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Abstract

Plasmon is widely used in research fields such as sensing, photovoltaic, photocatalysis and photo-
detection for its characteristics of super-diffraction limit convergence and high near-field en-
hancement. Ultrafast plasmon field formed by ultrafast light-irradiated metal nanostructures not
only has traditional plasmon characteristics, but also has very small time-scale characteristics,
which provides an effective method for searching and manipulating the interaction between light
and matter at femtosecond and nanoscale. Since the dynamical evolution process of the plasmon
field directly affects the performance of plasmon sensing and detecting devices as well as the pho-
tocatalytic effect, directly near-field characterization of the dynamic evolution of the plasmon field
will help the exploration and revealing of the interaction between plasmon and matter in micro-
scopic scale, which is of great significance for the design and optimization of plasmonic na-
no-photoelectric devices. This paper reviews the advances in high spatial revolution near-field
characterization of dynamical evolution of plasmon fields using ITR-PEEM.
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1. 5l8
25 Bt (surface plasmons, SPs), .4 1% 5 284 3 111 55 B3 A ALt (surface plasmon polaritons, SPPs)Fl9E
i 5 JRy 35 45 29 ¥t (Localized surface plasmons, LSPs), K EAG BT S M PRV SR« B s 130 3738 5 R0 N
FH R B BORFE[L] [2] [3] [4] [B], FERTUHGSRIL S HON A& AN B2 SR 56 B ATU8A BRI
TEAEMELB] [7], ECONGKIGF Ak — Kkt . IR, BEE BB AR AW KR, FIH R
BOGERBAUOR G M AR B IRSE S BOTY, AMTREAE B GRS HREC SR EAEH,
SCHUEB PG AR AT SRR R AR, b vl TR A% A R PR K S5 B Tots 54T R 7 IR SE SR RA[8]. A
TRESHEALAL IR — DY R AR A B IO AN U SR PR R, AT S e X A B T A B A
AR ERE. Horh, AR HE B —ANJ7 T2 H i 2 A O AR AT HE R R R AL
Heilweil 1 Hochstrasser iF | 33 5] 45 56 FH 23 A7 B[R] 22 [ A7AE 1 F 28 & [9]:
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b, h O EWITCHE L T, N EARRI ], v ORI SIEE . A2 A B ZM AL TR 51N AR 0T
A, I EA 2RI TR B RERS S WA B OC R A fir e DAERIE TR R I RAL KB AUOK G R iz 171
(A v e ) 1 2 9 FE R 77 3, SRR I SCRR IS5 BEROC I AR TRI[10]. B T45 SOt 2
LIS TR] 552 2O N2 8 o B LA 5, PRI e 0058 2 55 1) T BEORARAE A5 e S L I TRIZE R R
D554 AT )32 SR F [14] o [RI I IR S 00 T AAT AR BRI A SPs il 21 1 B ROHESN /R FH[12] -
SRT,  E T RN SRR AR TSR . RS SRR S T T A — e A B 2= 5, it
T2 (AN A A R DI 22 R S AE — S 22 o DRI A B XA B o SR A 01 22 57 ) 77 AN T 4 it

@

DOI: 10.12677/app.2019.95033 275 N A


https://doi.org/10.12677/app.2019.95033
http://creativecommons.org/licenses/by/4.0/

Z

%

o PO A AR 5 R Y [13] o XA AR e b 7 UARAS K 22 AR AL I 1) 5 2052 (R N oK &5 ) PR AR B[] 2 T A7
TEZES . Ak, IR 7 SUAN BEIRAT X BEASE 21 2 AH AL B () 17 TC i 4 HA 55 B Bon IR B TR0 13 2
BEERFHARAR MR R, AR/ 28 ]RUBE F3RAE SPs 13N 71244k =28 T v %K. 2005
4, Petek 55 N\ B 1t K T PP I (8] 20 64 5 HE 1 2 OK (interference time resolved photoemission electron
microscopy, ITR-PEEM)SH - SPs 18} /) S4B 7 [14]. H T ITR A5 5K B T W HOE 5 51U ¥ SPs
T EM, FIITRAESHEE T SPs 3 /13 E G5 B . 1A, 1925 T PEEM I 75 (8] 43 i Be
JICHAGZERIEDIRE N PEEM M7 [A 43 B C A A H] 2 nm BUF), f##3 AMITFAH ITR-PEEM HA RN
TER /NI 23 R A F SPs I3 12tk it #2. BT, FIH ITR-PEEM BURFEAE SPs 13 77 2= A0 AR

