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Abstract

A fast and simple method for measuring the laser beam propagation ratio M2 using a spatial light
modulator is proposed. The method is based on digital simulation of light propagation in free space,
thus eliminating the need for scanning with a detector along the propagation direction. Two ap-
proaches are presented to achieve this, both of which require no prior information about the laser
beam under investigation and no moving optical components. Comparisons with theoretical predic-
tions show excellent agreement and demonstrate the accuracy of the technique.
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Figure 1. Geometric diagram for determining the value of M? by measuring the beam diameter d(f) as a function of different
lens focal lengths f°
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Figure 2. Experimental setup
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Figure 3. Using method A, digital holograms of three sample beams with a focal length of 400 mm
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Figure 4. Analysis of a Laguerre-Gaussian LG 21 beam with M? = 6.22 was generated by measuring the beam diameter as a
function of the programmable lens focal length f and fitting it with Equation (1). (b) Method B: Measuring the beam diameter
as a function of the propagation distance z. Hyperbolic fitting yielded M? = 6.04
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Table 1. Measured (A, B) and expected (th) M? values, and the waist diameter of the sample beam
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Mode dA;th [mm]  dA [mm]  dB;th [mm] dB [mm] M? th M2 A M B
LGoo 1.50 1.58 0.43 0.43 1.00 1.03 1.04
LGo: 2.12 2.02 0.61 0.64 2.00 2.01 2.09
LGio 2.60 2.56 0.74 0.76 3.00 3.03 3.12
LGo:4 3.36 3.30 0.96 1.00 5.00 5.25 5.05
LGizs 3.68 3.44 1.05 1.11 6.00 6.20 6.13
LGai 3.68 3.45 1.05 1.09 6.00 6.22 6.04
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