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Abstract Methodology

o digitally synthesizing a flat-top beam by adding multiple higher
order modes

o More averaging of thermal noise on the mirror surface

o animprovement of 1.6 for just three optical modes

o €quivalent to cooling to 120K.

Active laser stabilisation ties a laser’s frequency to an ultra-stable
reference, such as an optical resonator, by comparing the frequency
of the laser to the reference and using feedback control to regulate

the laser.

Coating Brownian thermal noise, arising from random Brownian Laser MEH%?Stor Optical Cavity MUItI'MOdf Sampling

motions of the mirror coating materials, is the main limitation of — ARt -+ BT ®

precision measurements at frequencies below 10 Hz. %, 4, 4R Flat-Top
1t

We proposed a multi cavity transverse mode readout scheme [1] Bas1s Mo des

that realises an equivalent thermal noise level of a mesa flat-top
beam, which is well known to be efficient at thermal noise reduction
compared to a conventional Gaussian beam by effectively increas-
INng the sampling area, yet has technical difficulties in generation.
With optimal weighings of different spacial modes, this novel ap-
proach allows us to improve the coating thermal noise by a factor of
2.46 with 25 modes and 1.61 with 3 modes in short cavities.
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Figure 1: Utilising multiple modes together will reduce Brownian noise in coatings

Experimental Set Up

o Each Hermite Gaussian modes locked to the test cavity via o Reference laser performance 0O0x00 two laser one cavity beat
Pound-Drever-Hall (PDH) technique note

o AOM: generating frequencies matching the higher order mode o Cavity common noise immune
resonances o Below thermal noise

o EOM: generating modulation sidebands for PDH o O0OX02result

o« Weighing equivalent to a mesa beam o — Need more work

o PID servo for stable feedback e —

o Field Programmable Gate Array (FPGA) for modulation and digi- s
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Figure 2: Experimental set up for proposed experiment
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Figure. 5: Current cavity design
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