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Abstract Engineered photonic waveguides have provided in
the past decade an extremely rich laboratory tool to visualize
with optical waves the classic analogues of a wide variety of
coherent quantum phenomena encountered in atomic, molecular
or condensed-matter physics. As compared to guantum sysiems,

optics offers the rather unique advantage of a direct mapping
of the wave function evolution in coordinate space by simple

fluorescence imaging or scanning tunneling optical microscopy
technigues. In this contribution recent theometical and e xperi-
mental advances in the field of quantum-optical analogies are
reviewed. Special attention is devoted to some relevant opti-
cal analogies based on the use of curved photonic structures, \ . .
including: coherent destruction of tunneling in driven bistable o B B

Curdlinaar Propagation dstanon o jom)

=]

potentials; coherent population transfer and adiabatic passage in
laser-driven multilevel atomic systems; quantum decay control
and Zeno dynamics; electronic Bloch oscillations and Zener
tunneling, Anderson localization and dynamic localization in
crystalline potentials.

Curvilinesr Propagafon detanca o (o)
Optical analogue of guantum particle bouncing on a lattice under
the gravitational field A light wave packet periodically bounces
the edge of a circularly-curved waveguide array, showing col-
lapses and revivals.
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Outline

Bloch oscillation in coupled nanoparticles and waveguides
— Wave-packet oscillation in time domain
— Bloch oscillation in spatial domain

Fano resonance and EIT in nanoantenna and plasmonic
waveguides

— Multiple Fano resonances by different order of electric antenna
modes

— Magnetic and toroidal cavity modes in MDM nanodisk
— Double-EIT in plasmonic slot waveguides
— Controllable Fano/EIT in plasmonic-dielectric hybrid antenna

PT-symmetry optics in coupled waveguides

« Absence of EP In finite-size waveguide array of apparently
balanced gain/loss
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|. Bloch Oscillation,
Fano Resonance & EIT



Wave oscillation in graded nanoparticle chain
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Bloch oscillation in graded waveguide array
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Classical analogy of Fano resonance & EIT
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Fano resonance
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Interference between
“bright” and “dark”
modes
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At the Fano dip resonance, the
“bright mode” is suppressed

Fano dip shows up near the
“dark mode” intrinsic frequency
Cross the Fano dip, “bright mode”
has abrupt phase variation

U. Fano, Phys. Rev. 124, 1866 (1961)



Fano resonance induced by antenna modes

-- Reversal of optical binding force
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Multipole Fano resonances induced multiple BF reversals
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Composite spoof localized surface plasmon (LSP)
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SCS (m)

Spatially compact while spectrally efficient

The spoof LSP resonance modes in the
composite resonator are derived from those
generated by the substructures
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Fano resonance in 2D composite spoof LSPs
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Multimode competition and spectrum squeezing
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At this particular point, two dipole
and one quadrupole resonance of
the two substructures come into
play, the effect of the quadrupole
resonance cannot be neglected




Fano resonance for 3D complex spoof LSPs
(finite thickness)
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Transmission of slot waveguides with stub + resonators
Double EIT: Four-level atomic system
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Coherent plasmonic wave interference
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EIT by interactions between Bragg gap and ‘polariton’ gap
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Two-resonances case

5 T T T T T — T T T T T T

(@ Il ) .

b _ L —
4_ [ _—q;mo'ﬂl t2872 :1+ 78 >
3t 1 i + i(@,—®)+7, +- H

>_ ) i(o—o)
__._—/'.—-_

'T 1 coSa_ 7.
] —— e S i

®)
__(e): o Ty —o)+y, +- H
\ — umit cell (@ =) (o - o)
—— 8 periods

1f 1 i Three-resonances case

0 L 2wl 3L w2l WL 02 04 06 08 5 . . . ——— ;
Im(Kp) Re(Kp) Transmission - (a) . .ﬂ'}/ 1t ©
4_ d L 4L
I 1l || = unitcen
5L 11 1] — 10 periods
o .
ST It 1
5, [ ]
A 2 ) _
+ i(0y—@)+7, + th .
i(o—)+ # 9 ——
i(0,- o) : L (d)
4_ —
S—l _ye I
r= = 2 o3 7]
Sa i(0y—@)+7, + e % [
i(0—o)+ e 2 N
i(0,-o) g 1k
0 1 | L | 1 1L L | 1 10 1 | ! T T N
0 /L 2n/l. 3n/L 2L 0 02 04 06 08 1

Im(Kg) Re(Ky) Transmission



Plasmonic slot waveguide realization
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Il. Toroidal resonance and its
interactions with other modes



Magnetic and toroidal cavity modes
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EIT and Fano resonance induced by coupling between
antenna mode and cavity modes  waveiengn
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Multipole decomposition in spherical basis

a, = () "k c [V (6.0)8-E,(r)sin(6) dodg
h (kr)Eo[ 7 (21 +1)1(1+1) |2

b, = () ke [V (6.9)8-H, (r)sin(6)dedg
h (kr)Ey[ 7 (21 +2)1(1+1) |2

h,(l) —> spherical Hankel function

Y, (6, #) — Spherical Harmonics

17 wave impendence in background

(_l }{_Ikz?i O!m
Eol (2 + 1)]172
W (kr)
+
kr

ag(l, m) =

(_i}h]kznofm

am(l,m) = Eoln I+ D]

[ exp (—m@){[w;(kr) + W/ (kr)] P/ (cosO)F - J s ;(r)

(11 (0)0 - J5.;(r) — im0 () - T 5 ()] ]d-‘r,

f exp (—ime) ji(kr)[i71,,(0)0 - Js.;(r) + 1n(@)p - J s ;(r)]d?

o 1 A+1 (1 —m)! 77>
"EUCE D2 | 4 (dem) |

d
Tim(0) = @F}M (cos @),

1), (0) = % P (cos 8).




Multipole decomposition in Cartesian basis
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Multipole scattering decomposition: benchmark

R =65 nm High dielectric sphere benchmark Numerical vs. Mie theory
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Multipole scattering decomposition: Application
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Coexistence of scattering suppression and enhancement
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Coupled oscillator model: bright + sub-bright + dark modes
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Tunable by geometry and loaded material
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[1l. Absence of Exceptional
Points in Coupled Waveguides



PT-symmetry and mode coalescence in 2D coupler

In optics
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V1

PT-symmetry and EP in 2D waveguide coupler
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PT-symmetry in two coupled 3D waveguides
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PT-symmetry in four coupled waveguides
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Phase rigidity

Ding, Ma, Xiao, Zhang and Chan

arXiv:1509.06886 (2015)
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