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Fig. 1. Schematic diagrams: (a) Cylindrical nanorod with two conical endcaps; (b) cylindrical nanorod with two truncated conical

endcaps; (c) bimetal core-shell nanostructure that has the same shape as that in panel (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 met-

al surface. The relative permittivity for the background is €1 = 2.25. €2 and e3 indicate the relative permittivity for two different

metals, such as silver or gold.

166802-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022) 166802
350
600 1 ) . - - -LRA
300 /A
D HDM
500 050 - 1oy —— GNOR

400

/L

300

200

100

1.8
w/eV

2.4

B2 ORI BE RGP 4 KA T 1 B SR AR T/ o

/L

2.0 2.1 2.2

w/eV

1.9

(a) L =40nm; (b) L =20nm

Fig. 2. Emission enhancement spectra I'/Iy for nanostructures of two different length: (a) L =40nm; (b) L =20nm. The

schematic diagram for the nanostructure is shown in Fig. 1(a).
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Fig. 4. Emission enhancement spectra I'/Iy for different radius r at the endcaps (see Fig. 1(b)): (a) LRA; (b) GNOR. When

r = 0nm, the endcaps are of a cone shape. When r = 10 nm, the nanostructure becomes a nanorod. When r is between them, the

nanostructure is a cylindrical nanorod with two truncated conical endcaps.
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Fig. 5. Emission enhancement spectra I'/I( for nanostructure (see the insets) composed of different metal materials. The materials
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ical endcaps.
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Fig. 6. The effective real mode volume Re{1/Vj} as a
function of the distance zbetween the QE and the metal
surface. The inset is for the E. component of the funda-
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Fig. 7. Emission enhancement spectra I'/Ij for a gold nanostructure coated with silver (see the inset in (a)): (a) deeng = 1 nm;

(b) deeng = 1, 2, 3,4nm under the LRA; (c) and (d) are for the E.component of the two quasi normal modes on the cross section.
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Fig. 8. Emission enhancement spectra I'/Ij for a silver nanostructure coated with gold (see the inset in (a)): (a) deeng = 1 nm;

(b) different shell thicknesses with deeng = 1, 2, 3, 4nm; (c) and (d) are for the E.component of the two quasi normal modes on

the cross section.

166802-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022) 166802
300
(2) Unilateral 200 + (®) — Unilateral
250 Bilateral Bilateral
&1 200
L Ssop S
§ ~ ~
. . . 100 / SR
50
1.9 2.0 2.1 2.2 2.3 2.4 2.5 1.9 2.0 2.1 2.2 2.3 2.4 2.5
w/eV w/eV
B9 MR AR B AR A AL TR Y A A R SR R T/ Do R . S5 AR /s R IR INZ2 18 B 7, 5 5 (5] el A R 6 2 X3 < 9 3 45 g v 10

25, W 7(a) PIZEE (a) LRA; (b) GNOR
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Abstract

Metal nanorods show excellent optical properties, since the plasmonic resonance frequency can be tuned by
its aspect ratio and the optical field can be confined within a region of subwavelength, even within a nanometer
region. 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 on all sides with metal. In this work, the spontaneous emission enhancements 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 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
decreases slightly as the deposited metal of the conical endcaps changes from gold to silver. However, as the
material of the cylinder also changes from gold to silver, becoming an all-silver nanostructure, an obvious
blueshift can be detected at the resonance frequency and the emission enhancement peak rises sharply. For
bimetal core-shell nanostructure, the shell can screen the surface plasmon of the core from being excited, and
the plasmonic resonance associated with shell increases in proportion to the thickness of the shell. The emission
enhancement peak for gold nanostructure appears to be blue-shifted when coated with silver. In contrast, it is

red-shifted for silver nanostructure coated with gold.
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