in the photorefractive medium by Mathieu
beams, aperiodic and complex structures with Mathieu beams, and investigating phenomena correlated with light propagation in
Mathieu photonic lattices.

\_ Notes:
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Conference Program

DAY 1: Wednesday 1t September 2021 EDT Time Zone

09:00-09:30

09:30-10:05
Keynote

10:05-10:40
Keynote

10:40-11:15
Keynote

11:15-11:35

11:35-12:00
Oral Session

12:00-12:25
Oral Session

12:25-12:50

12:50-13:15
Oral Session

13:15-13:35

13:35-13:50
Poster
Presentation

Opening Session
Welcome Address

Photonics in Radar and LiDAR Systems
Paulo Pereira Monteiro, University of Aveiro, Portugal (Local Time: 14:30)

Creating Materials with a desired Refraction Coefficient
Alexander G. Ramm, Kansas State University, USA (Local Time: 09:05)

Cryogenic Laser Technology
David C Brown, Fellow of The Optical Society of America, Advanced Pho
tonic Sciences, USA (Local Time: 10:40)

Break Out Session/ Networking Lounge 20 mins

Multi-Electron Trojan Wave Packets in the Circularly Polarized
and the Magnetic Fields on the Multi-layer Langmuir Type (1)
Trajectories in Helium Atoms and Quantum Dots

Matt Kalinski, Utah State University, USA (Local Time: 09:35)

Application of lasers in phosphor material development for
solid-state lighting
Hisham Menkara, PhosphorTech Corporation, USA (Local Time: 12:00)

=, University of Belgrade, Serbia (Local Time: 18:25)

Application of ultra-short pulse lasers in the restauration of
historical stained-glass
Luis A Angurel, University of Zaragoza, Spain (Local Time: 18:50)

Break Out Session/ Networking Lounge 20 mins

LED Photobiomodulation therapy combined with biomaterial

as a scaffold promotes better bone quality in the dental alveolus in an
experimental extraction model

Vanessa Dalapria, UNINOVE- Nove de Julho University, Brazil (Local
Time: 14:35)
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Webinar Speakers
Timings Timings
07:00 — 07:10 Introduction

3 Keynote Sessions-1

Title: Shape Memory Effect and Atomic Scale Aspects of Reversibility in Shape

07:10 — 07:45  10:10 — 10:45 Memory Alloys

Osman Adiguzel, Firat University, Turkey.

Title: Recent advance of laser lipolysis
07:45— 08:20 15:45 — 16:20

Bin Chen, Xi’an Jiaotong University, China.

Title: Plasmonics and Plasmonic Metamaterials Using Random Metal

Nanostructures for High Efficiency Light-Emitting Devices
08:20 — 08:55 17:20 —17:55

Koichi Okamoto, Osaka Metropolitan University, Japan.

Title: Nucleation and Dynamics of Chiral Spin Textures in Topological Materials

08:55 - 09:30  19:55 — 20:30 Oleg Tretiakov, University of New South Wales, Australia.

Title: Composite photonic structures: generation and light propagation in them
09:30 —10:05 10:30 — 11:05

S nstitute of Physics, Serbia.

Title: Photoalighment and photopatterning based on nanosize azodye layers for
10:05 - 10:40  18:05 — 18:40 new liquid crystal display and photonics devices

Vladimir Chigrinov, Hong Kong University of Science and Technology, Hong
Kong.

3 Invited Sessions
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Title: Compressive sensing based imaging spectropolarimetry
10:40 — 11:00 18:40 — 19:00

Wenyi Ren, Northwest Agriculture & Forestry University, China.

Title: Tunable Tm-Yap based laser for Bio-medical applications
11:00 — 11:20 13:00 — 13:20
3 3 Salman Noach, Jerusalem College of Technology, Israel.

Title: A Polarized Digital Holographic Approach in Biological and Medical

11:20 — 11:40  12:20 — 12:40 Research
Maria Antonietta Ferrara, Institute of Applied Sciences and Intelligent
Systems, National Research Council of Italy, Italy.

Title: Quantum-Classical Mechanics: Principles, Applications, and Prospects
11:40 = 12:00  14:40 —15:00 Vladimir Valentinovich Egorov, FSRC “Crystallography and Photonics”,
Russia.

Title: lll-V light-emitting diodes and laser diodes
12:00 —12:20  17:00 — 17:20
7 7 Usman | Muhammad, Ghulam Ishaq Khan Institute of Engineering
Sciences and Technology, Pakistan.

Title: Microcavities with embedded quantum dots as an example of polaritonic
12:20 —12:40 14:20 — 14:40 structure

Konstantin V. Gumennik, A.A. Galkin Donetsk Institute for Physics and
Engineering, Russia.

$ Keynote Session-2

Title: Study on Environmental Factors Impacts to Underwater Wireless Optical
Communication
12:40 — 13:15 20:40 — 21:15

Shien-Kuei Liaw, National Taiwan University of Science and Technology,
Taiwan.




13:15 — 13:50

16:15 — 16:50

Title: Micropores containing quantum dots as an example of a polaritonic
structure

Vladimir V Rumyantsev, A.A. Galkin Donetsk Institute for Physics and
Engineering, Russia.

13:50 — 14:50

16:50 — 17:50

Title: Review of the New Unitary Quantum Theory
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Composite photonic structures: generation and light propagation in them

J. M. Vasiljevié!, D. V. Timotijevi¢?, D. M. Jovié¢ Savi¢?

LInstitute of Physics, University of Belgrade, P.O. Box 68, 11001 Belgrade, Serbia
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Country: Serbia

Presentation Category: Oral Presentation

Abstract: Nondiffracting beams are highly applicable in optics, photonics, and atom physics,
because their transverse intensity distributions propagate unchanged for hundreds of diffraction
lengths and allow the creation of 1D and 2D photonic lattices in photosensitive media [1].
Depending on coordinate system four fundamental families of propagation invariant light fields
exist: Discrete, Bessel, Weber, and Mathieu nondiffracting beams [2-4]. Mathieu beams are the
solution of the Helmholtz equation in elliptic cylindrical coordinates [4-6]. According to their
symmetry properties they are classified as even and odd. Their order and an ellipticity parameter
can shape their transverse discrete intensity distributions.

