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Fig. 1. Schematic diagram of the composite structure of

plasmon focusing lens and gold nanorod.
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Fig. 2. Effect of structural parameters of surface plasmon focusing lens on focal spot intensity: (a) Schematic diagram of the surface

plasmon focusing lens; (b) near-field distribution of the surface plasmon lenses; (c) effect of slit width W on near-field strength at fo-

cal spot; (d) effect of slit thickness H on near-field strength at focal spot.
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Fig. 3. Optical response of the surface plasmon focusing lens and the gold nanorod: (a) Near-field intensity spectra of gold nanorod

structure (top) and plasmon focusing lens structure (bottom); near-field intensity distribution (b) and E, component distribution (c)

of gold nanorods at the wavelengths of 800 nm; near-field intensity distribution (d) and E, component distribution (e) of the sur-

face plasmon focusing lens at the wavelengths of 800 nm.
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Fig. 4. Near-field intensity spectrum at gap position and near-field intensity regulation related with relative time delay between two
laser pulses at resonant wavelength: (a) Near-field intensity spectrum for gap positions, the black curve corresponds to SPP&S2-
nanorod at the relative time delay At = 0.72 fs; the red and blue curve corresponds to S2-nanorod and SPP-nanorod, respectively;

(b) relative time delay dependent near field intensity at the resonance wavelength of 770 nm (black curve) and 999 nm (red curve),

respectively.
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Fig. 6. Near-field intensity spectrum at the upper surface of nanorod and near-field intensity regulation related with relative time

delay between two laser pulses at resonant wavelength: (a) Near-field intensity spectrum at the upper surface of nanorod; (b) relat-

ive time delay dependent near field intensity at the resonance wavelength of 719 nm (black curve) and 802 nm (red curve), respec-

tively.
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(K1 9(b) ') A1 S2-nanorod (&l 9(b) 1) [A] B} 77 7
PRI TC T B ff X 3 FL BT .
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Fig. 8. E, component distribution in the gap position of the

nanorod: (a) The resonance wavelength is 770 nm; (b) the
resonance wavelength is 999 nm. The excitation conditions
corresponding to I, II', and Il are S2-nanorod, SPP-nanor-

od and SPP&S2-nanorod, respectively.

XIFRIMA. X FiX—45 58, FATPR I T LU M
ANATRERIN: 55—, 16 SPP & T, kgt
(1 TR PRI TET SR LSP AR T2 o, 3 175 30K
JEXFFR A 5152 S5 i T SPP & Gk Ze il
Sty [0 A D0 i A i, K T 2 K — M R B D7 5
25 L ARWFRONE, 5 T 5 20 4 52 B X iR B
Ai 153541,

33 ARHEAAXELZRTERFEERE
FE 3z Bt 1] Bl 3%

#E—%F S2-nanorod, SPP-nanorod X SPP&
S2-nanorod AN ALY At = 0.72 fs (3R
BR) At = 1.92 fs (TR E i 59) B, RIBRA
B LA E (dephasing time, DT) #E4THF5E.
FKHIMEIERRL (quasi-normal mode, QNM)P% J5 ik X}
HA 7 v HEATHS (1R 10 Bz ), AR AT LA
PATI LN A], 4 B sk s i B 45 R R W,
TES R R 390 THz MUt Ht, S2-nanorod AY 25 A4
AF1E 2R 5.9 fs (&l 10(a)), SPP-nanorod A & AH A
Bf a4 5.1 fs (€] 10(b)). SPP&S2-nanorod £ A
S ) AE A At = 0.72 fs I (12 1 375 i 1 i )

(a) (b)
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—28 -6
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I 10 I 39

CHIE )

K9 &gk LRERYRE B EAAE (a) 4R
PN 719 nm; (b) R B K 8 802 nm. 1 A S2-nanorod;
Il & SPP-nanorod; Il & SPP&S2-nanorod

Fig. 9. E, component distribution of the near field in the

upper surface of the nanorod: (a) The resonance wavelength
is 719 nm; (b) the resonance wavelength is 802 nm. The ex-
citation conditions corresponding to I, II, and Il are S2-

nanorod, SPP-nanorod and SPP&S2-nanorod, respectively.

EARBIEFE R 6 fs(1& 10(c)), FEAIXTIAERT At =
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AT IR R] ZE I At = 1.92 fs I} (401 Ha 37 560 58 4
5k ), ZAAOAZEFIE] R 7.1 fs(I&] 10(d)). TLLEF], XF
THIA N 300 THz M iR, JCid R 7E (e ik
Yy BE G O, b 2 0 3 0 B B R LT
SPP&S2-nanorod )2 AHA7 B [A] #R B i 3% T SPP-
nanorod [ 2= AHA7 B[] . A S2-nanorod & H #R
iR, LU T A SPP-nanorod /i 37,
IFHHT S2 APt S, Mg G4k R+
Y KA S5 ) rh A B OT R Y AR 7 B ] 32 321 97
¥, T EFEA R, K 10 s SRR A 2 Ak it
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Fig. 10. Dephasing times of the gap mode under various excitation conditions: (a) S2-LSP; (b) SPP-LSP; SPP&S2-LSP with the rela-

tive time delay At = 0.72 fs (¢) and At = 1.92 fs (d).

