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• Thermal noise in amorphous coatings 
limits the sensitivity of current detectors.
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A# design sensitivity
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✓ 100 kg test masses
✓ Better seismic isolation
✓ 1.5 MW arm power
✓ Reduced coating thermal 

noise
(AlGaAs coating thermal 
noise is assumed)

Important stepping stone toward 3G detectors

LIGO-T2200287



Crystalline AlGaAs coatings
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➢ The crystal is grown via Molecular Beam 
Epitaxy (MBE) on a single-crystal GaAs wafer.

➢ Alternating the Al alloy composition forms a 
Bragg reflector from layers of Al0.92Ga0.08As
(𝑛=2.89) and GaAs (𝑛=3.30).

➢ Limited to 𝜆 > 870nm

G. Cole 2013

https://www.thorlabs.com/newgrouppage9.cfm?objectgroup_id=14069
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Demonstrated
✓ Low optical losses

➢ typically <5ppm scattering (A. Gleckl LIGO-G2000376) 
➢ typically <1ppm absorption (M. Marchio 2019)

✓ Mechanical loss
➢ ≤ 2.5 × 10−5 (S. Penn 2019)

✓ Electro-optic noise
➢ well below the design sensitivity (S. Tanioka 2023)

✓ High laser damage threshold
➢ >64 MW/cm2 (P. Koch 2019)

On going
❑ Surface characterization @Caltech
❑ Direct measurement of coating thermal noise @MIT
❑ Arm length stabilization @Syracuse
❑ Birefringence @Embry-Riddle Aeronautical University
❑ Scaling up



Surface characterization

• Studying surface quality and uniformity
• defects, absorption, scattering, etc.

• 20 cm diameter plan is in progress.
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G. Cole 2023

https://pubs.aip.org/aip/apl/article/122/11/110502/2880822/Substrate-transferred-GaAs-AlGaAs-crystalline


Arm length stabilization (ALS)
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Layout of the ALS system. 
Image adapted from A. Staley et al. 2014

• Current green lock is no longer an option due to 
the bandgap of GaAs.

• Need to develop an alternative locking scheme.



Wavelength-doubled ALS

• The wavelength of main laser remains 1064 nm.

• Construction of demonstrator has been started.
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Dichroic AlGaAs coatings

• AlGaAs coatings should be dichroic.
• High-reflectivity both at 1064 nm and 2128 nm

• ETM-like dichroic AlGaAs mirrors have been 
manufactured.
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T~5ppm @1064 nm
R~98% @2128 nm



Dichroic AlGaAs coatings

• Coating thermal noise of dichroic AlGaAs
mirror will be measured @MIT.

• More precise coating thermal noise level 
will be provided soon.

10S. Gras 2017



Birefringence
• AlGaAs coatings have large birefringence.

• typically ~2 mrad -> ~25 Hz mode splitting in 4 km cavity

• G. Cole 2013, G. Cole 2016, S. Tanioka 2023, etc.

• high-end amorphous coatings: ~10 μrad

• Birefringence study at Embry-Riddle Aeronautical 
University

11https://dcc.ligo.org/LIGO-G2201607



Cryogenic mechanical loss
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• Precise characterization is ongoing.
• The upper limit of coating thermal noise level in ET-LF is 

∼ 2.5 × 10−21 [m/rtHz] @10 Hz.
• requirement: ∼ 3.6 × 10−21 [m/rtHz]

LIGO P-2300050



Implications for the ET-LF

• The thermal noise level of AlGaAs coating 
can meet the requirement of the ET-LF.

• Becomes an option even with the limited 
size.
• e.g. cryogenically cooled ETMs with a 13 cm 

beam and 70 cm diameter amorphous coatings 
and ITMs with a 4 cm spot size with 20 cm 
diameter AlGaAs coatings (G. Cole 2023)

• If larger diameter coatings are available, 
AlGaAs coatings would be more attractive.
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https://pubs.aip.org/aip/apl/article/122/11/110502/2880822/Substrate-transferred-GaAs-AlGaAs-crystalline


Scaling

14

• More details will be given by Steve Penn’s talk 
tomorrow morning.

LIGO G-2300674



Summary

• A# will be an important milestone toward 
3G detectors.
• AlGaAs coatings are one of the candidates for 

A# because of their low coating thermal noise.

• Coating thermal noise level with more 
realistic layer structure will be measured 
directly soon.

• Other important technologies are being 
developed and efforts are underway to 
scale up toward A# and 3G detectors.
• e.g. ALS, dichroic coatings, ...
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Extra slides
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A#
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Cited from G. Cole’s presentation
@AlGaAs workshop

originally used to micro 
resonators
-> applied to HR mirror coatings

Cole+ 2013
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Cole+ 2013

𝜙 = 4 × 10−5 -> one order of magnitude smaller 
than typical amorphous coatings
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Layer
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Blue: GaAs

Red: AlGaAs



Design
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Demonstrator
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