Deterministic aperiodic or complex photonic structures are at the intersection between periodic
and disorder crystal structures. In optics, the properties of such structures have been studied, as
appealing structures for the control and manipulation of light. Various aperiodic and
quasiperiodic photonic structures are realized artificially and light propagation is investigated in
them. We experimentally realized the aperiodic photonic structures with controllable complexity,
created by different combinations of Mathieu beams, by splicing them in both transverse
dimensions in different offsets [7] and we studied light localization in them. In such lattice, light
expansion is hindered in comparison to periodic lattice and nonlinear light localization is
demonstrated [8].

Furthermore, we numerically modeled two different randomization methods of photonic lattices
[9]. We compare the results of light propagation in disordered aperiodic Mathieu lattices and
disordered periodic lattices. In disordered aperiodic lattice disorder always enhances light
transport for both methods, contrary to the disordered periodic lattice. For the highest disorder
levels, we detect Anderson localization for both methods and both disordered lattices. More
pronounced localization is observed for disordered aperiodic lattices.
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1. ®OHA, 3A HAYRY PENYB/IUKE CPBMIE, ca peructpoBaHum ceauwTtem y Beorpagy, yn. HemawmuHa 22-26,
Beorpag, matuunm 6poj 17921410, NUE 111343775, 6poj pauyHa KIC 840-670723-30, kora 3actyna ap Munuua
bypuh-Josuuuh, B.4. aupexTopa (y Aasbem Tekcty: DoHa 3a Hayky),

ca jeaHe cTpaHe,

2. Peanu3atop UCTpaXuBarba/KOPMCHHUK cpeacTaBa 0406peHux 3a puHaHcuparbe NpojexTa (y Aasbem TEKCTY CBaKU
04, HaBegeHux NOjeANHAYHO O03HA4YeH Kao KOpMCHMK cpeacTaBa, a CBM 33je\HHYKM O3HauYeHW Kao KopucHMum
cpeacrasa):
2.1. AKpepuTOBaHa HaYYHOMCTPaMMBauKa opranusauuja — HUO WMuctutyT 33 du3uKky Beorpap,
Yuusep3uter y bBeorpagy (Hasus Hay4HOMCTPaKMBAYKe OpraHusauMje), ca ceguwTem Ha agpecu
Nperpesnua 118, beorpaa-3emyH, MUB: 100105980, matuiHu 6poj: 07018029, Kojy 3acTyna AnekcaHaap
Borojesuh (ume u npesume ocobe oBnawhene 3a 3acTynarbe), AMPeKTOp, KOja je HOCUNay peanusauuje
MNpojexTa (y aasbem Texkcry: Hocunay Mpojexra);

2.2. AkpeauTOBaHe HayYHOMCTPaXKMBaYKe opraHusaumje — HUO (y aarmem TekcTy: YuecHuum MNpojekTa):

1) MHCTMTYT 33 MyNTMAWCUMNAMHAPHA WCTPaMWBara, YHusepauter y Beorpagy (Hasue
Hay4HOMCTPaXMBayYKe OpraHusaumje), ca ceauwrem Ha appecu Kuesa Buwecnasa 1, Beorpaa-
Yykapuua, NMKB: 101012100, matuunK 6poj: 07002068, kojy 3acTyna Aiparuua Crankosuh (ume u
npesume ocobe osnawhene 3a 3actynare), aupexTop (y Aamem Tekcry: YuecHuk Mpojexra);

3. [parana Josuh Casuh (Wme n npesume pykosoguoua Mpojekrta), 3anocneHa y HAO MHCTUTYT 33 du3uky
Beorpag, Yuusep3uter y beorpaay Hocuouy MpojekTa (y aamem Tekcry: Pyxosogunay Npojexra),

ca Apyre cTpaxe,



Science Fund of the Republic of Serbia Program IDEAS

3. Implementation Plan
3.1. Credentials of PI and members of Project team

e Describe strong points of credentials of the Pl and the members of the Project team.

e Describe the complementarity and synergy of the members of the Project team for the proposed research.
How will they match the Project’s objectives and bring together the necessary expertise?

e Provide a list of members of the Project team in Table 3.1 and their involvement, as a textual description.

PI Dr. Dragana Jovi¢ Savi¢ (maiden name: Dragana Jovi¢) is leading a small, but tremendously successful
group focusing on the theoretical and numerical work that can provide predictions of dynamic and stationary
effects in photonic crystals physics as well as their experimental realization. She is working for more than 15
years successfully in the field of nonlinear optics and photonics. Starting from the theoretical research of
photorefractive spatial solitons, photonic lattices, and counterpropagating beams, her focus shifted gradually
toward surface solitons and solid-state phenomena such as Anderson localization of light in photonic lattices.
Her experimental experience started with her Alexander von Humboldt Fellowship hosted in the Institute of
Applied physics, Minster and carried on with DAAD projects. Dr. Jovi¢ Savi¢ established a Nonlinear
Photonics laboratory and a team of researches — the primary source for CompsLight project members. In this
Lab, they have successfully realized experimental results such as the realization of quasi-periodic Fibonacci
waveguide arrays or defect-guiding of Airy beams in optically induced waveguide arrays. The group has
extended its research from theoretical and numerical modeling to complete experimental investigations, and
in the last ten years, the team has been advancing their experimental experience.

Dr. Dejan Timotijevic¢ is an experienced researcher in the field of nonlinear optics and metamaterials for
more than 30 years, notably giving a foundation of relaxation method for modeling photorefractive materials.
He has extensive applicative experience working in an industrial environment as a developer of major scientific
visualization software (OriginLab) and in bioinformatics.

MSc Jadranka Vasiljevi¢ has recently started her Ph.D. studies, and her thesis is supervised by Dr. Jovi¢
Savi¢. She was included in the DAAD project and spent a few months at Institute for Applied physics in
Muenster, where she got a huge experimental experience working on an experiment with an optical induction
technique.

Prof. Dr. Milivoj Beli¢ is a world leader in nonlinear photonics; he played an active role in the development
of the key concepts of the field as well as theoretical prediction of many effects. He published more than 600
peer-reviewed papers, with more than 7000 citations and his h-index is 39. He is currently a Full Professor at
Texas A&M University in Doha, Qatar. In his previous engagement, as Principal research fellow at the Institute
of Physics, Belgrade, he initiated nonlinear optics and photonics research in Serbia. He mentored numerous
Ph.D. students in this research field, among them Dr. Jovi¢ Savi¢ and Dr. Timotijevi¢. He is an internationally
well-known expert in nonlinear optics, nonlinear photonics as well as light propagation in photonic crystals
and photonic lattices.

