
Eur. Phys. J. C (2020) 80:462
https://doi.org/10.1140/epjc/s10052-020-8048-x

Regular Article - Theoretical Physics

Quantum speedup in noninertial frames

Kai Xu1, Han-Jie Zhu1, Guo-Feng Zhang1,a, Jie-Ci Wang2, Wu-Ming Liu3,4,5

1 Key Laboratory of Micro-Nano Measurement-Manipulation and Physics (Ministry of Education), School of Physics, Beihang University,
Xueyuan Road No. 37, Beijing 100191, China

2 Department of Physics and Key Laboratory of Low Dimensional Quantum Structures and Quantum Control of Ministry of Education,
Hunan Normal University, Changsha 410081, Hunan, China

3 Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
4 School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100190, China
5 Songshan Lake Materials Laboratory, Dongguan 523808, Guangdong, China

Received: 4 January 2020 / Accepted: 11 May 2020 / Published online: 22 May 2020
© The Author(s) 2020

Abstract We investigate the speedup evolution of the sys-
tem under the influence of the Unruh effect, where one of
the observers (e.g., Bob) is uniformly accelerated. We show
that acceleration can be beneficial to the evolution speed
of the system, even in the presence of noise. Here two dis-
tinct dissipation mechanisms are considered, one where the
total system is in a noise channel and the second where only
Bob’s qubit is in a noisy channel. Interestingly, for the total
system in the amplitude damping channel and depolariz-
ing channel, the evolution speed of the system may increase
monotonously with the increase of acceleration, which is in
stark contrast to the case where only Bob’s qubit undergo-
ing a noise channel. We find that the reason behind these
behaviors are due to the competition mechanism between
the Unruh effect and the dissipation effect, illustrated by the
analytical formula of quantum speed limit time derived under
quasi-inertial frame and strong dissipation regime.

1 Introduction

Quantum mechanics and relativity theory are two pillars of
modern physics. Their integration has given rise to relativis-
tic quantum information [1], which is a rapidly developing
new field of physics. It aims at understanding them from each
other’s point of view. The latest literature shows that the study
of relativistic quantum information not only helps to deepen
the understanding of quantum mechanics [2–8], but also
opens a new way to study the information paradox of black
holes [9–12]. Some researches have focused on quantum
information in the context of relativity [13–20]. In particular,
the Unruh effect, which tells us that a uniformly accelerated

a e-mail: gf1978zhang@buaa.edu.cn (corresponding author)

observer in Minkowski space-time observes the Minkowski
vacuum of quantum fields as a thermal bath, has a signifi-
cant effect on the quantum entanglement [21–31], teleporta-
tion fidelity [15], quantum discord [32–34], and some other
information quantities [35]. Previous results have shown that
the Unruh effect can negatively affect the performance of
quantum correlations between inertial and noninertial frame
observers. However, with a judicious choice of the inertial
states, the Unruh effect can generate net quantum entangle-
ment between inertial and accelerated observer, which has
been discovered by Montero and Martín-Martínez [36]. This
suggests that relativistic phenomena such as the Unruh effect
will manifest many novel characteristics in quantum infor-
mation. It is important to improve our understanding of the
Unruh effect on quantum information processes.

Recently, experimental simulations of relativistic effects
have been implemented from a nuclear magnetic resonance
to Bose–Einstein condensates (BEC) [37,38]. For example,
experimental simulation of the Unruh effect on a nuclear
magnetic resonance quantum simulator shows that the quan-
tum correlations can be created by the Unruh effect from
the classically correlated states [37]. Moreover, the authors
report the experimental observation of a matter field with
thermal fluctuations that consistent with the predictions made
by Unruh [38]. The matter field is generated within the
framework for the quantum physics simulation in a noniner-
tial frame, based on BEC that are parametrically adjusted
to make their evolution replicate the frame transforma-
tion. Since these schemes rely on the evolution of quantum
states, the simulation time can be reduced if the evolutions
speed is enhanced, leading to the improvement of simulation
efficiency and robustness under environmental noises [39].
Therefore, the consideration of accelerating the evolution of
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quantum states in a relativistic setting is a practically relevant
and meaningful problem.

