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KR i 2 T 45 5 T (femtosecond propagating surface plasmon, fs-PSP) F 3T 3 BUA% A i A& 500
1) 2 B4 il S S 3R T A S e S . AR SR O 2% S H - S AU X R 4 R TR IR 22 ot g TR A 5 A Ak
PR £5-PSP HEATIE AL, I RGN T A SO AE 720900 nm JE P fs-PSP i L% 5 A 106
YT W55 0 A A £s-PSP U<, 7E MG SERl b F — 25 ) T RPN SR 2R T -4 52 Bk S T A S
He R IR 7 01 0] SEBNT £5-PSP R SCR AT . i SR A5 R T A, Y A OB RIREE 0° (P WiR) BT, fs- PSP
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23 8] 4% (< 20 nm), K, PEEM B 446%™
Z N T fs-PSP B9 4s sUGaEss 2224

FH—Jr T, JLF A PSP A SCRI TR E
S . A A A A EAER, 2453
A R RO e 2L, G 4 R Y SR A
LAMEES), FIH 11 D E LS E54 (K 50 nm
F& o~ 280 nm), V1 JE B RCE, KT LUK F
20% YU A 4 A 2O S ik Ot o 3R A B RS L
177 LB, S AR RZ2h 200 nm Ik
RO K 28% 127, RIS A 14 ARSI 5396
W, A TV 58 3 AT LS B 50% 1Y d R UK 3
R BB A BrEE S ASHEOGHE AR HE 2 5
AR B [T RO B0 AT SR PSP B AR Y
PadEE. BRSO SR B R B TR
mn JURT 5 A I A2, an s e 300 L 65 i v R TH A
Vi RE S, I, TERE AN S5 A S8 E IR AL T
MELLSEEEXS PSP U RCR R T shdE]. SR T
T AR S B OTA R BE, 20T 2 3
FE AT BURRICR.

ACHFH€F TR-PEEM (time-resolved pho-
toemission electron microscopy) SEEL T X} fs-PSP
(3L 3 G £s-PSP UL BRI, N PEEM
PG PRI T ORGP AT 720900 nm G A
fs-PSP i L3 5 UL 65 T A5 5 1 R AT fs-
PSP Wi, #E—20, it 35 ASHBOGR bR 77
li], SEBL T XS fs-PSP SUARCR I, S T HEBRA
SR T, RECEEROEHR T R T R
T - PR S 36 R G SE T A 4R X £s-PSP %
RECRIFE, 45 R, 8 ASHG R
] A] LA SE BN £s-PSP MUK RBOR I E g5 6, BAE
BRI P IR, fs-PSP B SCR I, Mk
A S MRS, fs-PSP AR BORRAR. LIRS0
RS FDTD mRill s R —34.

2 ZBRFENSHEE

SEH SCYR AR S AR T 2 ke MR 2 A
TR I A R AN JeTE T RIS 25 8
24 100 nm JE AR L. i — LR H R EE R
(focused ion beam, FIB) 7F 4 B I 21 fh H — A~
1 pm x 10 pm A MIRERES S50 . i HEREE = A ¢
RS (Coherent, Mira900) 7E 76 MHz & 5
R BN TEZY 130 fs BUBOGIK I, iy

JEE 2 700900 nm, AFOEIEKH T84 12 nm.
S il A BT D%l 50—80 mW.
FEBE R 20 cm 1 B A THBE, RE O TR AR
PL 65 I A S R A ST OC R BRI S i, R4
SEBEK: /20K 60/40 pm. ASHEOE A R A R
148 A3 S T A SE A 1 SR SR, KRR UG AR
- 5 28 2R AR T 5 | A B85 18R T
SR B FR ik v 3 S SR A T 228 Fsf 7] 8 4 1) S ik
WOk SEEL. EXOEH ST, A G G A %
K [F R 750 nm, FEMIEH P ImdRt. FRIFHNSE
SRS, RSB WL WIR T, FIH PEEM
FEBRMDE X R EA SIS £s-PSP Wik T &l
1. AEAR I 50FF, PSP R #a Bk B i /N T
100 nm, & VIHTS Ag/H 25 Fm FY) PSP 5 Ag/
Tk L AL Y PSP Al B0, Bir LAGE /Ag S kb = A
) PSP JFANENT Ag/ B2 FLm 1) PSP & B
FDTD ##l FDTD AL FE, B4
T PG I I AR R B A, it
1, FDTD Hhil F 564 56 L ILELZE (PML).
IR E N RS EU IR, ASTEOCSE (A
WK R RS S A2

