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The interaction Hamiltonian
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The out of thermal equilibrium CP force
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Thermalization Photon Heat Tunneling
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Measurement of the Temperature Dependence of the Casimir-Polder Force
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» The CP force and thermalization in multilayer planar
dielectric system
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The open quantum system method

The total density matrix satisfies the von Neumann equation
d i
— t) = ——|Hj, t
dtptot( ) h[ I Prot (1))

The reduced density matrix obeys the master equation

%p(t) = —%[HLSa p(t)] +D(p(t))

The Lamb-shift Hamiltonian The dissipator term

For a two-level atom:
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S(—wp) and S(wg) represent the atomic eigenvalue shifts of the

ground state and the excited one, respectively
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['(—wp) and I'(wp) are the transition rates associated to the down-

and upward transitions, respectively
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Here
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Equilibrium thermal
fluctuations

For a thermal state: | Yacuum fluctuations
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For an 1sotropic atom, the CP force from out of thermal
equilibrium 1s determined by

Tr g1 = Yow + Gyy + 9o

Thermalization:
after evolving for a sufficiently long period of time, the system
thermalizes to a steady state with an effective temperature
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The transition rates can be re-expressed as

The effective number of photons becomes
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Using the Green function, we obtain
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For the real dielectric: Ime; = 0 * gl(z, z,w) =0



Aspecial case n=3: r,_ =1andrj_= —1
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If 2Imb,Ad> > 1, the dominated term of the transition

rates will independent on Ad2 and the result reduces to that
obtained 1n half space dielectric case.

Assuming that the dielectric has a very small but nonzero Im e,
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The necessary condition that the finite thick slab can be treated
as a half infinite thick substrate:

Ime Ad
> 1
Ree—1 Ag
Mo = — is the transition wavelength of the atom
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