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Abstract

The possibility of masking an accelerated two-qubit system by using a minimum number
of qubits is discussed. It is shown that, the information may be masked in either entangled lo-
cal states or product non-local separable states. We examine that each partition of these states
satisfies the masking conditions. Due to the presence of non-local separable partition, one may
consider that it is a type of quantum data hiding scheme. The local /non-local information
encoded in the masked entangled state is robust against the decoherence of the acceleration
process. The possibility of estimating the acceleration parameter via the entangled/separable
masked state increases as the initial entanglement value increases. The efficiency of the mask-
ing process is examined by quantifying the fidelity of the accelerated state and its subsystems.
It is shown that, the fidelity of the masked state is maximum at small initial acceleration, while
the minimum fidelity is more than 96%.

1 Introduction

Saving information represents one of the most important issues that disturbs their owners. There-
fore, practically storing them or sending them safely a crucial step to start any project. However,
there are many protocols that have been introduced for this purpose. To secure communication ,
quantum cryptography [1] is one of the most techniques that has been developed and examined
from different points of view. On the other hand, the concealment of information is an essential
technique that protect handling information securely [2]. While quantum coding [3] is a powerful
method to encode information that can be used to store and send information safely.

We may mention that quantum masking is another tool that could be used to develop the re-
cent techniques of keeping information security. Recently, there are some attempts introduced, to
understand the masking process on entangled systems. For example, Modi et al.[4] defined some
conditions that must be satisfied by any masker of quantum information. Ghosh et al. [5] verified
the possibility of masking quantum information under some restricted conditions. The optimal
number of parties that can be used to mask any arbitrary state is discussed in Ref. [6]. The prob-
lem of information masking through nonzero linear operators is discussed by [7, 8]. The quantum
masker has been used to discuss the unconditionally secure qubit commitment [9].

Recently, accelerated quantum systems have attracted the attention of many researchers from
different aspects. There are some efforts to quantify the amount of entanglement that contained
on these accelerated systems[10, 11, 12, 13, 14, 15]. Metwally discussed the possibility of using
them to perform some quantum information tasks as teleportation[16, 17] dense coding [18]. The
quantum security over accelerated quantum channel is discussed by [19].
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Therefore, in this contribution we are motivated to discuss the possibility of applying the sim-
plest masking protocol on the accelerated systems. For this purpose, it is assumed that an ac-
celerated two-qubit system is initially prepared in the X-state. In this treatment, we assume that
either both or a single qubit is accelerated. The masking process is applied only on the accelerated
subsystem(s). We examine the masking conditions on all the possible partitions and we discuss
whether they contain classical or quantum correlations. The local/non-local masked information
as well as the masked quantum/ classical Fisher information are quantified. The fidelity of the
masked accelerated state and its marginal subsystems is examined.

The paper is organized as follows. In Sec. 2, we review the accelerated initial state, where we
quantify the initial entanglement by using the negativity. The mathematical forms of the Fisher
information and the local/ non-local information are introduced. Moreover, all the three quantities
are given for the accelerated system. In Sec. 3, the masking process is applied on the accelerated
system, where we assume that both qubits are accelerated and masked. Additionally, we show
that all the masked states satisfy the masking conditions. We investigate numerically, the behavior
of the masked Fisher information, local and non-local information for some initial states settings.
Sec. 4 is devoted to discuss the masking process when only one qubit is accelerated. In Sec. 5,
we discuss the accuracy of the masking process and its marginal parts by calculating the fidelity of
the accelerated masked state and its subsystems. Finally, we discuss our results and conclude the
paper in Sec. 6.

