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Correlations of random
polarizations
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Interaction through vacuum
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Interaction through medium




Problem of a film




Problem of a film in vacuum

u(d)= p,, +u(d)



Solution of the problem of a film




Free energy variation

Freeenergy vaation:
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Energy of atom-surface
Interaction
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Asymptotic In equilibrium
Lifshitz theory
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Relevant length scales

-Optical length /]opt fixed by optical properties of the substrate ( typically
fractions of microns)

- Thermal photon wavelength (A =hac/k,T = 7.6 um at room temperature)

Casimir-Polder (Vacuum+retardation)

van der Waals-London (Vacuum) / Lifshitz (Thermal)
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Experimental data of €'(w)
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JILA experimental setup

Substrate

Trapped gas



JILA RESULTS
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Equilibrium JILA results
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Non-equilibrium setting
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Non-equilibrium force




Non-equilibrium fluctuations
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Simplifying assumption:
substrate Is transparent

kBTS’ kBTS << ha&pt
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Asymptotic of the non-
equilibrium thermal force

The force is created by the evanescent waves.
Only the radiation, which undergoes the total
reflection, is important.

Asymptotically the evanescent waves near the
total reflection angle (sin?0,=1/€) are important. They
decay slowly on the vacuum side.






Energy density of evanescent
waves
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Energy density of evanescent
waves
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Asymptotic of the energy
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Characteristic interval of angles
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Physical meaning

Only incident waves In the small interval
of solid angles of the order of (¢c/Tz)?
near the total reflection angle are
important. Hence U, ~(¢c/Tz)?Ugzg Where

Ugg IS the energy of the black-body
radiation.



Asymptotic of the non-
equilibrium thermal force
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Finite temperatures of substrate

and environment
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Metallic substrate

For a metallic substrat
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Atomic cloud as a limit of a
rarefied body
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Atom-surface Interaction as a
limit of the Iinteraction of a
rarefied body
Equilibrium Lifshitz theory:
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Non-additivity at large
distances out of equilibrium
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Non-additivity at large distances
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Thermal effects on the surface-atom force

- Sapphire substrate
- Rubidium atoms
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Recent Experimental results from JILA
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Paradox of Lifshitz theory

| >> hc/T
Only s = 0term is important
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Debye screening of the field
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Effect of the field penetration
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Fused Silica:SIO,
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Fused Silica:T=605 K
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Fused Silica:T=292 K
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. MIT d(F)ubIe-erII setup
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(a) Setup for double-well potential. (b), (c): d=6, 13mcm
Y. Shin, M. Saba, T. Pasquini, W. Ketterle, D. Pritchard, and A. Leanhard, PRL
92, 050405 (2004).




(b) Integrated Optical Density
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Interference of condensates released from the double-well trap [1].



Measurement of the phase
difference.

Interfererceof expandingcondensate
Densityprofile afterexpansion
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Time dependence of the relative phase in presence of chemical
potentials difference [1].



Measurement of the phase
difference. |

" Interferercein momentunspace”
Momentunmdistribution of twoidentical

condensatein adou

nle- well trap:

n(p,) =21+ Co{ P«

+q>)

n,(P,)

Measuremettanbealmostnon- destructie!
L. PitaevskiiandS.Stringari, 1999.
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Setup for continuous phase measurement.
M. Saba, T. Pasquini, C. Sanner, Y. Shin, W.
Ketterle, and D. Pritchard, Science (2005).



