Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ENRBE=RBEPNFBEHTIEFER

OFF kA XM KE RAKR I KRB PR

Plasmon induced transparency in the trimer of gold nanorods

Ma Ping-Ping Zhang Jie LiuHuan-Huan Zhang Jing XuYong-Gang Wang Jiang Zhang Meng-Qiao
Li Yong-Fang

5| F15 |2 Citation: Acta Physica Sinica, 65, 217801 (2016) DOI: 10.7498/aps.65.217801
FE£E 7 3L View online:  http://dx.doi.org/10.7498/aps.65.217801
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/121

ERTRERC B B S &
Articles you may be interested in

BN IR B2 B 51 16 A S A o () BB AT 9
Theoretical study on the optical response features of silver nanoparticles and arrays
YE=4.2016, 65(20): 207802  http://dx.doi.org/10.7498/aps.65.207802

Ag-Au “TTGK ORI 1 T
Calculation of absorption spectrum of silver-gold bimetallic nanoparticles
YE=4.2014, 63(11): 117802  http://dx.doi.org/10.7498/aps.63.117802

EIARGNATRINT Eu 15 2% B AOGRFI: FE i 1 RIF 7
Influences of gold/silver nanoparticles on fluorescence of europium-doped films
PP 27 4%.2014, 63(5): 057802  http://dx.doi.org/10.7498/aps.63.057802

FAKE BT 5 e S P A P A A oK R TR 1R B T
Effects of thermal treatments on the formation of nanocrystalline Si embedded in Si-rich oxide films
YyH 2422012, 61(15): 157804  http://dx.doi.org/10.7498/aps.61.157804

U BRI R 28 5 RUBI R A R 2% S LB
Preparation and mechanism analysis of hollow microspheres/reticulated composite carbon foam
YE = 4.2010, 59(11): 7956-7960  http://dx.doi.org/10.7498/aps.59.7956


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.217801
http://dx.doi.org/10.7498/aps.65.217801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I21
http://wulixb.iphy.ac.cn/CN/abstract/abstract68411.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68411.shtml
http://dx.doi.org/10.7498/aps.65.207802
http://wulixb.iphy.ac.cn/CN/abstract/abstract59465.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59465.shtml
http://dx.doi.org/10.7498/aps.63.117802
http://wulixb.iphy.ac.cn/CN/abstract/abstract58088.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58088.shtml
http://dx.doi.org/10.7498/aps.63.057802
http://wulixb.iphy.ac.cn/CN/abstract/abstract49098.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49098.shtml
http://dx.doi.org/10.7498/aps.61.157804
http://wulixb.iphy.ac.cn/CN/abstract/abstract16408.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract16408.shtml
http://dx.doi.org/10.7498/aps.59.7956

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 21 (2016) 217801

EPREBE=RIAFEFINFRHITTHFEN

FF KA s K

il

FL RPN FAH

(BRpaImfu KA B 22 545 SRR SERE, 152 710119)

(2016 ££ 1 A 30 HYEl; 2016 4E 8 H 5 HRIE4F )

FET S PURE R ) = BT A5 B, PR bR 7T 7 S 50Ut 5% ¥ (plasmon induced trans-
parency, PIT) BLZR ™ ARV E AR, BT 70 R, = BRIl 2 bt JLRB & R 28 DL A RS 281k, R E &
YK BT X IS PR A A B ASELE P AT XA 2% S oK B o L PRI AR R 2 7 AR A 2R R IX — 25 SRR T — AN
A ELERE, PIT LR 2R E T B E 90K PR NR R0 5 A& . R, 5 &2
AMRT I B AR G S PERE A — s AR GLOGERYE, BEM S| TR S AL TAB IE TR 28R TR & ALY, b
MBI FE 5 R A A DR - 0 R A ) 8 428 ' FH 4 R ASE 2 T RO R 28 I ARSE XS PIT ORI SEM. 3X A FEARK
JOF G Bt NG JE 7 6T 56 V8GR 25 77 Th I S 3Rt 1 B IR 2%

