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Motivation 
 Optical tweezers in vacuum, eliminating the primary source of 

dissipation present for most inertial sensors, attracted much 
attention in both fundamental and applied physics. 

 Remarkable progress in trapping micro-scale and nanoscale 
spheres at high vacuum pressures has been achieved in recent 
years, but no specific review with an intensive survey was 
published yet. 

 A review of the history and the basic concepts of optical tweezers 
in vacuum would provide an overall understanding of the field. 
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Main idea 
1. Basic theory and experimental scheme of optical 
tweezers in vacuum 
 Principle of optical trapping --- build a physical picture 

   including radiation force and optical cooling theory 

 Fundamental techniques in building optical tweezers in vacuum 

 

2. State-of-the-art progress in vacuum optical tweezers field 
 Force sensor, accelerometer, micro-gyroscope, and frontier research 

like macroscopic quantum state 

 

Front In
form

 Technol E
lectro

n Eng



 Illustrative demonstration 
1. Simulation of the PSD of particle displacement with differential 
cooling and air pressure reducing conditions 
 The PSD of particle displacement in the low frequency range decreases only 

when air pressure drops 
 Particles under green line conditions are more likely to escape unless there 

exists efficient cooling  
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 Illustrative demonstration 
2. A survey of reported diverse optical configurations for trapping 
particles in vacuum is listed 
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 Illustrative demonstration 
3. Reported applications including force measurement (a), acceleration 
measurement (b), gyroscope effect study (c), and macroscopic 
quantum state (d) are demonstrated. 

(a) 

(c) 

(b) 

(d) 
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Summary 

 Fundamental concepts of optical trapping, cooling, and 
detection were discussed. 

 An intensive survey of progress in vacuum optical 
tweezers was given.  

 The development trend in this field was proposed and 
analyzed. 
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