
doi: 10.4302/plp.2009.4.08 PHOTONICS LETTERS OF POLAND, VOL. 1 (4), 166-168 (2009) 

http://www.photonics.pl/PLP © 2009 Photonics Society of Poland 

166 

Abstract—We demonstrate a novel approach to the control of the 
collapse of optical beams in Kerr media. To this end, we consider a 
combination of two magnetooptical (MO) phenomena, the Cotton-
Mouton and Faraday effects, in order to introduce a suitable and tunable 
interplay between the induced linear and circular birefringences. Our 
numerical analysis confirms that a properly applied external magnetic 
field may alter the dynamics of the beam propagation in magnetic self-
focusing bulk Kerr media. For a chosen value of the optical power, the 
acceleration, the delay or even the arrest of the collapse can be achieved. 
We demonstrate experimentally the magnetically-induced acceleration 
of the collapse in a ferrimagnetic yttrium iron garnet crystal (YIG). 
 
 

High-power light propagation in multidimensional self-
focusing Kerr media is generally unstable, leading, in 
particular, to wave collapse [1]-[2]. Such collapse occurs 
when the input optical power exceeds the critical 
(threshold) value, which may lead to significant changes 
in the spatial beam profile (e.g., filamentation), as well as 
to material damage. Collapsing optical beams in Kerr 
media have been thoroughly investigated. One of the 
challenges facing this field of interest is to control and 
arrest the collapse. The latter is essential to prevent the 
collapse-induced material damage, as well as to stabilize 
the propagation of spatial solitons in bulk nonlinear 
media. So far, different mechanisms for the management 
of the collapse have been theoretically explored, by 
applying suitable modifications to the conventional form 
of the nonlinear Schrödinger equation (NLSE) [1]-[5]. 
Additional physical effects (e.g. resulting from the 
higher-order interactions between light and matter), such 
as multiphoton absorption, plasma formation, temporal 
dispersion, energy dissipation and nonparaxial 
corrections, have been considered [3]-[5]. These effects 
are taken into account by introducing new terms in the 
NLSE. It has been demonstrated that such a modified 
equation (the generalized NLSE) may possess solutions in 
the form of solitons (more precisely, solitary waves), 
under certain conditions imposed onto the beam and the 
medium. In particular, it has been shown that for nonlocal 
or saturating nonlinearities the collapse may be 
suppressed, allowing for the formation of spatial solitons 
in bulk media [6]. 
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In this work we demonstrate that optical birefringence 
can also act as a powerful tool for the control of the 
optical collapse. We show that the power and the phase 
transfer between the beam polarization components add 
suitable terms to the standard system of coupled NLSEs, 
allowing for the collapse control. Specifically, in the case 
of magnetic nonlinear media, we propose to take 
advantage of the superposition [7] of the linear (∆ nl) and 
circular (∆ nc) birefringences, induced in the presence of 
an external magnetic field via the Cotton-Mouton and 
Faraday effects, respectively [7]-[8]. We demonstrate 
that, for a fixed value of the input optical power 
(exceeding the critical one), the application of an 
appropriate magnetic field (i.e., depending on its strength 
and direction) may change the beam-propagation 
dynamics in such a way that acceleration, delay or even 
complete elimination of the collapse may occur [9]. 

