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1. The Unruh effect

Observers moving with constant acceleration of magnitude « in
Minkowski spacetime perceive the Minkowski vacuum state as a
thermal state at a temperature proportional to their acceleration,
known as the Unruh temperature
Q
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Accelerated observers through the Minkowski vacuum respond in
exactly the same way as inertial observers immersed in a thermal
reservoir at the Unruh temperature. This equivalence ceases to
hold when the dimensions of the background spacetime are odd

[1]. We ask:

What this non-equivalence in odd spacetime dimen-
sions implies for the dynamics of an accelerated Brow-
nian particle?

3. Noise and dissipation kernels

The Wightman two-point correlation function of the field evalu-
ated along a detector’s trajectory can be written as

W(r, ') = (¢(T)(7'))
=v(r, 7)) — in(r,7),

where @(7) := A®(x(7)), and we have introduced the so-called

noise kernel

Sr.7) = 2 (@), ¢

and dissipation kernel
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2. Setup

We consider a massless scalar quantum field on a background (n+1)-dimensional
Minkowski spacetime
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We consider an oscillator detector of unit mass and bare frequency €2, whose position
operator X is linearly coupled to the field through the interaction Hamiltonian [2]

Hint = AX® (/IS(X(T))a

where X is the coupling constant and ®(x(7)) is the pullback of the field to the
detector’s worldline x(7) = (t(7), x(7)) parametrized by its proper time 7.

A uniformly accelerated detector follows the hyperbolic trajectory
x(7) = (o tsinh(aT), o™t cosh(aT), x| ),

where x| denotes the spatial coordinate transverse to the direction of the accelera-
tion.

4. The master equation

The reduced dynamics of the oscillator detector is descibed by the master equation
d . p? 1 CEVEN B
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where the coefficient

is the dissipation rate and

Q——2/ d7 n(7) cos(€27)
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is a shift to oscillator’s frequency.

H. Two-point correlation functions

Spacetime

: ) Oscillator detector
dimensions

Wightman function

inertial in thermal field bath
2-+1

accelerated in vacuum

Win(t) = = 2= [ 7 dw | coth (3%) cos(wt) — isin(wt)

Wiee(t) = 2 [ dw (cos(wt) ~ itanh (%) sm(wt))

inertial in thermal field bath
3+1

accelerated in vacuum

6. Dissipation and frequency shift

We find that both the accelerated detector’s dissipation

rate
Y = tanh
| 2}(/

where vy = g—; denotes the damping constant obtained
in the case of inertial motion in field bath at a thermal
state, and the shift of its frequency caused by the cou-
pling to the field
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depend on the acceleration temperature ; 1(z) is the
digamma function.

This is in contrast to the (3+1)-dimensional case, where
dissipation and frequency shift do not exhibit tempera-
ture dependencies.
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Figure 1: Dissipation rate and frequency shift of a uniformly accelerated oscillator detector
(solid line) in the (2+1)-dimensional space compared to the ones found in the case of an
inertial detector immersed in a heat bath at the Unruh temperature Ty (dashed line).

7. Question

Can we explore the emergence of the unique characteristics of the Unruh
(or any Unruh-like) effect in the (2+1) dimensional spacetime geometry in
analogue experiments?
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