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Casimir effect
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Chern-Simons action and Casimir Effect
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Quantum Theory on Computer

FEYNMAN (1948): Quantum Theory is equivalent to Integration
All possible paths

<X2 |e—iH(t2—t1) | X1> =I Dxe 5

Action S = tfdt{K(x,t)—V(x,t)]}
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® Integration is ‘over the paths’ (infinitely many variables)

® Even the ordinary integration I is just a symbol representing the limiting procedure
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* Paths are weighted with an oscillating function and so is
not suitable for numerical calculation!

* Change real time to imaginary time (Minkowski space to Euclidean space)
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What i1s Monte-Carlo Method ?

The Monte Carlo method provides approximate solutions to a variety of

mathematical problems by performing statistical sampling experiments on a
computer.

It deals with complex problems ranging from
QCD to economics to regulating the flow of traffic.

Stochastic method for calculating Pi

M : Total number of points
N : Points within circle

Area of a square S = r2

Area of a quarter circle C = nr2/4

= 4C/S =4N/M
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Statistical Evaluation — Monte-Carlo Method
\ d\strlbuh%

I = [auo[UTe T

Large number of integrations then reduces to an
ensemble average:

7~

Fotu)

= <0O> ~ i
N

{Ui}'s are the configurations generated in the stochastic
process called Monte-Carlo Method.



Quantum theory and statistical systems
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This averaging is similar to a statistical ensemble average, with a Boltzmann

distribution given by e-SU]

Green function of aField Theory ==p Correlation function of the

corresponding Statistical System

Paths = Statistical configurations



From continuous space-time to lattice

Discrete Euclidean space-time

Continuous space-time

Fermions

(on Lattice sites)

Photons
(on Links)

- ] | - -]
s s e s =as =
——= = = = = =
o= sSS eSSy SS oS S
e e e e e =
. e R - ®
> ——— B ——— P ———p—— B~
e e e e e =
- ® | 8
) e e e
e e e | e =
. e . . e e =
H_' — ..--. - ﬁ' - ..--. = fr ,F
| o o e e
— > % | -8 | 8 B
i = —- = §—— B
s L e e e e T = e
—= | rT"‘-J /Tﬁ_-T’:T’_,ﬁT it d _,_,FTL



attice Formulation of QED

“* Preserve the symmetry on the lattice (QED has gauge symmetry)

» Gauge Symmetry —Wilson, 1974 (A“ -2 Up) U : Link Variable
U+(x+v) — igaA,u
X+ v ﬂ:. X+ pu+v Uﬂ(x) €
uyx) 1 $ Uv(x+p) t
X US0 X+ 4

Violation of Lorentz invariance
Is controllable and removable

< Wilson gauge action:
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Wilson loop
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Wilson “bag”
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Chern-Simons action on the lattice
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A - dependence
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Conclusions:

We have proposed the numerical method for the
Casimir energy calculation based on the lattice
simulations of QED.

This method is the combination of two ideas: the
generation of the boundary conditions by the
additional Chern-Simons boundary action and the
lattice "Wilson bag" concept. This combination is in
fact a lattice definition of the quantum observable for
the Casimir energy.

We have tested our method in the simplest case
of the Casimir interaction between two plane surfaces
and have achieved a good agreement with the
analytical results for this problem.



Computers

Mcore's Law

" "® Pemilum 4




Computers
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IBM Roadrunner Takes the Gold
N
the Petaflop Race

World's fastest computer,
the US$133-million
Roadrunner

is designed for a peak
performance of 1.5
petaflops!!!
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