
Gary Sanders 
Cooling of a mirror by radiation pressure 

P.F. Cohadon, A. Heidmann, M. Pinard* 
Laboratowe Kastler ~rosse l ' ,  Case 74, 4 place Jussieu, F75.252 Parzs Cedes 05, France 

(March 30, 1999) 

We describe an experiment in which a mirror is cooled by 
the radiation pressure of light. A high-finesse optical cavity 
with a mirror coated on a mechanical resonator is used as an 
optomechanical sensor of the Brownian motion of the mirror. 
A feedback mechanism controls this motion via the radiation 
pressure of a laser beam reflected on the mirror. We have 
observed either a cooling or a heating of the mirror, depending 
on the gain of the feedback loop. 
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Thermal noise is a basic limit for many very sen- 
sitive optical measurements such as interferometric 
gravitational-wave detection [I-31. Brownian motion of 
suspended mirrors can be decomposed into suspension 
and internal thermal noises. The latter is due to ther- 
mally induced deformations of the mirror surface and 
constitutes the major limitation of gravitational-wave de- 
tectors in the intermediate frequency domain [4,5]. Ob- 
servation and control of this noise have thus become an 
important issue in precision measurements 16-91. In order 
to reduce thermal noise effects, it is not always possible 
to lower the temperature and other techniques have been 
proposed such as a feedback control of a macroscopic os- 
cillator [lo]. 

In this letter we report the first experimental obser- 
vation of the cooling of a mirror by feedback control via 
radiation pressure. The basic principle of the experiment 
is to detect the Brownian motion of the mirror with an 
optomechanical sensor and then to freeze the motion by 
applying an electronically controlled radiation pressure 
on the mirror. Some mechanical effects of light on macro- 
scopic objects have already been observed, such as the 
dissipatiye effects of electromagnetic radiation [Ill ,  the 
optical bistability and mirror confinement in a cavity in- 
duced by radiation pressure [12,13], or the regulation of 
the mechanical response of a microcantilever by feedback 
via the photothermal force [14]. In our esperiment the 
radiation pressure is driven by the feedback loop in such 
a way that a viscous force is applied to the mirror. I t  
thus plays a role somewhat similar to the one in optical 
molasses for atoms. 
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The cooling mechanism can be understood from the es- 
perimental setup shown in figure 1. The mirror is used as 
the rear mirror of a single-ended Fabry-Perot cavity. The 
phase of the field reflected by the cavity is very sensitive 
to changes in the cavity length [15-171. For a resonant 
cavity, a displacement 6 2  of the rear mirror induces a 
phase shift 6pOut of the reflected field on the order of 

where dpi ,  is the quantum noise of the phase of the in- 
cident beam, 3 is the cavity finesse and X is the optical 
wavelength. The Brownian motion of the mirror can be 
detected by measuring the phase of the reflected field, 
provided that the cavity finesse is high enough [17]. 

To cool the mirror we use an auxiliary beam derived 
from the laser and reflected from the back on the mirror. 
This beam is intensity-modulated by an acousto-optic 
modulator driven by the feedback loop so that a mod- 
ulated radiation pressure is applied to the mirror. The 
resulting motion can be described by its Fourier trans- 
form dx  [R] at frequency R which is proportional to the 
applied forces 

6 2  [Q] = X [Q] (FT [a] $. Frad [a]) I (2) 

where x [R] is the mechanical susceptibility of the mirror. 
If we assume that the mechanical response is harmonic, 
this susceptibility has a lorentzian shape 

characterized by a mass M, a resonance frequency RM 
and a damping I' related to the quality factor Q of the 
mechanical resonance by r = Q M / Q .  

The first force FT in eq. (2) is a Langevin force respon- 
sible for the Brownian motion of the mirror. At thermal 
equilibrium its spectrum SF, [Q] is related to the me- 
chanical susceptibility by the fluctuation-dissipation the- 
orem 

where T is the temperature. The resulting thermal noise 
spectrum [R] of the mirror motion has a lorentzian 
shape centered at frequency QM and of width I?. 

The second force Frad in eq. (2) is the radiation pres- 
sure exerted by the auxiliary laser beam and modulated 
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