PRI B, BT RETFERME, IR LB 5 PRI BT, PEEM HA
HE SRS BT TENRCAGER - 2RI, I3RS 2 RT3 o H A IR, T LAAR BE A
Ji A PR RN B G 1 B i — e o5 B 6], AR, X Fh TRl 8 5 st Al 1S PEEM RERE ST — LU TC4R 5
(15 B BOT IR ST B R [16]. BbAh, ek D7 A1 PEEM REME e 75 4n Tk o4 1l T 0 A S
B, AR5 AL /) (ITR-PEEM), Jf H T ASE IR A W3 404 1) (R B 2 H,  7E iR 7 SR a0 50
PEEUH (M FIRS, ORE T RIS (B AAS SR . PEEM 5 DA T HAHE AN S, TN T
M AREEEoTHI A ) TR RSCE RN E T S BB 1B R B AR B 2 DL OE T
ITR-PEEM J7VZ3R1555 BT L AR I [ 3 Y, AR5 2518 7RI ITR-PEEM FBRAE . — YK 4
FICL BB A AR 5 W v 5 B o8 Ty A S, e R T I ITR-PEEM #7455 8530030 /)
S A RAET T R S AT 5

2. FBWHTHNEER
21 FEMAHEIhZEIRE

Wk 1@)fn, D @akon 7oublid 7B BT E AR SR iR ARk T IR
I N TG . I 5 9KORE T 2 R AR AR AT AT D f AL R AR A s e M, RIS LA
BGEAL e N SEEIRN BIGUKAL T LI,  SRNSR e A 5 g KORE 7 (R 2R 10 L 1 ) R AR 35 IR AR DL
B, o A R IR T A5 B WOT R (LSPR)Y I & o LSPs UK I 2% LA S Al A4 S i A E AT 280,
s R A AN T, AR S TE 3 R I NSOl . 2B JE RS2, AH AL AH R
MSEE BT ZWRNE, BIFTE ML, EAMRARE R 12 oA E#och) A dr, B RN 540K
R RS B . X T RS BUNRIGPRR T, B RSN TR B e, B 590K 1
(1) Py 350 S 2 AR L 2 RS ik — 2208 /N 22 10 nm DR I, a0 25080 S 1 2% B A 25 St T e i R 1]
YKL IR RORIS B el S 4 £ . BL PR AT AT R 51 A SRR [17]:
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Figure 1. (a) Overall dephasing process of SPPs [18]; (b) Radiative and non-radiative damping of LSPs [19]
1. () REZFBHLEENERTEE1S]; (b) BlREEFEH RS RMIEESTR[19]
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LRI [R), B R AN 2 M B P S DRl (]

NP RIS S WOTE, LT REABSEEHT, Neaid MmN R RE, feE g%
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BORSTEBAIAERAF ARSI K - KB se 70 A e X — IR AR AR Wb B4 [20]. )5, W7
- LT IRV RO R T K RE R L HORE RSP 5, S8 B BT I 3o R 45 RO [ml B RS

22. BREBHTHNERTEIRIRER

2.2.1. ERIERTER
B. Lamprecht PREZH 7E 1999 4F1ESE [ PHJE MR 1B A] F T~ R AR B LSPs (3 /) et [21], Hor,
AR B WOt IEE LT A3 [22]:
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HT UL EAR, 8 AR T AR IR RN A 7, R = DO B 5 A R,
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A DASRAS A5 BoC I I = UG m R, Gl R B S IR T RE R SR RN R, AT DL A S SRR T AR =
R, AR R I Z AN T ST AS = U B th 2k 0L 6, S S5 SRR U5 O R TR B « (BRI OS5 BT it 2%
FAALFA]

