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Beam distortions and higher-order mode (HOM)

* Beam distortion: any deviation of a wavefront from the ideal Gaussian wavefront

 Modal model: the shape of a field is not given as a function of x, y coordinates but by a sum of
Gaussian modes of different orders. In other words, beam distortions can be described by HOMs.
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Beam distortions and higher-order mode (HOM)

Simple distortions: Misalignment and mode-mismatch
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Hermite-Gauss (HG, ) mode
(HGop) Cavity misalignments
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Effect of cavity axis translation
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Effect of cavity axis tilt
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* The tilt between the cavity axis and the input
)] beam axis will result in a first order mode.

The resultant first order mode has a phase shift of
90¢° relative to the original beam.
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Detecting misalignments with split photodetector Split photodetector Quadrant photodetector (QPD)
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Auto-alignment control system

Error signal
Two angular modes of
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We use two QPDs as a group:
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Alignment error signal when there is birefringence
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A scheme to extract birefringence effect: heterodyne scheme
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Single arm simulation TN s Simulation of the heterodyne signal with MZ model

ROC and tilt of m1 and m2 can be tuned to control
the mode contents generated by birefringence.

The 1st order mode content (controlled by m1 and
----------- - m?2 tilt) due to ITM birefringence is the reason for
the ASC offset.

The cavity is perfectly aligned.

ASC offset due to birefringence
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A tabletop experiment (NAQOJ)
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Polarization plate

Custom Capability

Custom Specification

Patterned Retarder Size

@100 pym to @2"

Patterned Retarder Shape Any

Microretarder Size =@30 pm

Microretarder Shape Round or Square
Retardance Range @ 632.8 nm 50 to 550 nm

Substrate N-BK7, UV Fused Silica, or Other Glass
Substrate Size @5 mm to @2"

-A: 350 - 700 nm
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We are going to use customized
polarization plate from Thorlabs.

We have ordered a quarter wave plate and
a half wave plate with gradient of fast axis.


https://www.thorlabs.com/newgrouppage9.cfm?objectgroup_id=8043

Tabletop experiment status

All optics are ready now. The installation has started.

RFQPDs modification on-going.

KAGRA RFQPDs only have 2 demodulation frequencies.
Our tabletop setup demodulations are 88 MHz, 48 MHz and 40 MHz.
We are going to make the circuit resonant at 88 MHz and 44 MHz.
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Thank you for listening!
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