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ct = ±χ sinh
(aη
c

)
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c
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Φm
~
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Repeat quantisation procedure in Rindler coordinates
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Quantum fields in accelerated cavities

Φn

Φm
~

Α mn

Β mn
a b

x

ct

Solutions related by Bogoliubov transformation:

φn =
∑
m

(α∗mn φ̃m − βmn φ̃∗m), αmn = (φ̃m, φn), βmn = −(φ̃m, φ
∗
n)
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x
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acceleration stops at fixed coordinate time η = η1
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Transformation of Fock states

Vacuum States

Bosons:

| 0 〉 ∝ eW
∣∣ 0̃ 〉

W = 1
2

∑
p,q
Vpq ã

†
p ã
†
q

Fermions:

|| 0 〉〉 ∝ eW || 0̃ 〉〉

W =
∑
p,q
Vpq b̃†p c̃†q

Particle States

⇒ act with creation operators on | 0 〉 and || 0 〉〉

One small drawback...

have to work perturbatively in parameter h := 2δ
a+ b
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Bogoliubov transformation
State Transformation
Results

Transformation of Gaussian states

Gaussian States - covariance matrix formalism

σij = 〈XiXj + XjXi 〉 − 2 〈Xi 〉 〈Xj 〉

quadratures: X(2n−1) =
1√
2
(an + a†n) and X(2n) =

−i√
2
(an − a†n)

Bogoliubov transformation ⇒ symplectic transformation S

σ̃ = S σ ST

S =


M11 M12 M13 . . .
M21 M22 M23 . . .
M31 M32 M33 . . .

.

.

.

.

.

.

.

.

.
. . .

 where Mmn =

(
Re(αmn − βmn) Im(αmn + βmn)

−Im(αmn − βmn) Re(αmn + βmn)

)

Tracing becomes trivial, Entanglement measures well known

N. F. and I. Fuentes, e-print arXiv:1204.0617 [quant-ph] (2012).
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Bogoliubov transformation
State Transformation
Results

Results - Degradation of Entanglement

“In-Region”: maximal entanglement (Bell state) between mode κ
of inertial and mode k of accelerated cavity

RobAlice

a b
x

ct

“Out-Region”: Trace out all other modes: degradation of entanglement
Bosons: D. E. Bruschi, I. Fuentes and J. Louko, Phys. Rev. D 85, 061701(R) (2012).

Fermions: N. F., A. R. Lee, D. E. Bruschi and J. Louko, Phys. Rev. D 85, 025012 (2012).
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Results - Generation of Entanglement

“In-Region”: separable state of modes k, k′ in single cavity

Bosons: Nvac = |β(1)kk′ | , N1−part =

√
|α(1)
kk′ |2 + 2 |β(1)kk′ |2

Ns =
√
Re(G∗kβ

(1)

kk′)
2 + [ Im(G∗kβ

(1)

kk′) cosh(s)− Im(G∗kα
(1)

kk′) sinh(s)]
2

Fermions: Nvac = N1−part = |A(1)
kk′ |

“Out-Region”: Trace out all other modes: entanglement creation
N. F., D. E. Bruschi, J. Louko and I. Fuentes, Phys. Rev. D 85, 081701(R) (2012).

N. F. and I. Fuentes, e-print arXiv:1204.0617 [quant-ph] (2012).
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“Out-Region”: Trace out all other modes: entanglement creation
N. F., D. E. Bruschi, J. Louko and I. Fuentes, Phys. Rev. D 85, 081701(R) (2012).

N. F. and I. Fuentes, e-print arXiv:1204.0617 [quant-ph] (2012).
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Results - Applicability

Results obtained . . .

• analytically in terms of abstract coefficients

• perturbatively (to second order) in h

• for arbitrary uncharged scalar and charged Dirac fields

• for a generic class of cavity trajectories

• are periodic in time for (1 + 1)-dim massless fields

• formalism applicable in curved backgrounds and for Gaussian
states!1

• effects enhanced by mass, initial squeezing and resonances!2

1 N. F. and I. Fuentes, e-print arXiv:1204.0617 [quant-ph] (2012).
2 D. E. Bruschi, A. Dragan, A. R. Lee, I. Fuentes and J. Louko, e-print arXiv:1201.0663 [quant-ph] (2012).
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