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90004 a=241nm Yoo yltotal =ylSPP Y yinr +ylr

16-pole mode E— A

| —wn | weorat 1030 ~8750 0 €=85

QD in middle M

eooo~g.:.m o 1 Hspp - 40 Yy, ~3726 y,
LM | yinr 60 )/0 ~3643 )/0
P 0 ~1381 y0

3000 +

Normalized decay rate

o = e s Contrastratio C = yumar /yvimin

35%~~45° C=10  Fastresponse time ns

SCIENTIFICREPORTS | (2018)8:11244
23



T o
a=241 nm ﬂ Ytotaul Yo
@ 7000 - 16-pole mode _yfiber/yo 1
© n=42 % -
S
; s fon B
o
B>,
e
& 3500 -
(O
=
o ‘J
= 4
S 3 - o —_— |
0 30 60 90 '
0 1 2
O (degree) <10 V/m
n=ylfiber /yltotal

collection efficiency

Up to 42% for 16-pole mode

| (2018)8:11244 24



F R EFEAMITHY RN B & [ 1 RV EE
BERAY, ATRPARRE LNRIETFHRTHR
lan:

B FHIRT N PRB(2010)

q X RS LTE Nano Lett.(2012)
WA RENIERD  Sci. Rep.(2013)
H0E 5 /RAE L4 Sci. Rep. (2015)

25



NANO.........
E T T E R S pubs.acs.org/NanolLett

Surface-Plasmon-Induced Modification on the Spontaneous Emission
Spectrum via Subwavelength-Confined Anisotropic Purcell Factor

Ying Gu,""’T Luojia Wang,Jr Pan Ren,Jr Junxiang Zhang,i Tiancai Zhang,:t Olivier J. F. I\/Iartin,§
and Qihuang Gong""Jr
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mechanism for a host ot radiative and scattering
processes associated with nanophotonic systems.
Field enhancement has been shown to affect
surface-enhanced Raman scattering (/); nonlinear
processes, such as enhanced harmonic generation
(2) or wave mixing (3); nanolasing (4); plasmonit
sensing (5); and enhancement of spontanecous
emission (6).

The largest field enhancements in nanoplas-
monic systems occur near sharp asperities or
corners associated with metal nanoparticles (NPs)
and within the subnanometer gaps formed be-
tween NP aggregates. An incident optical field
drives currents across the NP, resulting in peak

However, n a real metal, polarization charge
densities are not perfectly localized at a surface
but are slightly spread over a thickness near the
boundary. This dispersion of the charge effec-
& s the singularities: Charges no lon-

o reside exacly at the surface, but acquire
some volume as thg,charge density spreads into
the NP. The scatterin| ‘spectrum ceases to be con-
tinuous and is now di  ‘ete, with correspondingly
reduced field enhan¢ |ents (8, 9). These effects
have long been reg’  fized by theorists; for ex-
ample, Fuchs pap aro (/0) showed that the
nonlocal effect (dered here limit the response
of almost-touCe=spheres.

The effect of mcluding the pressure term In
the electron response is that the longitudinal di-
¢lectric function, £, becomes nonlocal, depend-
ing on the propagation vector k in addition to the
frequency, as follows:

e (ko)=1- m;; (2)

W + iyo — B*|k|*

whereas the transverse response is unchanged.

The simple picture, then, of a surface charge
layer with infinitesimal extent must be replaced
with a continuous charge density, whose extent

LIS EScience337, 1072 (2012) Y6341 T1E4E K171
s B ZESNEFms| B

possess a singularity, such as spheres that touch
at a point, have been shown to possess contin-
uous scattering spectra associated with compres-
sion of the surface plasmon wave field at the
singularity. According to the local model, a pulse
of surface plasmons launched into such a system

ICenter for Metamaterials and Integrated Plasmonics and
Department of Electrical and Computer Engineering, Duke
University, Durham, NC 27708, USA. “Center for Biologically
Inspired Materials and Material Systems, Duke University,
Durham, NC 27708, USA. *Department of Physics, Blackett
Laboratory, Imperial College London, London SW7 2AZ, UK.
Department of Biomedical Engineering, Duke University,
Durham, NC 27708, USA.

*To whom correspondence should be addressed. E-mail:
cristian.ciraci@duke.edu

T Au Film

Glass Substrate

Fig. 1. Geometry of the film-coupled nanoparticle. (Left) Schematic of the sample. (Right) Cross

section of a single film-coupled nanosphere.

[31 AUGUST 2012 VOL 337 SCIENCE www.sciencemag.org ]




6 is due to the hybridization of the SQW exciton with LSP
quadrupole modes. While there is now a rapidly growing
literature demonstrating plasmon—exciton hybridization in
heterostructures of Au nanoparticles and J-aggregate complexes
or organic dyes, ™" in addition to the impressive work

demonstratmg strong coupling between GaAs excitons and
SPPs,” this is the first demonstration of a hybridized LSP-

LIdilg, A LUU, L DU, 3. UHEML EILYs. LEll. ZUU0, 40U, 040—JJ L.

