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Creation of exotic structures in azopolymers with
optical skyrmionic hopfion
Chiba Univ. !, MCRC, Chiba Univ.?

°Rihito Tamura', and Takashige Omatsu'

E-mail: rihito.tamura@chiba-u.jp

Structured light fields with engineered spatial
variations in amplitude or polarization possess unique
features have been widely investigated in many
applications. Going beyond conventional structured
light fields, topologically two and three-dimensional
protected optical quasiparticles with sophisticated
vectorial structures that is optical skyrmions [1,2] and
hopfions [3], have been attracting much attention in
quantum optics [4], polarization imprinting [5], and
super resolution microscopy [6]. Recently, hopfions
were experimentally demonstrated in laser beams by
the superposition of orthogonally circular polarized
Laguerre Gaussian (LG, ¢) modes [3,7].

We herein report on the demonstration of the transfer
of exotic polarization textures of these optical
hopfions onto azopolymers with polarization sensitive
materials.

Fig.1 (a) shows a schematic diagram of an
experimental setup for an optical hopfion generator
with a single spatial light modulator (SLM). A
continuous-wave green laser (wavelength 532 nm)
was used, and optical hopfions were formed of the
coherent superposition of different order LG, i.e.
LGo-1 and LGgo+LGio, with orthogonal circular
polarizations by SLM. With this system, the generated
Néel optical hopfions with clockwise twisted
polarization textures were demonstrated in Fig. 1(b).
The generated optical hopfions were focused to be ~10
pum spot by a lens (NA~0.5) on an azo-polymer thin
film (~1um). Laser power and exposure time of optical

exhibited the exotic subwavelength scale periodic
ripple structures along the perpendicular direction of
the polarization textures of optical hopfion,
manifesting the direct imprint of the polarization of
optical hopfion in a material.

Our demonstration will offer a new fundamental
physics of interactions between three-dimensional
protected optical quasiparticles and matter, and
advanced optical data storage devices with the
freedom of hopfion states.

(b)

Figure. 1. (a) optical hopfion generator based on a SLM with
a self-interferometer configuration and (b) linearly and
circularly polarized components of the generated Néel
optical hopfion.

Polarization Top view Side view 6671

Figure. 2. AFM images of the surface relief structures

fabricated on the azopolymer using Néel-optical hopfion.
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Chiral optical force and chirality enhancement under Kerker condition in the

Mie-resonant metasurface which induces chiral asymmetry in crystallization
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NG D FREL S [FFLEE D> HONAH D — B L TV D 5E1T Kerker 212 & I 2 BT FRIAPERGEL2 A ©
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Visualization of precursor liquid film flow in optically driven microdroplet robots
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Fig.1 Experimental Setup Fig.2 Experimental result
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Detection of non-thermal affected force using sideband of optical/mechanical
resonators
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Optical deformation of azo polymer particles near a transparent micro particle
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Fig.1 Experimental setup Fig.2 Optical microscope image of azo particles optically

deformed near PMMA particles in (a) air (b) water liquid
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Aerial display system using hybrid fresnel lens with both polarization diffraction and

imaging functions
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Fig. 1 Schematic diagram of the aerial display
system. LED: Light emission diode (530 nm); BF:
Bandpass filter (532=0.6nm); D: Diffuser; Py, P2:

Polarizer; SLM: Spatial-light modulator; QWP:
Quarter wave plate; HFL: Hybrid Fresnel lens.

Fig. 2 Experiment results of aerial display

2 % THR [1] M.Sakamoto et al. Appl. Opt. 59,
4228-4233 (2020). [2] R. Momosaki et al. Appl. Opt. 60,
6748-6754 (2021). [3] Y. Zhou et al. Lig.Cryst. 46,
995-1000 (2018).
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Optical vortex induced chiral crystallization of glass
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DFEBRICERMEI TH D, ZNOOHEZNG, #ulfAEH R+ OJRFHME Lo 72 CO L—H
—7% LBGO # 7 AW LA T ZADHNEL « b 24T o 7ok . il L — % — 0B TIE
DFENE & H T DM T D 2 & DR Sz 3,