2 The proposed system

Let us assume that, the users Alice and Bob share a two qubit state of the X- state type. In the
computational basis [20], this state may be written as,

ρ = A11 |00〉 〈00|+A14 |00〉 〈11|+A22 |01〉 〈01|+A23 |01〉 〈10|
+A32 |10〉 〈01|+A33 |10〉 〈10|+A41 |11〉 〈00|+A44 |11〉 〈11| , (1)

where,

A11 = A44 =
1 + z

4
, A22 = A33 =

1− z
4

, A23 = A32 =
x+ y

4
,

A14 = A41 =
x− y
4

, |η| ≤ 1, η = x, y, z (2)

To examine the masking process on the accelerated two systems, we discuss the behavior of
the initial state (1) in the non-inertial frames. In this context, it is important to remind ourselves by
Unruh effect on Minkowski’s particles. It is well known that the Minkowsik coordinates (t, γ) can
be used to investigate the dynamics of these particles in the inertial frames. However the Rindler
coordinates (ζ, χ) may be used to describe the system in the non-inertial frame. These coordinates
are connected by the following relations,

ζ = r tanh

(
t

γ

)
, χ =

√
γ2 − t2, (3)
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where −∞ < ζ < ∞, −∞ < χ < ∞ and r is the acceleration of the moving particle. The
transformation (3) defines two regions in Rindler’s spaces: the first region I for |t| < γ and the
second region II for γ < −|t| [21]. In terms of Rindler’s modes, the Minkowski vacuum |0k〉M
and the one particle state |1k〉M take the form,

|0k〉M = cos r |0k〉I |0−k〉II + sin r |1k〉I |1−k〉II ,
|1k〉M = |1k〉I |0k〉II . (4)

where, ci = cos ri, si = sinri, with tanri = e
−πωi

c
ai , ai is the acceleration, ωi is the frequency of

the traveling qubits, c is the speed of light and i = A,R stands for Alice and Bob respectively. In
this investigation, it is assumed that, either Alice/ Bob or both of them are accelerated. Therefore,
a uniformly accelerated observer lying in one wedge of space time is causally disconnected from
the other. Since, we are interested on the connected accelerated state between Alice and Bob, ρacc
is in region I , one has to trace out the state of Anti-Alice and Anti-Bob in the region II . Now, by
using the acceleration process, then the accelerated state between Alice and Bob in the first region
I is given by,

ρacc = B11 |00〉 〈00|+ B14 |00〉 〈11|+ B22 |01〉 〈01|+ B23 |01〉 〈10|
+ B32 |10〉 〈01|+ B33 |10〉 〈10|+ B41 |11〉 〈00|+ B44 |11〉 〈11| ,

(5)

where

B11 = c4A11, B14 = c2A14,B22 = c2
(
s2A11 +A22

)
, B23 = c2A23, B32 = c2A32,

B33 = c2
(
s2A11 +A33

)
, B41 = c2A41, B44 = s4A11 + s2A22 + s2A33 +A44. (6)

Since the amount of entanglement that contained in the accelerated state between the users is an
essential quantity to perform many quantum tasks, it is important to quantify it. For this aim, we
consider the negativity as a common measure of entanglement. However, for any two qubit system
ρAB, the negativity is defined as [22, 23]

N (ρAB) =
∑
i

|λi| − 1 (7)

where λi are the eigenvalues of the partial transpose of ρAB with respect to the second subsystem
B The behavior of negativity N (ρAB) of the accelerated state (5) is shown in Figure(1), where
different initial state settings are considered. It is clear that the amount of the survival entanglement
depends on the initial entanglement, where for the non-accelerated state, ie. r = 0, the negativity is
maximum. However as the the acceleration increases, the negativity decays, meaning: the amount
of the survival entanglement decreases. The decay increases if the initial entanglement is small.

2.1 Initial accelerated Information

In this section, we review some types of information that can be distilled from the accelerated
state (5). Among these types we mention the quantum Fisher information, local and non-local
information.
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Figure 1: The negativity for the state (5) initially prepared with x = y = z = −0.85 for the dashed
curve, the Werner state with x = y = z = −0.75 for the dotted curve and the generalized Werner
state with x = −0.6, y = −0.2 and z = −0.5 for the solid curve.