Our theoretical model is based on a system of coupled 
(2+1)D scalar modified NLSEs describing the evolution 
of the complex electric field amplitudes of the two 
polarizations in the presence of the self-focusing  Kerr 
nonlinearity. Assuming the circular symmetry of the 
problem and applying typical normalization factors [1], 
the propagation equations can be written in the scaled 
form, 
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where: UR,L is the normalized slowly varying envelope for 
left- and right- circularly polarized components, 
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coordinates, respectively, w0 is the initial width of the 
beam, and LD is the diffraction length. Two additional 
terms describe the magnetically-induced birefringences. 
They are represented by the real coefficients b and c, 
which account for the circular and linear birefringences, 
respectively. More precisely, c and b describe the Cotton-
Mouton and Faraday effects in MO media, and are 
strongly related to the changes in the refractive index of 
the linearly and circularly polarized waves (i.e., b~∆nc 
and c~∆nl). While Eqs. (1) give rise to collapsing 
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solutions, we have performed a detailed numerical 
analysis to determine if the additional terms, which 
depend on the value and direction of the external 
magnetic field, may stabilize or destabilize the beams 
against the collapse, for the certain geometry and initial 
conditions. The results of the simulations are shown in 
Fig. 1. In the absence of the magnetic field (i.e., when no 
magnetically-controlled birefringence is induced), well-
known dynamics occurs. For low input powers the beam 
diffracts (Fig. 1(a)). Its spatial divergence is reduced 
when the optical power is increased. Eventually, when the 
power exceeds the critical value, the collapse takes place, 
after a finite propagation distance (Fig. 1(b)). The 
collapse distance is reduced with the further increase of 
the optical power. For a fixed value of the input power, 
the collapse distance can be modified by taking advantage 
of the magnetically-controlled birefringences, whose 
strengths are described by the coefficients b and c. The 
collapse may be accelerated (i.e., it takes place after a 
shorter propagation distance) by the linear birefringence 
alone, as shown in Fig. 1(c). When both the linear and 
circular birefringences are present, the collapse distance 
may be extended (see Fig. 1(d)), i.e., the beam may 
indeed be partly stabilized against the onset of the 
collapse. 
 

 
Fig.1. Results of numerical simulations of the beam-propagation 
dynamics. The latter depends on the input optical power, P (here Pcr is 
the critical value), and on the magnetically-induced linear (Δnl) and 
circular (Δnc) birefringences. A0 is the initial amplitude of the Gaussian 
beam. 

The delay and, eventually, the arrest of the collapse 
(with respect to the situation with no external magnetic 
field, for the same optical power associated to the input 
beam) occurs only for a particular combination of the 
birefringence coefficients, resulting in a specific interplay 
between the amplitude and phase mixing of the beam 
polarization components. The range of the birefringence 
coefficients for which high-power beams do not collapse 
can be found in Fig. 2(a), depicting the output width of 
the beam after a propagation distance zmax=100LD. If the 
collapse takes place at z≤zmax the final width of the beam 
is set to zero, being represented by the grey area in Fig. 

2(a), otherwise the actual beam width at z=zmax is shown 
in the graph. The simulations allow us to conclude that, at 
a fixed value of the optical power and for c>b, the 
collapse can be accelerated, whereas for b>c the delay or 
even the suppression of the collapse is possible. In the 
latter case, the particular combination of the birefringence 
coefficients eventually leads to the diffraction of the 
beam, in spite of its high input power. 

  
Fig.2. (a) The normalized width of the output beam, obtained for input-
beam amplitude A0=1.135 and propagation distance zmax=100LD, as a 
function of the magnetically-induced birefringences. (b)-(d) The beam 
propagation for three particular combinations of the birefringence 
coefficients, namely for c=0.055 and b=bA, bB, and bC, respectively, as 
specified by the three points marked in (a). 