To do this, in this paper, we investigate how to accelerate
system evolution under the influence of Unruh effect, where
the observer Bob moves with respect to another observer
Alice with a uniform acceleration. By using the quantum
speed limit time (QSLT) [40–62] to define the speedup evo-
lutional process, we study the effect of acceleration on the
evolution speed of the system with two different dissipation
mechanisms, that is, the total system in a noise environment
and only Bob’s qubit in a noise environment. We show that
for some specific noise channels, acceleration can contribute
to the evolution of the system due to the Unruh effect. In addi-
tion, it is valuable to point out that, in the case of the total
system in the noise environment, the capacity for potential
speedup of quantum system can increase monotonously with
the increase of the acceleration, which is in sharp contrast to
only Bob’s qubit is in the noise environment. We reveal the
reasons behind the above behaviors through the QSLT ana-
lytical formula derived under the quasi-inertial frame and
strong dissipation mechanism.

This paper is organized as follows. In Sect. 2 we briefly
introduce the accelerated frame and quantum speed limit
time. Section 3 discusses the influence of acceleration on
the dynamical speedup of the quantum evolution for differ-
ent noisy models in three subsection. Section 4 is devoted to
finding the physical explanation of quantum acceleration in
non-inertial frames. The conclusions drawn from the present
study are given in Sect. 5.

2 Accelerated frame and QSLT

We consider a Dirac field φ in a two dimensional Minkowski
space time. The Dirac field φ satisfies the equation iγ μ

(
∂μ+

�μ

) + mφ = 0, where γ μ are the Dirac matrices and
�μ are the spinorial affine connections. The field equa-
tion can be solved in the Minkowski coordinates and the
Rindler coordinates, which are a reasonable choice for
inertial observers and accelerated observers respectively.
The coordinate transformation between Minkowski coor-
dinates {t, z} and Rindler coordinates {η, ξ} is given by
at = eaξ sinh aη, az = eaξ cosh aη. Then the field expan-
sion expressed by the Minkowski solutions to the Dirac

equation is φ = NM
∑

k

(
ck,Mu+

k,M + d†
k,Mu−

k,M

)
and the

Dirac-field operator, in terms of Rindler modes, is given by

φ = NR
∑

j

(
c j,I u

+
j,I + d†

j,I u
−
j,I + c j,�u

+
j,II + d†

j,IIu
−
j,II

)
,

where NM and NR are normalization constant, u±
k,M denote

the positive and negative energy solutions of the Dirac equa-
tion in Minkowski coordinate, u±

j,I and u±
j,II are the positive-

and negative-frequency solutions of the Dirac equation in

Rindler coordinates with respect to the Rindler time-like
Killing vector field in regions I and II, respectively.

In order to investigate the quantum state in a noniner-
tial frame, we use the Unruh modes. The Unruh operators
[14] can be given C	,R = cos r	c	,I − sin r	d

†
	,II, C	,L =

cos r	c	,II − sin r	d
†
	,I, C

+
	,R = cos r	c

+
	,I − sin r	d	,II,

C+
	,L = cos r	c

+
	,II − sin r	d	,I based on a linear combina-

tion of Rindler creation and annihilation operators for parti-
cles (c	,I, c

†
	,I) and antiparticles (d	,II, d

†
	,II). Here cos r =

(
1 + e−2π	c/a

)−1/2
and the range of the acceleration param-

eter is r ∈ [0, π/4) corresponding to a ∈ [0,+∞). The
Unruh vacuum state for mode 	 is given by [14]

|0	〉U = cos2 r	|0000〉	 − sin r	 cos r	|0011〉	
+ sin r	 cos r	|1100〉	 − sin2 r	|1111〉	, (1)

where
∣∣nn′n′′n′′′〉

	
= |n	〉+I

∣∣n′
	

〉−
II

∣∣n′′
	

〉−
I

∣∣n′′′
	

〉+
II which denote

the Rindler modes in regions I and II, {+,−} superscript on
the kets is used to indicate the particle and antiparticle states.
The one-particle states of Unruh mode 	 can be written as

|1	〉+U = [qR(C†
	,R ⊗ IL) + qL(IR ⊗ C†

	,L)] |0	〉U
= qR [cos r	|1000〉	 − sin r	|1011〉	]

+qL [cos r	|0001〉	 + sin r	|1101〉	] , (2)

with |qR |2 +|qL |2 = 1. The case where qR = 1 corresponds
to the single-mode approximation [14].

