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We study the dynamics of two optomechanical systems, the Hamiltonian H = Hy + Hyp + Hypive membrane-in-the-middle
cavity-cantilever and the membrane-in-the-middle setup, with

a particular focus on the nonlinear classical dynamics and the Hy = A (azaL + a]/;aﬁ’) + QbTb? A = Qigs — cay

transition into the quantum regime. We start with the analysis B : : ' : :

of classical dynamics, where we identify the route to chaos and _O(> ia_ Hiny = J (aLaR ™ aLaH’) 9 (b - b) (aLaL - aRaR)

the multistability of solutions, which manifests itself through Hyive = 1 (aL 4 az) L oo (aR 4 aL)

the coexistence of several stable orbits at different amplitudes.

Then, we study with the method of quantum state diffusion, Quantum optical master equationat 7 = 0

how this optomechanical multistability is realized in the quan- . _ . o _ . d 1 1

tum regime. There, new dynamical patterns appear because Setup. The membrane-in-the-middle setup is a vibrating cantilever b with per- ap = —i[H, p|] + 2K Z {QL/R,OHJ[/R - EaL/RalT_/RIO - Epal—/Rai/R]
meability J and natural frequency {2 subjected to the cavity photon field a_ and L/R

quantum trajectories are affected by quantum noise and can

ar with frequency 2., via radiation pressure g. The system is driven from both ] '

move between different classical orbits. We explain the result- .F; 'thq | y Ca"f f g; A J " d 1) whie the diss QlaSSICaI dynamics
sides a laser o of frequenc ase s = , e the dissi- — 5 — [IA — iax — iae — |

ing quantum dynamics from the phase space point of view, and aes Wi a quency 2es (P ne ), whi ssi- x ={lp a = [iA — igx — k] aL — iJag — ia

pation of the photon field is taken into account with . The dissipation of the

provide a quantitative description in terms of autocorrelation P = —Qx — g (‘aL’ — ‘HR‘ ) ap — [IA + IgX — /-i] ar — lJa, — o«

Quantum dynamics (Quantum State Diffusion)

. . : : . : cantilever is neglected. The membrane-in-the-middle setup (MIM) represents
functions. In this way we can identify clear dynamical signa-

an extension of the conventional cavity-cantilever setup (CC), which is irradiated

tures of the crossover from classical to quantum mechanics . T 11 1 /.1
. . . n . . only from the left with J = agr = 0. For the classical dynamics of MIM we set ‘d¢m> = —IH Wm> dt + 2k Z [<3L/R> ay/r — 34 ,RALR — 3 <3|_/R> <aL/R> Wm> dt
in experimentally accessible quantities. Finally, we discuss a . . . L/R
G : . k = = a = —o = 1. For the discussion of quantum dynamics of CC we

possible interpretation of our results in the sense that quan- | | T | + 2k laur — (aur)] |¥m) dém

, , , rescale the classical equations of motion with a — a/2a, b — b - g in order to L/R
tum mechanics protects optomechanical systems against the . . , \/ \: o

vary the system size, such that « = Q = 1 and o = PQ*/8g? with P = 1.5. p = mean |V, (V| quantum trajectory  stochastic increment

chaotic dynamics realized in the classical limit.

Selfsustained Oscillations
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where the selfconsistent ansatz is in-  uct, whereby the cantilever position is motion on the two inner orbits (the effect is not visible by using simple expectation Quantum Multistability is an effect of time scale, which is increasing if quantum
sufficient due to chaotic dynamics. smeared out. values, since the state is spreaded out in phase space). noise ~ o is decreasing, and therefore finally vanish in the classical limit o = 0.
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