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In this paper we present the first demonstration of femtosecond pulse propagation in ARROW (anti-resonant reflecting
optical waveguide) type photonic crystal fibres (PCFs). These are solid core PCFs in which the cladding is composed of
high rather than low index cylinders, which can be realized by drawing a high index fluid into the air holes ofa
commercially available microstructured fibre [1]. The outstanding feature of this kind of waveguide is that one can achieve
both, a resonant dispersion with strong wavelength dependence as well as a high optical nonlinearity.

We tune the centre wavelength of a 70 - 100 fs Ti:sapphire laser source across one ofthe transmission bands of the
waveguide, to probe nonlinear pulse propagation effects in different dispersion regimes, especially near the zero dispersion
point, observing a range of phenomena including soliton propagation, dispersive wave generation and Raman self-frequency
shift. Numerical simulations based on the nonlinear Schr6dinger equation are used to explain the observed behaviour and to
elucidate the physical processes which govern the pulse propagation. We use multipole simulations [2] to calculate the
dispersive and dissipative properties of the waveguide. To verify our calculations, we measure the linear transmission
through the fibre, as well as the group velocity dispersion (GVD) by means ofwhite light interferometry, using a
supercontinuum light source. We characterize the optical pulses before and after the ARROW PCF while tuning the laser
power and wavelength. An optical spectrometer and autocorrelation and frequency-resolved optical gating (FROG)
measurements are used to demonstrate the creation ofa solitary wave, propagating in the anomalous dispersion region and a
phase-matched dispersive wave in the normal dispersion region (see Fig. 1).

We will also show that the resonant properties of the fibre are determined by the properties ofthe inclusions which thus
can be adjusted by temperature tuning or using different high index fluids, thereby circumventing the need for a wavelength
tunable laser source. Due to their unique and tunable properties, i.e. a high nonlinearity and a strong resonant dispersion,
ARROW-PCFs promise to be the waveguide of choice for a range ofnonlinear experiments.
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Figure 1. (a): Measured (dashed) and calculated (solid) transmission and dispersion of the ARROW-PCF.
The inset shows a SEM micrograph ofthe fiber. The holes are filled with a high indexfluid. (b): Measured
spectrum ofa Fourier-limited 70fs laser pulse entering (left) and exiting (right) a 200 mm long ARROW
PCF. Theformation ofa solitary and a dispersive wave can be seen. The spectral evolution along thefiber
was simulated by numerically solving the nonlinear Schrodinger equation.
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