3 #£R53

Kl 1(a) Frn K £s-PSP RS2 1K,
SEASFAE R o = 65°, ASHEOGTERE M
5§k T TR, L fs-PSP. k= 1)
fs-PSP Wi X JrInlfE Ag WM REERE. Kl 1(a)
ks R £s-PSP IR, kL R AGHEOBTER:
A 2R P I K i, ke R T RIE AR &
ASHHOE R 0wk (P WdR) . AL S H#
K1) £s-PSP 7E & 1(a) FF 5 B 28 0 28 JB 1) £
RAREG T, BT W HRSE R, FATAHEILX
BRI fs-PSP 1) PEEM i3 T IK14.

Bl 1(b)— & 1(e) 44 A IR P IR A R
WK ZE T, i3k PEEM B, MKk YCreEre i3
T A B2 T 1T MU b A ST, 7 MRS 1 28 b
& fs-PSP. {s-PSP 5 AN kA TS T, FIH
PEEM X ¥ X335 il A7 g A S otk
FAE I BEE B 720—900 nm. P KIEAT ALK
420 nm. 7EE 1 H H B PUIE fs-PSP i3 0+
W AR B EMGAE RTER . 1 T TUR 3h Z A7 AE SR S A
1, N Bj 1k PEEM #2028 CCD A, S5d &
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PR HAET. 1 1(b) TP B R AR T
[ TR E . fETA PEEM K5 rh &R B 22 5]
HREMTWEZE. X—IEE AT ASHOLSHH
K H) £s-PSP HLAY T35, X — 45 L0 I 1 4R i
- 22k MR AR R AR SR A B OT SE R AR
4 (720900 nm FR AT & fs-PSP). tLAMRE 4 fs-
PSP 1) PEEM 31 ¥#5 BIE, AT LAk EGI S8 1
KN, Hm A B

o ALApsp
VAT A — 2 hesp
T fs-PSP A K. (1) A i) \s Fi fs-PSP
ARSI SR, AR ADGRIEES, Apsp Ea fs-
PSP <, BAREEInZE 1 frgl.

(1)

AB

(a) NSO

ettt L

A =860 nm A =900 nm

1 (a) Wk fs-PSP 1Y L5 B (b)— (e) 43 513w
A SO R R 720, 760, 860 1900 nm i ) PEEM F{%

Fig. 1. (a) Schematic diagram of the experiment of exciting
fs-PSP; (b)—(e) the PEEM images when the incident laser
wavelength is 720 nm, 760 nm, 860 nm and 900 nm, re-

spectively.

# 1Y Nss T fs-PSP # i & ) FRIS IR K
B, A\~ fs-PSP #{I5 & W SZ 0 AHE . 5256045

KW fs-PSP M 48R DL & £s-PSP I K A8k
T —3L, BIE ASHGR R g K. JF A
FISLE R SIS R LR LS RS

AT, PEEM 3 -5 H 000 X+ 5 22 il
WRMCR T TR, B

Y o E?", 2)

K YRR £s-PSP (W74, E M fs-PSP BYif
HL R B, n o b 6 S R AR B k. AR R
(2) ZURT LIS, AnSRAREL £s-PSP (1 HE T =80 A8
feae, 5t AT LIASA fs-PSP i Ha 37 B s, M
A LIS 3 £s-PSP R SR AR a3 LIERFSE
W, P IS 3R 78 AH W) 45 4 i R Y £s-PSP 3
JEA 22 5 528 SRR PR OB R PR T 1)
A AT RE R F AT f-PSP kK SR A S
JT LAFE fs-PSP 3 & UG g JE Al 1, 7T DA o AR
ANRRECR S 7 1), SR RIS e m R 7 ) T
1 £s-PSP i3 T EIMR, I fs-PSP i3 T
B LI fs-PSP 1Y HL T 7= R A S T I A A
by fas, Iiifss fs-PSP i & SR A S
T AR A R 34

