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Abstract

In this research, I focus on temporally and spatially

localized ultrafast photoexcitation using SPP
nano-focusing achieved with metal tapered tips and
femtosecond laser excitation. First, the local nonlinear
electronic response of nanomaterials is experimentally
measured using SPP nano-focusing. In FWM
measurements on a gold nanostructure, nonlinear
electronic response is measured by acquiring FWM
autocorrelation trace at different locations on the
nanostructure. Second, the relationship between spectral
resolution of CARS measurement and spectral phase
modulation is studied. CARS measurement at a
graphene surface shows that by applying a spectral
phase modulation method, which induces spectral
focusing, based on the measured spectral phase of the
SPP pulse, it is possible to selectively excite two
vibration modes of graphene. I clarify the relationship
between anti-Stokes components and spectral phase
modulation by measuring the CARS spectrum with
various phase modulation patterns. As a result,
linewidth of 100 cm’!, 140 ¢m are acquired with a

chirp amount of 2000 fs?, 1000 fs?, respectively.
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Fig. 1 Experimental setup of cross-correlation dark-field

CCD image

imaging.
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Fig. 2 Experimental setup for nonlinear spectroscopy.

3. EBRER
3.1. F £ SPP /L A

AR A AR B M AR B BRGNS L 0 BRI R D 7=
J 7 8 SPP DFES - otk - B0 T T Xe
IS ERCE Fig. 3 1R,

1

—Intensity
08 1

06

Phase (rad)

04 f o

Intensity (arb. unit)

02

0

600 800 1000
Wavelength (nm)

Fig. 3 Plasmon response function at the apex.
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Fig. 4 Time history of SPP at the apex obtained by
Fourier transform of the product of the plasmon
response function spectrum and the incident laser pulse
spectrum of ( the FTL laser pulse (a), and the laser
pulse to generate FTL SPP pulse (b).
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Fig. 5 (a) Time-spectral distribution of excitation pulse

(FTL) and (b) CARS spectrum of graphene.
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Fig. 6 Time-spectral distribution of excitation pulse and

CARS spectrum of graphene.
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Fig. 7 Time-spectral distribution of excitation pulse and

CARS spectrum of graphene.
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Fig. 8 CARS spectrum of graphene at different 2nd

order dispersion.
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Fig. 9 (a) SEM image of Au nanostructure, (b)
Topography, (¢) FWM image at wavelength of 750 nm,

(d) fundamental component of scattering light.
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Fig. 10 FWM spectra at point A and B.

E—Ep(eV)
r 3

—

Wrwm w3
W wy
w1

2

Fig. 11 illustration of possible mechanisms of FWM for
the generation of blue-shifted ®mrwm emission within the
band diagram of Au (where Er indicates Fermi

energy)[8,9].
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