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LETTERS

Measured long-range repulsive Casimir-Lifshitz
forces

J. N. Munday', Federico Capasso” & V. Adrian Parsegian®

Fundamental curiousity for
Nature.

Practical application for
microscopic levitation.
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Vacuum space Is very active due

to a quantum effect!



Precision Measurement of

the Casimir Force from 0.1 to 0.9 um
(PRL Vol.81 1998)

M.Hasegawa
KUHEP colloquium
Dec. 21 2004
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AFM: Atomic Force Microscope

Laszer heam

In Mohideen and Roy's experiment the farce between an aluminium
———  rcoated polystyrene sphere and an opticaly polished flat saphire disk
e (alzo aluminium coated) is measured by the deflection of a laser beam.
The laser beam is reflected fram the cantilever on which the sphere is
mounted, and the position of the reflected beam determined by the
Plate output of a pair of photodiodes. A piezo stack is used to bring the flat
disk close to the sphere.
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The requirement for repulsive force.




Theory and calculations

Tabulated values for the optical properties of the materials are used for
calculations. Data for gold and silica are from Ref[4]. Below « = 0.125 eV, data 1s not

available for gold. so the Drude model is used:
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where e =750V and y=0.061 eV " The dielectric functions are then evaluated at

2mk.T

imagmary frequencies i£ =i m . where m 1s a positive mnteger or zero,

according to:

_ = xlmle,
'Er(":,i}= 1 +%£-u t_rz + E(f] .

£(i&) corresponds to the confinuation of £(w) in the complex plane and physically
represents the matenal s response to exponentially increasing fields rather than
oscillatory ones’. For bromobenzene, less data 1s available, and a two-oscillator model

is used™’-
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Figure 1| Repulsive quantum electrodynamical forces can exist for two
materiak separated by a flud. a, The interaction between matenal 1 and
material 2 immersed in a flod (material 3) is repulsive when

1005 ) = £a(1l) == z( 1), where the £(15) terms are the diclednc functons at
imaginary frequency (see Supplementary Information for details about the
definition of £ i) ). b, The optical properties of gold, bromobenzene and
silica are such that £ (15) > Byromobenzene 15) = Edlia(15) and lead to a
repulsive force between the gold and silica surfaces.
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Figaire 2 | Exped mental set-up and deflection data. a, A sphere is attached
tir an atoomic force micromoope cantilever, which is enchsed within a
hmemarhenrene-filled cell e force measurements b, Deflection data
shavwing a timcti ve interactions between a gold sphere and a gold plate. €, For
the case of the same gold sphere aml a sillica plate, defl ection data show a
peprual sive interaclion evident during both approsch amd retraction. Mote that
the deflection voltage signal isa difference ggmal obtan ed foom the detector
ard is propoctional o the bending of the cantilever, as discussed in the text.
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Figare 3 | Attractive and repulsive Casimir—Lif shit 2 force measurament s,
8, Blue [omnge) crdes represent the average of 50 data sets for the force
between a gold sphere and a silica (gold) plate in bromobenzene For danty,
error bams, which represe nt the standard deviationof the data, are onlyshown
for seven data points. b, M easu red repulsve force between a gold sphereamda
alia plate in bromobenzens on a log-log scale (blue circles ) and cal culsted
feroe using Likhite's theory (solid lne) incloding corrections for the
measured surface roughn ess of the sphere and the plate. Blue tnangles are
keroe data for another gold sphere (nominally of the sme diameter Vsilica
plate pair. €, M easured asttractive force on a log-log sale for two gold sphers’
plate pairs (circles and sguares) in bromobensene. The cal culsted force

] aebess s efsce roughness cormrections ing tor the data represented
by the arcles (see Supplementary Information for caloulations L



Fig. S1. With a standard conductive cantilever, electrostatic force microscopy is
performed to ensure that the surfaces of both the silica (a) and gold (b) contain
little charge vanation after the cleaning procedure as determined by the spatial
vanation in the cantilever phase signal Ag with an applied voltage of 2V at a
distance 40 nm above the surface. An uncleaned silica sample exposed to
electron irradiation from a scanning electron microscope shows clear contrast in
the phase signal corresponding to patches of charge (inset a) for the same

applied voltage.
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Fig. $2. Surface roughness measurements on the gold coated sphere (a), the
gold coated plate (b), and the silica plate (c), as determined using an optical
profiler. The bar heights represent the number of pixels with a displacement 3§

from an ideally smooth surface.
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Fig. S3. Histograms of the force data show an approximately Gaussian
distribution. Force data is collected from 50 runs, and distances are rounded to
the nearest nm. Distributions are shown for the case of the gold sphere and
gold plate (a,b,c) at three different sphere-plate separations. Similar data is

shown for the case of the gold sphere and the silica plate (d,e f).
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