(12) Dav1s,] A Dao, L. V.; Wen, X,; Ticknor, C; Hannaford P;

P | LI A 1L LL L 1: 1 P h A | h .

states.' ™ The ablhty to control coherent mteractlons between
nanoscale plasmonic and excitonic systems has opened up a
wealth of p0551ble apphcatlons for nanoquantum clemce:;'57

Grundmann M. Appl Phys. A: Mater. Sci. Process. 2007, 88, 99— 104,
(14) Park, S.-H.; Ahn, D. Appl. Phys. Lett. 2005, 87, 253509.

6156 dx.doi.org/10.1021/n13029784 | Nano Lett. 2012, 12, 6152-6157

4F8 L3S B [Nano.Lett « Acs Nano. Adv.Opt.Mat.,
AdvFuncMat.] f, {EEZXEIXNMTEHERT TENE

X: WANREFEH TN TZEETHE(ERRNRE, 7

BTHAXRETRRATRENNA,

AR 3R TH <5 i A T AN TR0 A

X B FHFRABOHERER —EH & ROTE.

. " [ . .
tric environment (eg., Purcell effect).” This | olasmonic davicgs

231

approach is becoming increasingly popular
as methods to precisely control the relative

avoiding Instability of the intermediates during the
ligand exchange and assembly. Therefore additional |,

position and orientation of active optical methods are required to produce anisotropic emitter-

units at the nanoscale have become avail- plasmon nanostructures so as to forward the under- | .

able.'®"" Interfaces,'” microcavities,”* nano- standing of spacing, location, and dipole orientation |r4, 2013,
14—18 19—-25 . 26 o -

rods, nanospheres, gratings, on coupled plasmon—exciton photophysics.''*>*%4 | .

and photonic crystals®’ have been used

One critical factor limiting the high-yield low-variability

to engineer the radiative emission rate
and quantum efficiency of fluorophores.

MEFPAL ET AL.

i

dipole field can be estimated with Fermi's  ©2013 American Chemical Saciety
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Polarized Linewidth-Controllable Double-Trapping
EIT Spectra in a Resonant Plasmon Nanocavity

Absorption

Absorption

Detuning

Luojia Wang, Ying Gu et al. Polarized linewidth-controllable double-trapping electromagnetically
induced transparency spectra in a resonant plasmon nanocavity, Scientific Reports.3,2879 (2013).
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In the dipole, rotating-wave and Weisskopf-Wigner approximations. the state vectors T
. | %12> g 5 | %2>
Aq(t), Ao(t), By(t), and By(t) obey the Schrodinger equations [20]:

d —|— K1+ K ‘ , . &

—Ay(t) = —(iAy + - LS S (A e A(t) =iy By (t) — iQyaBy(t),  (2a)

dt 2 2 e
d —|— , K]+ K3 y _ \ ‘

Aol ) = —(igy + T2y gy - 1 5 244(t) — i By(t) — iQ99Bo(t),  (2D)

d ‘ _ . \

() = =i, () = i€ A1), (2¢) |by>
d . % 3 A

EBQ( ) = —i(Ay = Aga) By(t) — i Ay () — 1259 A(1). (2d)

MNEEFH: C=C1uC2 | ._
Cl 5&%%4 *&%14:' A = Waiby ~ Ve and Ay = Waghy — Ve.
C2 *_Az M%{# .-"'312 — L{Jalbg — pr. .-"AQQ = L’“"‘azbz — }jp.
5iF A =31

[‘QHQQQ — 2]— All - 312)]A11‘QQI‘2 2]
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Transition |2) < |3) is on-resonance with the surface plasmon of MNP
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(e) A,,=780nm D =10 nm

a_=28.6 nm
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Various “Chirality”
Chiral structures Chiral electric field in PC

i\) o~

PRL,106,057402(2011)
nanoscale, 6 14244 (2014) Nature 541, 473(2017).



Chiral photon- emitter coupling

When a circularly polarized emitter placed near these
structures?