e R RHOB AT SC 5, B BRI
K fs-PSP. LR B 5K 1(a) —2 #i15F s-PSP
SWORICKRAET W, I T XS PEEM &
1. SRR R 1, A5 BN R OR G D
PRFAEE N Y fs-PSP ) PEEM B4, Jf-7e &% bk
B — 7 B T30 4 80 fs-PSP WYHL 77740, IT44
H fs-PSP 1 HL 745 A S O B A AR by 52
BB 2. B ROk T XS 25 R AT IR, A
T FDTD B0 T Bkt — 20X S g 45 3R A7
R AR FDTD AL A S e m P A B, X fs-
PSP (1305 FL 3750 B SEA TR, O 445 3R 5 S 56 fiox
Eb, FE45 Y £s-PSP 1) BT 7= 4 Bl A S5 IR 4k # B
ARy FDTD Bidblh<k, s 2 frow.

Kl 2(a)—& 2(d) B A GEAA 750 nm,
NIRRT, W3R PEEM EHZ. ke BU
FER 0°—180°. FRATTH BB A PO iE ¥ SR s K15

R 1 fs-PSP BB KW A SRR A ST BOGH I o B

Table 1.  The value of fs-PSP's wavelength and interference fringe period changing with the incident laser wavelength.
ASPEEK AL/nm 720 740 760 780 800 820 840 860 880 900
fs-PSPHIBUA A/ pm 5.9 6.1 6.6 6.7 7.0 7.1 7.2 7.3 7.5 7.7
fs-PSPIAK MY HSH Ass/ nm 706 726 746 766 785 805 824 844 864 883
fs- PSP SR IAS(H Asm/ nm 700 720 744 765 784 803 821 840 859 879
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YE R, 7E A E) PEEM E{E 341 & 3 fs-
PSP W T WK R LA T B &R EAZL. K 2(c)
T SHEOE IRAR A B R 90°RT, T (5 S i i i &
Repm k. B 2(a) HASHEOCIIR A RS 008, T+
WG T BRI R BRI X— R A Tl T
ASTHOCR IR A B, (115 fs-PSP MR SRk
AT XSRS AR L 2 Dl [ A 2 A ]
D3 3o 995 A SRHBOG i 7 BE SR SN £s-PSP L
KRB . ML fs-PSP 3 & RCRbEA
SR A B AR R AR R A, RIS
P R R SR B, HEIE S iR IR 8%
FEAL. XU T fs-PSP MY & S0E 5 A SO
1) i A A K
1

A =750 nm

1
R P |

A =750 nm

. A =750 nm

Cooo--oooooooomae

11l

I_ 180°
X

& o)

H—AL Bk ST o4

T FEE / (°)

K2 (a)—(d) 750 nm ASRHOL, BifdkM LA2LH PEEM
FR; (e) fs-PSP IH— L 9L & 55 FL 7 40 BE A S8 30O
IR 11 JEE 7 Al A AR DU S5 36 26

Fig. 2. (a)—(d) The PEEM images of the incident laser at
750 nm, changing with the polarization angle; (e) simula-
tion and experimental curves of fs-PSP normalized light
emission electron yield with incident laser polarization

angle.

Pl 2(c) HP2T (6 M2 S P SR U —
1t £5-PSP 3% S H 7 A1 A S i 25
HOMTZE . (2 % FDTD B g6 B — ik

fs-PSP St & 5 HL T = R A S G Im i A ARk 1Y)
HiZE. 7E3RHCT FDTD Bl fs-PSP 3t HL 375 i
ZJa, AT AT AL B, i fs-PSP HL R 7SIk
T ES B A6 m IR A AL AL 26, I 5 =Z i
FATHEAT W SE IR HEAT 43 A7 %) b B A 1) eR L
4.26 eV, BLHLTFE 5 1) S s B ) TR K 450 1 TE
i I, 78 750 nm ASFHEOGHEK T, —1ETFR
REE 2R 1.65 eV, MR b FF ZE IR =4 FRYRE
AR HOEH T . Rk FDTD A B ES
Vi g6 R S T 18] 2(e) 2B, BEAUL it A s
B R EEA — S FRATHBEL 7 N T 505

