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The Influence of Generalized Focusing on
Polarization-shaped Few-cycle Pulsed Beams

Baldzs Major, Miguel A. Porras, Attila P. Kovécs and Zoltan L. Horvéth

Abstract In this work we show how generalized focusing affects the polarization-
state of polarization-shaped pulsed beams being only a few cycles long. We present
simulations to exemplify how this phenomenon can cause the rotation of the so-
called ’polarization gating’ pulse commonly used for isolated attosecond pulse
generation. The general validity of the recently published simple rules for these
diffraction-caused changes is also demonstrated.

1 Introduction

It is well-known that the polarization state of the statistically-stationary radiation of
partially coherent or partially polarized electromagnetic sources can change on free-
space propagation [1, 2]. On the other hand, for deterministic, fully coherent and
fully polarized pulsed beams used in experiments nowadays [3, 4, 5], such changes
are only expected for beams having inhomogeneous polarization [6], or being tightly
focused [6, 7]. However, it has been recently shown that focusing affects the polar-
ization state of such pulsed beams, if they are only few cycles long [8, 9]. Here we
summarize some properties of this phenomenon, and present an example to show
how these findings can affect the polarization state of few-cycle pulses used in the
various fields of science.
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2 Focusing-induced polarization-state changes

Similarly to Refs. [8, 9], we describe the polarization state of a polarization-shaped
few-cycle pulse by its instantaneous polarization ellipse. In this description, at every
moment of time a polarization ellipse is associated with the electric field in the same
way as in the case of monochromatic waves, and the polarization state is primarily
defined by the orientation y/(¢) and ellipticity x () of the instantaneous ellipse. Fol-
lowing the calculation given in Ref. [9], based on a general model of ideal focusing
with only two perpendicular components of the electric field propagating indepen-
dently, it can be shown that the instantaneous properties of the polarization state
change according to the following approximate rules while the pulse having @y car-
rier angular frequency propagates from the focusing element to the focal point (in
this model the same as propagating to the far field):
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where 7 is the local time, which takes into account the time needed for the pulse
to propagate from the source to the point of interest [9]. The expressions above
show that the time-variation of the instantaneous ellipticity (orientation) induces a
change in the instantaneous orientation (ellipticity) during focusing. This effect is
demonstrated to be caused by diffraction, that is by the finite size of the source
[9], or in other words by the Wolf effect [10]. As the temporal variation of y(¢) or
x(t) can only originate from the fast change of the phase difference or the rapid
variation of the envelope ratio of the orthogonal components [8], this effect is more
pronounced for few-cycle pulses, and disappear for monochromatic waves.

3 An example: the polarization gating pulse

In Ref. [9] the polarization gating (PG) pulse was an example to demonstrate (1)
independently from (2). In this paper we expand this simple model of the PG pulse
by taking into account the pulse chirp. Fig. 1(a) depicts the temporal evolution of
the electric field in the case of the chirped PG pulse. For better visualization of the
polarization state, the Stokes parameters of the instantaneous polarization ellipse
are plotted in Fig. 1(b) for the initial and focused pulses. From this figure it is easy
to notice that the primary effect of focusing is a constant rotation of the instanta-
neous ellipse, due to its time varying ellipticity (see (1)). However, it is important
to note that due to the temporal chirp, the initial orientation is also time-dependent
(linearly), but the effect in this case for this parameter is almost negligible. Also
note that in case of zero chirp, the orientation would be time-independent, and in
Fig. 1(b) the curves would go along the lines of longitude of the Poincaré sphere. In
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Fig. 1 (a) The 800nm chirped polarization gating pulse acquired by sending a three-cycle pulse (in
intensity-FWHM AT) through two quarter-wave plates (as described in [4]). The quadratic term
of temporal phase is: exp(i0.3r>/AT?). Based on the simple model of the PG pulse in Ref. [9].
(b) Representation of the instantaneous polarization ellipse of the polarization gating pulse on the
Poincaré sphere. The continuous curve represents the initial, the dashed curve the focused pulse.
The arrows indicate the time evolution. (c) Scaling of the rotation effect with pulse duration.

Fig. 1(c) it is shown how this effect, which is independent of focal length or beam
size, disappears for longer and is enhanced for close to single-cycle pulses.

4 Conclusions

We have shown that focusing in general affects the polarization state of polarization-
shaped few-cycle electromagnetic pulsed beams, and these changes are caused by
diffraction. We demonstrated our findings with the chirped polarization gating pulse.
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