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Abstract: We measure the ultrafast electron dynamics in gold via ultrafast surface
plasmon interferometry. A new plasmonic micronterferometer with tilted slit-groove pair
is used to unambiguously determine changes of real and imaginary parts of the dielectric

function.
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Pioneering ultrafast time-resolved optical experiments with surface plasmons have demonstrated acoustic
phonon generation in impulsively heated metal films [1] and sub-picosecond dynamics of the electron gas
in gold [2]. However, owing to the phase-matched surface plasmon excitation mechanism in the applied
Kretschmann configuration it is difficult to clearly distinguish between changes of the real and imaginary
parts of the complex dielectric function of the metal. An analysis requires high-precision time- and angular-
resolved reflectivity measurements [1] with angular dependencies strongly varying as a function of optical
wavelength [2, 3].

Here, we present an experimental method of ultrafast surface plasmon interferometry, which combines the
advantages of conventional time-resolved interferometry [4] with a new geometry of a plasmonic slit-
groove microinterferometer. It is now possible to directly and unambiguously distinguish between the small
transient changes of real and imaginary parts of the dielectric function of the metal excited by femtosecond
laser pulses.

Our plasmonic microinterferometer consists of a 50 um long, 200 nm wide, and 100 nm deep groove and a
50um long 100nm wide slit milled with a focused ion beam into a 200 nm thick gold film on glass (Fig. 1).
A 200 fs pump pulse at 400 nm (rep. rate 250 kHz, average power 160 uW) focused between the slit and
the groove induces an ultrafast perturbation or the electron distribution in the gold layer. Time-delayed
probe pulses at 800 nm (200 fs, average power 50 mW) homogeneously illuminate the entire
microinterferometer under an angle of incidence of 10 degrees. Whereas nearly 98% of incident probe light
is reflected from the gold surface, a small fraction is converted into surface plasmons due to the non-
conservation of momentum at the sharp edges of the nanostructures. Ultrashort surface plasmon pulses
generated at the groove propagate towards the slit and experience pump-induced changes of the dielectric
function on their way. At the slit they are reconverted into free-space electromagnetic radiation and
interfere with probe light directly transmitted through the slit. Due to 15 tilt angle between the slit and the
groove a pronounced periodic interference pattern is observed along the slit:

1(x) = E,(x)" + E,(x)" +2E,(X)E, (x) cos(P(x))

The pump-induced transient perturbations of electronic distribution in gold are so small that no noticeable
change of I(x) is observed as a function of pump-probe delay time (see upper panel in Fig. 1c). Therefore,
we have developed a setup for scanning lock-in based detection of modulated probe transmission
(modulating the pump beam at 1.5 kHz using a mechanical chopper) that preserves a high spatial resolution
along the slit and allows for recording the pump-probe interferogram I,

978-1-55752-869-8/09/$25.00 ©2009 IEEE



© 2009 OSA/CLEO/IQEC 2009

JWES.pdf
@ .
Pump pulse
R
Slit Gold film Groove
(b) Glass substrate

60x60 pum

Coordinate x along the slit

Pump beam

Y

%
L
v

Slit

Groove 0 Pump-probe delay time

Fig. 1: (a) Pump-probe excitation geometry, (b) transmission image of the new tilted slit-groove microinterfeometer,
homogeneously illuminated by ultrashort probe pulses and excited by a femtosecond pump pulse, focused between
groove and slit. (¢) Plasmonic interferogram I(x,t) and pump-probe interferogram I, (x,7). The pump-probe delay time
varies between -3 and +5 ps.
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which is shown in the lower panel of Fig. 1c. Here, L;, is an effective interaction length of the order of
pump spot diameter. Simultaneous Fourier-based analysis [5] of the plasmonic interferogram I(x) and the
pump-probe interferogram I, (x,7) allows for the extraction of pump-induced changes of the real and
imaginary parts of dielectric function with high spatial and temporal resolution [6]. We find an exponential
relaxation of hot electrons due to electron-phonon interaction within 900 fs after excitation resulting in an
increase of surface temperature of about 20 K in the center of laser-excited area.

We believe that our interferometric experiment for ultrashort surface plasmon pulses represents a powerful
technique to tackle many problems in modern non-linear, quantum and magneto-plasmonics.
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