THE INFLUENCE OF THE CASIMIR EFFECT ON THE
VACUUM STRUCTURE OF 3+1 DIMENTIONAL COMPACT
ELECTRODYNAMICS

Maxim Chernodub®, Vladimir Goy?, Alexander Molochkov?, Aleksei
Tanashkin?
Based on arXiv:2203.14922

August 4, 2022

Institut Denis Poisson, Université de Tours, Tours, France
2Pacific Quantum Center, Far Eastern Federal University, VladivostoR, Russia

XVth Quark Confinement and the Hadron Spectrum
Stavanger, Norway 1/13



The Casimir effect

The emergence of attractive force Fc be-
tween two conducting metallic plates in
vacuum.

Predicted in 1948 by Casimir.

Indirect experimental evidence in 1958.

Vacuum
(IS fluctuations

The direct experiment in 1997 (Lamoreaux).  Figyre 1: The schematic

picture of Casimir

effect. Wikipedia
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« Systems with boundaries
« MIT bag model
+ Four-fermion theory with the presence of reflective
boundaries
+ CP"-" model with Dirichlet boundary conditions
+ Quenched QCD with Dirichlet boundary conditions
« The effect of boundaries on vacuum structure of the

theory
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Compact QED on the lattice
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Figure 2: The plaquette
angle at site x.
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Casimir boundary conditions on the lattice
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Figure 4: The position of Casimir plates.

oS Ox =1, (u,v)=(23,24,34)
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The phase transition in the absence of plates
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Figure 5: Left: the monopole density p vs lattice coupling 3; Right: its susceptibility.
The vertical line marks the position of the phase transition calculated from these

observables.
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Monopole configurations in the presence of plates
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Figure 6: The examples of monopole configurations in the confinement phase(left,
B = 0.8) and deconfinement phase (right, 3 = 0.9) for the plates separated by the
distance R = 3. Monopoles and antimonopoles are represented by the red and blue

dots, respectively. The plates, positioned vertically, are not shown.
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The monopole density between plates normalized by monopole

density in the absence of plates
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Figure 7: The ratio pins/p;,. of the monopole density p;ys inside the Casimir plates to
the monopole density in the absence of the plates, p}'" vs interplate separation R for

a fixed set of lattice coupling 3. 8/13



The shift of phase transition point
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Figure 8: The monopole density (left), its susceptibility (center) and the Binder
cumulant(right) for R = 2, 4, 8 (from top to bottom). 9/13



The phase diagram
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Figure 9: The phase diagram of the vacuum of the compact U(1) gauge theory in
between the perfectly metallic plates separated by the distance R. The solid line
represents best fit 8fi*(R) = 32 — a exp[—(R?/R3)¥] with a = 3.7(6), Ro = 0.28(7),

v = 0.257(16). The limit R — oo is shown by the dashed horizontal line. B



The Polyakov loop as the deconfinement order parameter
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The Polyakov loop inside plates for different R
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Figure 12: The Polyakov loop inside the plates vs 3 at fixed R.
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« From first-principle numerical simulations we show that
the structure of the vacuum of the compact U(1) gauge
model in 3 + 1 dimensions is affected by closely spaced
perfectly conducting parallel plates;

 The non-pertubative Casimir effect alternates the
dynamics of abelian monopoles, modifies the vacuum
structure, and leads to the Casimir-induced deconfining
phase transition in between plates;

 The phase diagram in the plane "lattice coupling

constant”-"distance between the plates” is obtained;

The presented method now is applied to the non-abelian

case - the exiciting results are coming!
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Thank you for attention!
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