2 25 R S0 45 R R fs-PSP G 7
HREASTHOC IR /A R AR L. (B2, HETJCH: B
WEH fs-PSP W3R BCR W an b2 1. AT A ST
WG, 7ESOEIE L IS G T =AU A
S5 £s-PSP ALFHEALR). St fs-PSP BT
WG, BT ASHUASE G 74 [F A E
B AIRIRAA . T LA T R & X SRR 4
FEA s, SRRSO SR T REPIOE R A
TR - TR ST 256 A HE B G X SE 40 1 £s-PSP
RRCRI T, BEMSEHARIAE fs-PSP 1L #5115
BT (K 3(a) G RLB HAE), H5 fs-
PSP #4711 #, I-76 T3 X815 PEEM Kl 4.
USRS IR AR R, BRI RS, 15 2R
38 & G Im AR /A1 BE R 19 £s-PSP 1 PEEM [E%, JF
PG PRI — 7 B T AR B Y £s-PSP [ HL
TFEH, R4 fs-PSP LT 7= 5 A S Ik
£ RE AR AR A0 S B0 e 2. 7R T, HAh S5k
TRIFAE, 78 FDTD AR GRS T s A
i, R E ASHEHOR T 4l fs-PSP 13k HL R
FE, 5 CES S - SE I 0T L. 45 fs-PSP
) R 4 B A S G D B A B AR AR ) FDTD #5542
k. BEORTE SRRl ERHERR T A SO ExT e
SRS R TP, R CRD IR -5 21 A9 S 50 45
RAHEBR A S OB 400 FDTD #ilg5 R4
HORE G, WA 3 R,

] 3(a) BRI R I G LA K BT 3+ ¥ X 38Ry
 3(a) th R L B A s LS, RS
Bl 1(a) A F—20 FEERIN X 8K (18] 3(a) PR
e LR L E ) SR £s-PSP (1) PEEM 235 T
EIHZ.

Kl 3(b)—&l 3(e) Fras A AR 750 nm,
AR A R R I X 3R PEEM T
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WIS, MR A B 0°—180°, Rkt
I 9 2R SR AR DR . AR DX I DL )
TR, X—BGIE A T AR
YA AR AL, [ 3(f) 2l a4y S vh S BRil A
(I —1k fs-PSP HL§ P Hi A S ' I IR A2 e i)
2. W @ith £ FDTD BB AR B I — AL fs-
PSP HL 7 AR A SO IR A2 fL i 2. 4] 3(f)
LI ML 2 1R 3 ] 2(e) R —
B SERAURAERN], MR P wARIY, fs-PSP
AR P AR R, ORI S DRI, fs-PSP AL

(a) AghEot RSO i

A =750 nm A =750 nm

W

A =750 nm

2
; £
4 1
90°
7~
O X

CIZZIZIZZICIIIIIID

(d)

A =750 nm

W

X

()

H—AR DR 0

0 6 2IO 4IO 6IO 8I0 ‘160 1é0 1;10 1(I30 léO
AR AIE/ (°)

K3 (a) CEPBUEHRZ M-3R B (b)— (e) 750
nm A SO, 76 BRI O G IR X, B W AR AR AR AR Y
PEEM &% (f) fs-PSP I — 4L it & 54 11 7 7= A BEA 54 ¥
4R A A TR AN 9236 i 48

Fig. 3. (a) Schematic diagram of femtosecond dual-beam
pumping-detection experiment; (b)—(e) the PEEM images
of the incident laser at 750 nm in the area irradiated by the
probe light with the polarization angle; (f) the simulation
and experimental curves of fs-PSP normalized light emis-
sion electron yield with the incident laser polarization angle.

TR AR, P FATTHERT fs-PSP A3 R
ORI CE B

FATT A B S BRI A Y £k PR OAR 5 T e
F K I AT A2 (] 2(e)) B G IX, 40
& 3(f) ROMEEDE LA E TR, A TR —R
051 LSS 1 T - 2T T 0 947, 24
XMOEH, FAEH S ki PSP i, HREIDEX K
(7 2 i T PR 992, P HL 7 P AR — B
TEASSHOCIW IR f BEFE AT 90°(S T k) W, fs-PSP
AR RRAR, (A DI G L 7 A B B2 v
BRI EE T, i LA A 0 2 B i i £ 38 A A
NEER. HIH—ALRE A ST B AN 0 (1Y
JE DR PRI A By SR 6 A S i 57 = LR Y
T T RE M PO A BEAR G R B A 12
T S fidk T Y fs-PSP B RCRINAEAL, (BB
I WOROCHEIE P IR fs-PSP 13U RO e
15, WIOCIMIRAEIL S AR fs-PSP HYBUA R
k.

