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Uniform BEC + few ions   
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At equilibrium,
 two possible outcomes
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[R. Côté et al., PRL 89  093001 (2002)]
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What are we looking for?

 States at fixed µ=U
0
n

0
>0, i.e. in the continuum      

        [no capture of atoms into bound levels]

 Determine the number of excess atoms around a 
single static ion

 For given inner b.c. and chemical potential, many 
solutions are possible: which is the relevant one?

N=N−N0=∫d3r [n r −n0]
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Thermodynamics 
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a: atoms
i : ions
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Ekin~Eint=
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GP eq.: [− ℏ2
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Asymptotics

[− ℏ2
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Power law V: nTFr =n014
2

r4 
low n0 ≫4  Yukawa
high n0≪4  TF

relevant: ⋱
⋰

Repulsive hard-core, ≫R : N=−1
2
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TD result
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Attractive square well

Nonlin. diff. eq., many solutions for given n
0

At low density  there are 2 sols. with S      nodes
2 sols. with S−1 nodes
⋮

1 sol.   with 0      nodes

i.e. 2S1  possible solutions.

# of nodes of S
E=0
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Low asymptotic density

=r
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R − 'R  plane
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Increasing asympt. density n
0
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solutions merge 
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... and disappear!



Ionic potential

dilute limit valid for ≫4
=4
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 Rb87 , core R=300a0  S=7
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Summary

● The structure around the ion can be very 
large, involving up to a few hundred atoms.

● Even in absence of inelastic processes, the 
evolution of the system with density cannot 
be continuous (sudden jumps in ∆N).

● New experimental work?
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[more details on: PRA 71 , 023606 (2005)]


