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1. Experiment [1, 2]

2.Variational Principle [3]

•Gross-Pitaevskii equation:
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•Feshbach resonance: as(t) = a0 + a cos Ωt

•Equations of motion for condensate widths:

α̈i(τ ) = −∂Veff(αx(τ ), αy(τ ), αz(τ ))
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•with effective potential:
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λ: anisotropy factor, interaction strength: P (τ ) =
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•Cylindric trap symmetry: λx = λy = 1, λz = λ, αx = αy = α

•Equilibrium positions:
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•Expansion for small deflections:

Veff(α0 + δαx, α0 + δαy, αz0 + δαz) = Veff(α0, αz0) +
1
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•Frequencies of collective oscillations [3]:
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•Eigenmodes:

n = 0, l = 2 n = 1, l = 0

•For isotropic trap:
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3. Parametric Resonance

•Equations of motion for isotropic trap after rescaling of time:
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•Mathieu equation:

ẍ(t) + [c − 2q cos 2t] x(t) = 0

•Floquet theory:

x(t) =
∞
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•Trilinear recurrence relation:

xn[(λ + 2in)2 + c] − qxn−1 − qxn+1 = 0

•Ladder operators [4]:

xn−1 = S−
n xn , xn+1 = S+

n xn

•Continued fractions:
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• Stability diagram:
c

q

c0 = − 1

2
q2 + ...

c−1 = 1 − q − 1

8
q2 + ...

c+
1 = 1 + q − 1

8
q2 + ...

c−2 = 4 − 1

12
q2 + ...

c+
2 = 4 +

5

12
q2 + ...

white regions: stable, colored regions: unstable

•Amplitudes:

x(t) = x0e
λt
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with λ determined from continued fractions
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Parametric destabilisation at resonance frequencies: ωn = 2ω0
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Jochen Brüggemann1 and Axel Pelster2,3

1Institut für Theoretische Physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany
2Fachbereich Physik, Universität Duisburg-Essen, Lotharstraße 1, 47048 Duisburg, Germany

3Institut für Physik und Astronomie, Universität Potsdam, Karl-Liebknecht-Straße 24/25, 14476 Potsdam-Golm, Germany

References

[1] K.M.F. Magalhaes, E.R.F. Ramos, M.A. Carancanhas, V.S. Bagnato, D. Dries, S.E. Pollack, and R.G. Hulet, Collective Excitation of a Trapped Bose-Einstein Gas

by Modulation of the Scattering Length, in preparation

[2] R.G. Hulet, Y.P. Chen, S.E. Pollack, D. Dries, M. Junker, and T.A. Corcovilos, Extreme Tunability of Interactions in a 7Li Bose-Einstein Condensate, Phys. Rev.
Let. 102, 090402 (2009)

[3] V.M. Perez-Garcia, H. Michinel, J.I. Chirac, M. Lewenstein, and P. Zoller, Low Energy Excitations of a Bose-Einstein Condensate: A Time-Dependent Variational

Analysis, Phys. Rev. Lett. 77, 5320 (1996)

[4] H. Risken, The Fokker-Planck Equation: Methods of Solution and Applications, Springer (1996)