Quantum Fisher Information:

The quantum Fisher information (QFI) with respect to any parameter describes the sensitivity of
the state according to changes of this parameter. Let the parameter θ is coded in the state ρθ, then
the QFI Fθ with respect to the parameter θ is defined as [24]

F θI =
n∑
i=1

1

λi

(
∂λi
∂θ

)2

+ 4
n∑
i=1

λi

(〈
∂Vi
∂θ

∣∣∣∣∂Vi∂θ

〉
−
∣∣∣∣〈Vi∣∣∣∣∂Vi∂θ

〉∣∣∣∣2
)

− 8
n∑
i 6=j

λiλj
λi + λj

∣∣∣∣〈Vi∣∣∣∣∂Vj∂θ

〉∣∣∣∣2 , (8)

where λi and |Vi〉 are the eigenvalues and the corresponding eigenvectors of ρθ. It is clear that, the
accelerated state (5) depends on the external parameter, r and the initial state parameters settings.
Therefore to estimate these parameters one has to evaluate the eigenvalues and the eigenvectors in
the normal computational basis, 00, 01, 10, 11 as,
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Figure 2: Estimating (a) the acceleration parameter r, and (b) the x parameter by using (5). It is
assumed that the system is initially prepared in a Werner states with x = y = z = −0.85 for the
dashed curve, x = y = z = −0.75 for the dotted curve and the X- state with x = −0.6, y = −0.2
and z = −0.5 for the solid curve.

λ1,2 = −
1

8
cos2 r(−3 + z ± 2(x+ y) + (1 + z) cos(2r)),

λ3,4 =
1

32
(3z + 11 + 4(z − 1) cos(2r) + (z + 1) cos(4r)− 2κ(x, y)) ,

|V1〉 =
(
0,− 1√

2
,
1√
2
, 0

)
, |V2〉 =

(
0,

1√
2
,
1√
2
, 0

)
,

|V3〉 =
1√

1 + µ2
1

(µ1, 0, 0, 1) , |V4〉 =
1√

1 + µ2
2

(µ2, 0, 0, 1) , (9)

where

µ1,2(r) =
sec2 r

4(x− y)
(−4 + 4 cos(2r)∓ κ(x, y)) .

κ(x, y) =
√

8 cos(2r) ((x− y)2 − 4) + 2(3 + cos(4r)) ((x− y)2 + 4).

In Figure(2), we estimate the acceleration parameter r and estimate one parameter of the initial
state settings. For this estimation process, we evaluate the quantum Fisher information with re-
spect to the parameters r and x. As it is displayed; from Figure(2a) the possibility of estimating
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Figure 3: The local and non-local information for the state (5), where the system is initially
prepared in Werner state with x = y = z = −0.85, for the dashed curve, x = y = z = −0.75, for
the dotted curve and the X- state with x = −0.6, y = −0.2 and z = −0.5 for the solid curve.

the parameter r increases as the acceleration increases. The increasing estimation degree of the
parameter r, depends on the initial entanglement of the accelerated system. Therefore, the largest
possibility of estimating the acceleration r is depicted for an accelerated system initially prepared
in a maximum entangled state. The behavior of the quantum Fisher information with respected to
the parameter x, FxQ is displayed in Figure(2b). It is clear that the maximum values of FxQ is shown
at r = 0. As soon as the acceleration process starts ,FxQ decreases gradually as the acceleration
increases.

