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1.  INTRODUCTION

Casimir, 1948

The Casimir force arises due to the 
change of the spectrum of zero-point 
oscillations of the  electromagnetic
field by material boundaries.







Nanotechnology

Micro-
 

and nanoelectromechhanical
 

systems:

---
 

stiction
 

of closely spaced
 

elements;

---
 

the Casimir
 

force as a driving force at small
distances.

Chan, Aksyuk, Kleiman, Bishop, Capasso, Science, 2001;Chan, Aksyuk, Kleiman, Bishop, Capasso, Science, 2001;
Phys. Rev. Lett., 2001.Phys. Rev. Lett., 2001.



2. TWO PARALLEL IDEAL METAL PLATES  2. TWO PARALLEL IDEAL METAL PLATES  



2.1 The vacuum energy at zero       2.1 The vacuum energy at zero       
temperature temperature 



After renormalization, i.e., subtraction  After renormalization, i.e., subtraction  
of the contribution of free space,of the contribution of free space,



2.2 TWO PARALLEL IDEAL METAL PLATES AT NONZERO TEMPERATURE2.2 TWO PARALLEL IDEAL METAL PLATES AT NONZERO TEMPERATURE



After  renormalizationAfter  renormalization::



Limit of low temperatureLimit of low temperature: : 



Limit of high temperatureLimit of high temperature::



3.  3.  COSMOLOGICAL  MODELSCOSMOLOGICAL  MODELS

Einstein universe and closed Einstein universe and closed FriedmannFriedmann
 

modelmodel



MamaevMamaev, , MostepanenkoMostepanenko, , StarobinskyStarobinsky,,
 

SovSov. Phys. JETP. Phys. JETP,,
 

19761976





Inflation due to the Cаsimir
 

effect

Topology of a 3-torus;
 

the following points are identified:

From Einstein equations with the cosmological constant

Zel’dovich, Starobinsky, Sov. Astron. Lett.,
 

1984





DowkerDowker, , CritchleyCritchley, , PhysPhys. . RevRev. D, 1977. D, 1977



BezerraBezerra, , KlimchitskayaKlimchitskaya, , MostepanenkoMostepanenko, , RomeroRomero, , 
PhysPhys. . RevRev. D, 2011. D, 2011

Modified renormalizationModified renormalization



Bezerra, Mostepanenko, Mota, Romero, Phys. Rev. D, 2011.Bezerra, Mostepanenko, Mota, Romero, Phys. Rev. D, 2011.

Thermal Cаsimir
 

effect for spinor
 

and
electromagnetic fields in closed
Friedmann

 
model

New aspects:

---
 

spinor
 

Casimir
 

effect at
 

high Т
 

does not possess
the classical limit;

---
 

electromagnetic Casimir
 

effect at
 

high T
does possess the classical limit.



4. 4. LIFSHITZ THEORY OF THE VAN DER WAALS AND CASIMIR FORCESLIFSHITZ THEORY OF THE VAN DER WAALS AND CASIMIR FORCES

Maxwell equationsMaxwell equations

Boundary conditionsBoundary conditions





Lifshitz,
 

Sov. Phys. JETP,
 

1956

Matsubara frequencies,



Reflection coefficients for two
 

independent
polarizations:



Models of the frequency-dependent dielectric permittivity

Permittivity of dielectric plates
as determined by core electrons

Permittivity of dielectric plates
with dc conductivity included

The Drude model permittivity 
for metallic plates

The plasma model permittivity 
for metallic plates

The Lifshitz theory  with             or            violates the
 

Nernst theorem

Klimchitskaya, Mohideen, Mostepanenko, Rev. Mod. Phys. 2009



5.
 

COMPARISON OF THE LIFSHITS THEORY  
WITH THE  EXPERIMENTAL DATA

5.1 Indirect measurement of the Casimir
pressure using a micromachined

oscillator  

Decca, Lopez, Fischbach, Klimchitskaya, Krause, Mostepanenko,
Phys. Rev. D (2003);  Ann. Phys. (2005);  Phys. Rev. D (2007); 
Eur. Phys. J C (2007);  Decca, Lopez, Osquiguil, Int. J. Mod. Phys.