All project tasks require a strong synergy and interaction of the team members and their complementary
expertise. The planned research program includes continuous, strong interaction of project members and the
synergy effect of their complementary expertise: theory, numerics, and experiments in nonlinear photonics.
That in turn will guarantee high-quality execution of the project, strong education of students, and will allow
new exciting results. The interaction of the project members during the project will rely on personal meetings,
discussions, and continuous exchange of information during the years. Our collaboration in the past years has
been organized along these lines. It has been very successful and resulted in a number of joint publications in
the leading journals.

Table 3.1. Members of the Project team

ID | Name and family name SRO Person-months Effective person-months
Pl |Dr. Dragana Jovi¢ Savi¢ |Institute of Physics Belgrade 12 10.8
P1 |Dr. Dejan Timotijevi¢  |Institute of Physics Belgrade 12 10.8
ka Vasilje . Lz o8
P3 Prof. Dr. Milivoj Beli¢ [Texas A&M University Qatar| 12 10.8
Total Person-months: [Total Effective person-months:
48 43.2
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e Involvement and roles of the key members of the Project team, as a textual description. Describe in what way
each of them will contribute to the proposed research. Show that each has a valid role and adequate resources
in the Project to fulfill that role.

Dr. Jovi¢ Savi¢ will coordinate all steps necessary for successful project outcomes. She will directly
contribute to all aspects in each phase of the project and take particular care of befitting visibility of the project
results via publications in highly-ranked scientific journals and presentations at international conferences.

Dr. Timotijevi¢ with his experience helps the team in developing theoretical models and numerical codes
for solving complex physical problems. His theoretical and numerical work can provide predictions of
dynamical and static physical effects in complex photonic systems and the conditions for their experimental
realization. He will work with Dr. Jovi¢ Savi¢ on the integration of numerical codes and the estimation of
optimal experimental parameters.

Prof. Dr. Beli¢ possesses an extensive teaching and research experience. He demonstrated a leadership role
in the fundamental science programs including programs in nonlinear photonics. He is shaping the fundamental
science programs and establishing a long-term strategy for aligning the goals of this project with new research
directions. His experience and deep understanding of similar research topics will be instrumental in the
realization of the CompsLight project. His main contribution will be in designing theoretical models for
describing processes that take place in SBN crystal.

All key members have full access to the work environment, literature, communication, computer and
laboratory setup.

The first period will be used to test new equipment and to prepare set-up for the fabrication of appropriate
photonic structures (Dr. Jovi¢ Savi¢, Dr. Timotijevi¢, MSc Vasiljevic). Using numerical simulations we will
provide appropriate experimental data with the help of colleagues who have long experience in making
numerical codes (Dr. Timotijevi¢). We will also analyze obtained experimental results, explore the problems
in depth, discuss the relevant issues, and define the physical models (Dr. Jovi¢ Savi¢, Dr. Timotijevi¢, MSc
Vasiljevi¢, Prof. Dr. Beli¢). We will test and run the numerical codes for simulation of the experiment, and
then collect numerical results and compare them with the experimental data (MSc Vasiljevi¢, Dr. Jovi¢ Savic,
Dr. Timotijevi¢).

3.2. Implementation plan

The Project implementation plan includes:
e abrief presentation of the overall structure of the work plan;
e detailed work description:

a list of work packages® (WP) (table 3.2a);

a description of each work package (table 3.2b);
a list of major deliverables (table 3.2¢);

a list of milestones® (table 3.2d);

o alist of budget headings (table 3.2.e);

O O O O

e timing of the different work packages and their components; fill out a Gantt chart (following the template
available within Project documentation for this Program and Open call published on
http://fondzanauku.gov.rs/) to match the implementation plan of this Project and upload it. Please use the
template provided.

e Note: Data in Tables 3.2a—3.2d must match the Gantt chart.

3 «“Work package” means a major sub-division of the proposed Project.

34 «“Milestones” are control points in the Project that help to chart progress. Milestones may correspond to the completion
of a key deliverable, allowing the next phase of the work to begin. They may also be needed at intermediary points so
that, if problems have arisen, corrective measures can be taken.
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Table 3.2a: List of work packages (WP)

Program IDEAS

WP
WP Lead - Total calendar
PP WP title SRO’s Coordinator - Start End month | months of WP
No team month ;
acronym , duration
member’s ID
1 Genel_ratlon_ of DAPL using IPB p| 1 12 12
non-diffracting beams
Light propagation effects in
2 DAPL IPB P1 13 24 12
Generation of randomized IPB
3 DAPL P1 25 27 3
4 randomized DAPL " = - - = "
3.2b: Work package description
Work package 1 Work'package Generation of DAPL using non-diffracting beams
number title
Lead SRO’s acronym IPB
WP Coordinator - Pl
team member’s 1D
Team members™ 1Ds PI, P1, P2, P3
Objectives

This WP is aimed to establish the method to generate and experimentally realize various kinds of non-
diffracting beams and investigate the conditions for their existence and propagation. The aim is to extend
these concepts to the mutual interaction of two or more beams for their incorporation into complex photonic
systems that will be used for the generation of photonic lattices. These reconfigurable and adaptive photonic
lattices will be created by laser light in nonlinear refractive index materials. We aim at designing
deterministic aperiodic photonic crystal structures, based on such flexible optical induction technique.