KUIA: AR =R, SFRBoTA TIEY, MTE

PACS: 78.67.Bf, 42.25.Bs, 41.20.Jb

1 58 =

ERMAKEE SN B S EEBK
= EEBHUTILR, 2 MIOTE AR
B A AL BE 08 77 A 2 AN E B BT IR G B L, Bkt
AT AE S A P SO SRR (1 . Bl A
BB R R, eyl <5 S o Nt 5t C 4w
) 9K 27 T & R (21 Ta) el aot 1 3 24 1)
oS5 A AR AT SEIX Y dg i ds BAL fE S BT
Gh A v I 2 1T 55 S IOT IR Y U TR R AR A B R
FANE BN RS V2, N, ¢ ontIREE
n AR TR R DN 521 Oy VA Kl I S
LR DO A=yl S Bl R 120
G JE MR R ARE T, 245G &8 B RIE ' 5 sk
PN S FR R R A, Bl LA SR AL T R R G
FL R 3% 3% B (electromagnetically induced trans-
parency, EIT) 3l % 155 B #0T 1% 5% B (plasmon
induced transparency, PIT) &£ £ & J& o i K
sz 0191 33 AATTAE 490 2K R~ 9 Rl P il
G . S S E WS BUR SRS S
R EREE S BT ORI I K P AN BRIT B

T #E/E#H. BE-mail: yfliQ@snnu.edu.cn
© 2016 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.65.217801

A la) e A R A TR RN, B AR IR I £
MR PRI TR G 2022 X — P G
FEIEIR 26 18OCA B OETT IR A1 XT Bl 4%
BRI 1451 2 7 T R A R (25290,

Zhang %5 BT T B = AN RS RHGK B
FE A = SRAR R o 7 AR 0 PIT 2K, JF48 HY 1 i
IRV EARRE. AATTRs = B A 2 TR AR ELAR 2K b
AW NIER T EZ RS, Hrh B E ek
BETE H— MERR L, W UL AL MR A, AT
—AMERE ST R A A7 18] B AT R UK % 4
AN FAT SRR LA 0 A1 O DU AR AR X, B AN RE S
BOLHEERK, A —PER TS XA ANiE
JE 7 A TR RS A AE L, BIAOE I BLERHOR K A
T AR 252 2R B A A RAE R, KPR AR
JF 5 25 32 B P AN I IE AR F i = 2R AR T 2
SPECPIT RN R A J5L A

AT T AL Bk e = TR AR 5 g A (n
K1 pR), B SRS S5, AT 7T T PIT
PGP BE L. BB, = RAR BRI
2Rkt AR B DU RT3 AE, B H gk i
It X IS ) A 0 PR 1 AT FR R 2 e 0 K i 3of
LA TR 2 A . kR T — B

http://wulizb.iphy.ac.cn

217801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.217801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 21 (2016) 217801

PIBRRE, BRATVCN PIT BRI =R R Bk {11
H AR B R IR 24 500 R AR T B N4
R, FR, BREBNART 2B G SRS —
SE MIARAL IR, S I X P MR AR 2k T R A
B IE, AT BT T 1 R AR o PR WAL £ 1M
FEAEH. X85 SR AR R R B vt Nig
JCTF I MR 5 5 T (4 2 FH 4R LB 18 5%

2 SUKAEZ BRI AT 5 24
b 9K 1B IR
SURIES BANADIET

=N ROIR PR R H R = R AR R 5 454
W TR, S9URER R 0820 nm, L2
Ly, Ly M1 A, Bl & B agrR B A-1AT

100

2.1

WK I TE L. g RS E PR
PIASTAT 40K R 2 [ ) 22 8] AT B (R 5 (D BE), go
TR TAT S AKR 2Z [R]F) 2 8] (A .

