Improving the quality of output beams produced with Unstable Laser resonators (ULRs) employing on-axis spot reflector
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Abstract

Lasers employing unstable resonators with on-axis spot reflectors usually produce a doughnut-shaped intensity distribution in the near-field. In this paper, we present the effect of the size of shadow caused by the spot reflector using the standard beam parameter, M2. It enables us to improve the quality of output beams generated by ULRs. We present details comparing the output beam of a Copper Vapour Laser (CVL against these theoretical predictions.

Introduction

Based on the standard Laguerre-Gaussian modes, a new analytical expression called Flattened Gaussian Beam with a Hole in the Middle (FGBHM) was introduced by Saghafi et. al.[1]. This model can characterise the free propagation of the output beams generated by ULRs. A particular parameter called  in this model is a unit-less value controlling the radius of shadow. It has been shown that the quality of the output beam can be significantly improved by employing high magnification unstable resonators. By employing the intensity moment formalism (IMF) method, which provides a well-known standard parameter called M2, we demonstrate that the size of shadow can directly affect the beam quality as well. To test our computational results against experimental measurements, we used a CVL with a ULR of magnification M=80.
THE FGBHM

The standard Laguerre-gaussian modes are described as
[image: image1.wmf]. Based on the truncated version of these modes, Gori introduced a new type of axially symmetric beams called the Flattened Gaussian Beams (FGB) in 1994 [2]. Saghafi et. al. introduced the FGBHM model in 2001 that is the superposition of a standard FGB model with additional FGB (called the constructed FGB), which creates the central shadow [1]. In the near-field when z=0, the FGBHM model, is written as:
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where
[image: image3.wmf], 
[image: image4.wmf], the spot size, and other related parameters of this beam were given in ref.[1]. N and B are beam orders, considered to be integers that control the steepness of the shoulders of the irradiance profile and the hole in the beam. Note that decreasing (i.e. decreasing the size of the reflecting mirror in the cavity) causes more diffraction and the far-field intensity distributions broadens resulting a larger beam

width and M2. The effect of the size of the shadow on M2 for fixed values of N, B, and  are shown in Figs.1-3. These results show that high beam quality can be achieved if the diameter of the shadow is fixed at. 
[image: image5.wmf]. This equates to an optimal spot reflector radius that is 15 to35% of the total beam radius.
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Fig.1 M2 versus  for N=9, B=5,       Fig.2 M2 versus  for N=15, B=10, Fig.3 M2 versus  for N=60, B=10, 
Conclusion 

It conclude that for different values of B and N, M2 is minimised when 
[image: image6.wmf]. Although a larger shadow in the beam results in some loss in total output power, for many applications this trade-off between output power and high beam quality will be acceptable. However, beams having no-axis shadow have lowest M2 (e.g. M2=1.51, 1.7, and 2.38 for N=9, 15, and 60 respectively).
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