Description of work (where appropriate, broken down into sub-activities), and role of the team members

This WP covers the investigation of complex non-diffracting beam propagation, their interaction in
photorefractive media, as well as the application in designing complex DAPL with different classes of these
beams or such compound beams, using the various beam size, relative distance and phase difference
between two or more beams or beam couples. This work package contains the following sub-activities:

S1.1 Provide numerical codes for the experimental realization of different classes of non-diffracting beams
using spatial light modulator (SLM) (P1, P2)

S1.2 Prepare the experimental setup for the generation of such beams, their propagation, and interaction
(P1, P2)

S1.3 Defining theoretical model and prepare numerical code for finding the best parameters of propagation
and interaction of such beams as well as generation of DAPL (PI, P1, P2, P3)

S1.4 Modification of the experimental setup and generation of complex DAPL (P2)

S1.5 Collecting and comparing experimental and numerical data, writing the research papers (PI, P1, P2)

Deliverables of the work package (brief description and month of delivery)

D1.1 Refined theoretical model and corresponding numerical code for DAPL prediction (6th month)

D1.2 Experimentally generated optically induced DAPL using multiple non-diffracting beams (12th
month)
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YHusepauteT y Kparyjesuy
NPUPOOHO-MATEMATUYKK
OAKYNTET

Pagoja [lomaroeuha 12, 34000 Kparyjesau, CpGuja

Bpoj:g?/fél
Hartym: 23. 10. 2024,
KparyjeBan

Radoja Domanovi¢a 12, 34000 Kragujevac‘ Serbia

HucruryTy 3a pusuky
Vuusepsurer y beorpany
IIperpesuna 118
11080 Beorpan

[Ipeamet: 3axTes 3a JaBabe CATJIACHOCTH HA AHTAMKOBALE HACTaABHUKA HAa IIpHpoaHO-MaTeMATHYKOM
dakyarery y KparyjeBuy Ha J0KTOPCKMM aKajaeMcKuM cTyaujama Ousnke

OGpaham Bam ce ca MonGom ja 3a notpebe IpuponHo-marematHukor Qaxkynrera YHUBEp3uTeTa y
KparyjeBily jgare carjlacHOCT 3a paj y AOIMYHCKOM pajaHoM ojgHocy 10 30% myHor pagHor BpemeHa Ap
Jaapanku BacumeBuh 3a notpeGe ofp)kaBara HacTaBe y mikosickoj 2024/2025. roquuy Ha peanusaLiji
HacTaBe U3 npeaMera: _

*  OnroenexkTponuka, u3bopHd mnpeamer Ha JIOKTOpPCKMM akajeMcKuM cTyaujama Dusuke ca

Heae/bHUM QOHIOM NpejaBatba O 5 yacoBa U 2 yaca CTY/MjCKOT MCTPaKUBAUYKOr pajia.

»  duzuka gacepa, n3bopuu npeamer Ha JJOKTOPCKUM akaJeMCKHM cTyaujama DU3HKe ca HeAS/LHIM
donom npesaBama o7 5 4acoBa K 2 yaca CTyJMjCKOT HCTpaKMBavKoOr paja.

Vkynuo onrepeheme Ha JJAC dusnke [IM®D-a y Kparyjepuy uznocu 0,70, ca ykynHo 30% paaxor
BpeMeHa y mkosickoj 2024/2025. roauHu..

3amonunu Gu Bac ma y CarjlacHOCTH, Ha OCHOBY HOBMX VYIycraBa 3a NpUMpeMy JAOKyMEHTaluje
CTYAM]CKUX MpOrpama JOKTOPCKUX aKafeMCKUX CTy/ja, HaBezeTe crejehe:
-ontepehierse Koje np Jaapanka BacusbeBuh nma Ha paeM MHcTUTYyTY,
-ontepeherse y Apyrum ycraHosama rae je Beh mara carnacHocT (ykonHko je ap Jagpanka Bacusbesuh jou
Her/Jie aHra)KOBaHa) U
-ontepehierse koje fie ap Janpanke BacusseBuh umatu Ha [IM®-y Kparyjesity u koje usHocu 0,70 4acosa.

[Nopen Tora, mpeMa YmycTBuMa, NoTpeOHO je U ia HaM J0CTaBUTE:
-Outyky o u3bopy ap Jagpanke Bacumbesuh na Bamem MHcTuTyTY M
-notnucany HUsjasy np Janpanke Bacuibesuh kojoM norephyje nogatke koju cy HasenaeHu y CarnacHOCTH.

C noliutoBamem, _
ey e
Jr o Jekan C
[TpuposHO-M BTCM&TH'-I?OF ¢akynrera y Kparyjesity

( b‘ﬁl } /‘:‘ K— 5
ot [ I Y L
Tpod- - Mapuja Cranuh

LleHTpana: 034 336 223 Jekanat: 034 335 039 « Cekperap: 034 300 245 » Cryaexrcka cnyx6a: 034 300 260 » Paxc: 034 335 040

Phone: +381 34 336 223 « Dean’s office +381 34 335 039 « Secretary Office +381 34 300 245
Administrative student office +381 34 300 260 « Fax +381 34 335 040

www.pmfkg.acrs e e-mail: pmfkrag@kg.ac.rs




YHWUBEP3UTET ¥ BEOTPAAY
UHCTUTYT 3A OU3UKY IBEOTPA
MHCTUTYT Off HAUMOHAJIHOT 3HAYAJA 3A PEMYBAUKY CPBUJY

Mperpeeuya 118, 11080 3emyH - beorpag, Penybnuka Cpbuja
TenegoH: +381 11 3713000, Qakc: +381 11 3162190, www.ipb.ac.rs
MKB: 100105980, MaTiuHu 6poj: 07018029, Tekyhin pauyk: 205-66984-23

YHHUBEEIHTET ¥ EECFRAAY

WHCTUTYT 3A GUIMKHY ’ EEOTPAN

%‘; HETWTYT of HAUWOHANHOT
SHAMALA 34 PENYENUKRY CPEKIY

PEITYBJIMKA CPBEUIA :
Yuusepsuter y Kparyjepiy
[pupojHo-MaTemaTuiky GaKynTer

N www.iph.ac.rs
™6 Epoj D&)l ~ | 153/2_
S | ﬂawm O% '2 . lDLl 5

[omrrosanu,

Ha ocuoBy Bawer monmca 6poj 8/422 ox 5.12.2022. romuse n0cTaB/bamo Bam
caraacioct a Ap Jaapanka Bacusesuh, 3anocnena Ha UnctutyTy 3a Qusuky y Beorpay,
Oyne anraxosana Ha [lpupomHo-MaTemaTnukoM ¢akynrery y Kparyjeeny sa norpebe
OZipiKaBtba HacTaBe u3 npeamera OnroenekTponnka n ®usuka Jgacepa ca ykynHo 30%
MOCTO paJHOr BpeMeHa y 1ikojckoj 2022/23.

Kosernnuua Bacusbesuh je anraxoana ca 100% pajHor BpeMena Ha HuetutyTy 3a
(u3uKy ¥ Huje aHraKoBaHa y ApPYruM MHCTUTYUMjama. Onrtepherbe Koje he ap Jaapanka
Bacusberuh umati na JIAC dusuxe [IM® y Kparyjesity ustocu 0,70 yacosa.

