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Excited—state Dynamics of Metal Nanostructures Studied by

Ultrafast Near—field Spectroscopy
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The authors have developed an apparatus for ultrafast near-field
microscopic measurements based on a SNOM with an apertured optical-fiber
probe. The grating pair - DFM combination setup, and the prism pair -
grating pair - DFM combination setup were examined. They found that the
former two setups could not fully remove the GVD arising from the optical
elements, the optical fiber for the near-field probe in particular.
This is probably because precise pre-compensation of the third-order GVD as
well as the second-order one is difficult, after transmitting through 150-mm
optical fiber medium, if they install only the prism pair or the grating pair.
They have found that the combination of the prism pair, the grating pair, and
DFM have capability to (nearly) fully remove the GVD and almost recover
the original pulse width at the probe tip.
The near-field pulse duration observed was ~17 fs, which is the shortest
pulse duration ever obtained in an aperture-type SNOM system.-

Very recently, another group achieved generation of ~16-fs optical pulses
with a sharp spatial confinement (~10 nm) by using a gold tip with a grating
structure [81]. Time resolution is the same order to as that in the present
study..In this method, the shortest pulse duration may be limited by the
dephasing time of plasmons at the tip, since the spatial confinement is based
on the plasmonic excitations. Similar result was also reported for a
gold-coated glass fiber tip [82]. The present method does not have, in
principle, such a limitation in the pulse width if the coating material of the
probe is appropriately selected, and may have the potential to achieve
near-field microscopy with an even higher time resolution (<10 fs).

They applied this high time-resolution SNOM system to observe ultrafast
dephaéing of SPR in a gold nanoparticle, based on the time-correlated
TPI-PL measurement. The dephasing time constant of the order of ~10 fs
“was obtained by the fitting procedure, which is in good agreement with the
result previously reported based on the scattering spectral profile analysis.

This is the fastest dynamics of a single-particle material ever observed
directly in the time-domain by SNOM. Since the dephasing time of SPR is
affected by the surface scattering, spatially resolved dephasing measurements
for single nanostructures may yield fundamental information on the decay
mechanism. As a next step, they are now conducting space -resolved plasmon
dynamics measurements in individual metal nanoparticles.
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MEBOMERBRICIBEARETOMRBREORFENES L, WHEHMEE ZNICK < BIHE
RBOMUAN, WEEACHEERTOERELTERETHS. ETHE L CORKBRRED
BELbUHMOZRBRII 7L MNDOBRBASY— )V TREZYD, BEHEL -V —3HFORERL
o TEDOHEANKEERLE, —H T, F/YEHNZOERICXY, BEICWHEHEROD
AN AL, F/ A—RIVOEEAT — )V CHEECYE R ZBEME AT 2 HEEN
MLUTER, BEOHSFERETRXEOEFICLZBROED, AIRHEONTT / A—1
WOEMDBEZES LI TERY, —F, EEMREHCFEMEE, BEHFREROH
BEaEZY, THATESI0 At —F —OLHNMENERETH D, BHEHIFH
WMBCREESNEZHAEDOEZ LT, T/ MEOEFHMERBORBEBICHETSS
SOBHMRBOND EHBEIND, WROHBH X, BBEEEESFHEEZMARE
L, ThE2HAVWTLET / HEBEFOBBEETFI M FIVADOHELT > I Lz ERA
KET B,

BN ETHRINTNS, B1ETH, LRI LFHEOLEREZOREERN
REE, ERFHEOEE, TLEBCBTLIREBTOEHARHITHL2 7SI XELDHH
BERICODVWTERENTWS, ZOHRT, 79X O0HNBERZERBENT 5121320 fs
ZYLMOTEWEEOMETERELEENZ2ERTILENDD, TOEDITWE, &
BEXEEBBETRAVWENBI AT yAN—TECHET S, HERAOEEIHFHITE
HIOHEENHOFEERVBSERFEOHENSBETHL I ENBRENTND,
E2ETH, EMENERATRETIRFEESIHOKREIOFNMME, TNEHET LD
DEF (FUXLH, EHFETH) OREFM BECHROSHEMETI2LDD /LA
BREEVATLACDODWTEEDLEN TN S,

WIETH, EROBRBEEEAZUETEBOMELC DV THERGNTN S, i -
RO =D DOREILSINVAEKL sOERNAE— ROy 7 L—F—2RAW, I8
BERF, VA RBEE AT L, EEEAFRMEZHs GO MNEBEMAEL .
MY EMET, BOMERENDFROBOT, MAKEORHEOE THOH K
T EREFRTHD, EBHELERNICHFMUEER, AFRTRETIHEED
HOPEETOMETHEZHIIE, TUXL, BREFRENINVAREBEREBES AT LE2R
THW-rEBERENNETHIIEEHLMNCLE., ZOKE, OEEHEO0 S O0— 70O
BTNIVABKLT fs2ERTHI LK LE, ZORREI, 20fs, 100 nmZ#E A 5k
R - 2R MERZRBICERT END, EBEHECHTILNYBEEZ TITERLED
DTHY, BOMEESERERSEE L (HBATHARSERETH 5.

BAETHHERLAELEBEZANVT, &7/ BERABOBFII I ARCHET LIPS
FolBRIEODVWTHERENTNS, &/ BEBICERA/OV A2 RE U ZRIZRES
N2 -XFRERNZAVWT, REOEFHREICHETIEBERRMyEHAZTo L, B
—DOBHERKES T ) BETFREOWTTSXEVEZRMELLBOMEEMEREZAEL &
MR, WEE3fEVNIBOTHEREDO TS X EOBNBENERBE TR N, BB
F ) BERTRBFRNRALBHEOEBMNE IS L3N, TOMMKRECMCHEBRMBHMEOME
ENBHINTRY, AH L THLBROBRELEBHOEBROBEEII DV TERIN TN S,
EOEETHE2ARZELYD, SBROMEOHFHEEICDONTRENSN TN S,
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BEDXSiT, AL, 20 fs, 100 nm 295D TR W - Z2FR 2 HEOBEAF
EZBEFEL, %ﬂ%&fﬁIA'C‘)‘/%L%E@%?ﬁﬁ@ﬁlﬁkﬁgféﬁﬁ% BlbOTHD,
WEBMEOHZRFRNERETIHOELELTELSAMTES, FMXOBEEO—HITER
FEBRZHECARINTNS, QEXD, FHXRBLHIXCETSIDDOTHD LEE
BB X THMmLIZ.
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