222 ZEABEIERTIRE
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OTE° (t)+2y,0,Ey" (t)+ @ Ey° (t)+ xE/* (t)=0 (6)

Horfr, B (t) A E™ (t) 2 AR AN IR TR AR R Y, o, 1, 20 BRI AR T LR
B,y Ry, 3 PSR TP JE R 8. BRI ARG W8« 08 1R S BR T 4L
ARG . EAERKRID —MEIR T2 AN R, 05— Rl A L« Ok E[24]. RIS
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LA LR L R (@) RN Ry (@) MR, () et & n[2s], &
R(o)=aR ()+a,R, (o) )
JRR L T A SR T R
Eige (1:7) = By (t )*R( )=(E(t)+E(t-7))*R(t) 10
~ ["E(0)R(0)(1+e™ )e“do

Her, ¢ RORPIRASCHIIERS, S &l AR 30Xt R BT 0y, T AR B R OGRS S
R

S(z)=]" B (t, | dt (11)

PLEREN IS T R RIROENE S, TS E R T IS S EoT LA E, & 2555
SR A, FEN RN TR A SLL[25]:

(12)
Ty = Toin TKAT (13)

2.2.3. FBHTIER

Fraggiani PRAEAHE H T —Fh T ISR s i BEE 1 2 AT R R SR A B 2 40 0K R 28 1A B 383
J W R [26] 0 W AT NG 63508 B (rit) . 200 8 5L AR 46 vl of HE A B SR e B SR, 155
Eie (@), ZEINSIHIER, 9UREE S AU R BB Eg, (rt), FEEM RS, JFH5
MNIIAIITE TS MBI NI A T 2R3N B, (1, 0)deo, SEREURA Eg, (1 0)do, HHMHEIES R
(quasi-normal-mode (QNM))EJF, 53:

dE, (@)~ dB, (@)E,(r) (14)

Hrp,

_ —odo ) 3
dg, (w)_w_wm [[[A&(r,0)E (r,0)-E, (r)dr (15)
TR 7 Be eV (8 L i AR 4, X AE A3 BB S5 U 3 -
B (Nt =2 A (En (1) (16)
ﬁ¢,ﬁﬁ%ﬁﬂ407ﬁ?%-
j dg, (w)exp(iat)

[ O () (,0) ()

> w,-0

(17

R, RSO EI ATRIR N
E(r’t):Esca(r t)+E|nc( ) (18)
VB Kz 5 J7E R FDTD SEMMELE, IWZEEA JURILS . — RSkt 7 BaEEwzh
FHIEE——QNM BUR 28 R B A EEN QNM I, T2 REN v SRS A HL FR0I0 A Js e J3
ORGP TS ) B 2 HE FDTD K.
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3. FBRINEMRER
31 FRESFERTHNERR

1999 4F B.Lamprecht HAFIEIRFALAY, 8N EETIRIRG JREE, X WP BOCHR S 9K 180 715
W N REAT T B TR, RN I S S0 TR I s B AR AT LA, R R T TR AR SR A
AEFIEN[3]. Wil 2(a) Bz, s i 20 il AR E ZARGIIS )24 7 fs. 10 fs. 13 fs tHEpT 4T ith 2 Al 5 s:
CERIAT I, TR AL RN 10 fso {HSR, BRO5VESZIR T RTIE B A G oK S5 H 2 IR A Rt AR
S5A[3], PRI, RIS B) = UE B - HASR(THG-ACF) 7 ik, SR BB A S2I6 245 4 (177 AT 52
T S YRAE A O 1 55 B G AR SR AN AR SE R G L 13 ) A, AR BT SR Eon i B AR ],
A & VG AR B — B [21]. s 2(b), 20)FR, srolfEaR TR FIAE SR LT
THG-ACF Hig 545 RN 5L 50 Fr#3 B AR DG R U LA 45 R X — B ALt sl 1 )5 28R H ITR-PEEM iR
HEAT S BT BN ) AT SRR [27]
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Figure 2. Plasmon dynamics under non-coupling condition. (a) fitting between the analytical model and the ACF measured
from the non-centrosymmetric silver nanostructures irradiated by femtosecond laser pulse [3]; (b) fitting (resonant condition)
between the analytical model and the ACF measured from the Au nanocylinder arrays irradiated by femtosecond laser pulse
[21]; (c) fitting (non-resonant condition) between the analytical model and the ACF measured from the Au nanocylinder ar-
rays irradiated by femtosecond laser pulse [21]; (d1) fitting between the analytical model and the ACF and the charge distri-
bution on the Au nanoblock irradiated by p-polarized light [27]; (d2) fitting between the analytical model and the ACF and
the charge distribution on the Au nanoblock irradiated by s-polarized light [27]; (el) evolution of measured and simulated
normalized photoemission signal from H1 spot [33]; (e2) evolution of measured and simulated normalized photoemission
signal from H2 spot [33]

