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Winter College on Optics

Conference on Laser Beams
Characterization

by Alberto Sona
Outline :

* Motivation and examples

* Beams focusability and spatial coherence
** The M” approach : a beam invariant

* The second order momentum of I(x,y)

* Alternative simpler approaches :

slit, knife edge ,variable aperture

* Gaussian beams single and multimode.

* Instruments for measuring I(x,y) and M?

* Results of a round robin test.

* The modal content and the inversion problem.
** Wavefront phase measurements.
+* Other beam parameters considered by the Norms.

Trieste, February 1998
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Normalized Beam Quality
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HIGHER-ORDER GAUSSIAN MODES
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First Moments (Centers of Gravity):
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Second Moments (Variances):

A= [ [@-7 ru s day |

)= [ [w-07 M) deay

Gy = oL@ + G ()

]/(sz — sx,sy, z) dsp dsy

//(s y)2 I (Sz,8y,2) dsz dsy




Definition of M* (Beam quality):
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M? Properties:

- M?* is a characteristic of the beam and re-
mains constant after propagation through any

non aberrated optical system
This theory is rigorously valid for any beam

These Propagation formulas reduce to the ordi-

nary ones 1f the beam is gaussian

Analogous formulas are in cylindrical coordi-

nates for circular symmetric beams

A
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Comments on the M* approach

* Problems for the measurements are present in
the following cases :

* In pulsed lasers M2 is in general time dependent ;

only averages value can be derived in a simple way.

* Annular beams generated by unstable resonators
have always M? > 1.( i.e the meaning of "times
diffraction limited" is no more valid)

* Non Gaussian beams or non paraxial beams can
give rise to large errors.

* Asymmetric or two lobes beams ( f. i. from
semiconductor lasers ) also need special data
processing,.

* The measurement of I(x,y) exploits the w (z ) expression
to derive the beam waist size and location and the beam
divergence .

* Additional information could be achieved by using the
expression of R(z) in connection with wavefront

phase measurements.

To derive a better information on the modal content
joint I(x,y) and phase measurements could be of use.

New instruments would be welcome providing information

on the spatial coherence of the beam cross section by phase
measurements.
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Extract of the ISO/TC 172/SC 9 work programme, listing items
dealing with test methods for laser beam parameters -

ISO
Work Item | Title

11146 Test methods for laser beam parameters: Beam widths,
divergence angle and beam propagation factor

11554 Test methods for laser beam parameters: Power, energy and
temporal characteristics

11670 Test methods for laser beam parameters: Beam positional
stability

12005 Test methods for laser beam parameters: Polarization

13694 Test methods for laser beam parameters: Power (energy)

denstty distribution

13695 Test methods for laser beam parameters: Spectral
characteristics
15367 Test methods for laser beam parameters: Phase distribution

1
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Intensity profile for a pure gaussian TEM 0
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Intensity profile for a beam made up of 50%
TEM,, , 30% TEM,,, and 20% TEM o Laguerre-
gaussian modes.
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