B

Ly 92

A g1 Lo

Bl gk =R 4P it E
Fig. 1. Two-dimensional plane schematic of the gold

nanorods trimer.
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Fig. 2. (color online) Numerical simulations of absorption spectra of the single nanorod interacting with

vertically incident light (along z axis), and the polarization direction is along y axis: (a) The absorption

spectra of the single nanorod, the charge and the electric field distributions, and the energy level diagram;

(b) the absorption of the single vertical nanorod as a function of the width of nanorod, where the widths of

the nanorod is A = 20, 30, and 40 nm, respectively; (c) the absorption of the single vertical nanorod as a

function of the lengths of nanorod which are 100, 110, and 120 nm, respectively.
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Fig. 3. (color online) Numerical simulations of the absorption spectra of the nanorods trimer interacting

with the vertically incident light (the polarization direction is along y axis) as a function of coupling gap

g1. The geometric parameters are go = 60 nm and A =

B = 20 nm. (a) The nanorods lengths are equal

L1 = Ly = 100 nm; (b) the nanorods lengths are unequal, namely, L1 = 100 nm and L = 90 nm.
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Fig. 4. (color online) Numerical simulations of the localized surface plasmon distribution on the trimer

interacting with vertically incident light, where the coupling gap is fixed at g1 = 10 nm: (a) The absorption

spectra of the trimer; (b) the charge and electric field distributions corresponding to A, B, and C in the

absorption spectra (a).
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Fig. 5. Effects of coupling coefficient and phase factor on the absorption spectra of bright mode. The other
parameters are the same. The left column corresponds to the coupling phase ¢ < 0, while the right column

indicates the coupling phase ¢ > 0.
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absorption spectra for the plus and minus of the coupling phases; (c), (d) the solid line corresponds to the contribution of

the background term to the absorption spectra, while the dashed line indicates the contribution of the coherent term.
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Abstract

The localized surface plasmon resonance can be generated on the surface of the nano-metamaterial by the interaction
between the nano-metamaterial and the light field, and also many plasmon oscillation modes can occur in the process
of the hybridization between many infinitesimal composite structures, which is widely used for adjusting the resonant
frequency in the optical frequency domain. Recently, analogue of the electromagnetically induced transparency (EIT)
has been realized in the low-loss nano-metamaterial, and is well known as the plasmon induced transparency (PIT). In
atomic physics, EIT is an effect which originates from the destructive quantum interference of two different excitation
pathways. A sharp dip of nearly ideal transmission can arise within the broad absorption profile, which indicates that the
EIT can be used in the fields of slow slight, delay lines and low-loss metamaterial. In this paper, a trimer consisting of
a vertical nanorod (serving as a dipole antenna) and two parallel nanorods (used as a quadrupole antenna) is employed
to investigate the process mechanism of the PIT in detail. It is found that the vertical nanorod with a large broad
linewidth can be strongly coupled with the light. However, the parallel nanorods are weakly coupled with the light and
their narrow linewidths are almost from the intrinsic metal loss (Drude damping) that is much smaller than the radiative
damping of the dipole antenna. These two antennas can be strongly coupled due to their close similarities. Moreover,
the absorption spectra of the trimer obtained by using three-dimensional finite element method vary with its coupling
distance and geometry size, and the dipole bright mode corresponding to the dipole antenna splits under the action
of the dark mode for the quadrupole antenna. Thus, a fresh physical interpretation is given: the PIT is mainly due
to the coherent superposition after the splitting of the dipole oscillation mode in the vertical nanorod, rather than the
parallel nanorods. Taking into consideration the phase correlation associated with coupling process of two oscillators, we
introduce a modified Lorentzian oscillator model to investigate the effects of the coupling phase factor on the modulation
of the absorption spectra and the coherent superposition between the splitting bright modes on the PIT. These findings
will provide theoretical references for the applications of artificial atom, optical switching and slow light devices designed

in the nanosize range.

Keywords: trimer of gold nanorods, plasmon induced transparency, coherent superposition
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