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e The Casimir effect as a van der Waals force between
giant « molecules »

* « Reality » of quantum fluctuations in the vacuum?

e Conclusion

H, Wroclaw, 9-11 July 2009



and CMB fluctuations
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Dark energy has a constant energy density and a negative pressure
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Perhaps surprisingly, it was a long time before particle physicists began seriously to
worry about [quantum zero point fluctuations contribution to A] despite the
demonstration in the Casimir effect of the reality of zero-point energies.

S. M. Carroll, 2001

... and the vacuum fluctuations themselves are very real, as evidenced by the Casimir

effect.

D. Perkins, « Particle Astrophysics », Oxford Univ. Press, 2008

That this concept [the vacuum energy] is not a figment of the physicist's imagination
was already demonstrated many years ago, when Casimir predicted that by modifying
boundary conditions on the vacuum state, the change of the vacuum energy would lead
to a measurable force, subsequently detected and measured by...
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For a free fermionic field:

e=—) 1/2hw

... and there are plenty of condensates in the SM !



MNet Force

The modes 1n the cavity are not the same as in free space, especially at
low frequency
Interaction energy=difference of zero-point energies
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Euler-Mcl.aurin theorem:
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® has been verified experimentally

- M. J. Sparnaay, Physica 24 (1958) 751
parallelism, impurities, residual charges
- M. J. Spaarnay, P. W. J. Jochems, /960
- B. V. Darjaguin et al, « Surface forces », Plenum, 1987
- S. K. Lamoreaux, PRL 78 (1997) 5
- T. Ederth (20017?) 1%




® A field of its own
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- skin depth 8; 6% = 21 w|o]| /c : penetration depth of incident waves

Drude model: free electrons with friction force (f=-yv)
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For typical cases (Cu, d=1um), ths ~ 10

- This condition 1s comfortably satisfied for the physical value of
- Casimir's result = the o0 — oo limit !!!!
- corrections appears as powers of 1/a
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The only distinctive feature: goes to a constant in the strong coupling limit
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HENDRIK BRUGT GERHARD CASIMIR

15 JULY 1900 « 4 MAY 2000

-Known for: Casimir operator,
hyperfine interactions, cooling by
adiabatic demagnetization (mK), etc

-PhD of Erhenfest, assistant of Paulli,
position in Leiden

-In 1940, moved to Philips
gloeillampenfabriek NV in Eindhoven



For small r, London's expression 1s recovered
Forr >> ay, :

AE(z):_23hc oo, (1)
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CCTUurodtion tncory o 1€ ' O1acr 11 O ' OIrdcr 11
forces, second order in atom-radiation coupling)

Niels Bohr: «

»

Casimir rederived results (1) and (2) by this method (in some

approximation) : Colloque sur la théorie de la liaison chimique, Paris,
12-17 avril 1948



Mathematics, — On the attraction between two perfectly conducting
plates. By H. B. G. CasiMiR.

{Communicated at the meeting of May 29, 1948.)}

In a recent paper by POLDER and CASIMIR 1) it is shown that the inter-
action between a perfectly conducting plate and an atom or molecule with
a static polarizibility a is in the limit of large distances R given by

3 a

and that the interaction between two particles with static polarizibilities

a, and as is given in that limit by

. 23 Xy 1y
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These formulae are obtained by taking the usual van DER WaaLs—

LoNDON forces as a starting point and correcting for retardation effects.
In a communication to the "Collogue sur la théorie de la liaison chimi-

que” {(Paris, 12—17 April, 1948) the present author was able to show

that these expressions may alse be derived through studying by means ol

classical electrodynamics the change of electromagnetic zero point energy.

In this note we shall apply the same method to the interaction between

two perfectly conducting plates,

H.B.G. Casimir, Proceedings of the Koninglijke Nederlandse

Akademie van Wetenschappen B51, 793 (1948)

Limit of VdW-Casimir-Polder : lim o, / r° =




London-VdW Casimir-Polder
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Replacing an atom by a plate : hc 1-(2
—infinite volume with constant n AE=— 7 5d
—no;,—(e—1)/e 120d @@
—€—>
o. disappears, a power of & is absorbed !! replaced by a volume !
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Same results by Casimir's method



Conelision s

Casimir effeet = limii of wan der Waals foree

Jfor <« maeroscoic moleciles

in the ideal copducior (infinitely polarisable) ligii



not reveal the « reality » of quantum fluctuation energy

for a diffuse charge: W—=— fdrfdr )'D|( ):é f|E(r)|2dr
r TT

|r—
Rm: « reality » of the field coming from light, pair production, etc

2. Zero-point energy coming from an « obscure » choice of ordering fields
in the classical lagrangian (giving negative energy for fermion fields)



3. Interaction between neutral objects gives no more (or less) support to the
« reality » of the vacuum energy of fluctuating quantum fields than the

other one-loop effects in quantum electrodynamics, like vacuum
polarisation contribution in the Lamb shift (R. Jaffe, PR D72 (2005)

021301) : the effect vanishes as o« — 0

4. Casimir effect can be derived without reference to zero-point motion

-general theory of fluctuations (Lifshitz, Zhur. eksp. i teor. fiz. 29 (1955) 9,
Landau and Lifshitz, Electrodynamics of continuous media)

=3 . 1
Eilr)Ej(r) =1 (e)...w=— [ ( EF+|HF)
no field quantization

calculation of the interaction between semi-infinite pieces
of dielectrics; Casimir force obtained as the € —oo limit
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G 1s the full Green's function in the background (plates)

dAN

AEmfdwwdw
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G can be expanded in series of G and o

Rm: all features of QED can be reformulated from the point of view

of zero point fluctuations (Milonni, « The Quantum Vacuum »,
Acad. Press, 1994)
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molecules in the strong coupling limit

e Casimir forces are real in the micro- to nano-world

e Not a demonstration of the « reality » of the zero-point energy (no more
than vacuum polarisation, ...): vanishes in weak coupling, formulation

without reference to zero-point energy

e Reality of vacuum energy?
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