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SUPPLEMENTARY INFORMATION

Further results and measurements

We provide the following supplemental material: The
average force exerted by the fan on the tracer was mea-
sured at different distances under a constant air stream
(without bbots). The variance and skewness of the
tracer’s stationary distributions (with Nb = 10) are pre-
sented for different air stream amplitudes, corresponding
to varying fan voltages (Fig. 1); FDR tests under con-
stantNb and increasing perturbation amplitudes (Fig. 2);
Individual FDR results for position and velocity tracer
observables (Figs. 3,4) and work FR results (Fig. 5), with
different Nb. Particularly, these results were obtained
with the standard experimental setup, as detailed in the
main paper.

Fig. 6 and 7 present FDR and FR tests with alter-
native system configurations. Namely, we employ faster
bbots and a smaller styrofoam ball as a passive tracer,
respectively. The position autocorrelation functions are
approximately proportional to the responses with Teff =
Tpot, yet the FDR in the velocity observable show vio-
lations for short times. The work FR is valid for suf-
ficiently small values, from which a consistent effective
temperature can be extracted with TFR ≈ Teff. These
measurements fail with a heavy tracer setup (Fig. 8), as
discussed in the main text.

We note that additional reliable Teff measurements
across different Nb would require additional tuning of
the perturbation amplitude and the potential stiffness,
to ensure stable dynamics in the system.
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FIG. 1. Forces and stationary statistics under external
air stream. A, B. Average forces acting on the tracer in the
absence of bbots, on a flat surface. Measurements were ob-
tained using a force sensor (Mark-10 Force Gauge) with 10V
operating fan voltage: (A) as a function of x−y position; (B)
along the main air stream axis x (lower panel) - and as a func-
tion of height z (upper panel), at a distance x = 8cm marked
by the vertical dashed line. Error bars are standard deviations
of 50 measurements. C. Stationary probability distributions
of the tracer’s position under different air stream intensities
in the harmonic trap (unperturbed, 10V, and 13.5V fan op-
erating voltage), with Nb = 10. D. Corresponding position
variances. Results were obtained from time and ensemble
averages over M = 375 realizations of one-minute tracer tra-
jectories. Error bars indicate standard deviations.

FIG. 2. The FDR test under different perturbation
amplitudes. A. The mean displacement ∆x under a per-
turbation of a tracer in a Nb = 10 bbot bath, as a function
of fan operating voltage V (error bars are standard errors).
The applied force F0 = k∆x increases above V = 11V. The
tracer’s position standard deviation, σx, is used to define the
range of small perturbations (solid line). The dashed line is
a linear fit of the first 4 data points, with ∆x = 0.19 · V ,
whereas V = 13V and 13.5V are out of the linear regime.
B. The generalized FDRs with Teff ∼ ⟨∆x2⟩0 are plotted for
V = 9, 12, 13.5 V, with Nb = 10. The results present an
average over M = 375 perturbation sequences.
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FIG. 3. Position (x) FDR results with different num-
bers of bbots. A,B. FDRs with Teff ∼ ⟨∆x2⟩0 for
Nb = {2, 3, 4, 6, 10, 12, 15, 17} bbot baths. The results were
obtained for an ensemble average of M = 375 perturbation
sequences, with the same tracer m ≈ 1 g, gravitational stiff-
ness k ≈ 28.2 g/s−2, and fan operating voltage (9 V) with
∆xϵ < σx. The vertical dashed lines are Tc = 1 s.

FIG. 4. Velocity (vx) FDR results with different num-
bers of bbots. A,B. FDRs with Teff ∼ ⟨∆x2⟩0 for
Nb = {2, 3, 4, 6, 10, 12, 15, 17} bbot baths. Same details as
in Fig. 3.

FIG. 5. Work FR results in (strongly) perturbed
steady-states with different numbers of bbots. A,B.
Work FRs with Nb = {2, 3, 4, 6, 10, 12, 15, 17}. The solid line
represent a linear fit with a slope of ∼ 1/TFR. The dashed line
has a slope of ∼ 1/Tpot. The results were obtained for an en-
semble average of M = 375 perturbation sequences, with the
same tracer m ≈ 1 g, gravitational stiffness k ≈ 28.2 g/s−2,
and fan operating voltage of 13.5 V.