ABFFETIE, il L —F— ORI L > TR OF 7 U 7 ¢ BHE T 202 BklcT 5
T2, S B D MEERZIT o 72, LBGO /' 7 A% Lay,03, H3BOs, GeO, Z b &tk TIRG L,
PARLBIIEIZ KX o TIER L7z, LBGO ' 7 AR HILE A EE) £+1 Otk % £ -7 CO, L—
P—Z N L2 5 R LINEL - b SB720 b, Hr Ui Ot 2 fOCEEmMeEc L -
TRl L7z, ZOfER, 9 MRS FERD 5 6 8 BUZIHV Tl L — P — OE I ST IEDE
KHEEZETLHREMPITHLTEBY, TT7ADF 7V T ¢ BIRWFE ML ERFTRETH D LRSI
7o JCImOPIEAEE B A -1 IR ST THRIN LG A I 20 TH Y HiRE T 5,

1), KRIEFIES, EEEEAH T R T LA TR L2 5T RIEAES~ICO OFF /=2 EIZmT T~
FINET I v R AW HREIECFEICAH B OB (2023 47 ., RAZ—%HK)

2), K. Toyoda, et al., Optica 2023, 10, 332
3), ARIRFIRRML, 25 71 Bl B 2 R F= A 1 22 (2024), 23p-12B-12.
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Evaluation of Enhanced Polarized Emission of Fluorescent Molecules Immobilized
to a Plasmonic Chip

BEFEFREA BREL', (M) HFHEKE' AMEE' BMEF'
Graduate School of Science and Technology, Kwansei Gakuin Univ.!, ©Yuma Yoshida!,
Yasunori Nawa!, Keiko Tawa!

E-mail: ktawa@kwansei.ac.jp

MAFRETIE, SBRERCHREINTEEY A XORMEEE b7 I XE=v 7 Fy
TR FREATFKE T T XTI L D IRESE O A D T X 7=, RIFETIE, T v
7 EICEE RS NI F O T T X I ORICRIEZ A LT D720, T
TOY v F, RIEE, RN T DTN R (k) D 72T F(0,45,90° HNTIKAFELTZ
HOGTREE 2 FHAI U, ARICEE P(= (L)AL L)) & b HE R EE By & FEOCHETREE En 2~ T2,

'y F 430 nm (A 430). 480 nm(A 480)D>—RICAMIHEE L ) hAH UV S/ A T U~
METIERIL, RF A%y X IETTi/Ag/ Ti/ SiO, DRRIEEFTV, $RIEE 30 2 O 60 nm O F
v P U=, 72 /{b L=F v 712 NHS-PEG-NHS t 4 F L #EMi L, Cy5 A h L7 |k
7 BV (Cy5-SA) ZHEG S TIHEEME Lz, p Rt L —V—% (1635nm) 1Z, A430,
A480 DI 8 [ZAFAEZEEL T, Fy 7EmPDOAF LTz, Tv P Tk & L—H—
TRYCHAN AT R E 2 0° & L, 0, 45, 90° O 3 FiMH CRRE L7, MOt ORtHh o [
i S OLEFHIREE T Cy5-SA DR IEIEE %2 FH L7z,

Ag FEJE 30 nm @ 0° BLE TIL A 430 TP =+0.37, A 480 TP=40.83 DRIEFELINBIE S
i, LIBHEGHRO LN D REZBET 5 L. A430 TR HEORHEHETRN R &
ToHRE S O AL « FEEH TR DY, A 480 (ZF N TITAK AL O bk « SR R N W T & B,
L7 L, 90°KLi&E Clx, A430 TP= —0.19 & A480 TP= —0.74 L ADE L 2 -T2, T,
hECHEBR AN L Z & 72 WO ELE THMIEIRD A DR L 720 | ke HOBERN L Sz &5 %
H5ib, —J7. 90°HBLE T Ag R 60 nm DF v~ 7Tk, A 430 TP =+40.13, A 480 C P=
—0.77 DARHEFE N BIER S 7= (Fig. 1), HEE D72\ Flat 8RR S ISR CIED PEA R LT
A430 TiZ, SRR

6107 210 189 150 610 (ZPE - THIAE S im o %
ﬁ%”"l RN B S o e B4R S AN I % 72 7
e 90”0(; Tr 90 HEEBEZBND, A 480
ST e s o T SRR P
w o w L EnfbE blokx

