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The investigation of fluctuation-induced transitions between the two states has fundamental
importance in various fields of science, such as diffusion in solids, nucleation in phase transitions,
chemical reactions, and protein folding. The quantitative understandings about the bistable systems
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was Kramers’ equation ' on the thermally activated escape rate from a potential well. The theory

developed by Karmers was carefully tested and proved experimentally with optically trapped

@ Theoretical studies have been extended to comprehend escape rates and paths

brownian particle
for driven bistable systems which are not in equilibrium but in periodic states™. The experimental
studies of such systems have been just analog computations with circuits constructed to mimic the
desired equation of motionsm, and parametrically driven Penning trap@.

Our systems have some strong points to study the fluctuation-induced transitions between the
bistable states produced by parametric resonances comparing to Penning trap and analog circuits. As

(6), the limit cycle motions from parametric resonances and nonlinearity

reported in previous paper
were visualized clearly with the CCD camera and photodiodes [Fig. 1]. We also can monitor the
noise-induced transitions between two states which differ in their oscillations phase by 180° with
visual images. Contrary to the Penning trap, since there are many oscillators in our system, the
transitions come out as exponential decays of number difference between two states after removing
atoms in one of them [Fig. 2). The decay rate could be exact transition rates. Moreover, in our
system the transitions among the three fixed points where sub-critical bifurcation happens could be
investigated and compared to the theory(a), which could not be studied in any other system. The
transition rate depends on the fluctuation intensity, that is, the amounts of spontaneous emissions
for our setup, on the amplitude of modulation and the frequency of parametric derive. We note that
in our system the noise is from spontaneous emissions, which is differ from thermal noise, and
characterized very well. We compare the theoretical model to describe Penning trap® and the
Monte-Calro simulation results. We had to study removing the populations in one of two states on
the duration time, phase and intensity of kicking lasers, which push out the atoms in the limit cycle
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Fig. 1 The contour plot of absorption signal before and after removing one
attractor population. This figure is obtained at =75 Hz modulation frequency

and €=0.9 modulation amplitude.
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Fig. 2 (Left) The decay and growth of number of atoms in each attractor
deduced from Fig. 1. (Right) The difference between large population
group and smaller population one. From the data we can obtain the

transition rate directly.
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