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SUPPLEMENTARY INFORMATION  

A. Mechanical characterization of the vibrational mode 
1. CANTILEVER CHARACTERISTICS: 

The doubly clamped cantilever is a free standing Bragg mirror made of several layers of 

TiO2/SiO2. The characteristics of the Bragg mirror are summarized in the following table : 

 

Material Density 
(kg/m3) 

Layer 
Thickness (nm) 

Number of 
layers 

Index of 
refraction 

Bulk thermal 
diffusivity D (cm2/s) 

SiO2 2200 183.45 8 1.45 0.086 
TiO2 4200 107.26 9 2.48 0.031 
Supplementary Table 1 : Properties of the Bragg mirror 

 

The dimensions of the structure are set by the laser-ablated pattern to 490 µm x 110 µm, 

which corresponds to a total mass of 390 ng. However the ends of this structure are not totally 

undercut and therefore not free to move. This means that the actual cantilever is shorter and 

the total mass participating in the oscillation is lower.  

 

2. MODE TOMOGRAPHY: 

 1



The mechanical mode has been spatially characterized by scanning the surface of the 

cantilever and performing point-by-point measurements of the mean square displacement at 

the position of the optical beam. The measurement has been done at low power (input power  

≈200 µW) and at zero detuning to avoid spurious radiation-pressure effect. By performing a 

longitudinal scan  (approximately 40 points regularly spaced by ≈12 µm) along a line close to 

the center of the bridge, we reconstructed the transverse profile of the first three modes and 

compared it with theoretical simulations (Suppl. Fig. 1): 

 

Supplementary Figure 1 : Mode shape of the first three modes of an ideal doubly-clamped beam: 
Experimental points (dots) and comparison with the theoretical shape for the first three longitudinal 
modes of a doubly clamped bridge (red line). 

 

 

From this analysis, we conclude that the oscillation along the longitudinal direction of the 

mode at 280 kHz is a fundamental mode. The frequency pattern is consistent with a tension-

dominated vibration since higher order mode frequencies are almost harmonics of the 

fundamental one (i.e. close to the ratio 2:1 and 3:1 respectively). 

In order to determine the effective mass relevant for radiation-pressure effects (see below), we 

have performed a 2D tomography (approximately 15 x 10 points, corresponding to a mesh of 

roughly 10 µm x 50 µm) of the observed mechanical mode at 280 kHz [Suppl. Fig. 2(a)]. We 
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see a clear decrease in the amplitude of oscillation when moving laterally towards one side of 

the cantilever. It is important to note that the coating is slightly damaged by the laser ablation 

close to this side of the structure. This means that approximately 30 % of the cantilever cannot 

be addressed. From the mode shape we conclude that this part does not participate in the 

vibration of the mode. This spatial behavior has been modeled by considering a transverse 

behavior consistent with an additional clamping on one side, as shown in Suppl. Fig. 2(b). 

The agreement in the shape of the mode is evident. 

 

(a) (b) 

Length  

 

Width  

Supplementary Figure 2 :  2D tomography of the mean displacement of the 280kHz vibrational mode 
(measurement (a) and simulation (b) ) 

 
 

The cantilever does not behave as an ideal doubly-clamped cantilever but as if approximately 

half of it is not resonating at 280 kHz, resulting in an apparent clamping on one side. 

EFFECTIVE MASS 

It is not possible to simply consider the probed mechanical mode as a point-like oscillator and 

to associate to it the total mass of the object. One has to take into account the spatial point and 

extent over which the probing is done, since the amplitude of the vibrations is position-

dependent. In other words, the mass which enters in the mechanical susceptibility 

x[Ω]=χ[Ω]F[Ω], written as:  

