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Figure. 1 Schematic diagrams. (a) a cylihdrical nanorod with two conical endcaps; (b)

a cylindrical nanorod with two truncated conical endcaps; (c) bimetal core-shell
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nanostructure that has the same shape as that in (a); (d) bimetal core-shell
nanostructure that has the shape of a cylindrical nanorod with a single conical endcap.
A quantum emitter (QE) is located on height h above the metal surface. The relative
permittivity for the background is & =225. &, and & indicate/the* relative
permittivity for two different metals, such as silver or gold.
3.1 WAL S5 A6 IR B R I s R

AT S () TR B XUA S 454, K 5 AR e 6, Bl e, = 6, =, o
TRATE SR FAE S S L X R RS IG5 p 1, (T35 50 23 0] B R 48 5 2 (11
FREPE, SN, [ R =10nm, d =40nm AYh'=10nm . X L=40nm B, WK
2@FR, T REE(LRA), AFFBHDMAGNOREIR T, H &4 5 1 5
WA, HIEAMH1.60eV HKFI1.67eV , LHEF0.01eV , WE(EISHFEMK,
HLRARH N 1) 570.15 270 % % 532.53 (HDM)F1498.67 (GNOR) . 1fij 244 & K J&F
/N B L=20nm B J2(b) B, AHEE T JS38(LRA), JE/RIHDMAIGNOR ',
WA RS, HT1996V K F2.02eV , Z)i# 0.03eV , KT L=40nm i H]0.01eV,
AR 1 31349945 Il P& 4y 251.32 (HDM) A1 227.69 (GNOR).

Y3 b, 1% B R R IG5 SRR T A AR R T A B OC SR, A IATEH

SRR F DB L AT 7 B A i T R A [ S S, T e — 4B P vk B AR P,
IR A

A
20, (4,R)

= Ly +26(2) ©)

ok, 2 MIHRIK, Ny (LR) 28 TIRRK N AR, $5H R (005 R 6
2

B MBS0, Ly AKRERA MK E, X T o T A b B A

Le =L, BTN, Ly KT L, §A&ERMIMIEE R,

6



EREE T EIIERT, JumAL IS F AT [ KA 0 S, SRR K Ly B
INAL (IR, SEEHREKIECDN, HHRERER Ao« A o) (0, BRI
LARMZ), Kk, AT REBLRA, JEFIHHDMAGNORA, HLiRGEEER,

ERAT IS, RIS, BRI SMIIE. METHDM, \GNOR 14 #1
1F FH BRI M R S THI RO RO, 3 THT 45 B e RERIUHE RS IEfRp(IC . ks, 45
A L /NS BUR BRI/, BU I/, B RS IR 55 R,

B A S KRR, SEIRAER SRR, B R RS S SR, AR SRR

ORI, EA K.

350
600 (a) ) === LRA 300 (b P ---LRA
500 p HDM " HDM
L " “ ——— GNOR
400 J
o '
= '
— 300 "
'
'

200

100

O 1 1 1 1 1
22 24 17 18 19 20 21 22 23 24

1.4 1.6 1.8 2.0
o(eV) o(eV)

Bl 2 AN FRSE A G S 4 oK AT ) B R SRS G583 T/ . (a)L=40nm; (b)
L =20nm>
Figure. 2 Emission enhancement spectra I'/T, for nanostructures of two different
length. (a) L =40nm; (b) L=20nm. The schematic diagram for the nanostructure is
shown in Figure. 1(a).
Fe TORIEE L=20nm, #E— DS A& ERIMMER h . Jam s d
AAR R X B AR S 1 9 AR o 13 3(a)7FD(b)§J\ | f# 7% LRA 1 GNOR #i% F &
T RUEEE o H ARSI SR T/ T 52, A [ d =10nm, R = 10nm. %

B AL, B2 h f10nm A8y 6nm i, LRA R R [ A& 5 S g Al

7



H1313.19 315 1360.08 , GNOR N UEAH H1 227.69 14 /1% 865.03 « X EE R T
RIS BWOCILIR MBS WOR ATE & SR R, 2 4 mRIE(h HoK), HAR
A RIREOEI, 5 E T AR RES, B R G RS  o

