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Motivation

aspect ratio: R

L

← sphere radius
← separation

experiments
I large force → large radius of sphere
I aspect ratio R/L ∼ 103 – 104

theory
I scattering approach for small aspect ratios

but: `dim ∼ R/L, ill-conditioned matrices
I Proximity Force Approximation (PFA)

FPFA = 2πRFPP, FPP: energy for two planes

for large aspect ratios (Q62.56, Spreng, Thu 16:15–18:15)

Accuracy of PFA? Corrections?



Experiments
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Symmetrization of the
roundtrip operator

Free energy

F = kBT
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Hierarchical matrices

I sub-divide matrix into hierarchy of rectangular blocks
I approximate blocks by low rank approximation
I fast computation of determinant in

O(N log2 N)

of an N ×N matrix

M

≈

M (3)

=

M3

×

M2

×

M1

×

M0

full rank low rank identity matrix zero matrix

Ambikasaran, Darve, J. Sci. Comput. 57, 477 (2013)



Plasma vs Drude

Drude model
I takes dissipation into account
I finite conductivity
I TE mode not reflected for
ξ = 0

Plasma model
I no dissipation
I no finite conductivity
I TE mode partially reflected

for ξ = 0

Plasma-Drude controversy
I How to treat ξ = 0? Plasma or Drude?
I differences in the high-temperature limit
I some experiments seem to agree with the Plasma model

Maybe the discrepancy comes from corrections to PFA?



Corrections for force gradient

I T = 295 K, gold surfaces
I corrections, |β′| ≤ 0.4

F ′

F ′PFA
− 1 = β′(L)L

R
+ . . .



Corrections for force gradient
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Force and force gradient
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Conclusions

Significant numerical advances
I symmetrization of round-trip operator
I use of hierarchical matrices
⇒ numerics now capable to describe experiments

corrections to PFA
I experimental bound for corrections to PFA violated for Drude

and plasma model
I corrections do not resolve plasma-Drude controversy
I but: bound stronger violated by plasma model
I corrections for force gradient smaller than for force
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