C noluroBameM,

JIMPEKTOP MHCTUTYTA 3A ®U3UKY V BEOT

Y beorpany,
09.12.2022. roguue



Mperpesuua 118, 11080 3emyH - Beorpag, Peny6nuka Cpbuja
Tenedon: +381 11 3713000, ®axc: +381 11 3162190, www.ipb.ac.rs
MKB: 100105980, MatnuHwn 6poj: 07018029, Tekyhwm pauyH: 205-66984-23

YHWUBEP3UTET ¥ BEOTPAAY
NHCTUTYT 3A OU3UKY IBEOTPAL]
MWHCTUTYT O4 HALMOHANIHOT 3HAYAJA 3A PENYBAUKY CPBNJY

o e MHCTHTVT 34 OHAMKY | BEOIPAL

PEITYBJIMKA CPBHUIA % o3 g UHOHATHOT

Yuusepsutet y Kparyjepiy @ . e
IpupoaHo-MaTeMaTHUK (aKyJITeT -

pupon (paky Bp0j S‘_EO‘__ iq;(jbsj_-%__

HU3JABA

Ja none nornucana, Jaapanka Bacusbeuh, u3japibyjem ga cy CBH MOJALM HABEIEHH Y
aonucy 0801-1759/2 ox 09.12.2022. rogune UnctuTyTa 32 husuky y beorpany Tausu.

WsjaBy najem pajau perynucalmby MOT aHrakoBawa Ha [IpHpOIHO-MaTeMaTHUKOM
Gbaxyntety y KparyjeBily Ha DOKTOPCKHM akaleMcKuM cryaujama ®H3HKe HA HACTABHOM
npeamery OnroenexkTponnka u Pusuka Jacepa ca ykynHo 30 % mocro pagHor BpemMeHa y
wKosckoj 2022/23.

C noToBameM,

Jp Janpanka BacusbeBuh

\ygc{ au rbﬁgfj‘ '

V Beorpany,
09.12.2022. roguue
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Peny6auxa Cpbuja
MUHHUCTAPCTBO ITPOCBETE,
HAYKE H TEXHOJIOIHKOI' PA3BOJA R0+ 197/ {
MarTnyny nayunn o16op 3a Gu3HRY ' i

Bpoj: 660-01-4/2020-14/38
22.01,2021. roaunc
Beorpaa
Ha ocsoBy unana 27. crag 1 Tauka l) u unana 76. crap 5. 3akoHa 0 Haylmu M
nerpasnBaminva  (.CayxbeHy riacHHK Penyonuke Cpouje”. Gp. 49/2019) u llpasnaniuka o
MOCTYIIKY. HAYHiY BPE/AHOBAA H KBAHTHTATHBHOM HCKa3UBakby HAYUHOHCTPAKHBAUKHX Pe3yITaTa
nerpasisaua (..Ciyxdenn raacHnk Penybmike Cpouje”. Gpoj 24716, 21/17 u 38/17) 1 3axTCBa KOJH
je noaneo

UucruryT 3a Gusuxy y beorpaay
MaTtuunn Hay4Hii 0,100p 3a GIIHKY HA CEANHIH onprkanoj 22,01.2021. rounHe, 10HEO je

OJIYKY
O CTULAIY HAYYHOI 3BAIbA

IIp Jaapanka Bacusbesnh
CTHYE HAYHHO 3BaAhe
Hayunn capajHik
y 00:1aCTH NPUPO/IHO-MATEMATHUKHX HayKa - pusnka
OBFBPA310XETH ®BE

HucrutyT 3a dusuky y beorpaiy

vrepuio je npeanor 6poj 0801-1175/1 o1 16.12.2020. roausc Ha ceannun Hayanor seha Mucturyra
sa ¢u3uky y beorpaay i MoHeo 3axTes Mariunon HayaHoM oadopy 3a dusuxy 6poj 0801-1201/1
0 17.12.2020. roamue 3a JAOHOMIEHE OUIYKE O HCIYHEHOCTH YCioBa 34 CTHIIAMLE HAYUYHOI' 3BaILA
Haysun capaiHik.

MarHuiH HayuHH 0100p 32 QH3HKY HA CEAHHLIH O] paanoj 22.01.2021. rowine pasmatpao
je 3axTeR H YTBPAMO Jd MMEHOBANA HCTIYIbARA YCI0BC W3 “.1aHa 76. cTap 5. 3akoHa O Haylli H
nerpakuBaibima  (LCaymbeny riacHuK PenyGauke Cpbuje”, &p. 49/2019) n [Ipapuanuka o
HOCTYIIKY. HAUNHY BPEAHOBAhA 1 KBAHTHTATHBHOM HCKa3HBALY 1AV 4 HOHCTPAKUBAUKHX pe3yaTata
nerpakiada (.CaysxOeHu rnacnnk Penybaike CpGuje”. 6poj 24/16. 21/17 w 38/17) 3a cTHuame
hayuHor 3arsa Hayunu capajinuK 1a je OjUly HO Kao y H3peLH OBe OANYKE.

JloHoLUeILEM OBC OUIYKE HMEHOBAHA CTHYE CBa Npasa Koja joj Ha OCHOBY H:C N0 3aKOHY
npunagajy.

OnnyKy A0CTaBHTH [10/IHOCHOLLY 3aXTeBa. MMEHOBAHO] ¥ apxHBH MHHHCTAPCTBA NPOCBCTE,
HayKe W TEXIO/I0LIKOI pa3soja y beorpany.