@ /T ) BT ERFENL,

Fig. 1 Polarized emission of Cy5-SA on the (a) A430 and (b) A480.
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Generation of spin-skyrmion structures in semiconductors
by optical skyrmion excitation

FEXREL, CM2)BHH# WX, x £F AL % HH @
Chiba Univ., ©Shota Akei, Toshiki Matsumoto, Takashi Kakue, Ken Morita
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R, MR CHNMCRE LRI T THAHAAFAIFUNEAEZEDTEY . A b
B =7 ZAGBICB W TREERKIAE Y ~OE Yy hADISHBHIFRE SN TWD[1], KF5EICE
WThH, DEAFIIF ] BEEISNTND, ZONIE, AT oA VERTREND T XTORN
ez, B — AW OZEM S LICBET 5, BRAX AV IA LR MRr O ICRES
NIe_T SAGT 7 AFx OHBEZHNWDS Z LT, FILWHEREFE T2 ha v~OIGHRE 2 5
NTWBH[2], Eio, HHEE - WHOBLENG, KT L BEREFAE U HOEF AT 4 7 AH#
BIZFAHATHZ & T, ATV I A EZHWERPORAE A% )L I A4 G OARKDS FTHE
L%, AETIZARVWERBEZFF O LWETF AL N REBOERZAEICL, REAEDORETIF
WIBEE~OISHANHRFFTX 5,

AL TIE, ATV I A B — ADORIEDZEMHEE 2 8 R OREE 7 A Y NS L,
AXNI A EELFFOEF A CBENAERIRD Z 2V I a2 b—rva v ECHERT 5, Ot
AN IFTERRET T =LA EMRET S =TT o E—A (I=41) &%
MEICERE DD Z & TERAETH D, | =+17TiE Neel-type, [ = —1TIXIHOEZ DI
% Anti-skyrmion-type DA F /LI F U BERTE D, I ab— a3 T, XUDITHEAFT L
IFVOELART MVERDTZ, VL3 R A GE LT R E T ISR T 5 2 L 24
E L, CPRERP O ER BRI 2 5 8 L TR B O R ¥ 220 A R D T,

1(a),(b)iZ. Neel-type & Anti-skyrmion-type DFEAF /LI AL DA F—7 AT MU E | £
NICEVAERTDETAE DALY, EHLOHAYL, BRI LiZmES A (S,) O
AR L NAITEAF LIZEN T (S, S,) OAE DRI L TWD, 72720, S, MDA
DHNKERL TEY, AL IA DA =T AT MVIZKHSE LT A UM L 7e > T d
DR TE D, EIo AX A IAVHEDEEZRTHETHD MR U NVHEINg ZRD D & |
(@)Ngi = —0.971, (b)Ng = 0.969 & 72 o 7=, FE(R T O N FERIRINA 2 Z 8T 5 & FamE X
(@Ng =—=1,(b)Ng = 1 &2 5720, AR LIEZAFAI AL DMEEMA—HT D LN 5,

PLEIZE Y HAFAVIF L B — AOREEMEELE AL T L, AX I 4 oM
IR U PR OAE L AF VI A UBER AR TE D Z & 2R LT,

[1] A.Fert, et.al., Nat. Nanotechnol. 8, 152 (2009). [2]Y. Shen, et al., arXiv:2205.10329 (2022).
[3] H. Kosaka, et al., Phys. Rev. Lett. 100, 096602(2008).
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Fig.1 : The stokes vector field of the optical skyrmion and spatial spin distribution in a semiconductor using
a V-shaped three-level system. (a) Neel-type, (b)Anti-skyrmion-type.
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Classification of Intensity Degenerate Experimental OAM Speckles via Astigmatic
Transformation
Department of Physics, National Institute of Technology Warangal India.
Chayanika Sharma, Purnesh Singh Badavath and Vijay Kumar*

E-mail: chayanikasharmalO0l@gmail.com, vijay@nitw.ac.in*

Orbital angular momentum (OAM) beams, pivotal in the realm of optical communications,
offer a high-dimensional state space that is ideal for data multiplexing [1]. Identifying these
beams from traditional methods based on interference and diffraction poses a substantial
challenge due to complex alignment setups and high costs. To overcome these limitations,
Al-based demultiplexing techniques have been developed, mitigating alignment issues and
enabling the classification of beams even in environments with atmospheric turbulence.
However, the use of direct-intensity images is limited by the small aperture size of the imaging
cameras [2]. To address this issue, a speckle-based deep learning approach is presented [3].
Bypassing the beam through a rotating ground glass diffuser (GGD), which introduces random
inhomogeneities, speckle patterns are generated that retain essential information about the
inherent characteristics of OAM beams.

