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Soliton self-compression in air filled Kagome HCPCF

Martin Maurel'?, Foued Amrant, Benoit Debord?, Frédéric Géromé?, Fetah Benabid?
1. GPPMM group, Xlim laboratory, CNRS- UniversigLimoges, France. 2. GLOphotonics, 123 avenberAThomas Limoges, France

Hollow-core photonic crystal fibore (HCPCF) provemlie a powerful platform for optical pulse compiess
Several results, reported in the last few yearswshoth exceptional compression performances ovearge
energy dynamic range and varied experimental cimmdif1][2][3], and new physical dynamics [4]. Anwpthe
reported performances, we list those achieved hibited-Coupling guiding HCPCF (IC-HCPCF), andest
soliton self-compression down to the single ona égcle regime were achieved with a ~urf@ wavelength and
80 fs duration input-pulse [1], and with a 790 navelength and 24 fs duration input-pulse [2]. Cosely, the
low values and spectral profile of the IC-HCPCFpdision, combined with its fine control throughudigious
choice of a filling gas, enabled the observatiorseferal nonlinear optical regimes as varied asutation
instability, self-phase modulation, supercontinugemeration, or plasma-induced soliton blue-shift fission.
Remarkably, in the latter regime, experimental tgwretical results show that soliton-plasma irtéoa and its
high sensitivity to the input laser and IC-HCPCFrgpaeters are overarching several novel solitonic
phenomenal4]—-[6] such as strong soliton self-cosgion, blue and red frequency-shift and fission.

Here, we report on experimental observations ot@olself-compression and temporal-spectral propaga
dynamics of 100 microJoule-scale ultra-short p(l$8P). The frequency-resolved optical gating (FR@&3)lts
show the compression of 580 fs to a highly staBlés2pulse in a single stage, and the observafiam @riginal
sequence between soliton red and blue frequenétyfshinput pulse energy range of 100-25D

The experimental set-up consists of a few metay Kagome IC-HCPCF exposed to atmospheric air aoitiesl
with USP laser. The latter is a 580 fs durationbédsed laser with a maximum energy of 1 mJ, a deméneelength

of 1030 nm and the repetition rate of 1 kHz. Thedihas an inner core diameter of 5%, a loss of 30 dB/km
and group velocity dispersion (GVD) @f = —300 fs?/m at the laser wavelength. Fig 1(a) shows the FROG
evolution of the output from a 4 m long fibre witke input energy, from 115 to 2551J. Within this range, the
results show a 100 fs wide soliton self-compress®tired-shifted pulse at 118 to further frequency red-shift
with increasing energy, to reach a 22 fs pulsé&8td (.e. Intensity 40 x 10** W /cm?, and comparable with the
air ionisation). For the energy range 157-180the FROG shows a more structured spectrograraspmmding
to soliton fission, and moderate temporal broadgni 185-19QuJ range, a sudden strong blue-shift and temporal
broadening takes place, after which the pulse éngi@nother red-shift and then compression sequerreach a
duration of 23 fs at 25@J. We associate this novel dynamics to the intgripédween an onset of photo-ionisation,
which induces plasma and soliton blue-shift, wittiten formation and Raman red-shift [4]. Despite thigh
sensitivity of this phenomenon, the compressedepigshighly stable. Figs. 1(b) and 1(c) summariges
observation at an input energy of 188 The aucorerraltion traces (Fig.1(b)) show a cesged and close to
secl-shaped (red dashed curve) pulse of 22 fs (Gree;which 26 narrower than the input pulse (ldueve).
The pulse-width from 2 m long fibre was monitorecen5 hours (Fig. 1(c)), and was found to be 2With
standard deviation of only of 0.3 fs.

Energy (W) 115 120 125 130 140 145 150 158 160 165 170 175 180 185 190 195 200 205 220 240 253
FWHM (fs) 100 95 84 82 35 30 26 22 25 30 31 28 29 35 57 69 69 42 41 41 23
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Fig. 1 (a) Spectral and temporal evolution of the output pulse with energy, (b) Autocorrelation traces of the compressed and input
pulses at 158 pJ input energy, (c) Pulse-width evolution with time over 5 hours of continuous running.
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