MHIHHCTAP MATHYITH HAYYHHA O/IBOP 3A ®H3HUKY
[PEJCEJIHUK

npod. 1p Muaan lamianosuh
%

bpanko Pyxuh
{rﬁ B e

o




Book of abstracts

<
Y %
~ \;

PHOTONICA2021

VIl International School and Conference on Photonics

& HEMMAGINERO workshop

23 - 27 August 2021,
Belgrade, Serbia

Editors
Mihailo Rabasovi¢, Marina Leki¢ and Aleksandar Krmpot
Institute of Physics Belgrade, Serbia

Belgrade, 2021



ABSTRACTS OF TUTORIAL, KEYNOTE, INVITED LECTURES,
PROGRESS REPORTS AND CONTRIBUTED PAPERS

of

V111 International School and Conference on Photonics
PHOTONICA2021

23 - 27 August 2021
Belgrade Serbia

Editors
Mihailo Rabasovi¢, Marina Leki¢ and Aleksandar Krmpot

Publisher

Institute of Physics Belgrade
Pregrevica 118

11080 Belgrade, Serbia

Printed by
Serbian Academy of Sciences and Arts

Number of copies
200

ISBN 978-86-82441-53-3

CIP - Katanorusauwnja y nybnmkaumjn - HapogHa 6ubnunoteka Cpbuje, beorpag
535(048)

621.37/.39:535(048)

621.37/.39:535]:61(048)

66.017/.018(048)

INTERNATIONAL School and Conference on Photonic (8; 2021; Beograd)

Book of abstracts / VIII International School and Conference on Photonics PHOTONICA2021 &
HEMMAGINERO workshop, 23 - 27 August 2021, Belgrade, Serbia; editors Mihailo Rabasovig,
Marina Leki¢ and Aleksandar Krmpot. - Belgrade: Institute of Physics, 2021 (Belgrade: SASA). - V,
192 str.: ilustr.; 30 cm

Tiraz 200. - Bibliografija uz veéinu apstrakata. - Registar.

ISBN 978-86-82441-53-3
1. Hemmaginero Workshop (2021; Beograd)

a) Ontuka -- Anctpaktn 6) OnTnykm matepujanm -- AnctpakTn B) OnToenekTpoHmka -- ANCTpakTu r)
OnToenekTpoHuKa -- buomeamuuHa -- Ancrtpaktu 4) TenekoMyHukauunje -- ANCTpakTm

COBISS.SR-ID 44290057




PHOTONICA 2021 (VIHI International School and Conference on Photonics - www.photonica.ac.rs) is
organized by Institute of Physics Belgrade, University of Belgrade (www.ipb.ac.rs), Serbian Academy of
Sciences and Arts (www.sanu.ac.rs), and Optical Society of Serbia (www.0ds.org.rs).

4 SN
Jea®
\% B“E 47 Serbian Academy of
Institute of Physics Belgrade }31- ©  Sciences and Arts

)

Optical Society of Serbia

PHOTONICA 2021 is organized under auspices and with support of the Ministry of Education, Science and

Technological Development, Serbia (www.mpn.gov.rs).

The support of the sponsors of PHOTONICA 2021 is gratefully acknowledged:

OSA/1C0

The Optical Society Since 1916

LRM ...

Optical Society of Serbia

Since 1948

LJ u blja na / Sloven Ija Ministry of Educaton, Science and |

Technological Development
of the Republic of Serbia

RIMGroup

2D HTE

¥,

Telekom Srbija R


http://www.photonica.ac.rs/
http://www.ipb.ac.rs/
http://www.sanu.ac.rs/
http://www.ods.org.rs/
http://www.mpn.gov.rs/

i
WHITE DWARF OPCPA S W
for few-cycle pulse

The White Dwarf OPCPA offers extremly short pulse
durations with optional CEP stability in a compact,
robust package.

AVERAGE POWER ]G 2Pindynamics.

5 W (?l « Superconductivity
WAVELENGTH OPTIONS

800 nm 2000 nm

PULSE DURATION ‘%@/X - Cluster and gasphase
9 fg dynamics

PUMPED BY

Coherent Monaco %

CEP stability ’:@“? . Attosgcond dynamics
Optional ‘>'<‘ in solids and gases

Let's connect

. . ¥
www.class5photonics.com L 4




Committees

Scientific Committee

Aleksandar Krmpot, Serbia
Aleksandra Maluckov, Serbia
Bojan Resan, Switzerland
Boris Malomed, Israel
Branislav Jelenkovié, Serbia
Carsten Ronning, Germany
Concita Sibilia, Italy

Darko Zibar, Denmark
Dmitry Budker, Germany
Dragan Indin, United Kingdom
Edik Rafailov, United Kingdom
Francesco Cataliotti, Italy
Giannis Zacharakis, Greece
Goran Isi¢, Serbia

Goran Masanovi¢, United Kingdom
Ivana Vasié¢, Serbia

Jasna Crnjanski, Serbia
Jelena Radovanovi¢, Serbia
Jelena Stasi¢, Serbia

Jerker Widengren, Sweden
Jovan Baji¢, Serbia

Ljupco Hadzievski, Serbia
Luca Antonelli,UK

Marco Canepari, France
Marko Krsti¢, Serbia

Marko Spasenovi¢, Serbia
Milan Kovacevic¢, Serbia
Milena MiloSevié, Serbia
Milivoj Beli¢, Qatar

Mirjana Novakovi¢, Serbia
Nikola Stojanovi¢, Germany
Nikola Vukovi¢, Serbia
Nikos Pleros, Greece

Pavle Andjus, Serbia

Petra Belicev, Serbia

Sergei Turitsyn, UK

Vladan Pavlovi¢, Serbia
Vladan Vuleti¢, USA
Vladana Vukojevi¢, Sweden
Zoran Gruji¢, Serbia

Organizing Committee

Marina Leki¢, Institute of Physics
Belgrade (Chair)

Aleksandar Krmpot, Institute of
Physics Belgrade (Co-Chair)
Danica Pavlovi¢ , Institute of
Physics Belgrade (Secretary)
Stanko Nikoli¢ , Institute of
Physics Belgrade (Webmaster)
Mihailo Rabasovi¢ , Institute of
Physics Belgrade

Tanja Paji¢, Faculty of Biology,
University of Belgrade
Aleksandra Gocanin, Faculty of
Physics, University of Belgrade
Jadranka Vasiljevic, Institute of
Physics Belgrade

Uros Ralevié¢, Institute of Physics
Belgrade

Technical Organizer

Lufthansa City Center

Panacomp Wonderland
Travel

http://www.panacomp.net/
Tel: +381 21 466 075
Tel: +381 21 466 076
Tel: +381 21 466 077


jadranka
Highlight

jadranka
Highlight

jadranka
Highlight


O PT I CA Formerly 2010 Massachusetts Ave, NW

Washington, DC 20036 USA

PUBLISHING GROUP | OSA opgoptica.org

September 20, 2022
To Whom It May Concern:

Optica Publishing Group journals are internationally recognized as premier publications on research developments within
optical science and technology. Manuscripts submitted to our journals undergo peer review by anonymous experts. The
reviewers are selected by each journal’s editors on the basis of their specific technical knowledge.

