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Optical levitation

2. Optical and mechanical interaction

1. High sensitivity
2. Tunability (Optical spring)
3. Simultaneously readout
4. Robustness to mechanical loss
5. Can deal with mass
6. Less scattering

1. High inertial sensitivity
2. Tunability (external degree of freedom)
3. Coupling internal and external degree of freedom
4. Simultaneously readout
5. Free to move
6. Controllable isolation

1. Precise metrology 
(gravimeters, weak force, 
pressure sensors, acceleration & 
rotation sensors)

2. Optical and mechanical 
interaction

3. Preparation of 
mechanical quantum 
states



Optomechanical Levitation
Mass : 1.116 mg
Size : diameter ~3 mm 

thickness ~50 μm

1. Environmental isolation

2. Scattering-free

3. Large mass

4. Simultaneous optical readouts
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Optomechanics

𝜆 =
2𝐿

𝑛
, 𝑛 = 1, 2, 3, …

Free spectral range (FSR): Δ𝜔𝐹𝑆𝑅 = 𝜔𝑐𝑎𝑣,𝑛 − 𝜔𝑐𝑎𝑣,𝑛−1 =
𝜋𝑐

𝐿

Resonance frequencies: 𝜔𝑐𝑎𝑣,𝑛 =
𝑛𝜋𝑐

𝐿

Cavity loss: 𝜅 = 𝜅𝑖𝑛 + 𝜅𝑜𝑢𝑡 + 𝜅0

Finesse: ℱ ≡
Δ𝜔𝐹𝑆𝑅

𝜅



Optomechanics

ሶ𝑎 = −(
𝜅

2
− 𝑖Δ)𝑎 + 𝜅𝑖𝑛𝑎𝑖𝑛

Δ = 𝜔𝐿 − 𝜔𝑐𝑎𝑣

scan



Optomechanics

ሶ𝑎 = −[
𝜅

2
− 𝑖Δ 𝑡 ]𝑎 + 𝜅𝑖𝑛𝑎𝑖𝑛

𝐿 𝑡 = 𝐿0 + 𝑣𝑠𝑐𝑎𝑛𝑡

Δ 𝑡 = Δ0 +
2𝑘𝑣𝑠𝑐𝑎𝑛𝑡

𝜏𝑐𝑎𝑣
𝑘: wavenumber 
𝜏𝑐𝑎𝑣 : one-trip time

scan
10 𝜇𝑚/𝑠

100 𝜇𝑚/𝑠

200 𝜇𝑚/𝑠



Optomechanics

ሶ𝑎 = −[
𝜅

2
− 𝑖 Δ + 𝐺𝑥𝑟𝑝 ]𝑎 + 𝜅𝑖𝑛𝑎𝑖𝑛

ሷ𝑥𝑟𝑝 = −Ω𝑚
2 𝑥𝑟𝑝 − Γ𝑚 ሶ𝑥𝑟𝑝 + 𝐹𝑜𝑝𝑡(𝑡)

𝐺: frequency pull parameter 
Ω𝑚: frequency 
Γ𝑚 : damping rate
F𝑜𝑝𝑡(𝑡): optical force 

𝑥𝑟𝑝
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Optomechanical system

Radiation Pressure  Gravity force



Optomechanical system

Photothermal effects

Acoustic vibrations

Optical field



Optomechanical system

Scan up

Scan down

Increasing power



Optomechanical system

495mW

Scan up

Scan down

Decreasing speed



Current model

93mW



Current model

2.75W



Current model

1. Stabilization of the cavity

2. A better model
?
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Photothermal cancellation

1. Photothermal effect’s modification

2. Experimentally, inverting the sign of the photothermal interaction

3. A useful passive feedback control 
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Heating
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Heating

thermal expansion 

refractive index change
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Refined model

Photothermal expansion

Thermo-optic effect



Refined model



Refined model

Refined model Original model



Nonlinearity of photothermal effects

ሶ𝑥𝑡ℎ = −𝛾𝑡ℎ 𝑥𝑡ℎ + 𝛽 𝑃𝑜𝑝𝑡 photothermal response coefficient to optical power:

𝛽 𝑃𝑜𝑝𝑡 = 𝛽1𝑃𝑜𝑝𝑡 → ሶ𝑥𝑡ℎ = −𝛾𝑡ℎ 𝑥𝑡ℎ + 𝛽1𝑃𝑜𝑝𝑡

Nonlinear: 𝛽 𝑃𝑜𝑝𝑡 = 𝛽1𝑃𝑜𝑝𝑡 + 𝛽2𝑃𝑜𝑝𝑡
2 → ሶ𝑥𝑡ℎ = −𝛾𝑡ℎ 𝑥𝑡ℎ + 𝛽1𝑃𝑜𝑝𝑡 + 𝛽2𝑃𝑜𝑝𝑡

2

Linear:



Nonlinearity of photothermal effects



More discussion



Photothermal effects

1. Thermal conduction of the coating

2. Two photothermal effects are necessary for a more precise simulation

3. Better model? More investigation in other effects



Future work

1. Nonlinearity of the photothermal effects
1) a better model
2) experimental observation

2. Characterize the optical spring from the experiments

3. Cancellation of photothermal effects experimentally

4. Other ways to stabilize the cavity

5. Other proposals for optical levitation
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Thank you



Optomechanical system

Photothermal effects

Optical lift

Acoustic vibrations

Optical field