E 2 EMBEBEAFBHITNNF. (2) BATERFCFEOERS THIEXFRIRAK G AN B HE KRB E([3]; (b)
FRATRRBLAN RO R TR S AARAEREFI RN B M8 X R B A B (ERIER) [21]; (o) MATREA R RS
THEMARERTIPN B EXEHU ST EARIRER) [21]; d1) p WiRAERT, BRENEEXEHHTE
BERMENKRWEBETFH[27]; (d2) s WIRLTER T, BATEEFBHEX BB S BRI EHRRABRET2H[27];
(el) MEBRFIRLIA H1 ST —WIREHE SIEI[33]; (€2) MEMFMEIA HL SAY)A— A iREHE S IEK[33]

DOI: 10.12677/app.2019.95033 279 I EEY/BEH


https://doi.org/10.12677/app.2019.95033

NI E A R NS ERUCE) IERAE, E AR E S 2 AR SR OT Ok .
BOTHIRE AT 0 AR A A 2 AR, T EEEANSER T, AL mIRE R M=, N7
PRITAR AR 20N 22 A5 202 R AR A 1 PG 20 0 2 0 R A I, 75 0308 o R A5 s BRI I 490 oK &5 4 Fg et
PRI R S 2 il U [28] [29] [30] [31]. %& T AR £ %+ PEEM, dbifEiE K% Misawa U EEZH Sun
Quan 2 AFIH ITR-PEEM EAF T &4 K 3h 77 S 5 A0 A, I8 Bh IR 7 R 20 1 R S0 3k 158 T A5 (1Y
WAL ) I AL (| [27]. W& 2(d1), & 2(d2)fw, 2 ORI R MR ARG Aok ey, DU ) 2%
FARLET [E](9 fs) LU AR (5 fs) K, HRIVHESRITIHN 2. % 7 SRR 5 R 2 A R 2 8
A A NI B HOCE) 1O A BE T A KRR, R AR 20T PEEM BRI & 23 18] 4y HE s
P, A ATTRE 85 SN S5 BT B0 ) A I 2 (R S AR, D BE R Z B AA S B G A o R T
Lin BREZHAI I 7fs SOt bkt 4 & Fi - 3R =57 PEEM 50K, 435I s IRIRFD p i e 4 W 1 45 1
WK B DA BT I S i AT B R O A T X 1 W5 454 BT A ROIL AT ROI2, K IR JE
I 74 <13 fs I, W5 AU B ARG R B ARGL 228 %, T 24 13 fs < 7y < 32 fs I, ROI2 ARG B 7% J5 T ROIL,
T 24 S BN AR 2238 KR, SCHR I 5 AR5 553 O s (AR S 22 Mk DA 23 % o R LR ARAT T D 45 B e ROk
F L T AEIS 7 13 fs A R 2 G ARIN ' G IAH 2 i ey, — Bt E) 5, 48 B Ot Al i &2
ARG SR [32] . W1 2(e) 7R MIERS Ay 13fs 2 R AIZERT7E 13 fs F| 19 fs (9T — o 5m 5 5 5 2%,
AL 1 2 7E B By 0~13 fs B AHALAH [, 1776 AER KT 13Fs 5L N HBLIA ARG 22 o LIk 72 2k,
ZIREH 2 JE R I R 4 3% PEEM RUEIR TRLALMISE &, 1581 7 S a5 B R] 2500 A A7 i Ay [
2(f]e FFBABATIRAE T 525 R 1321 PEEM {55 Retd B H Sk LIS 25 1) AN [F] s UK I 45 B ioa i
B, [HA—IREE, FIFSCIRMA RN PEEM 55, AR IS EEc B AR ,
{H B T35 BT I B RS M2 4R35 2 M 36 4, TEA I s AR ARG, A S s loc s ia i
KAESZANRG, $aon T 55 BT I 028 B T R 28 Ak, 5 fg 24 [ 1) FL AR A9 28 1) J5 (R [33] o