Then to study the evolution speed of quantum state under
a noninertial frame, we need to start with the definition
of QSLT for an open quantum system. QSLT can effec-
tively define the lower bound of the evolution time between
two given states for a quantum system and help to analyze
the maximum evolution speed of an open quantum system.
Recently, for the non-unitary dynamics between the arbi-
trary initial state ρs(0) to its target state ρs(τ ) , in [62] the
authors choose the Euclidean distance D(ρs(0), ρs(τ )) =
‖ρs(0) − ρs(τ )‖hs to acquire a robust and feasible QSLT

τQSL = ‖ρs(0) − ρs(τ )‖hs

‖ρ̇s(t)‖hs
, (3)

where ‖ρ̇s(t)‖hs = (1/τ)
∫ τ

0 dt ‖ρ̇s(t)‖hs, ‖A‖hs =
√∑

i r
2
i

and ri is the singular values of A. When the quantum speed
limit time is equal to the actual evolution time, i.e., τQSL/τ =
1, the quantum system evolution is already along the fastest
path and possesses no potential capacity for further quantum
speedup. However, when 0 < τQSL/τ < 1, the speedup
evolution of the quantum system could occur, and the smaller
τQSL/τ , the greater the capacity for potential speedup will
be.
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3 QSLT in noninertial frames

In this section, we study the effect of the acceleration param-
eter r on the QSLT of the system in a noninertial frame. We
assume two observers, Alice and Bob, share the maximum
entangled initial state |〉AB=(1/

√
2) (|0〉A|0〉B+|1〉A|1〉B).

Then Bob moves with respect to Alice with a uniform accel-
eration. Using Eqs. (1) and (2), we can rewrite the maximum
entangled initial state |〉AB. Since Bob is causally discon-
nected from region II, we must trace over the state of region
II. Furthermore, we assume that Bob has a detector sensitive
only to the particle modes, which means that an antiparti-
cle cannot be excited in a single detector when a particle was
detected. Thus, we should also trace out the antiparticle mode
[64], that is,

ρAB̃ = 1

2
[cos2 r |00〉〈00| + qR cos r |00〉〈11| + qR cos r |11〉〈00|

+qL cos2 r |10〉〈10| + sin2 r |01〉〈01| + (|qR|2 + |qL|2
× sin2 r)|11〉〈11|] (4)

where |ln〉 = |l〉A|n	〉+I . Hereafter we call the mode |n	〉+I
as B̃.

Now our system has two subsystems, i.e., the inertial sub-
system A and accelerated subsystem B̃. Our aim is to find out
under what conditions improved acceleration r can increase
the capacity for potential speedup of the quantum system in
a noisy environment. To do this, we consider two different
cases where both Alice and Bob’s states are in a noisy channel
or only Bob’s state is in a noisy channel, and discuss the effect
of the acceleration on the evolution speed of the quantum sys-
tem. Here we should point out that the above situation can
be experimentally implemented [63]. Therefore, our setup is
reasonable. For the sake of simplicity and without loss of gen-
erality, we considered three basic noise channels: amplitude
damping channel (ADC), depolarizing channel (DPC), and
phase damping channel (PDC). A quantum noisy dynamical
process can be generally described by a map Ei using the
Kraus representation Ei (ρ0i ) = ∑

m Kmρ0i K
†
m , where Km

are the Kraus operators satisfying
∑

m K †
mKm = I . Since

only N (N = 1, 2) qubits are coupled to their own noise
channel respectively, then the initial state ρAB̃ evolves in
time into a target state ρt acquired simply by the composi-
tion of N individual maps

ρt = E1ENρAB̃ . (5)

In the following, we analyze the influence of acceleration r on
the evolution speed of the system under three noise channels.