χ[Ω] =
1

Meff ΩM
2 − Ω2 − i ΩΩM

Q
⎡ 

⎣ ⎢ 
⎤ 

⎦ ⎥ 

 

is not the full mass but an “effective” one, Meff,  which has to be carefully evaluated. A full 

formal treatment taking this effect into account has been developed and experimentally 

demonstrated in [1, 2]. We will explain it briefly, in order to provide an independent 

evaluation of Meff in our particular case.  
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For a point-dependent force F(r,t), acting so to excite a displacement mode u(r, t)  of the 

cantilever normal to its surface, the total work can be written as , 

where the bracket stands for a spatial integration over the cantilever’s surface. For radiation 

pressure force from an optical beam with spatial profile v(r) and intensity I(t), the force can be 

written as: 

 
where we have normalized the profile v as < v 2 >= 1. The effective susceptibility χ eff  involves 

then the effective mass Meff  reading  with ρs the surface density. This 

definition is independent of the normalization of u(r, t) . If one considers a point-like probing 

at position  r0, the term  reduces to , which is the ratio between 

the mean square displacement at point r0 and the square displacement over the surface of the 

mode. In other words, this formalizes the localization of the mode. This is even clearer when 

one considers a higher-order mode of oscillation. In this case the mode shape presents nodes 

(anti-nodes) of oscillation, corresponding to points or regions where the amplitude is zero 

(maximum). By probing one particular mode on its node, the amplitude of the oscillation will 

be zero, corresponding to an infinite effective mass. On the other hand, if one has to probe at 

an antinode, the effective susceptibility to the probe is maximally enhanced compared to the 

ideal point-like oscillator, so that Meff can be strongly reduced with respect to the total mass. 

 

From the tomography of the mode (Suppl. Fig. 2), we obtain a lower bound (at the antinode) 

for the mass magnification ratio  of 1/10. The estimation of this factor is limited 

by the coarse-grained tomographic reconstruction of the mode since it depends on the square 

of the mean displacement.  

The estimation of the exact mass participating to the oscillations, for the different reasons 

stated above, is difficult. However, there is clear evidence that a potentially large fraction of 

the bridge does not contribute to the total mass [reasonably estimated to ≈50% of the mass]. 

Taking the full mass of the bridge as an upper bound for the total mass and 1/10 as a lower 

bound for the magnification ratio due to the localization of the mode, we obtain in 39 ng a 

very conservative upper bound for the effective mass, and a realistic evaluation for the 

effective mass around 20 ng. 

We have performed an independent evaluation of the effective mass. Assuming room 

temperature (300 K), we can deduce via the equipartition theorem from the thermal motion of 
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the cantilever the effective mass at the probing point. We send 0.1 mW of power in the cavity 

and measure the noise power of the light in a frequency window around 280 kHz. By knowing 

the cavity characteristics and by carefully calibrating the electronic detection scheme, one 

obtains from the measured intensity modulation the (calibrated) mean square displacement of 

the mirror and, via the equipartition theorem, the effective mass. Our analysis yields a value 

of 22±4 ng at the antinode.  

B. Cavity characteristics 
The input cavity is a massive mirror (0.5” diameter, with radius of curvature R=25 mm) with 

a measured reflectivity of 99.3±0.2 %. The reflectivity of the micro-mirror is evaluated to be 

99.7±0.2 % by measuring the cavity finesse outside of the bridge. On the cantilever the 

finesse is reduced, probably due to scattering and diffraction losses close to the edges of the 

cantilever. The cavity length is chosen to be close to a semi-concentric configuration 

(consisting of a length slightly smaller than 25 mm which characterizes semi-concentricity). 

In this configuration, the size of the cavity waist is very sensitive to minute changes of the 

cavity length and can be adjusted to be much smaller than the bridge width, so as to reduce 

scattering and edge-diffraction. By careful positioning on the cantilever, one can obtain a 

finesse as large as 500, corresponding to a waist’s diameter of approximately 20 µm and to 

roughly 0.2 % extra losses. 

