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Temporal aberration reduction using space-time dualiy in an imaging system consisting of a temporal double Gaussian lens
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Short Abstract

Temporal aberration is an important challenge in pulse-shaping process based on temporal imaging system. Temporal imaging is based upon the duality
between spatial and temporal Fourier optics which, in turn, emanates from the similarity of the differential equations governing the diffraction of
paraxial beams and dispersion of narrow-band pulses. In this paper, the temporal implementation of spatial double-Gaussian lens is proposed based
on space-time duality and the concept of time-lens. Inspired from other spatial optical systems which have been implemented in time, a temporal
implementation of double-Gaussian lens with reduced aberation is proposed. The obtained image is improved in quality and aberration content with 40
percent, compared to a conventional temporal imaging system.
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1-  Introduction

There is an aesthetic analogy between paraxial diffraction of beams in space domain and the dispersion of optical pulses in time domain, called the
principle of space-time dualiy. Temporal imaging is a technique for controlling and deforming temporal waves that is equated using the space-time
duality principle. One of the problems in the field of temporal imaging, is the existence of various aberrations in the system, which leads to a decrease
in output quality. Among different structures for reducing spatial aberration, the Double-Gauss lens has been able to compensate for aberrations more
effectively. Therefore, in this paper,temporal Double-Gauss lens is equated using the concept of temporal ray propagation.

2-  Compensation of aberration using temporal double Gaussian lens
Using the space-time duality principle, temporal equivalent structure of a double Gaussian imaging system includes a dispersive medium, a double
Gaussian lens and another dispersive medium. Consider a temporal ray that propagates through an imaging system and has an input time of z;,and an
input frequency of Q;,,. After simplifying the expressions for output frequency and time, two final conditions for compensating temporal aberration in
double Gaussian system are as follows:
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As a result, to compensate for the third order temporal aberration in Double Gaussian imaging system:
1. Group delay dispersion of the second and third dispersive medium should be symmetrical.
2. Focal third order group delay dispersion of the first and second three lenses should be symmetrical.
To implement this system, we use an electro-optical phase modulator (EOPM) as a time lens and fiber Bragg grating as a dispersive meduim.
First, we consider a conventional imaging system with a single lens by the use of a phase modulator at frequency of 10GHz. Parameters of time lens
willbe |¢f| = 8.44 ps*and | ®"'| = 7.44ps~3. Figure 12 shows the output of the conventional temporal imaging system with a simple lens. As could
be seen, the output image has many distortions.

In the next step, a double gaussian temporal imaging system is implemented. For the first meduim, we consider the same meduim as the conventional
single-lens imaging system with parameter ¢p; = 2.3 psZ. For implementing first three lenses, we use two phase modulator with frequensies of 11 and
12GHz and another phase modulator with frequensy of 16.2GHz with Negative phase (equivalent to a concave lens). The equivalent frequency of first
three lenses would be 1.6GHz. Consequently, the parameters of the first three lenses will be ¢f; = 329 ps® and ®;” = —0.03 ps~2. Using the image
condition and relation (1), GDD of second and third meduim will be ¢, " = —2.3ps? and ¢ "' = 2.3ps?. For the second three lenses, according to
relation (2), we use the same phase modulators used in the first imaging system with negative phases. The resulting diagrams are shown in Figure 13.

As could be noticed from Figure 13 (b), the output pulse is very similar to the the input pulse, so the input-output correlation is 0.9995 which is a very

significant number. Still, a convntional imaging system with a single lens did not yield acceptable results at higher frequencies, as shown in Figure 12.

3-  Conclusion

In this research, using the space-time duality principle, the temporal equivalent of the spatial double-Gaussian imaging system was pesented. Then, with
optimal design of this structure and considering the techniques for implementing time lenses and dispersive mediums, we reduced the third-order
temporal aberration by two basic conditions obtained for reducing aberration in the double-Gaussian system. The simulation results showed that with
increasing frequency, Double Gaussian imaging system can still take images with an input-output correlation above 0.99. while the output of the
conventional imaging system with a single lens was distorted at higher frequencies.
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