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Abstract

In recent years, localized surface plasmons (LSPs) excited by propagating surface plasmon polari-
tons (SPPs), supported by nanoparticles located on metal films, have received increasing attention
due to their extraordinary properties, such as potential applications in the fields of photocatalysis
and sensing. However, the study of the system, especially the time response required for further
optimization of near-field spectroscopy and sensing performance, is still very urgent. In this paper,
we study the localized near-field optical response of gold nanospheres capable of generating LSP
under the remote excitation of SPP. It can be found that as the radius increases, the LSP near-field
intensity excited by SPP also increases, and the near-field intensity changes abruptly when the ra-
dius is 70 nm, which is due to the stronger coupling between LSP and SPP at this time. In addition,
it is found that the dephasing time of LSP excited by SPP is longer than that excited by laser field
directly, and the increase is nearly twice (from 3.8 fs to 7.81 fs) and increases with the increase of
the radius of gold nanospheres (from 6.67 fs to 7.57 fs). The results of paper can be used to modulate
the near-field intensity of localized surface plasmons, which provides a new way to extend the
dephasing time of the resonance field.
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& JBYNK 51 1) J) 3R T 45 B3 T (LSP) A2 3 L L 1 5 NI IR B iz AH LA FH IR SR AR 4R 5[ 1] LSP W] LA
B3 BHEUR , AT DA AL 55 2 T 45 B OB (SPP) RIS [ 2] OBkt BBk LSP BA Rt
SRS N AN B JE AL S5 i, O 2 B T HERUR (3] AR [4]. R G 547 2 UM (Surface-
enhanced Raman Scattering, SERS) [5]&:413%.. 1 H LSP HIUT I W RN AER A [6] 14 YGRS 8] B0 & A ds
Hl[7]. CRIHEN 1281 T AR B TR 2 W O AT LUK =4 LSP IZRK &5 i iEid LSP f&
WK & R ANK R SRR L IR, I R B MURR L, o] AR ESCR R S AR & 38 44 (9]« R,
SPP I KR L LSP fE& @i E ik & ] LlisE— 3 iy . BT, R SPP IS4 KUK LSP it
9 B B 7™ AN AR

S FH I 184 BR 22 43 (Finite-difference Time-domain, FDTD)J5i:AF %8 T SPP A1 LSP F:A7E 4 |
SPP-LSP A KBRS [10]. G5 RFH, BEESYPKEREAR G R, SPP-LSP i 7 5 FE B 30 H LR
VT A AR TG RIS . SAEG OB AL, SPP UK 1) LSP 1] LAYEAS oo AR HL R 0 (1 175 450
IR R . GBI A SR A A A R B AL, UERH T SPP UK 1) LSP (G HE - B SPP il .
WAk, RIS EO BRSO B ZARM G SUAR LG, SPP UK LSP B AHI A HE K.

2. S HM FDTD (HHEE

T #0k SPP IFFAE Au iR ETERE LSP B SR BREHM R E I 1 o, PLBRONRER, £ L
B —JREREON 1.55 nm e, IFESR L2 — RO H (58 BEEE AR, %85 100 nm,
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P42 1000 nm R IVIRE, SRR S KT 0BR[], HEE8 70 nm B E90KRERBUE
FEAT SBIE B Pt o Au HIAY FELHS B0 1 Johnson A1 Christy [ 1251 H f0 S0 504 - 06 J5 N5 203 ass g — 3,
SRIGWUR Y Au BER AL #E 1Y SPP, AT F FIBOE IR 2 2 3% HU M (total field scattered field, TFSF). FrH ¥
PRI KT A 400~800 nm, kKB 2.65 fs, (mAR 7 MY X Flo 037 I A 2% 0 E E 4
JL 55 G K BR 2 B ) TR BR Ak o )7 B DX 3R FH e SEMWSUZ AR I 5 264, AT LIX SR /N A 9 % 6 x 2 pm’.
WSRO 25 SR, BT BT S AR e 08T R R . O T HERA R AE S 4 oK BR IR B 2 8] mp o= 2B 11
LSP, RAHICRA 2 x 2 x 2 nm? [¥] 3D & INRIHS7E 35 A4 300 x 300 x 300 nm? (IGKEREEH, THE
LSP i, MEEHIH O EYPORERIPOES, HEHT T R U m .
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Figure 1. Schematic diagram of the composite structure of metal ring groove nano sphere
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3. EMKIKEAEBEEZFHTHRINERSR
3.1. AEIEET SPP TR

