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The Caltech 40 Meter interferometer is being upgraded to prototype the Advanced LIGO optical configuration and controls. The interferometer requires an infrared laser beam of extremely high stability in frequency, intensity, launch position and angle, and transverse profile. 
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Now we are going to lock the mode cleaner. Mode cleaner is a kind of Fabry-Perot cavity. It resonates for the TEM00 ｍode, which is a basic mode of the laser is needed for the cavity and transmits it. Therefore, mode cleaner needs a proper mode matching and we have to measure the profile of the beam, which enters into the mode cleaner. For this purpose, the BeamScan Analyzer of Photon inc which has a slit and a photo detector to know the Beam shape，is used.
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Fig 1-1 camera of BeamScan    Fig1-2 Gaussian Beam, 2Dview and 3Dview

Purpose of experiments
In this experiment we investigate the reliability of the BeamScan Analyzer for preparation of the measurement of beam profile. We have two experiments. 

· Determining the best beam profile averaging
· Measure the power dependence
Requirement 

The original design of transverse profile Gaussian width is shown in Fig 1-3
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Fig1-3 Gaussian beam propagation


We can find that required accuracy is about 
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10 μｍ where the change of beam width is most small.

Method of experiments of Determining the best beam profile averaging
and Measure the power dependence
The detailed method for the two experiments described here is illustrated in Fig 2-1. 


Fig2-1 The set up of experiment

                 A halfwave plate and a glan laser prism are placed

               to change the laser power of the picked off beam

1. Measurement of the error.

The error of only 1 time measurement is too large to measure the beam width exactly.

We increase the averaged number from 1 time to 100times.  

Result of experimnt1: measurement of the averaging function
We got following data.
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Fig3-1 1 times averaging
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Fig3-2 10 times averaging
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Fig3-3 100times averaging

Conclusion of experiment 1
When the beam width is measured without averaging, the error of beam width is about 0.025mm. As we increase the averaging time, the error should be small. the error in the width falls like 1/sqrt(N), where N is the number of measurements in the average. 

For example the error of 10 times averaging is about 0.01mm, and the error of 10 times averaging is about 0.002mm Therefore, we can conclude that the BeamScan Analyzer has enough accuracy to measure the shape of light when we average 100times. 

2. Measurement of the Power Dependence
Although the beam width does not depend on the laser power, we should determine if the measurement of the beam width by the BeamScan depends on the laser power.

Result of experimnt2: measurement of the power dependence
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Fig3-4  The beam width depedence on the laser power 
                      It shows the beam width dependence on the laser power.
Conclusion of experiment2
The beam width is stable between 50mw to 300mw. The error of beam width is only 
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5μm. It is enough small comparing with required accuracy about 10 μｍ ,which need to measure the profiling of the beam exactly.

Results

From these experiment, this BeamScan Analyzer satisfies our requirement, and is available for our measurement of the beam profile. 

Future plans

We had finished the preparation of the beam profile. Next we try to measure the beam profile after the mode matching lens to ensure that the beam waist at the EOMs and the mode matching into the 13 m mode cleaner are according to specifications.
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Horizontal axis is distance from the laser.


Vertical axis is the radius of beam width.


Green vertical lines are the position of the mode matching lenses


Red and blue curves are of vertical and horizontal Gaussian beam
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