Experimental Motivation

BECs with 1/r Interatomic Interaction
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1) Gravity-like interaction [1,2]:
e Interaction potential of radiation field and atoms [3-5|:
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e Near-zone potential, kr < 1

Setup with three crossed static lasers:

Typical numbers
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static polarizability o

23Na: 24.08 - 10~ 2% cm?
8TRb: 46.3 - 10~ 2% cm

wavelength of a COgq-laser | A = 10.6 ym
Intensity I = 108 W /cm?
23N 4 -
gravitational-like length ag Na: 0.Im
87Rb: 0.027 m
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2) Coulomb interaction of trapped ions:

e Linear quadrupole trap [6]:
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Effective harmonic trap
(wf’rz + wz222):
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e Cooling by mutual interactions of *He™ and “Be™

Extension to BE
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Gross-Pitaevskii Theory
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e Solution (k = , /4777“): ()]
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e (Gross-Pitaevskil equation in Thomas-Fermi approximation:
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e Dynamics: Time-dependent variational approach |7]:
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I'homas-Fermi radius of *’Na:
e Sclf-binding without a trap (w = 0) [1]:
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Frequency ) of collective excitations:
TF-Grav TF-Hard Ideal Gravitation | Grav-trapless
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e [requencies:

(a) TF-Grav
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(b) TF-trapless
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Critical Temperature

e Bose gas 1n harmonic trap
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e Self energy:
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e First-order analytical result in semiclassical approximation [§]:
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e Anisotropy function, kK = w,/w;:
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e Graphical results:
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