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The ability of vacuum to produce mechanical stopping of neighboring objects moving relative to each 
other is one of the consequences of the well-known dynamical Casimir effect. Temporal variations in 
the boundary conditions of the electromagnetic field result in the emission of radiation at the expense 
of mechanical kinetic energy removed from the system relative to its center of mass. A similar situation 
is encountered in a spinning anisotropic object, where moving boundaries are also present. More 
surprising is the fact that a rotating sphere also undergoes vacuum friction, even at zero temperature 
[1], despite the apparent steadiness of its boundary. This prediction is obtained from semi-classical 
theory based upon the fluctuation-dissipation theorem, but it also agrees with a fully quantum 
mechanical treatment of radiation, the spinning motion, and the internal excitations of the particle [2]. 
The particle can reduce its rotation by one quantum of azimuthal motion, which is used to emit light 
and simultaneously excite its internal state. This is the dominant channel contributing to rotational 
friction, which is active if the particle is absorbing at a light frequency equal to the rotation frequency. 
Another interesting scenario is presented by spinning particles with a large optical frequency gap 
compared with the rotation frequency, so that only higher-order terms can contribute to stop it [3]. We 
will discuss these phenomena during this talk, connect them to other geometries producing friction, 
such as a sphere rotating in front of a metal plane [4], and explore consequences for the dynamics of 
rotating dust particles in the universe. 
 

 
 

The temperature of a rotating particle relative to temperature of the 
surrounding vacuum depends on its rotation velocity. Friction with 
electromagnetic vacuum modes produces particle heating at high rotation 
velocities, but the particle is at a lower temperature than the environment when 
its velocity is low. 
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