Local and Non-Local Information:

The local information Iloc for a qubit and the non-local Inonloc information between the two qubits
are defined by [25, 26]

Ij = log2D − S(ρi) (10)

where j = loc and nloc for the local and non-local information, respectively. S is the von-
Neumann entropy andD is the dimension of the state ρi, i = a(b), ab. The behavior of the local and
non-local information of the accelerated state (5) is displayed in Fig.(3). Since the two qubits are
accelerated, then the local and non-local information are slightly affected by the acceleration. On
the other hand, the less entangled state, has a high ability to resist the decoherence which is a result
of the acceleration process. However, as one increases the initial entanglement, the robustness of
the decoherence decreases.
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3 Masking Process

The masking process of a two qubit-system is defined as: one says that an operator µ is a masker
operator if it maps the state ρab into ρa ⊗ ρb, where ρab ∈ Hab and ρa ⊗ ρb ∈ Ha ⊗ Hb. The
marginal states are defined as: ρa = Trb{ρab} and ρb = Tra{ρab}. This means that, the masked
state is distributed into to two parties who has no information about the initial state.

In this section, we examine the possibility of using the most simple protocol to mask the ac-
celerated system (5). This protocol suggests that each single information is masked by using two
qubits [5], where each user can generate his/her quantum circuit for the masking purpose. In this
context, each |0〉 → |00〉+|11〉√

2
and |1〉 → |00〉−|11〉√

2
, which represents the minimum numbers of

masker qubits.

3.1 Both qubits are accelerated and masked

Now, by applying this protocol on our suggested accelerated state (5), one gets the total masked
state as,

ρmaskabacc =
1

4

{
R+ (|0000〉 〈0000|+ |1111〉 〈1111|) +R− (|0011〉 〈0011|+ |1100〉 〈1100|)

+ U− (|0000〉 〈1111|+ |1111〉 〈0000|) + U+ (|0011〉 〈1100|+ |1100〉 〈0011|)

− sin2 r
(
|0000〉 〈0011|+ |0000〉 〈1100|+ |0011〉 〈0000|+ |1100〉 〈0000|

+ |1111〉 〈0011|+ |1111〉 〈1100|+ |0011〉 〈1111|+ |1100〉 〈1111|
)}
, (11)

where R± = (1 + x cos2 r) and U± =
(
z cos4 r − y cos2 r + sin4 r

)
.

In this context, we have to check whether this protocol masks the accelerated state. In other words,
are the masking conditions satisfied?. For this aim, one has to evaluate all the possible partitions
of the reduced density operators. Our calculations show that,

ρmaskab12 = ρmaskab34

=
1

2
(|00〉 〈00|+ |11〉 〈11|)− 1

2
sin2 r (|11〉 〈00|+ |00〉 〈11|) . (12)

and,

ρmaskab13 = ρmaskab23 = ρmaskab14 = ρmaskab24

= κ+ (|00〉 〈00|+ |11〉 〈11|) + κ− (|01〉 〈01|+ |10〉 〈10|) . (13)

where κ± = 1
4
(1± x cos2 r).

It is clear that, for all these partitions ρmaskab1 = ρmaskab2 = ρmaskab3 = ρmaskab4 = 1
2
I2. This

means that the masking conditions are satisfied, and consequently all the information are depicted
only on the generated entangled states. Therefore, it is important to quantify the amount of entan-
glement generated in all the reduced density operators. The negativity of the state (12) is shown in
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Figure 4: For the partition (12), we evaluate (a) the negativity for the reduced density operator
ρ12(ρ34) (b) The quantum Fisher information F rI

Figure(4a). It is clear that, the negativity does not depend on the type of the initial state. It depends
only on the accelerated parameter, where it increases as r increases.
The quantum Fisher information with respect to the parameter can be evaluated explicitly by using
the state (12) as,

F rQ(r) = 2 sin2 r +
sin2 2r

3− cos 2r
. (14)

The behavior of the quantum Fisher information F rQ is displayed in Figure(4b). It is clear that, F rQ
increases as r increases, where the maximum value of F rQ = 4/3 is obtained at r = π/4. Finally
the local and the non-local information that encoded on the partition (12) are shown in Figure(5).
Again since the accelerated partition (12) depends only on the acceleration r, and its amount of the
quantum correlation decreases as r increases, then the amount of non-local information deceases
as r increases. Therefore, one may conclude that, at any values of the initial states settings, one
can find a partition depends only on the accelerated parameters, where this partition satisfies the
masking conditions. However, the behavior of the non-local information encoded in the state (12)
is displayed in Figure(5a). However, the behavior of the Inlocal shows that it decays slightly as r
increases. This is due to the robustness of the partition (12) against the acceleration, where as it is
displayed from Figure(4b), the entanglement increases as r increases.