N FEREE M 74 SPP UK R R T & S ot AR HBOGEORWT T 7 SPP 1K3) /1215
tho B 2(a)@7n THOGEK SPP 2. B 2(b) 7R T x-y PN A0, vUEESEH S Wik
JeH SPP [mHaAERERT, 3G RIAE A RRAE BB AL, X T O A SPP EH TR
[13]o B 2(0) B T x-z NI A0 XA ENEOE A1 SPP & EH T HIZREM, & 2(c)ER
T x-z FIHNE AT, AR LRI EI 70 A LIS, A a A& 4%, (272 SPP ek It A
W A% R R R R N e )s, TTRAE O T T B RS, X2 BT AR BN SPP Ja) A A4 7,
FHAE MR E M. Bk, ARG E XS SPP SRFERISEM . 5] 2(d)Ran 1 4055 BE AR fl b
Ty se g, BAREEARE, (AATA KT e ks B —%. E&RER N 155 nm i,
HALPRIE K07 538 nm. 578 nm. 635 nm F 735 nm. i 7EJE 5 A (e, LR K e R A48k,
R AR AR AN K o Tl A LR 06 1 0 1 P A <6 M J5E FEE RO B N T ke, 5 P A LR 06 ) D (1 B 5 4
FERIRNTIRG R RN, 5 =ANEA L T W Re . MDY R R 7 2R M 2 F A TP LUR IRAE SR H =
155 nm I AU I SPP ILIRIE K IR 5 B S 128 70 nm (& 90K BRIBOE BLHEUR I LR
BAKAAE, AT IEARBEACHS 2 635 nm. BFUNABATE FH R ILIR I, I HAEDUAS JERE Mk, Hg
REBAEAE], A 2o ARAE T 3 3502 A A 1) S5 R S WO ) LSP o PR £ J5 O 155 nm [ £5 1 240
BEATHE— DA AR .
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Figure 2. Plan view of metal ring groove structure and laser excited SPP near-field distribution, as well as the variation curve
of near-field intensity. (a) Schematic diagram of photo excited SPP structure; (b) Plan view of x-y near-field distribution of
SPP excited by laser; (c) Plan view of x-z near-field distribution of SPP excited by laser; (d) The variation curve of the influence
of gold film thickness on near-field strength

2. EBREFMBLSAAMEEL SPP 7S FEEURIEIARERNZENIL. () MK SPP EHMREE; (b)
BB & SPP ) x-y ILZAHEEE; (o) BLEA SPP M xz EHDHFEE; () SREEXNLAEEZMAITN
HhZk

3.2. AEBE AR T LSP W hESH

PRk, BN EgUKER SR F. HEEUR SOk SPP, Bfif5 SPP 1% 1% E 444
KERRBUR LSP, [N T 8 ot B0 LSP, BATHNSHEOCHINS R Z S 7. B
SYPREREAR IR, T3 e AR i 2 an ] 3(a)Fivn . ATEAE H, SPP UK LSP =42 T 4 AN LRI,
IX 4 AN R K S ORI SPP LRI KRR, 3X 42 T SPP 7E SPP ¥k LSP (5 = F{EF . 538 nm
AL HWEAS S BIBA S, 2 JE AN &, T 578 nm. 635 nm M1 735 nm AbHIIEE A & o [FI AT LR IR,
/T 70 nm B, LSP SE4RIEK 56K SPP LR IE K I A 56 42— 8. UPPKERII A2/ T 70 nm B,
PRGN 2B LA KA . KR FNEAE RN, LSP ARG A MBI IR K5k, SPP AR
3 LSP[14]. £ 735nm &b, 7] LUE HiT i@ BB & LR I KM K. IF HAE635 nmAbFRA T A LAk
Bz %, HEAHPIEHEFRZEN 70 nm 4, HiFZimE S K T34%8 80 nm A 90 nm 4T
BRI T ERFUIE X FESLI R, N D B SR ER AT R A

2242 R L 10 nm A K 50 nm 3 H1E] 90 nm B, JT3%50 1 BE K AL IR ZR A P 3(b) BT . 4
SYPRIRAIAE 70 nm BF, FRATAT DURBLEOGHOR T AN SEHRIE, F H 29 E2/0 T 70 nm B, &40K
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BRI FLIR UG 2B A2 A KT K. XM 5 SPP ¥k LSP ANFl: /£ SPP Uk LSP (i fEr, 44
KBRS R4 ARAR o X — R I3 —BIESE 7 /E SPP & F, LSP itz 8k SPP 5. [Nl
PLE H A28 70 nm (s i, HILIRIEK Y 635 nm, SOGB4 K] SPP IR KAHE . 7E
AT, 24 SPP AT LSP MFLHRARILELES, SPP Al LSP 2 [RIfFIH8 & RO I i [15]. WOG =414 SPP I
SPP f=E (1) LSP Z [Al (A 8 & 2 S ECE N IR R AE R, MG 2RI sapE[16]. 7 &4 LSP
A1 SPP 2[RI RE G AR E, FRAME AR AR A A 177G 5