I would like to acknowledge that _ has served as an anonymous reviewer for a manuscript submitted
to Journal of the Optical Society of America A.

We very much appreciate the time and energy that reviewers such as Dr. Vasiljevic put into their reports of technical research
papers. We know that good reviewers are very busy and that they perform this duty on a volunteer basis beyond their regular
professional obligations. Optica Publishing Group’s journal editors rely on the advice of experts to maintain the high quality
of our publications for the optics community. They consider our “reviewer database” to be an extremely valuable tool for
identifying the most appropriate individuals as referees for each manuscript. Dr. Vasiljevic was selected from among 50,000
individuals in our database.

The Journal Citation Reports® (JCR) provide objective metrics that highlight the “value and contribution of a journal”
within its field. The 2021 JCR lists the following OSA journals: Advances in Optics and Photonics (rank #2 in Optics
category of over 97 publications, Impact Factor 20.107), Optica (rank #6, Impact Factor 11.104), Photonics Research (rank
#11, Impact Factor 7.080), Biomedical Optics Express (rank #23, Impact Factor 3.732), Optics Letters (rank #22, Impact
Factor 3.776), Optics Express (rank #20, Impact Factor 3.894), Journal of Optical Communications and Networking (rank
#19, Impact Factor 3.984), Optical Materials Express (rank #26, Impact Factor 3.442), JOSA B (rank #56, Impact Factor
2.106), Applied Optics (rank #62, Impact Factor 1.980), and JOSA A (rank #54, Impact Factor 2.129). Any additional
information regarding the JCR data should be requested from Clarivate Analytics, https://clarivate.com/products/journal-

citation-reports/.

Sincerely,

Covmetde - Losliingfen

{
\

Carmelita Washington
Peer Review Manager
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F... Subject Journal of Low Temperature Physics: Invitation from Dr Sullivan to review a manuscript
' From Journal of Low Temperature Physics &
To jadranka@ipb.ac.rs &
Date 19.11.2023 21:32

**The contents of this email are confidential.**

Ref: Submission ID 3f8ccl2b-b52d-4fc2-bc4d-a23e45d14e93

Dear Dr Vasiljevic,

I'd like to invite you to review a manuscript for Journal of Low Temperature Physics. You'll find the details
appended underneath this email.

Please accept or decline this invitation using the link below.

Kind regards,

Neil Sullivan

Editor

Journal of Low Temperature Physics

To accept or decline this invitation, please use this link:
https://reviewer-feedback.springernature.com/review-invitation/c2d639c8-47a2-46e7-9d64-126aef9ad37c

If you wish to contact us about the manuscript, please email farhath.sultana@springernature.com.

Submission details

Reviewing for Journal of Low Temperature Physics

Journal of Low Temperature Physics is committed to providing a rapid and fair review process. So, if you decide to
accept the manuscript, we would hope to receive your report at your earliest convenience.

The editorial board and publishing team of Journal of Low Temperature Physics are not able to anticipate all
potential competing interests, so we ask you to draw our attention to anything that might affect your review, and
to decline submissions where it may be hard to remain objective.

If you would prefer us not to contact you in the future, please let us know by emailing
farhath.sultana@springernature.com.

4 4 Message 18 of 47 » M


https://mail.ipb.ac.rs/roundcube/?_task=mail&_action=list
https://mail.ipb.ac.rs/roundcube/?_task=mail&_action=compose
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fizicki+fakultet
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=flatband
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fotonika+2015
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fotonika+2017
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fotonika+2019
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fotonika2021
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=fotonika+2023
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=github
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=IDEJE
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=iLasers+Webinar++2020
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=ipb+izbori+u+zvanja+i+vece
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=IPB+Racunovodstvo
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=ipb+tehnicke+vesti-saradnje-konkursi-studije
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=jadranka
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Keynote+Speaker+-+konferencija+4th+Edition+of+Laser%2C+Optics+and+Photonics+Virtua
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=komisija_za_tezu
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=konferecije-pozivi
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Lasers%2C+Optics+and+Photonics+2021
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Ljupco
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=LPHYS%2721
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Memberships
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Miroslav_BB
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Moji+izbori+u+zvanja
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=NonlinearPropagationInAML
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=NonlinearPropagationInAMLattices_APL
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=OE+2023+-+Interdimensional+radial+discrete+diffraction
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=OE_num_M_for_randomization
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=OM+Weber+beams
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=OPN+Phy+today
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=OSA+PASWORD
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=personal
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Photonica+Centar
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Porudzbine
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=promis+2023
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=promocija+doktora+nauka
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=razno
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=referisanje
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=RG
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=seminari
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=SPIE
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=SPIE+2024
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=SPIE+Optics+%2B+Optoelectronics
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Studenti
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=SynthesizedMG
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=Ugovor%2C+stipendija%2C+ispiti%2C+projekat
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=weber+beams
https://mail.ipb.ac.rs/roundcube/?_task=mail&_mbox=%26BBoEQAQwBDMEQwRYBDUEMgQwBEY-
mailto:do-not-reply@springernature.com
mailto:jadranka@ipb.ac.rs
https://reviewer-feedback.springernature.com/review-invitation/c2d639c8-47a2-46e7-9d64-126aef9ad37c
mailto:farhath.sultana@springernature.com
https://reviewer-feedback.springernature.com/review-invitation/c2d639c8-47a2-46e7-9d64-126aef9ad37c
mailto:farhath.sultana@springernature.com
https://mail.ipb.ac.rs/roundcube/?_task=mail
https://mail.ipb.ac.rs/roundcube/?_task=addressbook
https://mail.ipb.ac.rs/roundcube/?_task=settings
https://mail.ipb.ac.rs/roundcube/?_task=logout
jadranka
Highlight


Connecting research and researchers

e Jadranka Vasiljevi¢ v English v

‘ Search the ORCID registry... n

https://orcid.org/
0000-0001-9092-5223

Preview public record

Emails & domains V4

Email addresses

jadranka@ipb.ac.rs ©®©
jadranka.ipb@gmail.com ©®©
Verified email domains

ipb.ac.rs ©®©
Websites & social links V4
Nonlinear Photonics group ©®©

Other IDs /.