The most important result that is depicted in Figure(5a) for the local information. It seems
that, the local information Iloc is independent of the acceleration parameter, r. By comparing
Figure(3b) and Figure(5b), one can notice that, before applying the masking process the local
information decreases as r increases, while after the masking process it is independent of the
acceleration parameter. However, these results can be obtained analytically from the final state of
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Figure 5: The local and non-local information for (12)

the first qubit ρ1 = tr2{ρ12} = 1
2
I2. This means that, the local information is hidden within the

non-local quantum correlation.
On the other hand, by using the PPT [22] criterion, one can find that the eigenvalues of ρT213 are

non-negative, and consequently the state (13) is separable, namely contains only classical corre-
lation on the range of its settings, where |η| ≤ 1, where η = x, y, z. Meanwhile its subsystems
satisfy the conditions of masking. Similarly, we examine the behavior of the classical Fisher infor-
mation (CFI) and local/non-local information that are masked in the second partition (13). In this
context, the classical Fisher information F rC and FxC are obtained analytically as,

F rC =
x2 sin2(2r)

x2 cos4 r − 1
, FxC =

cos4(r)

1− x2 cos4 r
. (15)

From (15), the singularity of the two functions are depicted at x = ±1 and r = 0. Therefore
mathematically the choice of x = ±1 is not to be considered.

The accelerated masked state (13) is a function of the parameters r and x. Therefore, we can
estimate these parameters by means of the classical Fisher information(CFI). The behaviors of
CFI with respect to the parameter r is shown in Figure(6a). It is clear that, F rC increases as the
acceleration increases. However, as one increases initial entanglement of the acceleration system,
the possibility of estimating r classically increases. However, at other values of the acceleration,
the classical Fisher information F rC reaches its maximum values at different acceleration.

The classical Fisher information with respect to the parameter x is explored in Figure(6b).
Since, the initial state settings demonstrates the degree of entanglement and the masked state (13) is
a product state and consequently its separability increasers as r increases. Therefore the estimation
degree of the parameter x decreases as r increases. These results can be seen from the analytical
form (15).
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Figure 6: Estimating (a) the acceleration parameter r, and (b) the x parameter by using (13). It is
assumed that the system is initially prepared in a Werner states with x = y = z = −0.85 for the
dashed curve, x = y = z = −0.75 for the dotted curve and the X- state with x = −0.6, y = −0.2
and z = −0.5 for the solid curve.

It is worth to mention that, one of the most important advantages of the masking process in
this case is: it is possible to mask any state of accelerated two-qubit system, where the masked
state either depends on only the acceleration parameter as ρmaskab12(34) or the acceleration parameter
r and only one parameter x, where |x| ≤ 1 and the other parameters are arbitrary. Also, as it is
displayed from the non-local product state (13), the users can not estimate any parameter without
their contribution. This technique represents a kind of protecting the information.

To look at the effect of the masking process on the behavior of the local and non-local infor-
mation of the masked state (13), we consider the initial accelerated state to be prepared in different
state settings. As it is displayed from Figure(7a), the Inloc increases as the acceleration parameter r
increases. Moreover, the largest values are predicted for an accelerated system initially prepared in
the X-state. The non-local information slightly increases as r increases, where the increasing rate
is displayed clearly for those initially encoded the large entangled state. The behavior of the local
information is displayed in Figure(7b), is independent of the acceleration r. On the other hand, by
comparing Figure(7a) and Figure(3a), we can see that the amount of the non-local information that
displayed in Figure(7a) is much larger than that shown in Figure(3a). This means that the local
information is coded now in the non-local classical correlation.
These results display that, the local encoded information can be quantified from both qubits, the
masker qubit which is in Alice hand and one of Bob’s qubits which may be the masker qubit or the
initial accelerated qubit. Therefore, one can not obtain any information from Alice’s qubit alone.
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Figure 7: The local and non-local information for (13)