3(c)MI(d) 73 Al &7 LRA F1I GNOR T 43 i B2 d S H R Fif B amify P 1) 52
Wi, BB E R=10nm, h=10nm . BE% diZ#E K, Joibvdladded &3k R,
FR SRS RSP 2 RS, WA UG K. B d B onmAE 1 0nm B, LRA A7
N, IEALH 2.07eV FEARE]1.99eV , LIZ0F2 0.08e V- dfH i 32.38 14 M %2 313.19 ,
24w 710 fi5. [FIFEHL, 7E GNOR HAZBY UL H2.11eV FEARE] 2.02eV , WE(H
H126.95 Jhn% 227.69 . LA &R fA (6 R fE, BEE d IOHR, SRR KAR
Ko, JLPRMERAK, BURRE RS, S AE EAR IR R, 15 R S 3 iR g 4
Ko

3(e) (D)7l Jy LRA ATGNOR KL A% R X E AR ST 19 5 B RE i)
UEE [E 5 h=10nm/, Ad<10nm . BE& 15 R E#TAL /DN, TR RE 2 4E R,
[ R B 1 it R R, W fE ORI K. B R H 10nm &/ 3 6nm B, LRA
B NI LAE99eV FRIKEN1.63eV , L4074 0.36eV , U{H i1 313.19 14 11%) 908.50
FMLF LRA, GNOR FUf7h2.02eV FEKH]1.67eV , U1H 1 227.69 3 i £
58233 IXETRM T LA R M/, 9KA: B T i S5 S RIS n,, SR
1R AN6), HREK SR A, A, RN, d A%, Riggas
2R, JREER AT AN SE IR v T L P A R O, i T A AU 3 R A

RN



LRA 1000 GNOR
1400 - (a) "‘ f= = eh=6nm (b) - f= = «h=6nm
1200 + PERY h=8nm 800 |+ [} h=8nm
PR F=—h=10nm I [==nh=10nm
1000 [ ro 500 f N
bo 800 | l' \’\\ g :' \ PN
I} ~
= 600 | ' ' = a00f Lo NNt
)
400 | / . / g
’ Sse 200 | 4 AR
200 '1’ - |7 Q
O 1 L 1 1 N O r 1 L 1 L 1 L 1 L 1 .
18 19 20 21 22 23 1.8 19 20 21422 23 24
o(eV) o(eV)
350 250 GNOR
L d) = +d=0
300 I 200 + dzsm
250 === d=10nm
° I 2150~
5 200 i 5
~ 150 =~ Aga i
100
50 S0'F
- Pal
0 0 FSr i [l W [
1.6 16 18 20 22 24 26
w(eV
1000 LRA GNOR
(e) '\‘ f= = *«R=6nm 600 - €) " f= = «R=6nm
R=8 =
800 :“ —R:l(n):]m 500 - :: —gzignmm
600 | 'y _400} H
= Ly = '
-~ -~ L ]
= 400 & = 300 '
"y 200 L [
Il \ I' ‘t
200 N A KA 100 I )
L’ NN ] _e’
0 === : P o TS o 0 E== T 1 Indl I 3
1.4 1.6 1.8 2.0 2.2 1.4 1.6 1.8 2.0 2.2
w(eV) w(eV)

B3 AU ZE00 B RFESHIGRIE T/ T, - ()M(b) &1 A eEREERh

ZIN 2l P

OF(@RImEEd ;s (MO KIEFLER. £ 8 LRA, HF4 GNOR.

Figure. 3 Emission enhancement spectra I'/T", at different geometrical parameters.
(a) and (c) are for different QE -surface distances h; (c) and (d) are for different
cone heights d; (e) and (f) are for different nanorod radius R . The left column is for

the LRA and the right column is for the GNOR.
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between them, the nanostructure is a cylindrical nanorod with two truncated conical
endcaps.
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Figure. 6 The effective real mode volume Re{1/V,} as a function of the distance z
between the QE and the metal surface. The inset is for the Ez component of the
fundamental quasi normal mode. The black dash-doted line (Ag) and the blue solid
line (Au) stand for silver and gold, respectively. The red dashed/ling(Ag-Au-Ag)
stands for the gold cylinder with silver endcaps. The green dotted-line (Au-Ag-Au)
stands for the silver nanorod with gold endcaps.
3.4 XIS 078 Xof [ R4 St R s 1) 5