The experimental configuration and material 
parameters for the available MO crystals impose 
limitations on the achievable range of birefringence 
coefficients. To date, only the acceleration of the collapse 
was observed in the experiment [9]. Nevertheless, we can 
theoretically extend the possible range of parameters to 
investigate different dynamical ranges in more general 
settings. For a fixed value of the linear birefringence 
coefficient c, three critical (characteristic) values of the 
linear birefringence coefficient b, labelled as bi=A,B,C, 
exist, see Fig. 2(a). Two of them, bA and bC, correspond to 
the transition between collapsing and diffracting 
solutions, defined as the parameters for which the 
collapse distance can be significantly extended (Fig. 2(b)-
(c)). The third critical value, bB, refers to the regime for 
which the beam spatial divergence is reduced in such a 
way that the quasi-stable propagation is achieved before 
diffraction eventually takes place (Fig. 2(d)). In such a 
case, the critical power necessary for the onset of the 
collapse effectively increases. In general, there exist 
quasi-stable solutions that are characterized by the same 
input power but different values of the birefringence 
parameters, i.e., for a particular combination of 
coefficients b and c, the quasi-stable propagation of the 
beam, before it eventually collapses or spreads out, may 
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be extended for distances as long as several hundreds of 
the diffraction lengths. To conclude the presentation of 
the theoretical results, it is worth mentioning that very 
similar results have also been obtained in a semi-
analytical form by means of the variational 
approximation, which is a method widely used in 
nonlinear optics [10]. These results will be reported 
elsewhere. 

Our experiments were performed in a bulk crystal of 
YIG, which is commonly used for the fabrication of 
commercial optical isolators [8]. In addition to its 
remarkable MO properties, this ferrimagnetic cubic 
dielectric crystal is highly transparent to near infrared 
radiation. Our measurements were made at a wavelength 
of 1.2μm (using an OPA laser system delivering 200-fs 
pulses at a repetition rate of 1kHz and with a peak power 
of up to 50MW), which was found to provide the best 
trade-off between significant MO coefficients and low 
absorption losses in YIG.  

 

 
Fig.3. Experimental results. (a) The beam profile as imaged at the input 
facet of the YIG crystal. (b) Images of the beam profiles at the output 
facet as a function of input peak power P and of the applied magnetic 
field. (c) Cross sections along the x and y directions for the central spot 
of the beam collapsing at 2.9MW, with no magnetic field applied. 

The Cotton-Mouton geometry, where a beam 
propagates perpendicular to the direction of the magnetic 
field, was fixed in our experimental setup, corresponding 
to the condition Δnl>>Δnc, under which only the 
acceleration of the collapse may be observed, as predicted 
by the simulations and by the variational approximation. 
However, near the collapse point, the paraxial 
approximation ceases to hold, leading in turn to a non 
negligible contribution of the Faraday term. 

Our experimental results are summarized in Fig. 3(b), 
where we show the beam profiles observed at the output 
facet of the crystal as a function of the input power and of 
the magnetic field. When no field is applied, a high-
power spot appears at the center of the diffraction 
background at the critical power Pcr=2.9MW. This spot is 
circularly symmetric (even if the input beam profile was 
elliptic, as in Fig. 3(a)) and is thus fitting the so-called 

Townes’ profile [11] (see Fig. 3(c)). In turn, this is a 
strong indication of the onset of the collapse at the output 
facet of the crystal. At higher powers, the collapse takes 
place inside the crystal, and the filamentation of the beam 
is observed at the output facet. The application of the 
magnetic field to the YIG crystal changes the conditions 
for the collapse, and its onset at the output facet is 
observed at lower powers. The predicted decrease of the 
threshold (critical) power, observed when the magnetic 
field is increased, is thus demonstrated, with the strongest 
collapse-acceleration effect observed at B=400G (Fig. 
3(b)). 

To the best of our knowledge, this is the first 
experimental demonstration of the nonlinear beam-
collapse management in Kerr media where the 
birefringences can be tuned via the application of an 
external magnetic field. In order to observe the delay or 
arrest of the collapse, a change in the experimental 
configuration (a different direction of the light 
propagation with respect to the magnetic field), or the use 
of other MO materials are required, to fulfill the condition 
of a stronger contribution of the circular birefringence 
over its linear counterpart (Δnc>>Δnl) in the presence of 
the magnetic field. These conditions can be readily 
implemented and the proposed technique (involving the 
combined effect of the magnetically-induced circular and 
linear birefringences) may be employed for the complete 
control of all-optical lensing mechanism in self-focusing 
media. In this context, we believe that our studies will 
help to open new possibilities for the development of 
magnetically assisted nonlinear optics.   
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