F 1 AFEEKIT LSP RANN B EHT 78 R LA

Table 1.  Comparison of dephasing time and near-field intensity of LSP under different excitation conditions.
S2-LSP SPP-LSP BHEHRAL = 0.72 fs BOEHRAL = 1.92 fs
K /nm 769 996.4  769.2 1000 774.2 972.4 774.2
A5 /THz 390 302 390 300 387.5 308.5 387.5
AL /s 5.9 5.3 5.1 6.0 6.0 7.1 5.8
FH 375 37.6 12. 7 9.6 15.9 48.1 13.6 28.7
WA RIS A GRS A6 X5 g (R AR 4 B 4
NN =

AR I TE) DA G S JE 20 M B8 1 . nf LA
), 7E BB B (390 THz Za A7) B008 1 L 37 48 i
X K B ZAR A B T, 3 S50 sk i & g
4t LSP DA Mt # i & LSP HBIF 5% —F 375657, 7§
A BL (300 THz 2 47), HTFHRB K, F
ST AE A [R) e B X 3 i B 2 AR A )R] A T
Fbds. WANRT LI R, 78 At = 0.72 fs B, PR
%O N 1 R AR AL BRI AR TR, #8k 6.0 fs. TiTE At =
1.92 fs B, < 38k 0 1 452 5 9 25 AH 7 B[] oy 7.1 fs,
S e X AR Y AL IS ] Ry 5.8 fs. FE AR [R]ZESR
T, PO AN R  ARA BTE], AT A R i —
00k A FARIER 0T, PSR & o
NG

25 L prig, M R 2273 (FDTD) J5i%,
HERAE T 25 S RO B — R GE LA e P — 3
ZNARRLE RIS Y52 ;. HK, FRTE T RUEHR
AR AR T2 B PO CIR SEARAS A A, AR A [ A2 Fiop Xof
YR BIRER; Bee, AT QNM 75 34 % [ A
33 R ik LSP /Y A AL I FEAT BT . 45
RERW], 8O FAR R I [ SE S, A BEAE (]
Wit (o7 B A1 235 Ay b 3 g 49 mT LA S BRI A
TLREMS WLy, X2Eh T
SPP ¥k LSP Stk LSP MHT& k. [
B, & BB HG A LSP 1 26 A0 A7 i [ < T
SPP ¥k LSP 2 AHAI AT ], 23K T 1.4 £%. 1t
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Abstract

Localized surface plasmon (LSP) generated by nanostructure subjected to the excitation of surface plasmon
polariton (SPP) possesses stronger near-field enhancement and special spectral and dynamic responses, thereby
providing a new idea for exploring the interaction between light and matter. Meanwhile, this scheme can also
release the signal background noise and structural thermal effect, and improve the performances of plasmonic
components and sensing detectors based on LSP. However, the current research in this aspect is still
insufficient. In this paper, we investigate the near-field characteristics of a plasmon composite structure
composed of plasmon focusing lens and gold nanorod under the excitation of dual-beam by using finite-
difference time-domain (FDTD) method. The result shows that the near-field intensity control on the upper
surface and in the gap position of the nanorod can be achieved by adjusting the relative time delay between the
first light beam (used to excite SPP) and the second light beam (used to excite LSP). Specifically, the
maximum adjustment range of the near-field intensity corresponding to 770 nm resonant mode in the gap
position is about 23, and the adjustment period is about 2.4 fs. In a resonant mode dominated by SPP at a
wavelength of 999 nm, the adjustment range of near-field intensity is as small as 6, and the adjustment period is
about 4 fs. On the upper surface of the structure, the adjustment range of the near-field intensities of the two
resonant modes (719 nm and 802 nm) are basically the same (about 15), and their adjustment periods are 2.4 fs
and 2.8 fs. The achievement of the near field control is attributed to the coherent superposition of SPP-excited
LSP with light-excited LSP. In addition, the dephasing time of the coupling field is investigated by using a
quasi- normal mode. It is found that the nanorod structure will correspond to different dephasing time under
different relative time delay between two excitation light beams. Specifically, for the time delay of 0.72 fs (At =
0.72 fs), the corresponding dephasing times for both modes are the same (6.0 fs). For At = 1.92 fs, the
dephasing time of the longer-wavelength mode is 7.1 fs, and the one of the shorter-wavelength mode is 5.8 fs.
We attribute the difference in dephasing time to different coupling strengths between the two modes at different
delay times. This study may further promote the application of plasmons in the fields of surface-enhanced

Raman scattering and plasmon assisted catalysis.

Keywords: plasmonics, surface plasmon polariton interacts with localized surface plasmon, near-field control,

finite-difference time-domain
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