K 3(f) H FDTD FAUERAS Y #2655 B &
PO AR - R I S 46 5 1) il 2 SR —EL
XA AR ARG 31 5 T LR fs-PSP
KR, I H AR IOUWMIRIEIE P Wik, fs-PSP
R BCR e, SOOI IRIE S AR, fo-
PSP MBS BAR. PR ATHY S0 45 SRR 1,
A P AR I P A BE S B T X fs-PSP U
e EE

4 % b

FIF PEEM #4551 fs-PSP AT 37 1818 S A
SO ARAE £ BE X £s-PSP 8 & R B R . 18 Bl
F £s-PSP E UG L5, 158 T ASHHOEIE K R
720900 nm i, fs-PSP 5 A SHEOE T 35 K i
2808 5.9—7.7 um, fs-PSP K K 700—
879 nm. SEIRINAG ()25 55 BLS R0 25 1 — 2.
BEAN, R REPSOE AR - PRI SE 55, ZEHERR AT
WOETIRMEILT, KA S HOE R R M 8 1
VT 0°(P i) i}, fs-PSP (B A SR e, 4 A S
OB IR IR A BE BRI 90°(S MWdiR) B, fs-PSP MY &
RORBAR. AT FDTD UL R, CRPROE R %
T -TR I S A5 1 £s-PSP 193 — 4k 6 & S B T
7R E A SO IR iR A AR AR IR AE S DRk St
OB -5 XL H A i R PR R E Y
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Near-field imaging of femtosecond propagating surface
plasmon and regulation of excitation efficiency”
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Abstract

Near-field imaging and active control of excitation efficiency of femtosecond propagating surface plasmon
(fs-PSP) are the prerequisites for its application. Here, we perform near-field imaging of fs-PSP excited at the
trench etched on silver nano-film by using photoemission electron microscopy (PEEM). As an excellent near-
field microscopy technique of in situ imaging with a high spatial resolution (< 20 nm), it needs neither
molecular reporters nor scanning probes as required in nonlinear fluorescence microscopy in nonlinear
fluorescence microscopy or scanning near-field optical microscopy, both of which may potentially bias PSP
derived from such measurements. The period of the interference patterns induced by the incident femtosecond
laser and the laser-induced fs-PSP and the wavelength of fs-PSP in a range of 720-900 nm of the incident laser
wavelength are systematically measured. The fringe period of the interference pattern between fs-PSP and the
incident laser is a range of 5.9-7.7 um, and the wavelength of fs-PSP is in a range of 700-879 nm. The
experimental results are consistent with the theoretical simulation results. Furthermore, we demonstrate that
the excitation efficiency of fs-PSP can be actively controlled by adjusting the polarization direction of the
incident laser in the femtosecond pump-probe experiments. Specifically, it is found that when the incident laser
is polarized to 0° (p-polarization light), the excitation efficiency of PSP reaches a maximum value, and when
the incident light is polarized to 90° (s-polarization light), the excitation efficiency of fs-PSP is the lowest.
Unlike the simulation result by the finite difference time domain (FDTD) method, a plateau area of the
intensity of the photoemission signal with the polarization direction of the incident laser appears in the
femtosecond pump-probe experiment. This phenomenon is attributed to the background noise of the detection
laser that masks the change of the fs-PSP excitation efficiency. In a word, this research realizes the
experimental measurement of the basic parameters of fs-PSP and the manipulation of fs-PSP excitation
efficiency by adjusting the polarization angle of the incident laser. This research lays a foundation for realizing
the engineering manipulation of fs-PSP excitation efficiency and optimizing the performance of plasmonic

devices.

Keywords: photoemission electron microscopy, femtosecond propagating surface plasmon, near-field imaging,

regulation of excitation efficiency
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