3.1 QSLT in the ADC under a noninertial frame

We consider that the system coupled to amplitude damp-
ing environment, which corresponding to the spontaneous
decay process of system’s state. In the Born-Markovian

Fig. 1 QSLT for a given two-qubit state, quantified by τQSL/τ as a
function of the acceleration parameter r , when both Alice and Bob’s
states are in the ADC. We set qR = 1

approximation, the ADC is given by its Kraus representa-
tion as E ADC

i (ρ0i ) = K0ρ0i K
†
0 + K1ρ0i K

†
1 , with K0 =

|0〉〈0|+√
p|1〉〈1| and K1 = √

1 − p|0〉〈1|, where p = e−�1t

is the decay of the excited population, and �1 is the dissipa-
tion rate. Next, we focus on the influence of the acceleration
parameter r on the QSLT from the two cases where Alice and
Rob’s states are coupled to the ADC and only Bob’s state is
in the ADC.

We first consider that the total system is in the ADC. By
substituting Eq. (4) into Eq. (5), the evolved density matrix of
the two-qubit system can be given. In the standard computa-
tional basis {|1〉 = |00〉, |2〉 = |01〉, |3〉 = |10〉, |4〉 = |11〉},
its elements are

ρ11 = 1

4
(2 − p + p cos 2r − 2(−1 + p) cos2 rqL + 2(−1 + p)2

× sin2 r |qL |2 + 2(−1 + p)2|qR |2),

ρ22 = 1

2
p(sin2 r − (−1 + p)(sin2 r |qL |2 + |qR |2)),

ρ33 = 1

2
p(cos2 rqL − (−1 + p)(sin2 r |qL |2 + |qR |2)),

ρ44 = 1

2
p2(sin2 r |qL |2 + |qR |2),

ρ14 = ρ41 = 1

2
p cos rqR . (6)

Based on Eq. (6), ‖ρs(0) − ρs(τ )‖hs and || ρ̇s(t)‖hs can be
obtained. Then we can compute QSLT according to Eq. (3).
By fixing an actual evolution time τ , the influence of the
acceleration parameter r on the QSLT for system is depicted
in Fig. 1. We find that the influence of the acceleration param-
eter r on QSLT depends on the excited state population pτ

of the final state. More specifically, when the excited state
population pτ < pτc (pτc means a certain critical value
of pτ ) (Fig. 1a–c), QSLT changes nonmonotonically with
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Fig. 2 QSLT for a given two-qubit state, quantified by τQSL/τ as a
function of the acceleration parameter r , when only Bob’s state is in the
ADC. We set qR = 1

increasing r , which means that the increase of the acceler-
ation parameter r can not only improve the evolution speed
of quantum state, but also inhibit it. However, in the case of
pτ = 0.5 > pτc in Fig. 1d, QSLT decreases monotonically
with the growth of the acceleration parameter r . That is to
say, for the total system coupled to the ADC, a relatively
large excited state population pτ is required to realize the
purpose that the capacity for potential speedup of quantum
system increases with increasing r .

For the case where only Bob’s state is in the ADC, the
density matrix can be also given by Eqs. (4) and (5), i.e.,

ρADC
t = 1

4
(2 − p + p cos 2r)|00〉〈00| + 1

2
p sin2 r |01〉〈01|

+1

2
(cos2 rqL − (−1 + p)(sin2 r |qL |2 + |qR |2))

|10〉〈10| + 1

2
p(sin2 r |qL |2 + |qR |2)|11〉〈11|

+1

2
√
p cos rqR(|00〉〈11| + |11〉〈00|). (7)

Similar to the case where the total system is in the ADC
channel, the effect of r on QSLT can be analyzed accord-
ing to Eqs. (3) and (7). The specific analysis results are
shown in Fig. 2. It is clearly shown that, in Fig. 2a, QSLT
decreases first and then increases with the increase of r when
the excited state population pτ = 0.01 < pτc1 (pτc1 means a
certain critical value of pτ ). This implies that the evolution
speed of the system can be enhanced as r increases. How-
ever, when pτ = 0.1, 0.3, 0.5 > pτc1 in Fig. 2b–d, QSLT
increases monotonically with the increase of r , which means
that increasing r cannot improve the evolution speed of the
quantum state. This is in sharp contrast to the situation that
the total system is coupled to ADC, in which case a relatively
large excited state population pτ can also stimulate the evo-

lution speed of the system to increase with the increase of
r . Therefore, in the ADC channel, by fixing the appropriate
excited state population, increasing the acceleration r can
speedup the evolution of the quantum state.