Nevertheless, the classification of intensity-degenerate OAM modes remains a challenge due to
the visual similarity of their speckle patterns. We introduce the use of astigmatic transformation,
induced by a cylindrical lens, to break the inherent symmetry in intensity degenerate OAM
modes. This study was conducted using two Fourier transform (FT) systems: a 1f FT system,
where the cylindrical lens is positioned immediately after GGD, where the beam travels a 1f
distance, and a 2f FT system, where the lens is placed at a 1f distance from the GGD, with the
beam traveling a total of 2f distance [4].

For classification purposes, we employed a tailored 3-layer convolutional neural network
(CNN) with 14.5 million learnable parameters for both setups. The 1f FT system exhibited a
remarkable classification accuracy of >95%, while the 2f FT system achieved >89%.
Furthermore, we established an optical communication link as a proof of concept, transmitting
a 100 by 100, 4-bit image and an alphanumeric string with accuracies of 91% and over 99%,
respectively. This research underscores the potential of astigmatic transformation in enhancing
the classification of intensity degenerate OAM beams, thereby augmenting the capacity and
reliability of optical communication systems.

[1] A.E.Willner et al., J. of Opt. 24,124002 (2022)

[2] M. Krenn et al., PNAS 113, 13648-13653 (2016)

[3] V. Raskatla et al., JOSA A, 39, 759-765 (2022)

[4] J.W. Goodman, “Introduction to Fourier Optics”, 4" Edition (W.H. Freeman, 2017)

© 2024%F [CRAYEER 03-055 3.1


mailto:chayanikasharma101@gmail.com
mailto:vijay@nitw.ac.in

17a-A32-11 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

Tight focusing of dark C-point singularities with radial or azimuthal polarization
Sushanta Kumar Pal
Centre for Optics, Photonics, and Lasers (COPL), Department of Electrical and
Computer Engineering, University Laval, Quebec, QC G1V 0A6, Canada
E-mail: sushantal985@gmail.com

Structured light beams embedded with polarization singularities have brought significant breakthroughs to
super-resolution imaging, optical communication, optical activity measurements, and atmospheric optics.
At a polarization singularity, one or more parameters characterizing the state of polarization (SOP) of the
beam, such as azimuth and handedness, are undefined [1]. Polarization singularities are found in the light
beams with spatially varying polarization states. The singularities of ellipse fields, in which the
predominant SOPs are elliptical, are C-points; at a C-point, the SOP is circular. Tight focusing of

polarization singularities [2] has been studied for fundamental and advanced applications.
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Fig. 1: Tight focusing of right-handed radially and azimuthally polarized dark C-point polarization

singularities. Columns show spatial distributions of transverse plane polarization, focal plane constituent
intensity |Ex|%, |Ey[?, and |E.[?, and total intensity |E[?.

In this article, we study the tight focusing of right-handed radially and azimuthally polarized dark C-point
polarization singular beams. A radially polarized dark C-point polarization singularity can be generated by
the coaxial superposition of two orthogonal circular basis beams with orbital angular momentums 1 and 3
respectively. By introducing a 180-degree phase difference between the orthogonal circular polarization
states a radially polarized dark C-point can be converted to an azimuthally polarized dark C-point.
Simulation results for right-handed radially and azimuthally polarized dark C-point singularities are
presented in the figure. It is shown that, unlike the conventional radially polarized beam the radially
polarized dark C-point polarization singular beam generates a donut structure of total intensity distribution
and longitudinal intensity distribution at the focal plane.
Reference:
[1] L. Freund, “Polarization singularity indices in Gaussian laser beams”, Opt. Commun. 201, 251-270
(2002).
[2] S. K. Pal,“Tight focusing of orthogonal C-point polarization states”, Optik 274, 170535(2023).
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