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Active noise generation procedure

The active noise in the main text is generated numerically as follows: Let O, be the sequence of identically distributed

random numbers that follow a Gaussian distribution with variance o,
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From these random numbers, we can generate a sequence of random numbers that follow a nonGaussian distribution
(Fig. S1 (a)):

qp(t) = ZQié(t_ti )- (52)
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Here, each kick of duration Az — 0 arrives at a random interval ¢, following a Poisson distribution. The kick arrival
time (time interval between successive kicks) thus follows the Poisson distribution with mean arrival time
Tp =t;,; —t; . Eq. S2 shows all random numbers of the sequence (), from white Gaussian noise becomes zero except

one arriving at the ijth interval f;; hence, the variance of the nonGaussian white noise ¢, is given by

o’ /(1+1,/At). The exponentially correlated nonGaussian noise y(¢) of correlation time 7, can be generated

recursively using the following relation !,
y(t+At) =exp(—At/t,) y(t)+1—exp(—2At/7,) qp(t+At). (S3)

The time traces of the exponentially correlated nonGaussian active noise y(¢) are shown in Fig. S1(b). The active

force & (¢) is obtained by multiplying y(z) with the trap stiffness & as

act

St (1) = ey (D). (54)
The above noise generation approach is equivalent to the active Ornstein—Uhlenbeck process?:

Tc‘dguct (t)/dt = _é:act (t) + \/Eé:PN (t)’ (SS)
where &, (#) is the nonGaussian white noise with a zero mean (fPN (t)> =0 and correlation
(fPN ®Epy (t’)) =[A/(1+7,/A)]o(t—t"); and A is the energy scale of the active force. The Kurtosis

K(t) =<[&E(t)- < E(t) >]' >/ <[E(t)-< E(t) >) >, which measures the degree of nonGaussianity of the probability
distributions, of nonGaussian white noise &,,(¢#) and the exponentially correlated active noise &, (), are shown in
Fig. S1(d) and Fig. Sl(e), respectively. The active noise &, (¢f) becomes nonGaussian (K >3) for z,/7,2 0.2.
Integrating Eq. (S5), we get the formal solution for the nonGaussian active noise:
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From Eq. (S6), we can derive the autocorrelation of the nonGaussian active noise as
r —(t+t")/1, 2 ! —(t-s)/t. v 1 —(t'-s")t, r
(08 00) = (€O e = [ dse™ ™ [ e (G ()60 (57). (S7)
By using (&, (8)&ny (s")) =[A/(1+7,/A)]5(s —s") , Eq. 87 becomes
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In steady state, <(§m (O))2> is equal to the variance of the active noise, <(§m ®)* > =A/[7,(1+7,/At)]. Hence, the
autocorrelation of the nonGaussian active noise in steady state is given by
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The active force strength f,, =+/C/(1+7,/At) of the nonGaussian active noise is related to A and 7. as
foo =~JA/[r,(A+7,/At)] . For 7, > 0and At —0, A/(1+7,/At) > A, hence &, (¢) reduces to the Gaussian white
noise &, of zero mean and correlation (é‘GN ®éon (t')> = Ao(t—1") and the active noise & _ (¢) in Eq. (S5) reduces

act

to the active Ornstein—Uhlenbeck noise with correlation <§(t)§(t')> oy = (AT, ye I

Solving Eq. (S5) by the Fourier transform method, we can derive an expression for the power spectral density
(PSD) of the nonGaussian active noise:
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Figure S1(f) shows the PSD of the nonGaussian active noise agrees well with Eq. (S10).

Particle dynamics in a harmonic potential

We consider the one-dimensional motion of the particle in a harmonic potential ¥ (x) = (1/2)kx* in an active bath.

The motion of the particle is given by the overdamped Langevin equation:

dx

7/5=—kx+§m+ (S11)

act *

The mean squared displacement (MSD) of the particle in the harmonic potential during the time interval ¢ in steady-
state can be calculated by solving Eq. (S11) by Laplace transform method *:
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(A1) =2Dr, (1-e )+ (S12)

Figure S5(c) shows that the MSD of the particle in the presence of nonGaussian active noise fits well with Eq. (S12).
Also, we show that the MSD with nonGaussian active noise coincides with the MSD of the AOU noise of the same



f... and z_. Thus, the steady state dynamics in the presence of nonGaussian active noise is similar to that of the
AOU noise.
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Fig. S1. (a) Trace of the nonGaussian white noise &, (#) with 7, =28 ms generated from Gaussian white noise of
variance C =k’o” =(10 pN)z, following Eq. (S2). The variance of the nonGaussian white noise is given by
C/(1+17,/At) = (0.5 pN) . The average waiting time between the kicks is 7, . Note that although each kick arrives at
an average interval 7, the strength and direction of the kicks are purely random, which follow white Gaussian noise.
(b) The exponentially correlated nonGaussian active noise &,,(¢) of strength f,, =+/C/(1+7,/At) 0.5 pN with
7p =28 msand 7, =7 ms generated from the nonGaussian white noise in panel (a) using Eq. (S4). (c) Probability
distribution function (PDF) of the nonGaussian active noise in panel (b). The solid red curve is the Gaussian fitting.
(d) Kurtosis of the nonGaussian white noise as a function of z,/Af . (e) Kurtosis of nonGaussian active noise as a
function of 7,/7,. The horizontal dashed line in (d) and (e) correspond to Gaussian distribution K =3. (f) Power
spectral density (PSD) of the nonGaussian active noise of fixed f,, = 0.5pN and 7, =28 ms with 7, =2.8 ms

