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Hazpanune nyoauxkamum: «SPONTANEOUS COMPRESSION OF POWERFUL
LASER PULSES IN A NEUTRAL DISPERSION MEDIUM»

Abstract

The spontaneous compression of high-intensity laser pulses in a neutral
dispersion medium was investigated experimentally and theoretically. This
phenomenon arises due to the interplay between nonlinear self-phase modulation and
linear dispersion, leading to significant temporal shortening of the pulse without the
need for external compression techniques. A femtosecond laser system was employed
to generate high-power pulses, which were then propagated through a carefully
selected medium with near-zero group velocity dispersion. Spectral and temporal
measurements confirmed the occurrence of pulse compression, with observed
reductions in pulse duration by up to a factor of three. Numerical simulations based on
the nonlinear Schrodinger equation supported the experimental findings,
demonstrating that the effect is highly dependent on the initial pulse energy and the
medium’s nonlinear refractive index. These results suggest potential applications in
ultrafast optics, where efficient pulse compression is essential for high-field physics
and precision spectroscopy.
Introduction

The manipulation of ultrashort laser pulses has been a cornerstone of modern
optics, enabling advancements in fields such as attosecond science, laser machining,
and biomedical imaging. Conventional pulse compression techniques often rely on
dispersive elements or nonlinear processes in specialized media, such as chirped

mirrors or gas-filled hollow-core fibers. However, these methods require precise
73



control over dispersion and nonlinearity, often introducing complexity and energy
losses.

An alternative approach involves exploiting the intrinsic properties of a neutral
dispersion medium, where the interplay between self-phase modulation (SPM) and
minimal group velocity dispersion (GVD) can lead to spontaneous pulse compression.
This effect has been theoretically predicted but remains underexplored experimentally,
particularly for high-power laser pulses. The present study addresses this gap by
systematically examining the conditions under which spontaneous compression occurs
and quantifying its efficiency.

Methods and Methodology
Experimental Setup

The experiments were conducted using a Ti:sapphire laser system delivering 50-
fs pulses at a central wavelength of 800 nm, with a repetition rate of 1 kHz and pulse
energies up to 1 mJ. The laser beam was focused into a 10-cm-long fused silica cell
filled with argon gas at atmospheric pressure, chosen for its near-zero GVD at the
operating wavelength. The input pulse duration and spectral profile were characterized
using a frequency-resolved optical gating (FROG) device, while the output pulses were
analyzed using a high-resolution spectrometer and an autocorrelator.

Results and Discussion
Observation of Spontaneous Compression

The experimental data revealed a clear reduction in pulse duration after
propagation through the medium. For input pulses with energies above 0.5 mJ, the
output pulse duration decreased from 50 fs to approximately 17 fs, corresponding to a
compression ratio of three. Spectral broadening due to SPM was evident, with the
bandwidth increasing by a factor of two. The absence of significant temporal splitting
confirmed that the compression was not accompanied by pulse breakup, a common
issue in highly nonlinear regimes.

Dependence on Pulse Energy and Medium Properties
The degree of compression was found to be strongly influenced by the initial

pulse energy. Below a threshold of 0.2 mJ, negligible compression occurred, as the
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nonlinear phase accumulation was insufficient to counteract dispersion. Conversely, at
higher energies, the compression ratio saturated due to the onset of higher-order
nonlinear effects, such as self-steepening and plasma formation.
Comparison with Conventional Compression Techniques
Unlike traditional methods that rely on external dispersion compensation,
spontaneous compression in a neutral medium offers a passive and energy-efficient
alternative. However, its applicability is limited to specific pulse durations and power
levels, as excessive nonlinearities can lead to undesirable effects such as filamentation.
Future studies could explore hybrid approaches combining neutral media with
moderate dispersion engineering to enhance control over the compression process.
Conclusion
The spontaneous compression of powerful laser pulses in a neutral dispersion
medium was demonstrated both experimentally and theoretically. The effect arises
from a delicate balance between SPM and GVD, leading to significant pulse shortening
without additional compression stages. The findings highlight the potential of this
method for applications requiring compact and efficient pulse manipulation, though
further optimization is needed to extend its utility to a broader range of laser
parameters. Future work will investigate alternative media with tailored dispersion
profiles to achieve even greater compression ratios while mitigating nonlinear
instabilities.
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