3.2 Only Alice’s qubit is masked

In this subsection, it is assumed that both qubits accelerated and only Alice’s qubit is masked.
Therefore, we get

ρacc
123 =

1

4
{ cos2 r (|000〉 〈000|+ |110〉 〈110|)

+ x cos2 r (|001〉 〈000|+ |000〉 〈001| − |111〉 〈110| − |110〉 〈111|)
+ cos2 r

(
z cos2 r − sin2 r

)
(|110〉 〈000|+ |000〉 〈110|)

+ y cos2 r (|111〉 〈000| − |110〉 〈001| − |001〉 〈110|+ |000〉 〈111|)
+
(
2− cos2 r

)
(|001〉 〈001|+ |111〉 〈111|)

+ (3 cos2 r − (z + 1) cos4 r − 2) (|111〉 〈001|+ |001〉 〈111|) } . (16)

From this density operator, we have three partitions ρmaska12 = tr3{ρmaska123 }, ρmaska13 = tr2{ρmaska123 },
and ρmaska23 = tr1{ρmask123 }. In the computational basis the partition ρmaska12 can be written explicitly
as,

ρmaska12 =
1

2
(|00〉 〈00|+ |11〉 〈11|)− 1

2
sin2 r (|11〉 〈00|+ |00〉 〈11|) . (17)

It is clear that, the state (17), satisfies the masking conditions, where ρmaskaa = tr2{ρmaska12 } =
1
2
I2 and ρmask2 = tr1{ρmask12 } = 1

2
I2. However,the state (17) is the same as (12). Therefore it
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predicts the same behavior of the QFI, local and non-local information. The second and third
partitions are equal, explicitly they may be written as,

ρmaska13 = ρmaska23

=
1

4
{ cos2 r (|00〉 〈00|+ |10〉 〈10|) + (2− cos2 r) (|01〉 〈01|+ |11〉 〈11|)

+ x cos2 r (|00〉 〈01|+ |01〉 〈00| − |10〉 〈11| − |11〉 〈10|) } . (18)

The reduced density operators of the subsystems are defined such that, ρmaska1 = ρmaska3 =
1
2
I2×2. This means that the state (18) satisfies the masking condition. On the other hand, the

masked state (18) is separable, where the eigenvalues of (ρmaska13 )T2 are non-negative. Therefore
the local information is masked on the classical correlation.

It is clear that the masked state (18) is a function of the parameters r and x. Therefore, we can
estimate these parameters by means of CFI, which requires evaluating the eigenvalues as given by,

λ1 = λ2 =
1

4
(1− κ(x, y)) , λ3 = λ4 =

1

4
(1 + κ(x, y)) , (19)

where, κ(x, y) =
√
(x2 + 1) cos4(r)− 2 cos2(r) + 1. The analytical expressions of the classical

Fisher information of F rC and FxC are given by,

F rC =
sin2(2r) ((x2 + 1) cos2 r − 1)

2

κ2(1− κ2)
, FxC =

x2 cos8 r

κ2(1− κ2)
. (20)

As it is exhibited from the mathematical form (20), F rC has the minimum value of zero at r = 0

and r = arccos
(
± 1√

x2+1

)
, while F rx has no singular point on the domain of x ∈ (−1, 1). The

behavior of CFI with respect to the parameter r and x is shown in Figure(8), where we plot F rC
for different initial state settings. It is clear that, F rC increases gradually as r increases to reach its
maximum bound. After that decreases gradually to vanish completely at r = arccos

(
± 1√

x2+1

)
.

