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OUTLINE

e Bose-Einstein condensates and Feshbach resonances;

e Gross-Pitaevskii equation;

— Collapse of condensate near Feshbach resonance;
e Two-channel model of Feshbach resonances;

e T'wo-channel Gross-Pitaevskii equation;

— Collapse of condensate in two-channel model;

e Outlook.
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An artist’s view of a BEC in a MOT.



REAL(ISTIC) SPECTRUM OF 20 BOSONS IN A TRAP
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(Part of) the spectrum of a system of N = 20 bosons in an oscillator
trap.



GROSS-PITAEVSKIT EQUATION (SKYRME-HARTREE-FOCK FOR BOSONS)

N-body Hamiltonian with Skyrme force (g = 47?%2@)7
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(GAUSSIAN VARIATIONAL CALCULATION (ONE-CHANNEL)

Take the trial single-particle wave-function in the Gaussian form
p(r)=e" /2"
The expectation value of the energy is then given as
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where R is the oscillator length,
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(GAUSSIAN VARIATIONAL CALCULATION (ONE-CHANNEL)
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Energy per particle of a system of N bosons as function of the range

b of the trial Gaussian.



FESHBACH RESONANCE
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FESHBACH RESONANCE (Na)
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TWO-CHANNEL GROSS-PITAEVSKII

V(.. rn) = [ (e, + x(7)8:)
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(GAUSSIAN VARIATIONAL CALCULATION (TWO-CHANNEL)

Assume the single-particle wave-function in the form
$(F) = e 2 (Ja) + BIB)) .
Leave for simplicity only the terms
Qoppe = A00, Apxex = A11; Apppx = A01-

The energy is then given as
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where @ = a/agp and N — 1 = N.
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(GAUSSIAN VARIATIONAL CALCULATION (TWO-CHANNEL)
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Two-channel Gaussian variational calculation: expectation energy

per particle for a system of /N bosons in a trap as function of the

range of the trial Gaussian.
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CONCLUSION

e [t is possible to formulate a two-channel Gross-Pitaevskii
equation near a Feshbach resonance. The two-channel model
naturally describes the physics of the Feshbach resonance.

e The two-channel Gross-Pitaevskii equation seems to be able to
account for the collapse of the condensate when the scattering
length is increased.
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