 

C. ASSESSMENT OF THE PHOTOTHERMAL CONTRIBUTION 
MANIFESTATION OF HEATING 

When scanning the length of the cavity over more than a free spectral range (by sending a 

ramp voltage to the piezo electric transducer on which the massive input mirror is placed), 

one can record the intensity reflected from the cavity (see Suppl. Fig. 3 for the reflection peak 

corresponding to an input power of 2 mW) and measure the finesse. This is given by the 

width of the reflection peak divided by the free spectral range. From Suppl. Fig. 3, we can see 

that there is no clear asymmetry in the peak shape, whose presence would be a manifestation 

of strong heating effects. 
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Supplementary Figure 3 : Experimental length scan of the cavity around a reflection peak for an 
input power of  2mW (red), and Lorentzian fit (blue). The cavity is slowly scanned in time. The FWHM 
of the lorentzian correspond to λ /F ≈ 2nm .  

 

It is possible to evaluate the photo-absorption and the consequent heating of the cantilever by 

comparing the temperature of the mode, proportional to the area underneath a mechanical 

resonance peak, and the corresponding width, for different input power. The results are 

summarized in Fig. 4.  
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Supplementary Figure 4 : Area versus width for different input power (see text). 

 

By looking at the behavior corresponding to a given input power, we see that width and 

temperature are inversely related, as expected from the self-cooling mechanism. However, by 

comparing the curves obtained at different input power, we can also gather information about 

the heating of the cantilever. If no residual heating takes place, all points will fall on the same 

line irrespective of the laser power, since cooling is only given by the effective damping in the 

system. Heating would be revealed by a shift of the data set belonging to a certain laser power 

as compared to a data set at lower laser power. On the contrary, the experimental curves in 

Suppl. Fig. 4 are, within the error bars, superimposed  in a way that the described stacking 

cannot be observed. This implies there is no discernable heating of the cantilever within the 

range of input powers we have considered. Furthermore, Suppl. Fig. 4 shows  that even if 

some residual heating is present (which, within the error bar, is not the case), it does not 

undermine the self-cooling performance in our experiment. 

 

TIMESCALE OF THE PHOTOTHERMAL EFFECTS 

The mechanical and thermal properties of our free standing layered structures are not easy to 

assess. Mechanical and thermal properties of thin layered microstructures are not well known 
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and can strongly differ from the those of bulk materials [3]. It is therefore difficult to measure 

or calculate the exact timescale and strength of the photothermal effects in our experiment. 

The inferred strength of the photothermal contribution to the  cooling of the micro-mechanical 

oscillator suggests that the effect is at the same time strong and very fast (i.e. much faster than 

the period of oscillation of the mode, and in competition with the typical radiation pressure 

response time 1/κ=13 ns). Usually, photothermal processes are typically relatively slow 

processes. However, we will give a simple and rough evaluation of the thermalisation time, 

showing that a timescale as fast as the radiation pressure response time, in our conditions, is 

easily achievable.  

We can consider that the lateral dimension of the heat -affected zone on the micromirror is 

roughly the size of the waist of the cavity (20 microns). The evanescent wave on the Bragg 

mirror has a penetration depth which is below 0.4 microns. This means that the heating due to 

absorption mainly affects the first couple of layers in the structure.. Due to different 

absorption coefficients, these first layers heat up differently over their whole lateral 

dimension. As a mechanism for thermalisation, we can therefore restrict ourselves to a one-

dimensional heat diffusion process between the two first layers of material that is causing the 

thermalization. The timescale of the fastest photothermal forces should be of the order of this 

thermalisation time, assuming an initial difference of temperature between the two first layers. 

Assuming that the usual relation for the heat diffusion length lT = ς Dτ  holds for such thin 

layers (where lT is the diffusion length after a time τ , ς  is a geometrical factor roughly in the 

order to of unity, and D is the thermal diffusivity), and assuming the mean bulk values for D 

(see table 1), one gets an estimated thermalisation time for the two layers of typically about 

τ =
1
ς

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
L1

2

D1

+
L2

2

D2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ≈ 4ns (with L1 and L2  the thickness of the  two layers and D1 and D2 the 

thermal diffusivities of the two materials). The square dependence of the thermalisation time 

on the dimension of the structure allows for a relaxation time range of a few nanoseconds, 

which determine the contribution of this processes in the cooling mechanism. 
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