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Abstract- In this work, we report on white light continuum (WLC) generation by focusing sub-mJ ultrashort laser
pulses at central wavelength of 800 nm into the bulk of Calcium Fluoride (CaF,) crystal. The WLC spectrum was
measured for various focusing conditions, different pulse energies and different pulse durations. A broadened spectrum
ranging from 350 nm up to around 950 nm was observed whereas the pump laser has a bandwidth of about 44 nm. The
extent of spectrum broadening was found to be increased by enhancing the peak intensity either via increasing the pulse
energy or decreasing the pulse duration or decreasing the beam waist radius. However, two different broadening types
were observed; almost symmetric broadening around the pump wavelength and strong asymmetric broadening that is
extended much more toward the blue side. We distinguished two time regimes of few-100 fs in which symmetric
broadening occurs as a result of self phase modulation (SFM) and sub-100 fs in which anti-Stock spectral components
are created more strongly as an indication of predominance of the multi-photon ionization (MPI) process.
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1. Introduction

The propagation of an intense pulse through a
transparent medium can lead to extensive
broadening of its spectrum and thus results in
producing a wide optical spectrum. This
phenomenon is known as supercontinuum (SC)
generation or white light continuum (WLC)
generation [1].

Spectral broadening was first observed by Alfano
in 1970 [2]. Since then, WLC generation using
femtosecond laser pulses has gained a lot of
interest. SC generation has been reported by
focusing ultrashort laser pulses in various materials
in different phases; gases such as Argon [3, 4],
liquids such as water [5] and solids such as bulk
crystals [6, 7], photonic crystals [8, 9] and optical
fibres [10].

A combination of different nonlinear effects is
responsible for broadening the spectrum of the
laser light propagating through a transparent
medium depending on the peak power and
focusing condition. The self phase modulation
(SFM) is the most effective optical nonlinear
process in SC generation [11]. SFM refers to the
phenomenon in which the laser beam imposes a
phase modulation on itself while propagating in a
medium. This modulation can be spatially due to
the spatial intensity distribution of the laser beam
which leads to self focusing/defocusing or can be
temporally due to the temporal intensity
distribution of the laser pulses. The temporal
variation of the laser intensity leads to an SPM in
time. The time derivative of the phase of a wave
gives the angular frequency of the wave thus new
frequency components can be appeared as the
result of phase distortion arising from time-
dependent light intensity and therefore, the output
beam emerges with a self-induced spectral
broadening.

In this work the WLC was generated by focusing a
femtosecond laser beam in the bulk of Calcium
Fluoride (CaF,) and the spectrum of output laser
beam was measured and compared for different

pulse energies, different pulse durations and
various focusing conditions using different
focusing lenses.

2. Experimental setup

In this work a compact pro Ti:sapphire laser
amplifier was used as the pump source for WLC
generation. The central wavelength of this system
is 800 nm lies in the transparency region of CaF,.
The laser is a chirped pulse amplification (CPA)
system in which the pulses are compressed to less
than 30 fs using a pair of prism-pair. The amount
of chirp and therefore, the pulse duration can be
controlled by adjusting the prism-pair position and
orientation. In this way we could alter the pulse
duration up to about 500 fs. The maximum output
power is about 1 W at repetition rate of 1 kHz
leading to 1 mJ pulses. A variable neutral density
(ND) filter was used before the crystal in order to
alter the pulse energy. The laser beam after the ND
filter was focused into the bulk of CaF, by plano-
convex lenses with different focal length of 75,
150, 200, 300, and 400 mm. The CaF, crystal was
mounted on a 2D translation stage in order to
adjusting the focal point inside the crystal as well
as moving the focus to refresh the exposed point.

3. Results and discussion

Figure 1 shows a comparison between the laser
source spectrum and the WLC spectrum.
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Fig. 1. WLC was generated using 30 fs, 300 pJ pulses
focused by a 75 mm focal length lens.
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Blue solid curve shows the spectrum of the
femtosecond laser system with a spectral range
from 770 to 840 nm having a FWHM bandwidth
of about 44 nm. This input spectrum is broadened
more than 10 times ranging from 300 nm to about
1000 nm when 30 fs pulses with 300 uJ energy is
focused inside the CaF, using a 75 mm focal
length lens.

The femtosecond laser amplifier delivers a 10 mm
diameter beam with beam quality factor of about
1.15. Focusing such a beam leads to a waist
diameter of about 9.2 pm using a 75 mm focal
length lens according to w, = M°Af/zw where

w is the beam radius on the lens, f is the focal

length, A is the wavelength and M” is the beam
quality factor.  Assuming Gaussian temporal
distribution for laser pulses the peak on axis
intensity, 7, , could thus reach 2.89x10" W.cm™
according to Eq. (1) when 30 fs, 300 wJ pulses are

focused by a 75 mm focal length lens.

1,=4 /ln—z [LZJ )
T 7w T

where 7 is the pulse duration and £ is the pulse
energy. The extent of spectral broadening arising
from SFM is given by Eq. (2) that depends on the
peak on axis intensity.

Aw(r)=[4”; rl Ioj @)
T

where 7, (1.05x10™"° ecm.W™ for CaF,) is the

nonlinear refractive index, L is the crystal length
(10 mm in this work) and A is the central
wavelength of the pump laser (800 nm). For such
conditions a substantial spectral broadening can
occur due to SFM. Based on this assumption, the
WLC spectral range can be given by o =w, £ Aw
that presents a symmetrical broadening around the
central wavelength (i.e. generation of Stock and
anti-Stock frequency components).

Figure 2 shows the WLC produced by different
pulse durations when 300 pJ pulses were focused
by a 75 mm focal length lens.
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Fig. 2. The spectrum of WLC generated by different
pulse durations ranging from 30 fs to 500 fs.

The inset in Fig.2 shows a zoom in long pulse
duration regime. It is apparent that the spectrum is
broadened symmetrically when the pulse duration
is set in the range of few-100 fs. As the pulse
duration becomes shorter the spectrum turns
anti-Stock
components are more strongly created. This is an

asymmetric in  which spectral
evidence indicating that other optical nonlinear
processes are contributing to WLC generation. The
strong hump at the blue side could be attributed to
multi-photon (MP) and then avalanche ionization.
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Fig. 3. The spectrum of WLC generated by different
pulse energies ranging from 30 pJ to 400 pJ.
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According to Eq. (1) and (2), the extent of
spectrum broadening can be controlled via varying
the pulse energy as well as the focus spot size (i.e.
changing the focal length of the focusing lens).
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Fig. 4. The spectrum of WLC generated by different
focusing lenses of 150 and 300 mm focal length.

Figure 3 indicates the WLC produced by different
pulses energies when 30 fs pulses were focused by
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