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Research interest







Optomechanics with micro-membrane

https://harrislab.yale.edu/gallery/photo-gallery-0

- Radiation pressure in the quantum engine
- Optical control of microstructures
- Mechanical control of non-classical light

Si3N4 membrane
1mm square, 50nm thick



Dispersion by membrane

NJP, 10, 095008 (2008)

B. M. Zwickl, Doctoral dissertation (2011)
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𝑥

𝑟𝑑 ∶ reflection coefficient of the membrane
𝑥 ∶ position of the membrane

- Resonance frequency shift



Avoided crossing of cavitymodes

- Interaction mediated by membrane
- The mechanical oscillator’s Brownian motion is minimized 

by operating the device at 500mK

Nat. Commun. 6, 6232 (2015)



Fundamental modes of the membrane

M. J. Underwood, Doctoral dissertation (2016)



Model Hamiltonian

- Optomechanical hamiltonian

෡𝐻 = ℏ𝜔𝑀 Ƹ𝑐† Ƹ𝑐 + ℏ 𝜔𝑐 + 𝐴𝑥 ො𝑎† ො𝑎

Membrane, 1𝑚𝑚

Cavity mode at waist 100𝜇𝑚
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𝑥𝐴 ≡
𝑑Δ𝜔
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→ ෡𝐻 ≃ ℏ𝜔𝑀 Ƹ𝑐† Ƹ𝑐 + ℏ 𝜔𝑐 + 𝐴ො𝑥 ො𝑎† ො𝑎

= ℏ𝜔𝑀 Ƹ𝑐† Ƹ𝑐 + ℏ 𝜔𝑐 + 𝐴( Ƹ𝑐 + Ƹ𝑐†) ො𝑎† ො𝑎



Avoided crossing of vibrational state

- Interaction mediated by photon
- An exceptional point of mechanical modes is observed

Nature 537 80 (2016)



Laser cooling of the membrane

Nature 452, 72 (2008)



Pound-Drever-Hall locking

https://en.wikipedia.org/wiki/Pound%E2%80%93Drever%E2%80%93Hall_technique

- Relative resonance frequency of the cavity modes can be measured by PDH technique
- Vibration of the membrane is recorded in the PDH signal



Vibration of membrane

D. R. Mason, Doctoral dissertaion (2018)

- Power spectral density of Brownian motion is obtained from PDH signal



Non-reciprocity

https://www.dictionary.com/browse/non-reciprocal



Non-reciprocity

Changes in the properties of light passing through the device are not rever
sed when the light passes through in the opposite direction.

Τ෡𝐻 ℏ =
𝜔1 𝑔1
0 𝜔2

https://www.dictionary.com/browse/non-reciprocal

- non-reciprocal optics

Optical isolator Optical circulator



Optically induced non-reciprocity

𝑛1, 𝑛2 + 1, 𝑛𝑐

𝑛1 + 1, 𝑛2, 𝑛𝑐

𝑛1, 𝑛2, 𝑛𝑐 + 1
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Τ෡𝐻 ℏ =
𝜔1 𝐻1,2
𝐻2,1 𝜔2𝑛1 , 𝑛2: number of phonon

𝑛𝑐 ∶ number of photon in the cavity



Optically induced non-reciprocity



Cooling by non-reciprocity



Supplementary Material



Real temperature