.l'/ i .H-"\‘.
/

/% “\ Left-handed /= 2\ Right-handed
\_ =/ polarized emitter \_ £ / polarized emitter

Lock the local polarization of the light to its
propagation direction, so called spin-locked
propagation

Nature 541, 473(2017). 62



Various nonreciprocal quantum circuits

Switching Isolator Quantum gate
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Motivation

at the nanoscale ?
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| Nano-CQED Chiral couplin

Solution: coupled nanophotonic structures
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Mode coupling between PC and AgNP

Strong local field with high electric helicity

2Im[E, E)]
Helicity of z direction: [E_[21[E, |2

(b) only Pc 50 220 \pivim) W

Dy | I

(©) pC + AgNP

Fan Zhang, Ying Gu etal , PRA 100, 053841 (2019) o



Result of mode coupling

For PC: The shift of Bandgap
For AgNP: mode 1

mode 3 for Purcell enhancement
mode 2 for Rabi splitting bandedge mode

@) 4 03, - — . (b); R
= 0oV band gap no AgNP A a —_1770 nm
s with AgNP m =/ NM
E 1 | LA
w \
C y
£ WY A
- mode 2 10
- mode 3 _
< 1
C 0 |
= /' 0.2690
c 0.0 - — — . —
_é‘ 0.22 0.24 0.26 0.28 0.22 024 0.26 0.28 0.30

a/A al/l

Fan Zhang, Ying Gu et.al , PRA 100, 053841 (2019) 66



Nanoscale Direction-locked Purcell enhancement
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Fan Zhang, Ying Gu etal , PRA 100, 053841 (2019) o7



Direction-locked vacuum Rabi splitting at the nanoscale
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Purcell enhancement and directional propagation
control in hybrid nanowire-AgNP structure

Lingxiao Shan, Fan zhang and Ying
Gu et al. OE, Vol. 28, No. 23 /9,
33890 ( 2020) 33890.
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Topology grew out of the study of geometry.
Topological equivalence: reshape without cuts and glues

Genus =0 1 2

0. O =

Gauge theories (1970s): topology of quantum field theory

Integer quantum Hall effect (1980s): link between geometry phase

and topology, topological insulators

Nowadays: photonic system, electronic system, mechanical systems
70



Property of topological photonics

1. Topological robustness, protection

2. Unidirectional waveguides that allow light to flow around large
imperfections without back-reflection (Like Highway)

3. Bulk-edge correspondence (band&edge, no bulk no edge)

Pump

— i 5=0.26(2) i 5=0.06@)

E-1,580 (meV)

S-band  P-bands D-bands

0 10 20 0 10 20

Position (um)

Laser Quantum light source Non-Hermitian
Nat.Photon. 11, 651 (2017) Nature 561, 502-506 (2018) |ight steering

Science 365.6458 (2019)
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Micro/Nanoscale single photon source is an indispensable
building block in on-chip quantum information processing.
However, their scattering and absorption are two barriers when
guiding these single photons into other devices.

MIMAE

Topological states are characterized as nonscattering propagation
of photons and immunity to a wide class of impurities and defects.
However, introducing topological protection into the Purcell
enhancement has not been reported yet.

Zhiyuan Qian, Zhichao Li, and Ying Gu et al. PHYSICAL REVIEW LETTERS

126, 023901 (2021) 72



WIMRIPT, BASESHENBSFE

b
mim Oy N/ e
AN IS SRS

AN\|\/\N

(c) . 3.x10° (d) N 4x10‘
< < | antenna with PC
g g 3 ™ Yot
© 5 — Ja
g & | — 14
S g 1
& &
690 705 720 735 750 690 705 720 735 750
A(nm) A(nm)

Zhiyuan Qian, Zhichao Li, and Ying Gu et al. PHYSICAL REVIEW LETTERS
126, 023901 (2021) 73
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(e) antenna without PC

antenna with (C) antenna with
topology PC trivial PC

Zhiyuan Qian, Zhichao Li, and Ying Gu et al. PHYSICAL REVIEW LETTERS
126, 023901 (2021)
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x10*

4 x10% ) .3 .
= sl with DE < antena without PC
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2(nm) A (nm)
(a) Antenna with PC
r (nm) Yot/ Yo Yab/Ytot Yea/Ytot 7
5 39003 63. 2% (24659) 36. 8%(14344) 6. 857
7 22003 37. 8%(8323) 62. 2% (13680) 8.932
10 9901 20. 5%(2029) 79. 5% (7872) 9.725
(b) Antenna without PC
r (nm) Ytot/YO ]’ab/}’tot ysc/)’tot
5 41590 67. 9% (28252) 32. 1%(13338)
7 25298 45.6%(11533) 54. 4%(13765)
10 12156 24. 5%(2974) 75.5%(9182)

Zhiyuan Qian, Zhichao Li, and Ying Gu et al. PHYSICAL REVIEW LETTERS
126, 023901 (2021)



BXFRE

1. FhMARS

3. #EHIAINEFE

14 58— % F§FCQED

2. XAMEEAT LU B208 S B Fhih a4

|

4. BFEH. o o

F R FIRMMARE

76



|5

MRsSMuNERERSES
HPNETFAAEANMBETHERBS




Thank you for your attention!
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