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Review on the Efficient Generation of Laser Pulses
James Chen

This paper seeks to examine and explain the paper “Efficient generation of ultra-intense few-
cycle radially polarized laser pulses” by looking at the theory and motivation of laser pulses and

their widespread applications [1].

Introduction
The theory necessary to understand the components of this research paper consists of 

basic photonics knowledge such as: optical cavities, optical susceptibility, dispersion, coupling, 
modes, and laser basics. This covers the setup for generating ultra-short pulses (USP) with a 
femtosecond laser. USP generation is important because it concentrates energy to a very specific 
point in time. Since power is the amount of energy transferred per unit time, to increase power, it
is desirable to reduce the time as the amount of energy is limited or expensive to keep at high 
levels. The applications of these precision instruments are widespread in manufacturing, physics,
medicine, and many more, as there are rarely controlled ways of generating this level of targeted 
energy with such consistency and reliability. Additionally, diffraction gratings and optical 
amplification are required to understand the chirped pulse amplification setup.

Analysis

Figure 1. Schematic of the pressure gradient hollow-waveguide compressor setup and the polarization mode-
converter [1].

Figure 1 depicts the setup to achieve few-cycle kHz-repetition-rate laser pulses that are 
radially polarized. The reason that this specific laser pulse generation method was developed was
because the radial polarization aspect is preferrable to the traditional chirped-pulse amplification 
(CAP) that uses linear optics to achieve linearly polarized ultra-short pulses [2]. The way CAP 
works is illustrated below in Figure 2. It consists of an initial pulse being dispersed with a 
diffraction grating, which lowers the power of the pulse, allowing it to be amplified by passing 
through a gain material and after it is amplified, the pulse is recombined into an even tighter 
package that allows for the USP output. The reason why radial polarization has advantages is 
because they allow for tighter focusing of the laser [3]. This is useful because the tighter focus 
means a narrow beam waist and that leads to less dispersion and more energy transferred to the 



correct location, resulting in less energy waste which saves energy also this provides more 
precision. 

Figure 2. CAP Generation Design

The Figure 1 design goes through Ar-filled dielectric and undergoes spectral broadening 
due to both self-phase modulation and group-delay dispersion. Note that lasers inherently have 
an output with some broadening happens because there will always be a bit of a range of 
energies for stimulated emission is generated at due to the uncertainty principle. The nonlinear 
spectral broadening is designed to maximize self-phase modulation, increasing output quality, 
intensity, and stability. Then the compressor temporally squeezes the light to form a strong USP.

One disadvantage of this design is that some wave modes will be preferred to others due 
to the coupling being inefficient in hollow waveguides under high energies. The provided 
solution to this problem is to put a polarization-state converter at the output.

Conclusion
The design of efficient production of high peak few-cycle radially polarized light was 

feasibly demonstrated and the implications of these designs are important. USPs have a variety 
of uses in physics and photonics such as manipulating atomic and molecular dynamics, enabling 
even stronger lasers through second-harmonic generation or solid-state amplification, and even 
particle acceleration. There are also broad chemical and biological uses, some specific ones 
would be breaking CO2 to make O2 or doing precision surgery. Further developments would be 
to increase the efficiencies of every step to allow for the most throughput. Another could be 
demonstrating the procedure with different lasers or different non-linear setups to explore the 
detailed properties further.

References



1. Sergio Carbajo, Eduardo Granados, Damian Schimpf, Alexander Sell, Kyung-Han Hong, 
Jeffrey Moses, and Franz X. Kärtner, "Efficient generation of ultra-intense few-cycle 
radially polarized laser pulses," Opt. Lett. 39, 2487-2490 (2014) 

2. R. Paschotta, Chirped-pulse Amplification. RP Photonics Encyclopedia (2017)
3. R. Dorn, S. Quabis, and G. Leuchs, Phys. Rev. Lett. 91, 233901 (2003)