3.2 QSLT in the PDC under a noninertial frame

Now we assume that system coupled to a phase damping
channel (PDC) which describes a decoherencing process
without exchanging energy with the environment. The PDC
is described by the map EPDC

i (ρ0i ) = ∑2
m=0 Kmρ0i K

†
m ,

where the corresponding Kraus operators are given by K0 =√
ϒt I , K1 = √

1 − ϒt |0〉〈0|, and
√

1 − ϒt |1〉〈1|, where
ϒt = e−�2t and the coefficient �2 is the decay rate of non-
diagonal term of the density matrix. Based on Eqs. (4) and
(5), we can obtain the evolutional density matrix of the sys-
tem

ρPDC
t = 1

2
[cos2 r |00〉〈00| + qRϒN

t cos r |00〉〈11|
+qRϒN

t cos r |11〉〈00| + qL cos2 r |10〉〈10|
+ sin2 r |01〉〈01| + (|qR|2 + |qL|2 sin2 r)

|11〉〈11|], (8)

where N = 1 refers that only Bob’s state is in the PDC and
N = 2 means that both Alice and Bob’s states are in PDC.
Then based on Eq. (8), ‖ρs(0) − ρs(τ )‖hs= ‖ ρ̇s(t)‖hs=| −
1 +ϒN

τ |qR cos r/
√

2 can be obtained. Eq. (3) can be written
as τQSL/τ = 1. This means that when system is in the PDC,
QSLT does not depend on the acceleration parameter r .

3.3 QSLT in the DPC under a noninertial frame

Finally, we consider system in a depolarizing channel (DPC).
DPC describes the process in which the density matrix is
dynamically replaced by the state I/2. The definition of the
DPC is given via the map EDPC

i (ρ0i ) = ∑3
m=0 Kmρ0i K

†
m ,

and the corresponding Kraus operators are expressed as
Km = {(1 − γ )1/2 I, (γ /3)1/2σx , (γ /3)1/2σy, (γ /3)1/2σz},
where γ = (1 − �t )/2, �t = e−�3t and σ = (

σx , σy, σz
)T

denotes the Pauli matrices. Here �t represents the decoher-
ence parameter in the DPC. Let us first consider the case
where Alice and Bob’s states are in the DPC. According to
Eqs. (4) and (5), the density matrix elements of the system
can be expressed in the following form

ρ11 = 1

36
((2 + �t )(3 + (1 + 2�t ) cos 2r) − 2(−2 + �t + �2

t )

× cos2 rqL + 2(−1 + �t )
2 sin2 r |qL |2 + 2(−1 + �t )

2|qR |2),
ρ22 = 1

36
(2(−1 + �t )

2 cos2 rqL − 2(−2 + �t + �2
t ) sin2 r |qL |2

−(2 + �t )(−3 + (1 + 2�t ) cos 2r + 2(−1 + �t )|qR |2)),
ρ33 = 1

36
(2(2 + �t )

2 cos2 rqL − 2(−2 + �t + �2
t ) sin2 r |qL |2
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Fig. 3 QSLT for a given two-qubit state, quantified by τQSL/τ as a
function of the acceleration parameter r , when both Alice and Bob’s
state are in the DPC. We set qR = 1

−(−1 + �t )(3 + (1 + 2�t ) cos 2r + 2(2 + �t )|qR |2)),
ρ44 = 1

36
((−1 + �t )(−3 + (1 + 2�t ) cos 2r) − 2(−2 + �t + �2

t )

cos2 rqL + 2(2 + �t )
2 sin2 r |qL |2 + 2(2 + �t )

2|qR |2),
ρ14 = ρ41 = 1

18
(1 + 2�t )

2qR cos r. (9)

Based on Eqs. (3) and (9), we can analyze the effect of
r on QSLT. The analysis results are shown in Fig. 3. We
find that the transition from no-speedup evolution to speedup
evolution for the system can be realized by increasing the
acceleration parameter r . That is to say, when Alice and Bob’s
states are in the DPC, the capacity for potential speedup of
system can be improved by increasing r .

