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Soliton dynamics offer a wide range of 
powerful tools for nonlinear 
manipulation of ultrashort light pulses. 
In gas-filled hollow-core photonic 
crystal fibers (HC–PCFs), the weak 
anomalous dispersion gives access to 
these dynamics over a broad spectral 
range in the visible and near infrared 
regions, and by tuning the dispersion, it 
is possible to further control the 
interplay with the Kerr nonlinearity. By 
making use of these dynamics it is for 
example possible to compress pulses 
down to a single cycle. In addition to the Kerr effect, temporally non-local and delayed nonlinearities 
such as Raman scattering and ionization offer additional tools for manipulating guided light pulses. 
Differently from Raman, in the case of ionization, the modulational frequency is directly related to 
the temporal pulse profile, which, nevertheless, can be kept almost constant over an extensive length 
by taking advantage of soliton dynamics (Fig. 1). 
In this talk, I will present the results of two experiments, which show soliton dynamics in the presence of 
photoionization and how these can be exploited. 
In the first experiment, we have shown that besides up–shifting in frequency the soliton by more than 100 
THz, it is also possible to exploit the ionization current to induce soliton fission and in this way modulate the 
pulse propagating in the gas-filled HC–PCF with a variable frequency between 40 and 60 THz [1]. 
In the second experiment, the fiber output tip was fed into a vacuum chamber delivering the laser 
pulses to a gas–jet for high harmonic generation. By exploiting the ionization-induced soliton blue-
shift in the fiber, we could continuously tune the frequency and control the bandwidth of the 
harmonics (Fig. 2) [2]. 
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Figure 2. Sketch of the experimental arrangement for high harmonic generation. A gas-filled kagomé-type HC–PCF is 
used to compress and blue-shift a 25 fs laser pulse at 800 nm and to deliver it to a gas–jet for high harmonic 
generation. High harmonic (left) and pump pulse (right) spectra for increasing launched pulse energy. The white curve 
on the right-hand side tracks 19 times the wavelength of the 19th harmonic. 

Figure 1. Simulation showing snapshots of a pulse undergoing 
soliton self–compression in a gas–filled HC–PCF and the 
corresponding free electron densities. 


