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Abstract. By numerically solving the Maxwell-Bloch equations using an iterative
predictor-corrector finite-difference time-domain (FDTD) technique, the optical limit-
ing (OL) and two-photon absorption (TPA) properties for femtosecond laser pulses in
a strong TPA organic molecular (4,4’-bis (di-n-butylamino) stilbene (BDBAS)) medium
are studied. The medium has obvious OL behavior in a certain intensity region which
is dependent on the propagation distance, sample concentration, input pulse width
and effect of optical ionization. Moreover, dynamical TPA cross sections are obtained,
showing an increasing trend with the broadening of the pulse width and the propaga-
tion distance in the femtosecond time domain.
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1 Introduction

The interaction between light and matter has always been evoking one’s curiosity and
motivation [1-4]. On the basis of the advances in ultra-short and ultra-intense laser tech-
nology, it is available to generate extremely short and intense pulses [5,6], which pushes
the nonlinear optics into a new stage [7-9]. In recent years, studies of OL have been more
and more interesting due to the need for protection of the optical sensors against intense
laser radiation and for peak-power stabilization of the intense laser pulses [10-12]. One
of the key challenges in the development of optical limiters is to search for appropriate
materials that rapidly respond to the applied laser intensity, own good nonlinear absorp-
tion characteristics over a broad range of wavelengths, and have a high damage thresh-
old. With the progress of design and synthesis technology of organic materials, organic
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conjugated compounds have shown great promise for OL applications [10,13-15]. They
possess various nonlinear mechanisms to produce OL, in which TPA is the major one.

As a typical organic conjugated compound, BDBAS were demonstrated to have ob-
vious nonlinear optical properties [16]. In this work, taking BDBAS as the sample, we
numerically study the dynamical behavior of OL caused by TPA and determine the dy-
namical TPA cross section when ultra-short laser pulses are used. Also, the influences of
propagation distance, sample concentration, effect of optical ionization and pulse width
on OL are discussed.

2 Theoretical methods

2.1 Maxwell-Bloch equations for a three-level system

Based on the semi-classical theory on the interaction between laser pulses and molecules,
the electromagnetic radiation can be described classically by Maxwell equations, and the
molecular system can be treated by Bloch equations quantum mechanically.

We assume that the incident electromagnetic field is polarized along the x-axis and
propagates along the z-axis to an input interface of the medium at z=0. Then the Maxwell
equations can take the form as follows:
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where o and g are the permeability and permittivity of free space, respectively.
Taken the relaxation effect and ionization effect into consideration, the density matrix
equation can be written as:
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here I';,;, gives decay rate of the population from level m to level n, and 7y, is the relax-

ation rate of the density matrix element p,, -'yl(;:)(t) and 'yg;l)(t) are the ionization rate

of level m and level n, respectively. It can be expressed as ’y}(f,z (t)=0;I(t)/ (hw,), where

I(t) = cep | E(t,z) |>/2 is the laser intensity, o; is the ionization cross section of level i,
which has an order about 10~2° m? [17], and w) is the frequency of the input pulse. H is
the Hamiltonian of the system, which can be expressed as the sum of free Hamiltonian
and interaction Hamiltonian. Within the dipole approximation, it can be written as:
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