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Abstract. We analyze formation of multifocus structure during the 

propagation of optical vortex with topological charge 𝑚 = 1 in fused silica 

at wavelength 1800 nm, which corresponds to region of anomalous group 

velocity dispersion. Propagation of pulse is accompanied by sequence of 

nonlinear focuses, where each focus is a high intensive ring. 

Self-action of femtosecond pulses may tend to formation of spatially long structures with 

high intensity – filaments [1]. Propagation of laser pulses in the regime of anomalous group 

velocity dispersion (GVD) may be accompanied by formation of localized in space and time 

high intensive structures – “light bullets” [2, 3]. Filamentation in beams with smooth phase 

has been widely studied for Gaussian beams, Airy and Bessel beams [4]. Annular beams with 

spiral phase dislocation have zero field on optical axis and are often called optical vortices. 

Self-focusing of optical vortex in a medium with normal GVD was studied in [5, 6].  

Filamentation of vortices often tends to breaking up into several hot points due to 

modulational instability [7], but the distance of nonlinear focus can be less than the distance 

of modulational hot points formation. Thus, nonlinear focus preserves annular symmetry.  

The formation of tubular filament with peak intensity 5 × 1013 W/cm2 and plasma 

electrons concentration 10−3𝑁0 of neutrals, was demonstrated in [9] for femtosecond optical 

vortex in fused silica with normal GVD at central wavelength 800 nm. This work is devoted 

to numerical simulations of optical vortex filamentation in the presence of anomalous GVD. 

We analyze dynamics of light bullets and evolution of fluence distribution of the pulse.  

Numerical simulation of the optical vortex self-action is based on the system of equations 

for slowly varying complex amplitude of laser field 𝐴𝑉(𝑟, 𝜑, 𝑡, 𝑧) =  𝐴(𝑟, 𝑡, 𝑧)𝑒
𝑖𝑚𝜑 and free 

electron concentration 𝑁𝑒(𝑟, 𝑡): 
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Operator of the wave nonstationarity �̂� [9] is used to describe such effects as femtosecond 

pulse wavefront self-steepening. 

                                                 
* Corresponding author: vasilev.evgeniy@physics.msu.ru 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 190, 03015 (2018)  https://doi.org/10.1051/epjconf/201819003015
HBSM-2018



Initial shape of optical vortex was considered as annular vortex beam with Gaussian 

envelope: 

𝐴𝑉(𝑟, 𝜑, 𝑡, 𝑧 = 0) = 𝐴0  (
𝑟

𝑟0
)
𝑚
𝑒−𝑟

2/2𝑟0𝑒−𝑡
2/2𝑡0𝑒𝑖𝑚𝜑, 

where 𝑚 = 1 is topological charge, 𝜑 = arctan 𝑥/𝑦 . Spatial parameter 𝑟0 = 100 𝜇m, pulse 

duration 𝑡0 = 36 fs, central wavelength 𝜆0 = 1800 nm. Peak power of initial beam was 𝑃0 =
5𝑃𝑉, where 𝑃𝑉 is the critical power of self-focusing for optical vortex [5, 6] with topological 

charge 𝑚 = 1. 

In the initial stage of vortex beam propagation the self-action yields narrowing ring in the 

beam cross-section, its radius being practically the same 𝑟0 = 100 𝜇m at 𝑧 = 0.9 cm (Fig. 1). 

Peak intensity rises up to 1.5 × 1013 W/cm2, ring width decreases in ~10 times, peak fluence 

is 0.07 J/cm2. This wave packet corresponds to the first nonlinear focus and can be considered  

as vortex bullet. Kerr’s self-focusing is then stopped by linear diffraction, which is 

accompanied by flowing pulse energy towards the optical axis. Phase singularity prevents 

the appearance of the light field in the beam center and interference rings are formed at 

𝑧~1.2 − 2.5 cm around the optical axis with fluence up to 0.04 J/cm2. The next nonlinear 

focus takes place at distance 𝑧 = 4.1 cm. The light bullet corresponding to the second focus 

has approximately the same peak intensity as in the first focus, ring radius being about 50 𝜇m. 

Energy flowing towards beam axis remains up to the distance of 𝑧~4.3 cm, where the last 

focus is situated. Peak intensity reaches the global maximum, which is about 5 × 1013 

W/cm2, fluence is 0.24 J/cm2, the ring radius decreases up to 10 𝜇m.  Plasma electrons 

concentration is reached for the first time noticeable value 0.5 × 10−3𝑁0, where 𝑁0 is 

neutrals concentration.  

 
Fig. 1. Fluence evolution of optical vortex in fused silica at wavelength 1800 nm. 
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