(blue), 7 ms (olive), and 70 ms (wine). The solid curves are the theoretical plots using Eq. (S10). Inset: PSD of the
nonGaussian active noise of f,, = 0.5pN, 7, =28 ms, and 7, =7 ms (olive) coincides with the active Ornstein—
Uhlenbeck noise of same strength f,., = 0.5 pN and correlation time 7, =7 ms (orange).
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Fig. S2. Noise arrival time distribution for nonGaussian active noise follows a Poisson distribution with average noise
arrival time (a) 7, =(2.8£0.44) ms, (b) 7, =(28+1.41) ms, and (¢c) 7, =(50%£1.88) ms.
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Fig. S3. Schematics of the active optical feedback trap (AOFT) setup. M1, M2, M3: mirror. L1, L2, L3: Lens. BS:
beam splitter, DM: dichroic mirror, F1, F2: filter. CCD: camera.
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Fig. S4. Trajectories of the particle in a double-well potential, E,/k;T =3 and x, =50 nm (top panels), in the
presence of nonGaussian active noise of fixed strength f, , = 0.5 pN and average noise arrival time 7, ~ 28 ms with
correlation time (bottom panels). (a) 7, = 0.28 ms (blue, numerical result), (b) 7 ms (black), and (c) 21 ms (green).
The PDFs of the particle position in Fig. 1b of the main text are from these trajectories. (d) Effective double-well
potentials U(x)/k,T ~—In P(x) for the like-colored data in panels (a) to (c) (also PDFs in Fig. 1b in the main text).
The dotted curves represent the experimental results. The solid curves are obtained from the numerical simulation of
Eq. (1) in the main text. The gray curve is the theoretical plot of the symmetric double-well potential with
E, /k,T =3 and x, =50 nm. (Numerical result) (e)-(f) Plot showing the variation of the barrier height E,/k,T and
well separation x, as a function of 7. /z, for the particle in symmetric double-well with FE,/k,7 =3 and

x, =50 nm in the presence of the nonGaussian active noise with 7, =20ms and f,, =0.5pN (blue) and
Jou =1PN

(orange).
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Fig. S5. PDF of the particle position in harmonic potential V,,(x) = (k/2)(x —x, )2 in the presence of nonGaussian
active noise. Here, the active noise is injected into the particle in the form of feedback force f,(¢) =—ky(¢) that

corresponds to the shift of the potential center by x,(¢) = x(¢)— y(¢) . (a) (experimental result) PDF of the particle
position in the harmonic potential of stiffness & ~9.1 pNum™ in the thermal bath (gray circles), in the presence of



non-Gaussian noise of strength JC=46pN and correlation time 7, =17.5ms with noise arrival interval
7p =14 ms (wine circles), and 35 ms (dark cyan bars). The solid curves are the Gaussian fittings. (b) (numerical
result obtained by solving Eq. S11) PDF of the particle position in the harmonic potential in the thermal bath (white
circles), in the presence of non-Gaussian noise of fixed strength £, = 0.5 pN and correlation time 7, = 25 ms with
7p =5 ms (blue circles), 50 ms (pink bars), and 250 ms (black bars). The solid curves are the Gaussian fittings. We
found that the PDFs are non-Gaussian only when 7, S 7p and f, = f;,, where f;, = \/kg*Tk ~ 0.2 pN is the thermal
strength. (c) Mean squared displacement of a particle in the harmonic potential in steady-state in the presence of the
nonGaussian active noise of f,, =0.5pN, 7, =20 ms, and 7, =40 ms (light blue) coincides with the MSD in the

presence of AOU noise of same f,, = 0.5 pN and 7, = 20 ms (wine). The orange solid curve is the plot of Eq. (S12).

The black data is the MSD in the thermal bath.
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Fig. S6. Semi-log plot of the residence time distribution of the particle in the symmetric double-well potential in the presence of
nonGaussian active noise of f,, =1 pN and 7,/7, = 0.25. The dotted line corresponds to y = 0.28exp(—0.5x) . The fitting
of the dotted line with the peak heights demonstrates that the height of each peak decreases exponentially with their order n.
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Fig. S7. (Numerical result obtained by solving Eq. (1) in the main text) (a) to (c) Particle trajectories and nonGaussian
active noise trajectories (orange curves) for the motion of the particle in the double well potential in the presence of
nonGaussian active noise of fixed f,, ~0.5pN and 7,/7, =20 with (a) 7,/7, =0.5, (b) z./7, =5, and (c)
7,/7, =30 . (d) Plot of the first peak strength F, as a function of 7, /7, for fixed f,, =0.5pN and 7, =8 ms (light
blue) 7, =16 ms (light purple), 7, =40 ms (wine), and 7, ~160 ms (olive). For all cases, F, is maximum near
7,/7, = 0.25 (dashed vertical line). Inset: Same data in the main panel plotted as a function of z,/z, shows the global

maximum of F iswhenrz, <7, $57,.
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Fig. S8. (Numerical result obtained by solving Eq. (1) in the main text) Power spectral density in the presence of the
nonGaussian active noise of strength f, , =1 pN (greater than thermal strength f, = 0.4 pN ) with 7, =25 ms and
7, #1000 ms (non-Gaussian regime), under the same resonant condition of Fig. 3(c) in the main text. Inset: the
effective double-well potential (black circles) for the same data in the main panel. The gray solid curve fits well with
the symmetric double-well potential V,,(x) of E,/k,7=3and x, =50nm with the fitting parameter
E, /k,T=3.09£0.06 and x, =54.9+0.2 nm, showing that the effective double-well potential follows Gaussian
distribution near the center with non-Gaussian outer tails.
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