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THANKS…
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GRAVITATIONAL WAVES IN OTHER ‘COLORS’

http://www.ctc.cam.ac.uk/activities/UHF-GW.php
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Aggarwal et al
Arxiv:2011.12414

Members: NA, Mike Cruise, Valerie Domcke, Francesco Muia, Fernando 
Quevedo, Andreas Ringwald, Jessica Stenlechner, Sebastien Steinlechner

See Plenary by 
Francesco Muia 

recorded on 
Monday



HIGH FREQUENCY GRAVITATIONAL WAVE
DETECTORS
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Aggarwal et al
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LEVITATED SENSOR DETECTOR

•Miniature GW detector

•Based on optical trapping/levitation

•Tunable resonance in the 10-300 kHz range
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SCIENCE CASE

Deborah Ferguson, Karan Jani, Deirdre Shoemaker, Pablo 
Laguna | Georgia Tech, MAYA Collaboration

Primordial black holes

Masha Baryakhtar

BH Superradiance
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The unknown unknowns???



GW DETECTOR USING OPTICAL TRAPS
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ℎ
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𝐿𝐿, Δ𝑥𝑥𝑎𝑎 = Δ𝐿𝐿, Δ𝑥𝑥𝑠𝑠 =

ℎ
2
𝑥𝑥𝑠𝑠

Δ𝑥𝑥𝐺𝐺𝐺𝐺 = Δ𝑥𝑥𝑠𝑠 − Δ𝑥𝑥𝑎𝑎 = ℎ
2

(𝑥𝑥𝑠𝑠 − 𝐿𝐿),  maximized at 𝑥𝑥𝑠𝑠 → 0
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Arvanitaki and Geraci, 
PRL 110, 071105 (2013)



NOISE
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Limiting Noise

Preliminary Aggarwal et al

Alain Doyon and Sylvia Jeney

• Thermal noise from gas damping
• 𝑆𝑆𝐹𝐹𝐹𝐹,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 𝑘𝑘𝐵𝐵 𝑇𝑇 𝑚𝑚 𝛾𝛾𝑔𝑔

• Quantum noise from photon recoil
• 𝑆𝑆𝐹𝐹𝐹𝐹,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 4 ℏ𝜔𝜔 𝑚𝑚 𝛾𝛾𝑠𝑠𝑠𝑠



HONING THE NOISE AND REFINING SIGNAL 
CALCULATIONS
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Laser

Aggarwal et al 
arxiv:2010.13157



LIMITING NOISE

• Limiting noise source is gas damping and photon recoil. 

• 𝑆𝑆𝐹𝐹𝐹𝐹 = 4 𝑀𝑀 𝑘𝑘𝐵𝐵𝑇𝑇 𝛾𝛾𝑔𝑔 + ℏ 𝜔𝜔 𝛾𝛾𝑠𝑠𝑠𝑠

• Limit on resonance (Ω → Ω𝑇𝑇),  𝑆𝑆ℎℎ ∼ 16 1
Ω𝑇𝑇
2
1
𝑀𝑀

1
𝐿𝐿2

(ℏ 𝜔𝜔 𝛾𝛾𝑠𝑠𝑠𝑠 + 𝑘𝑘𝐵𝐵𝑇𝑇 𝛾𝛾𝑔𝑔)

temperature 𝑇𝑇 length 𝐿𝐿 recoil 𝛾𝛾𝑠𝑠𝑠𝑠 mass 𝑀𝑀
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REDUCING LIMITING NOISES

• Sphere scatters light in all directions
• Disk scatters light in the beam direction (low 𝛾𝛾𝑠𝑠𝑠𝑠)
• Numerical simulations of scattering from disks show low scattering loss, hence 

low recoil heating
• Diffraction-limited mirror sizes big enough to achieve negligible scattering loss
• Stacked disks to increase mass (high 𝑀𝑀)
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Aggarwal et al arxiv:2010.13157

𝑡𝑡1 =
𝜆𝜆1
4

𝑡𝑡2 =
𝜆𝜆2
2

𝑡𝑡1

Modified 
wavelength

𝜆𝜆𝑖𝑖 = 𝜆𝜆0
𝑛𝑛𝑖𝑖



IMPROVED SENSITIVITY
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Aggarwal et al 
arxiv:2010.13157



IN THE LAB…
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Picture Credits: George Winstone, 
Daniel Grass, Aaron Wang, and 
Shelby Klomp



SENSITIVITY TO BH SUPERRADIANCE
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Aggarwal et al 
arxiv:2010.13157



SENSITIVITY TO BLACKHOLE MERGERS
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Aggarwal et al 
arxiv:2010.13157



ADD MORE MASS!!

Ω02 =
8𝜋𝜋𝜋𝜋(1 − 𝑒𝑒−2𝑅𝑅2/𝑤𝑤2)

𝑐𝑐𝜆𝜆2𝜌𝜌0𝑅𝑅2
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𝑡𝑡1 =
𝜆𝜆1
4

(2 𝑖𝑖1 + 1)

𝑡𝑡2 =
𝜆𝜆2
2

(2 𝑖𝑖2)

𝑡𝑡1

Preliminary: Aggarwal et al. 

Modified 
wavelength

𝜆𝜆𝑖𝑖 = 𝜆𝜆0
𝑛𝑛𝑖𝑖



SUMMARY

• New initiative for high-frequency GW detectors

• Miniature GW detector based on levitated nanoparticles to probe GWs in 10 kHz –
300 kHz band

• Limited by gas damping and photon recoil

• Proposed new design with 20 times improved sensitivity and theoretically verified 
feasibility

• Will set independent limits on BH superradiance and Primordial black holes

• Further improvements can be achieved by xylophone configuration and/or  
increasing the mass 
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THANK YOU
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