[ rser — 1AL popp V j[asz[aj
4 Egpp =il pp )\ B B

XH,  E,pp( Egp )7 LSPR #X(SPP-Bloch J)HIBEE, AL g (AL )2 AN SEHGER T2 H 3R B AE L
RAREAERS, MMERHEM&E. RATHE 7 ¥4%08 50 nm. 60 nm. 70 nm A1 80 nm &K 45 H4 ¥ AH
HAEFH® V =2456. 4237, 5251, 3.749. A[LLRIAEFAEN 70 nm L HIAH BAEH B OK, BHIRATAT
PAAFHHAE4208 70 nm 4k SPP 5 LSP R G 1E ok, M3 ECEAEA 70 nm G 44KBRAE 635 nm &b
(5 E R AE SRR, BATT AT LLADE LI SPP 5 LSP /2 555 &1 18], {EABSRULHA SPP 5 LSP (& 1F A
E Sl L3 N
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Figure 3. The near-field intensity variation curves of gold nanospheres under different excitation modes. (a) Near field inten-
sity variation curves of different radii under SPP excitation; (b) Near field intensity variation curves of different radii under
light excitation

E 3. TRRNH L THEMNKRIKITIARE LTI, (a) SPPHA TAEFZERETRETHLZ; (b) XL T
2RI 5E E L

AT BATEIR FLBOR I LSP AL AL, M 3(a) hFRATAT LIS %0 SPP ¥R T 1) LSP f=4: T = A3k
PRV, TN T = AR, AR YGIUR ) LSP A R =4 T AN, BRI AAE R, [RI JRAT AT LUK BLTE 4
YPRERAZRN 70 nm (I, S TR H LRI AT SPP UK HH 110 3 mp 9 A P41 06 11 L 35t KA [) (0 7
578 nm M1 635 nm). FrLIEEUA T 70 nm &K ERF=E T 5 SPP UK R =4 A A A .

RIEWEIT T WO SPP I73UK 1) LSP 13 )2t . AT, EE 4, HBEOCTE MBS
i, WG HEIAIRGE 14 fs T2, i LSP 1 HIHGkEE HARMESUR AR . 2R, 4{# ] SPP J&
1ERREN 7S, SPP H LSP 7 15 fs | 35 fs Ju[H N LU L-FAHIFE IR G, Wikl 4(b)fioc. 1E 45 fs /o
4, SPP IR L T, M5 LSP {55 T 4aig i se k. 5T SRS IO k3 F 45 s o 335 (1
IR RE19], TATVFEEROCY 25 BEUTHNBURIEIIE T, B0 H KR, LSP LU ALE
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R . WO NBURIR, £ 5% LSP IR RIEIRA[20]. M 4b) AT LLER], Mz
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Figure 4. Time evolution of LSP electric field under different modes of excitation. (a) Time evolution of LSP electric field
under laser excitation; (b) Time evolution of LSP electric field under SPP excitation
4. FEMERMA T LSP BBIZHIEENEL . (a) BOLHHA T LSP BIARIRTENRIL; (b) SPP A T LSP Bi7HY
EREIpE e

Fe ok, BAVERAET LSP BOGHUA LSP 4 SPP UK, 45 B ie s 2 LE 1A B A B ¥ 23 AH AL B 7]
I 37 ) 7V SR P WA I DU 25 (QNIM) 7 9253 AT L[ 211, QMIN BT 1 RSN K R B 1 27 B S AT AR S T
X, BRETHFHHIEMAMEM, BILHEM. QNM AR F[22]:

2 " ;
|Rﬁ, (U)| = ‘; a,4, (v)e™

Hoft|R,, (o) MELT FDTD i BB 0SRBLEREL, o, 1 g, 5 BIM BT B REREARIG, 9, £
e T B 2 ORISR B S e 1624 R T AR M

1
A( 1) =
(#) 2iy, 2no —4n’o? +47t20i

2

Hor, QNM HSLIRIIRZ v, » 7, 2 QNM WIFLJEZEL, ClET v, =1/27, , b o SR 4 4> QNM
(AL [ AT, S5 B HH A RSO () AR AIE S e o AT 759 380 L J AR AL I 11 (B 5 R 4T 265 FDTD 1l &
BRI IR 2R, TN QNM LA L), HE ST LUEH, 2GR 9K ERE M, 18
470 THz F1 510 THz GEHRIE KA 635 nm F1 578 nm) T H ILFH AN JLPRIE . JBIE QNM #1415 3 iZ A 200
N2 ABRLIT [H) 29 3.8 fs AT 7.1 fs. SRR SPP WU 264 N 4K #4544 (SPP-LSP){E 410 THz. 470 THz
M1 510 THz (FI R LRI 735 nm. 635 nm. 578 nm) L AEAE = AN FEPRIG . T Hefst 50k 7 (1 2 A0 7
a5 )R 7.57 fs, 7.81 s F1 5.56 fs, W1 5(b)Fiam. T E9UKEERIEE N 50 nm (B 59IL%5R ),
NS B 5(c) . WTLAEH, TE4 410 THz. 470 THz Al 510 THz AL7FLE 3 DMILIRIE, HxhR )%
FARLIN 8] 73 704 6.67 fs\ 7.14 fs F15.56 fs. i 55 S@)RF LT LUK, 14 5(b)H 470 THz WX )
R or B AL ) e AR AL IR ] A 3.8 fs ZEKCF 7.81 fso [FIF, & 5(b)« &l 5(c) 410 THz WA XS 1 2 AH 52 B 1]
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HH 6.67 fs IEK 2 7.57 fs. ] 5(d)ANTE 410 THz B ZAHAZIS (] TO 54226 &, MBI IERATHT ORI
FZHABLE ] TO B A2 H3E K K, M 6.67 fs REK 2 8.33 fs. FRATHIX LAtz f AR AL A A1t x4k
BRI R AA B T AR AR5 SPP I LSP 2 (AR & 5 EE (A8 4k . Ak, WTLLE W, LR TEiRY
TP SR IR(R = 70 nm)IE LI R E ISR = 50 nm){ITEHL T, SPP ¥k LSP {2 AR 1] 3 bk B 5
ek LSP I EARGIIF I . L EZE SRR BE, @i 5 & 9K ERIG AR, AT LUE R 4% SPP A 1Y LSP
FE AR AR B] o 33X A8y 2 AR A B TR i SR T R A IR AR
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Figure 5. shows the variation of near-field spectra and dephase time with radius for QNM fitting of gap positions under
different excitation conditions and radii. (a) QNM curve of 70 nm gold nanospheres excited by light; (b) QNM curve of 70 nm
gold nanospheres excited by SPP; (c) QNM curve of 50 nm gold nanospheres excited by SPP; (d) Curve graph of phase time
TO at different radii

5. FEMAFHEMERT, BRAER QNM MUARILAHEFM AR EREEZENENL. (a) SPP IHHAT LSP
FEIARETENEIL; (b) SPP A3A T LSP BIZRIEHELNRIL; (c) SPP #{& 50 nm £4AKIKEY QNM BhZk; (d) FRIFE
TEARLIATIE TO HyshZk

PR RBA IR AR AT T B LSP BRI 73 AT HEATIR T, IE] 6(a) 1 FATAT LAAS R0 SPP UK T
() LSP 3375 3 F B AT AE G gAOKERIBI BRI, FRATTRENS IR 75 M L BDE B H A A% 38 3R T 55 B
TR EA . WEIRRATATLAE t, JelUK K SPP 5 &40 KBRS, S 7ERBRAEUR B T Ritag
A B HOT . KR O FR R I & 2 HoT R I & JE R IR, AL TOLEEEOR, (/] SPP #UK IR
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Figure 6. Near field distribution of gold nanospheres under different excitation conditions. (a) Near field distribution of 70 nm
gold nanospheres excited by SPP; (b) Near field distribution of 70 nm gold nanospheres excited by light

B 6. TREIBAEEHT, SUMRKMILIFHSF. (a) SPP L 70 nm SHKIKKIEFHH ;5 (b) HBE 70 nm SHKEK
oblinzbrgicl

4. g

25 LATIR, FDTD 45K, SPP UK IS4 KER M R I80L 3 a5 i N w] DL SPP B m] k4%
fil, X FLAEET SPP 7E LSP WU fR i £ SEH, I Hnf LLd i s S 9K Bk 42k 1 i 5
fE. GERFH], SPP A LSP L ARALRA(Z) 7.81 fs) K THOLIA I LSP # L AN [H](£) 3.8 fs),
IXFPOR 7 iR T T dAE K LSP (1) AL (] . 7EIX I TAE R, LSP Ur3%5m g oy DAYE1H 2 i K N ik
I ], FF H AT DA R 2 25 AR B 1]
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