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Abstract. The formation of light bullets in mid-IR femtosecond filamentation is inves-
tigated numerically by means of the unidirectional pulse propagation equation (UPPE).
A general approach for light bullets formation is presented for condensed media under
anomalous GVD. The main parameters of the light bullets are evaluated. The features of
super continuum and odd harmonic generation accompanying the light bullets formation
are analyzed.

An appearance of new hight-power femtosecond laser sources in MID-IR wavelength region [1]
leads to an active research of MID-IR laser filamentation regimes in both, condensed transparent
dielectrics [2, 3] and gases [4–6]. The wavelengths from 2.5 to 4 µm correspond to the anomalous
group velocity (GVD) region in a large number if optical materials (silica glass, CaF2, BaF2, LiF,
YAG). Thus, an interplay between Kerr nonlinearity and anomalous GVD leads to a formation of
spatially and temporally compressed wavepackets - light bullets (LB) [7–9]. In the current work we
present the numerical results on the filamentation of 3.1 µm femtosecond laser pulse in LiF. The
formation of the LB and evolution of the pulse spectrum will be considered.

The modeling was performed by means of unidirectional pulse propagation equation. Two χ(3) −
based effects are included: Kerr nonlinearity and third harmonic generation, that leads to a cascade
generation of odd harmonics. We consider a weakly focused linearly polarized 3.1-µm laser pulses
with peak power P=1.5 Pcr, where the critical power of the self-focusing is Pcr equals to 100 MW.

We report, that the main spatio-temporal features of the LB formation at 3.1µm in LiF are similar
to those for LBs formation at 1.8µm in fused silica [8]. The duration of the LB reaches the value about
2-3 optical cycles (Fig.1 a-b). The odd harmonic generation accompanies the pulse propagation and
the LB formation. The peak intensity of the harmonics oscillates along the propagation distance with
the period corresponding to the phase matching conditions. The obtained results are close to the odd
harmonic generation during filamentation in fused silica and CaF2 [3]. The closer the pulse is to the
nonlinear focus, the wider are the harmonics spectra. Finally, the harmonics spectra are overlapped
with the widely broadened blue wing of supercontinuum that appears due to the self-steepening of the
pulse and corresponds to the LB formation (Fig.1 c). The beating of the harmonics intensity along
the propagation distance provides the beating of the pulse peak intensity in spatio-temporal domain
(Fig.1 d). Together with that, the generated odd harmonics may lead to appearance of new ionization
and color-centers formation pathways with lower number of photons.

�e-mail: evgeniya.smetanina@u-bordeaux.fr

© 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 161, 02027 (2017) DOI: 10.1051/epjconf/201716102027
PECS-2017



- 15
- 10
- 5
0
5

10
15

- 200- 150- 100 - 50 0 50 100 150 200

E(
r=

0)
(G

V/
m

)

z = 3.65 mm

z (mm)

6000

5000

4000

3000

2000

1000

0 0.5 1 1.5 2 2.5

-6

-4

-2

0

-8

-10

-12

c)а)

τ (fs)

101

102

I (
TW

/c
m

2 )
3.6 3.8 4

101.5

101.8

0 0.2 0.4
100.08

100.14

>

>

- 15
- 10
- 5
0
5

10
15

- 200- 150- 100 - 50 0 50 100 150 200

z = 4.88 mm

E(
r=

0)
(G

V/
m

)

3

nm

τ (fs)

b) d)

z (mm)0 0.5 1 1.5 2 2.5

Figure 1. a)-b) LB time profiles of the electric field E(τ,r=0), the propagation distance z is specified on the
figure, c) evolution of the angularly integrated spectrum S(λ, z) along the laser pulse propagation axis z under
filamentation in LiF. τ < 0 corresponds to the pulse front. S(λ, z) is normalized on its maximum value at each z.
The incident pulse parameters are a0=90µm, τ0 = 120fs in a) and τ0 = 60fs in b), the focal distance is 5mm.
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