32. MEFEHTHNERR

HIFAESEPRRN IR R Gt HHE MELZ A ER oA I, Fred 2SR LT
WIZh 12T W I, REf A Rl & BT RO SERR IV o A, 2505 B SOt MRS & 1F RTR
Wi S5 B T 2 AR RLIN TR), T S M R 1E) A BE I e S 15 B Ak . RIS, RS B A AL (A A SE A
I8 SRS IR 25, IR D A B T A AR R T A AR B AR o R, 7 SR TR 5 Y
ST AR BT 2 A, ETEN DURAZ A N T 2 R S 1 DL R SR B BoTEh 11wt 7
3.2.1.LSP #1 SPP #8&
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KERE L REFEH, I HESH S B BT LB WU B s RIS, & 4% SPPs ARE MR miili s
#Ea5, PrUliEid LSP Al SPP Z AR, BERS A AR IS T . Zentgraf TUEALHT L 1Ot 1@ AT R
SRR ) AF B EOTA S RACIE RS, AL T LSP MDA SN M R SR, SF R
TCIEARRLE AR R A T R ZIAR [34] o Gl SR8, Z A SN SUUE W] T E SRR S WL AR PR S 4R T
MBI, Wlsl 3(@)Fn. B OYE IR THEEAE RA LI il ACF (L& 45 2R, Ll il e 2 51 S 445
BI=26 AN ACF ik, HrpfeEf NIy ACF &2 T B MHHILE, R Ll 5| ARG IER T
BERISEEL 7S 5 SR A R SE KA A, IR TR A IR T BB AR AR DR R IR N B RS A, 2 e
MIBEFEBE T R 2EAt . J5%8:, HE2MROFOTR B, 2T B e e 25l R 788, Utikal 3
R X 9K 206 1 di A Bk T B 0 A A AR AT TR AT, R T AR R =R S, O
I AR AR G A% (R, SEEL TSR BTl A M B ARALE R, SCBL TR T i A L TR
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Figure 3. Plasmon dynamics under LSP-SPP coupling condition. (a) measured second-order interferometric autocorrelation
functions for different grating periods of the nanoparticle arrays and fitted ACFs with the obtained dephasing time [34]; (b)
measured (black cure) and calculated (red curve) nonlinear ACFs of different arrays on the waveguide; [37] (c1) correlation
photoemission signals for shaded antennas [38]; (c2) correlation photoemission signals for excited antennas [38]; (d1) nor-
malized PE intensity curves against the time delay in the time domain obtained by PEEM measurements [40]; (d2) calculated
PE signals with the best fitted dephasing time [40]
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Figure 4. Plasmon dynamics under LSP-LSP coupling condition. (al) normalized near field autocorrelation trace at the two
ends of nanorice with 500 nm length [44]; (a2) normalized near field autocorrelation trace at the two ends of nanorice with
600 nm length [44]; (b) SEM image of bowties with similar shape but slightly different lateral shape and corresponding au-
tocorrelation traces [45]; (c) multipolar analysis of the linear and nonlinear radiations. The red symbol and blue curve on the
left part refer to linear and nonlinear scattered intensity respectively, and the pink and green curve on the right part refer to
dipolar and quadrupolar components of the nonlinear scattered intensity [47]; (d) the PEEM correlation curve (the black line)
and the numerical simulations of the time-resolved nonlinear photoemission signal (the red line) [1]; (e) evolution of the
photoemission signals against delay time obtained from two ends of the dolmen [48]
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