AT 1(c) BT B XA AR i 0,7 G5 rp R R S e e, i 2B T
WUBEE 4. M REEHBRLINEAS@)], HIREEZEEd,, =1nm
i, 4nfE 7(a)Far, LRA R, B ARSI SR 1572, H0E 47 B 1.99eV 384 2.10eV ,
H ARG 1 SR B NS A B . BEEER B 2 R BE BN, & 7(b)fros, WK
AR . PR ARG, SRR, SRR, B 7P EK
b St 18 5 b RDEEISAE 43 ) SR R T L R AR O @,=2.096+0.057i N
@,=2.307 + 0:079p41) 3R 1H 55 BS U AE IE WA, HSEs TR B8 a9k
RIREL T 7 PERACKRIRE , 1371 Ez 3y SRR B A an & 7(e)M(d)r, 5
TABAGUR G P I, BEE B R EEREN, faBEEE &9k
23 ¥ 102 THT 25 B WG S IR BRI AR K R o (R, AR 78 20 P B S ik
S I FTE 5 B WoC IR B — @ I BElc B S ), RS, R R
JEI R BT IR, HRIEEFR . AHEL T LRA, 3E/Ri% HDM Il GNOR T,
B AR SRR R BE RS, 08830 0.01eV . IEMERIRIBEIK, H GNOR k¥ ik
TEF S —20 B B R AR S e, W3 e R R, X — IR AL

15



Kl 7 BB AT E ‘i%%a‘%ir/rof%'rio (@)dgpg =1nM; (b)LRA T,
mszl&Mm>@ G991 B (a) 5 A m 1 P A 3 T 45 B8 o TR AR =X

K Ez 4y & . %

ancement spectra I'/I", for a gold nanostructure coated with

Figure. 7 Emis e

silver [ etin(a)]. (@) d_. =1Inm;(b) d_ =1, 2, 3, 4nm under the LRA;

ceng ceng

-

(c) and (d) are for the Ez component of the two quasi normal modes on the cross
section.
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Effect of surface modification of metallic nanorod
on the spontaneous emission enhancement *
Yu-Feng Su  Jin-Zhang Peng Hong Yang™ Yong-Gang Huang?
(College of Physics and Electromechanical Engineering, Jishou University, Jishou 416000,
China)
Abstract
Metal nanorods show excellent optical propetties, since the plasmonic
resonance frequency can be tuned by its aSpect ratio and the optical field
can be confined within the region of subwavelength, even within
nanometer. It has the ability to flexibly modify the spontaneous emission
properties of a nearby quantum emitter. However, it is unclear how the
emission property changes when the metal nanorod has been deposited at
the tips or coated’emall sides with metal. In this work, the spontaneous
emission enhanéement of a two-level atom around a tailored nanorod
with a‘wide“variety of shapes, dimensions or materials are systematically
investigated by the finite element method. Three different optical
response models are adopted, including the classical local response
approximation (LRA), the nonlocal hydrodynamic model (HDM), and the
generalized nonlocal optical response model (GNOR). For a cylindrical

nanorod with two endcaps, it is found that the resonance frequency shows

' Project supported by the National Natural SciencezFoundation of China (Grant Nos. 11964010, 11464013 and
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large redshift and the emission enhancement peak increases as the endcap
gradually changes from cone to cylinder of the same height. The
resonance frequency shows small blueshift and the emission enhancement
peak decrease slightly as the deposited metal of the conical*€ndcaps
changes from gold to silver. However, as the material*of.the-cylinder also
changes from gold to silver, i.e. all silver nanestructure, an obvious
blueshift can be detected in the resonance ‘frequency and the emission
enhancement peak rises sharply. For bimetal core-shell nanostructure, the
shell can screen the surface plasmons gxcitation of the core, and the
plasmonic resonance associated with'shell increases in proportion to the
thickness of the shell. ,The,emission enhancement peak for gold
nanostructure appears blue-shifted when coated with silver. In contrast, it
is red-shifted for’silyernhanostructure coated with gold.

Keywords: Surface’modification, Spontaneous emission rate, Metallic nanorod

PACS: 68/47:De;52.40.Db, 61.46.Km
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