https://orcid.org/
https://orcid.org/0000-0001-9092-5223
https://nlp-group.ipb.ac.rs/

Scopus Author ID: 57190421714

0

ResearcherID: ABM-9359-2022

Keywords V4
Countries /7
Serbia ©®©

%, Printable version

Names /'

Name @

Jadranka Vasiljevic¢

Biography ® Everyone v 2/

Activities Expand all

v Employment (1)

Institute of Physics Belgrade: Belgrade, RS © Everyone ~ V4

2017-11-01 to present (Nonlinear physics) Show more detail
Employment

Source: Jadranka Vasiljevi¢

(]



http://www.scopus.com/inward/authorDetails.url?authorID=57190421714&partnerID=MN8TOARS
https://www.webofscience.com/wos/author/record/ABM-9359-2022

> Education and qualifications (3)

v Professional activities (0)

Add the invited positions or memberships you have held, awards or prizes you have received, and
donations of time and resources given in service of organizations or institutions.
Learn more about adding_professional activities to your ORCID record

v Funding (0)

Add grants, awards and other funding you have received to support your work.
Learn more about adding_funding_information to your ORCID record

> Works (16) @ Add = Sort

v Peer review (7 reviews for 4 publications/grants)

v Review activity for Journal of the Optical Society of America. (2) € Everyone ~

journal, Journal of the Optical Society of America A
ISSN: 1084-7529

Review date: 2022-10-21 Type: review Role: reviewer Show more detail View
Source: OSA - The Optical Society ﬁ
Review date: 2022-09-17 Type: review Role: reviewer Show more detail View
Source: OSA - The Optical Society '|j

v Review activity for Nature communications (1) © Everyone ~


https://support.orcid.org/hc/en-us/articles/360008897694-Add-a-membership-or-service-to-your-ORCID-record
https://support.orcid.org/hc/en-us/articles/360006897214-Add-funding-information-to-your-ORCID-record
https://portal.issn.org/resource/ISSN/1084-7529

journal, Nature Communications
ISSN: 2041-1723

Review date: 2023 Type: review Role: reviewer Show more detail View
Source: Nature Publishing Group '|j
v Review activity for Optics express. (1) © Everyone ~

journal, Optics Express is the all-electronic, open access journal for optics providing rapid
publication for peer-reviewed articles that emphasize scientific and technology innovations in all
aspects of optics and photonics.

ISSN: 1094-4087

Review date: 2024-02-27 Type: review Role: reviewer Show more detail View
Source: OSA - The Optical Society (]
> Review activity for Optics letters. (3) © Everyone ~

DNYOCEBVOR

Ml The text of this website is published under a CCO license. Images and marks

are subject to copyright and trademark protection.


https://portal.issn.org/resource/ISSN/2041-1723
https://portal.issn.org/resource/ISSN/1094-4087
https://www.linkedin.com/company/orcid
https://bsky.app/profile/orcid.org
https://www.facebook.com/ORCID.org
https://scicomm.xyz/@ORCID_Org
https://www.youtube.com/@orcid_org
https://vimeo.com/orcidvideos
https://github.com/ORCID
https://info.orcid.org/blog/feed
http://creativecommons.org/publicdomain/zero/1.0/

About ORCID Privacy Policy Terms of Use Accessibility Statement

ORCID Help Center Dispute procedures Brand Guidelines Cookie Settings



https://info.orcid.org/orcid-statistics/
https://orcid.org/about
https://orcid.org/privacy-policy
https://orcid.org/content/orcid-terms-use
https://orcid.org/content/orcid-accessibility-statement
https://support.orcid.org/
https://orcid.org/orcid-dispute-procedures
https://orcid.org/trademark-and-id-display-guidelines/

SPRINGER NATURE

The editors of Springer Nature Limited wish to thank you for serving as a reviewer for the Nature
journals. Your thoughtful and critical comments are essential to the quality of the articles we
publish. Your willingness to offer your time and expertise to the peer-review process is greatly
appreciated.

Following is a record of your refereeing activity for the Nature journals. We hope you can use this
record to demonstrate your contribution to the peer-review process and to the scientific
community.

My Refereeing Activity

Number of unique papers reviewed for Nature journals (by calendar year of latest revision).
2023 1

All Years 1
Generated on 2025/05/29 19:56:46 EST
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December 18, 2024

To Whom It May Concern:

Optica Publishing Group journals are internationally recognized as premier publications on research developments within
optical science and technology. Manuscripts submitted to our journals undergo peer review by anonymous experts. The
reviewers are selected by each journal’s editors on the basis of their specific technical knowledge.

I would like to acknowledge that Dr. EESEESIEEE as served as an anonymous reviewer for a manuscript submitted
to Optics Letters.

We very much appreciate the time and energy that reviewers such as Dr. Vasiljevic put into their reports of technical research
papers. We know that good reviewers are very busy and that they perform this duty on a volunteer basis beyond their regular
professional obligations. Optica Publishing Group’s journal editors rely on the advice of experts to maintain the high quality
of our publications for the optics community. They consider our “reviewer database” to be an extremely valuable tool for
identifying the most appropriate individuals as referees for each manuscript. Dr. Vasiljevic was selected from among 50,000
individuals in our database.

The Journal Citation Reports® (JCR) provide objective metrics that highlight the “value and contribution of a journal”
within its field. The 2022 JCR lists the following Optica Publishing Group journals: Advances in Optics and Photonics
(rank #2 in Optics category of over 97 publications, Impact Factor 27.1), Optica (rank #9, Impact Factor 10.4), Photonics
Research (rank #11, Impact Factor 7.6), Biomedical Optics Express (rank #36, Impact Factor 3.4), Optics Letters (rank #31,
Impact Factor 3.6), Optics Express (rank #30, Impact Factor 3.8), Journal of Optical Communications and Networking (rank
#18, Impact Factor 5), Optical Materials Express (rank #46, Impact Factor 2.8), JOSA B (rank #69, Impact Factor 1.9),
Applied Optics (rank #69, Impact Factor 1.9), and JOSA A (rank #69, Impact Factor 1.9). Any additional information
regarding the JCR data should be requested from Clarivate Analytics, https:/clarivate.com/products/journal-citation-

reports/.

Sincerely,
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Carmelita Washington
Peer Review Manager
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