Then, we are turning our attention to the case of only Bob’s
state in the DPC. In this case, based on Eq. (5), we can get
the evolutional density matrix

ρDPC
t = 1

6
((2 + �t ) cos2 r − (−1 + �t ) sin2 r)|00〉〈00|

−1

6
((−1 + �t ) cos2 r − (2 + �t ) sin2 r)|01〉〈01|

+1

6
((2 + �t )qL cos2 r − (−1 + �t )(|qR |2 + |qL |2

× sin2 r))|10〉〈10| − 1

6
((−1 + �t )qL cos2 r − (2

+�t )(|qR |2 + |qL |2 sin2 r))|11〉〈11| + 1

6
(1 + 2�t )

×qR cos r(|00〉〈11| + |11〉〈00|). (10)

According to Eq. (10), (‖ρs(0)−ρs(τ )‖hs)
2=(‖ ρ̇s(t)‖hs)

2 =
(1/36)(−1+�τ )

2(1+cos 4r+8|qR |2 cos2 r+2(−qL cos2 r+
|qL |2 sin2 r + |qR |2)2) can be obtained. τQSL/τ = 1 can be
reached according to Eq. (3). Clearly, for only Bob’s qubit
in the DPC channel, the speedup evolution of the quantum
state cannot be obtained by adjusting r . Therefore, in order to
achieve the purpose of accelerating the evolution of quantum

states by increasing r , the case where both Alice and Bob’s
states coupled to the DPC should be selected.

4 The mechanism of quantum speedup in noninertial
frames

To further reveal the mechanism of quantum acceleration,
we need to investigate what relationship exists between the
acceleration and the decoherence parameter that leads to the
QSLT change of the system. For the quasi-inertial frame and
strong dissipation case, where the acceleration tends to 0 and
the decoherence parameter of the noisy channel tends to 0, a
clear quantitative expression of the QSLT with acceleration
and decoherence parameters can be obtained. To be more
specific, under the quasi-inertial frame and strong dissipation
regime, we find that QSLT has the following form

τQSL(r, p) ≈ τ0 + A(r) + B(r, p), (11)

where τ0 refers to the QSLT of the system in the strong-
dissipation regime and inertial frame (i.e., p = 0, r = 0),
A(r) represents the influence of the Unruh effect on QSLT,
and B(r, p) refers to the influence of the dissipation effect on
QSLT. In the following, we specifically analyze the quantum
acceleration mechanism of three noise channels.

4.1 The mechanism of quantum speedup in the ADC under
a noninertial frame

We first consider the quantum acceleration mechanism when
the total system is in the ADC channel. Under quasi-inertial
frame and strong dissipation case, the expression of QSLT
can be given by τ AB

QSL(r, p) ≈ τ AB
0 + r2(−αp+βr2), where

α and β are positive real numbers, −αp and βr2 corresponds
to B(r, p) and A(r) respectively, which describes the dissi-
pative effect and the Unruh effect in Eq. (11). Clearly, the
effect of the acceleration parameter r on QSLT depends on
the competitive relationship between the dissipation effect
and the Unruh effect. When p = βr2/α, the Unruh effect
and the dissipative effect cancel each other, resulting in
τ AB

QSL(r, p) ≈ τ AB
0 is independent of r . While p > βr2/α

(p < βr2/α), the dissipation (the Unruh) effect plays a lead-
ing role, QSLT would decrease (increase) monotonously with
the increase of r . Therefore, by fixing 0 < p < βr2

max/α,
QSLT could first decrease and then increase as r increases
from 0 to π/4, due to the competition mechanism between
the dissipation effect and the Unruh effect. Differently, tak-
ing p > βr2

max/α as an example, the dissipation effect
has always played a leading role in system evolution (i.e.,
−αp + βr2 < 0 has always been established), causing
QSLT decreases monotonically with increasing r . These phe-
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nomenons correspond to Fig. 1. Then one might wonder what
is the acceleration mechanism of the system when only Bob’s
state is in the ADC channel?

