
1

Fermionic and Scalar Casimir Effect within the Scattering Approach

Andreas Wirzba
Institut für Kernphysik

Forschungszentrum Jülich
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• Reason: zero-point fluctuations of the e.m. field modified
by the presence of the plates relative to the free case

⇒ change in the energy of the vacuum:
∑∫

1
2~ωk|plates(L)−

∑∫
1
2~ωk|free(L→∞ !)

· ◦ C < ∧ O > B • KITP Oct. 23, 2008 Fermionic and Scalar Casimir Effect within the Scattering Approach Andreas Wirzba



2• H.B.G. Casimir (1948): two conducting, but uncharged parallel plates attract
each other in vacuum

AA

L

F ||(L)

A
= − ~c

L4

π2

240
≈ −1.3× 10−7 1

L4
N

µm4

cm2

E ||(L) = − ~c

L3

π2

720
A

• Reason: zero-point fluctuations of the e.m. field modified
by the presence of the plates relative to the free case
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S. L. Boersma:
A maritime analogy of the Casimir effect,
American J. Physics 64 (1996) 539;
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A maritime analogy of the Casimir effect,
American J. Physics 64 (1996) 539;
J. D. Barrow, The Book of Nothing
(Random House, London, 2000)

• Distinctive Feature: Casimir calculations depend on the geometry in a
non-intuitive way.
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3Casimir effect and vacuum energy of QFT:
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⇒ 2 decoupled scalar fields

· ◦ C < ∧ O > B • KITP Oct. 23, 2008 Fermionic and Scalar Casimir Effect within the Scattering Approach Andreas Wirzba



4Original Casimir effect:

AA

L

1) EM boundary conditions : B⊥ = 0 & E‖ = 0,
2) quasi 1-dimensional “box”geometry

)
⇒ 2 decoupled scalar fields:

TE-modes (sin) with Dirichlet b.c.’s,
TM-modes (cos) with Neumann b.c.’s

· ◦ C < ∧ O > B • KITP Oct. 23, 2008 Fermionic and Scalar Casimir Effect within the Scattering Approach Andreas Wirzba



4Original Casimir effect:

AA

L

1) EM boundary conditions : B⊥ = 0 & E‖ = 0,
2) quasi 1-dimensional “box”geometry

)
⇒ 2 decoupled scalar fields:

TE-modes (sin) with Dirichlet b.c.’s,
TM-modes (cos) with Neumann b.c.’s

E ||EM
tot (L) = lim

Λ→∞
A

ZZ
d2k‖
(2π)2

0BBBB@
∞X

n⊥=1

1
2

~c

r
k2
‖+( n⊥π

L )2z }| {
~ω(k‖, n⊥, L) +

∞X
n⊥=0

1
2
~ω(k‖, n⊥, L)

1CCCCA e−
~ω(k‖,n⊥,L)

Λ

= lim
Λ→∞

~cAL

"
3(Λ/~c)4

π2| {z }
background

+ (−1 +1)
(Λ/~c)3

4πL| {z }
bulk

− π2

720L4| {z }
ε
||EM
C

(L)

+O
`
(~c)2/Λ2L6´#

· ◦ C < ∧ O > B • KITP Oct. 23, 2008 Fermionic and Scalar Casimir Effect within the Scattering Approach Andreas Wirzba



4Original Casimir effect:

AA

L

1) EM boundary conditions : B⊥ = 0 & E‖ = 0,
2) quasi 1-dimensional “box”geometry

)
⇒ 2 decoupled scalar fields:

TE-modes (sin) with Dirichlet b.c.’s,
TM-modes (cos) with Neumann b.c.’s

E ||EM
tot (L) = lim

Λ→∞
A

ZZ
d2k‖
(2π)2

0BBBB@
∞X

n⊥=1

1
2

~c

r
k2
‖+( n⊥π

L )2z }| {
~ω(k‖, n⊥, L) +

∞X
n⊥=0

1
2
~ω(k‖, n⊥, L)

1CCCCA e−
~ω(k‖,n⊥,L)

Λ

= lim
Λ→∞

~cAL

"
3(Λ/~c)4

π2| {z }
background

+ (−1 +1)
(Λ/~c)3

4πL| {z }
bulk

− π2

720L4| {z }
ε
||EM
C

(L)

+O
`
(~c)2/Λ2L6´#

• UV-cutoff Λ corresponds to plasma frequency.
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• UV-cutoff Λ corresponds to plasma frequency.
• When the (infinitely) far separated plates are brought into a finite distance L, the

background terms as well as the bulk terms of the single plates are unaffected
and therefore removable ⇒ the Casimir energy is finite, even in the limit Λ →∞.
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“Generalization” of concept of Casimir energy: 2) matter fields

• Here : space not “filled” with fluctuating EM modes, but with a gas
of non-interacting (non-relativistic) fermions.
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of non-interacting (non-relativistic) fermions.

• Similarity : Existence of mode sums
∑∫

~ωk with constant degeneracy factor

(because of Pauli’s exclusion principle).

• Difference : Existence of a 2nd scale: Fermi energy = chem. potential (at T ≈ 0)

(in addition to the geometrical scales).
Physics dominated by UV scale
in contrast to long-wave behavior of usual Casimir effect.

• Concrete : Matter fields (fermions) in the space between voids
↪→ the voids obstruct the free motion of the fermions,
↪→ quantum pressure of the fermions on the voids depends on geometry.
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• Concrete : Matter fields (fermions) in the space between voids
↪→ the voids obstruct the free motion of the fermions,
↪→ quantum pressure of the fermions on the voids depends on geometry.

∴ effective Casimir-type interaction between empty regions of space
in the background of non-interacting fermionic fields
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Inside a neutron/quark star:

• Quark dropplets immersed in hadronic matter at ρ � ρnm

In the lab:

• Buckyballs immersed in an electron gas (in liquid mercury)
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• Bose-Einstein droplets in diluted atomic Fermi-condensates.
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