 
A 

(2010).



Shematic setup

Schematic  setup with a micromachined oscillator



Comparison between experiment and theory

The relative experimental error (at a 95% confidence level) varies 
from 0.19% at 162 nm  to 0.9% at 400 nm and 9% at  746 nm.

The Drude model is excluded by the data at a 95% confidence level.
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Chen, Klimchitskaya, Mostepanenko, Mohideen,
Optics Express (2007); Phys. Rev. B (2007).

5.2 Optical modulation of the Casimir force



Difference of the Casimir force in the presence and absence
of laser light



5.3. Measurement of the Casimir-Polder force

Obrecht, Wild, Antezza, Pitaevskii, Stringari, Cornell, Phys.Rev.Lett. (2007) 



Obrecht, Wild, Antezza, Pitaevskii, Stringari, Cornell, Phys. Rev. 
Lett. (2007);  Klimchitskaya, Mostepanenko, J. Phys. A (2008).

Frequency shift of center-of-mass oscillations 
of  Bose-Einstein condensate of Rb atoms



Chang, Banishev, Klimchitskaya, Mostepanenko, 
Mohideen, Phys. Rev. Lett.

 
(2011);

Ваnishev, Chang, Castillo-Garza, Klimchitskaya,
Mostepanenko, Mohideen, Phys. Rev. B (2012) 

5.4 The Casimir
 

force between Au sphere and ITO plate





6.  Constraints on corrections to Newton’s
 gravitational law and parameters of dark 

matter from the Casimir
 

effect

Yukawa-type corrections to Newton’s law:

Power-type corrections to Newton’s law:



Yukawa-
 

and power-type potentials originate from:

1) Exchange of light and massless elementary particles,
such as:

---
 

arion;
---

 
scalar axion;

---
 

graviphoton;
---

 
dilaton;

---
 

goldstino;
---

 
moduli.

These particles may contribute 
to the dark matter and dark energy. 



2) Extra-dimensional theories with low-energy compactification  scale

Arkani-Hamed, Dimopoulos, 
Dvali, Phys. Rev. D, (1999)

cm



The Yukawa-type force between two macrobodies



CONSTRAINTS  FROM  THE  NORMAL  CASIMIR  FORCE
BETWEEN  TEST  BODIES  WITH  SMOOTH  SURFACES

Measured quantities are the Casimir force or its gradient:

Obtaining constraints on Yukawa forces:



The strongest constraints  
on Yukawa-type corrections
to Newton's gravitational law 

obtained from the measurement
of the Casimir force using an atomic 
force microscope (line 1), 
from the measurement of the 
Casimir  pressure by means of a 
micromachined  oscillator (line 2), 
and from the Casimir-less
experiment (line 3). 
Line 6 indicates constraints obtained 
from the torsion pendulum experiment



Constraints 
on the parameters 

of Yukawa-type interaction

from measurements of the lateral 
Casimir force between corrugated 
surfaces  (the solid line), 

and from measurements of the 
normal  Casimir force 
by means of an atomic force 
microscope (the long-dashed line), 
and a micromachined oscillator
(the short-dashed line). 

Bezerra, Klimchitskaya, Mostepanenko, Romero, 
Phys. Rev. D  (2010);  Phys. Rev. D  (2011).



7. CONCLUSIONS
The Casimir

 
effect

 
is a multidisciplinary physical 

phenomenon . Besides applications to:

---
 

nanotechnology

---
 

condensed matter physics

---
 

cosmological models of the Universe

---
 

physics of dark matter,

which were touched above,



the Casimir
 

effect plays an important role in

---
 

statistical physics

---
 

аtomic
 

spectroscopy

---
 

physics of elementary particles

---
 

surface science

---
 

mathematical physics.

This promises new prospective results to
the Casimir

 
physics in near future.
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