To resolve this problem, we explore the case where only
Bob’s state is in the ADC channel. In the quasi-inertial frame
and strong dissipation regime, the QSLT can be written as
τ B

QSL(r, p) ≈ τ B
0 +(−α1r2+γ f (p)r2+β1r3), where f (p) is

the monotonically increasing function of p and α1, β1, and γ

are positive real numbers, −α1r2+β1r3 and γ f (p)r2 respec-
tively describe the influence of the Unruh effect and the dis-
sipation effect on QSLT. Similar to the previous case, we find
that the variation of QSLT is still affected by the competition
between the Unruh effect and the dissipation effect. When the
dissipation effect described by γ f (p)r2 has a major impact
on the evolution of the system, QSLT would monotonously
increase with the increase of r . However, if the Unruh effect
described by −α1r2 + β1r3 plays a major role in the evo-
lution of the system, QSLT could change nonmonotonously
with increasing r . More specifically, QSLT could decrease
(increase) monotonously as r goes from 0 (α1/β1) to α1/β1

(π/4). These phenomena are consistent with Fig. 2. There-
fore, for the ADC, the competition mechanism between the
Unruh effect and the dissipation effect would lead to the fact
that acceleration r can play a beneficial role in the evolution
speed of the system.

4.2 The mechanism of quantum speedup in the PDC under
a noninertial frame

Now we consider the reason why quantum acceleration does
not occur in the PDC channel. Under the quasi-inertial frame
and strong dissipation regime, we can obtain τQSL(r, p) =
1 for the total system in the PDC and only Bob’s state in
the PDC, suggesting that the cancellation of the dissipation
effect described by B(r, p) in Eq. (11) and the Unruh effect
described by A(r) in Eq. (11) results in QSLT not related to
r . Hence, in the PDC, the competition relationship between
the Unruh effect and the dissipation effect causes the failure
of the acceleration dynamics of the system.

4.3 The mechanism of quantum speedup in the DPC under
a noninertial frame

Similarly, for the total system in the DPC channel, the
speedup dynamical behaviors of the system can be explained
by the analytical form of QSLT under the quasi-inertial
frame and strong dissipation regime, namely, τQSL(r, p) ≈
τ DPC

0 − α3r4, where α3 is a positive real number, −α3r4 is
equivalent to A(r), which describes the Unruh effect in Eq.
(11). QSLT would decrease monotonously with the increase
of r , due to the Unruh effect. Moreover, we can clearly see
that compared with the Unruh effect, the influence of the dis-
sipation effect described by B(r, p) on QSLT can be ignored.

In other words, when the total system is in the DPC, the Unruh
effect is the main cause of QSLT decreasing monotonously
with the increase of r . As for only Bob’s qubit in the DPC
channel, the speedup evolution of the quantum state cannot
be obtained by adjusting r . The cause of this phenomenon
is the same as the system in the PDC. Consequently, in the
DPC, the competition relationship between the Unruh effect
and the dissipation effect is the reason of the acceleration or
non-acceleration of the system with increasing r .

5 Conclusion

We have investigated the QSLT of the system under the Unruh
effect, where the observer Bob is uniformly accelerated with
respect to another observer Alice. We show that, in some
specific noise channels, the evolution speed of the system
can increase with the increase of the acceleration as a conse-
quence of the Unruh effect. We find that, enhancing the accel-
eration r could inhibit the speedup evolution of quantum sys-
tem when the total system or only Bob’s qubit is in the PDC.
However, for the total system in the ADC and the DPC, the
evolution speed of the quantum system can increase mono-
tonically with the increase of r . In order to further explain
the reasons behind these behaviors, we derived the analytical
formula of QSLT under the quasi-inertial frame and strong
dissipation regime, which revealed that the influence of the
acceleration r on QSLT depended on the competition mech-
anism between the dissipation effect and the Unruh effect.
Now experimental simulations of the Unruh effect rely on
the evolution of quantum states [37,38]. Therefore, enhanc-
ing the evolution speed of the quantum state can reduce the
simulation time, thereby improving the simulation efficiency
and robustness under environmental noise. That means our
results can be beneficial to the experimental simulations of
relativistic effects.
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