However, at further values of r, it increases again to reach its maximum value at r = π/4. The
behavior of the classical Fisher information FxC is shown in Figure(8b), where it decreases gradu-
ally to reach their minimum values at r = π/4. The minimum bounds of FxC depend on the initial
entanglement of the accelerated state.

The local and non-local information of the state (18) are shown in Figure(9). The behavior of
Inloc is similar to that displayed in Figure(7a), but the non-local information is slightly smaller.
Moreover, the maximum bound is much larger than those displayed before masking process, be-
cause the masked local information are also encoded on the classical correlation.
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Figure 8: The same as Figure(6) but for the masked state (18).
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Figure 9: The local and non-local information for (18).
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4 Alice is accelerated

In this section, we assume that only Alice qubit is accelerated. Using the acceleration process, the
final accelerated state is given by,

ρac = B11 |00〉 〈00|+ B14 |00〉 〈11|+ B22 |01〉 〈01|+ B23 |01〉 〈10|
+ B32 |10〉 〈01|+ B33 |10〉 〈10|+ B41 |11〉 〈00|+ B44 |11〉 〈11| ,

(21)

where

B11 = c2A11, B14 = cA14, B22 = c2A22, B23 = cA23, B32 = cA32,

B33 = s2A11 +A33, B41 = cA41, B44 = s2A22 +A44. (22)

The behavior of the amount of the non-classical correlations (entanglement) contained in the state
(21), is examined through the negativity in Figure(10), where different initial state settings are
considered.
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Figure 10: The negativity for the state (21), where it is assumed that only Alice’s qubit is ac-
celerated. The system is initially prepared in a Werner state with x = y = z = −0.85, and
x = y = z = −0.75 for the dashed and the dot curves, respectively. While the solid curve
represents the behavior of the negativity for the X-state with x = −0.6, y = −0.2 and z = −0.5.

The behavior of the negativity, as a measure of the entanglement, is similar to that shown in
Figure(1), namely it decreases as the acceleration increase. The decreasing rate depends on the
initial entanglement of the accelerated system. Moreover, the decreasing rate is much smaller
than that displayed when both qubits are accelerated, as shown from Figure(1). The negativity
decreases faster and vanishes at small values of r for the suggested X-state settings. Moreover,
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Figure 11: Estimating (a) the acceleration parameter r, and (b) the x parameter by using (21). It is
assumed that the system is initially prepared in a Werner states with x = y = z = −0.85 for the
dashed curve, x = y = z = −0.75 for the dotted curve and the X- state with x = −0.6, y = −0.2
and z = −0.5 for the solid curve.

the accelerated state (21) is a function of the acceleration parameter and the one that describes
the initial accelerated state. Therefore for the sake of matching we estimate the parameters r and
x. Figure(11a) displays the behavior of classical Fisher information (CFI) with respected to the
acceleration r, F rC . However, as r increase, F rC increases gradually to reach its maximum value.
At further values of r, F rC , decreases gradually to reach its minimum values at r = π/4. The
parameter x is estimated by using the classical Fisher information FxC for different initial state
settings see (Figure(11b)). In this case, FxC decreases as r increases. The largest value of the
classical Fisher information FxC is depicted for the less initial entangled accelerated state at small
values of r.

4.1 Only Alice’s qubit is masked

In this subsection we discuss the possibility of masking the information of Alice’s qubit, by using
the accelerated state (21) where The final states after Alice applies the masking process on her
qubit is given by,
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Figure 12: The local and non-local information for the state (21), where the system is initially
prepared in Werner state with x = y = z = −0.85, for the dashed curve, x = y = z = −0.75, for
the dotted curve and the X- state with x = −0.6, y = −0.2 and z = −0.5 for the solid curve.

ρmaskaac =
1

4
{ (|000〉 〈000|+ |110〉 〈110|+ |111〉 〈111|)

+ x cos r (|001〉 〈000|+ |000〉 〈001| − |111〉 〈110| − |110〉 〈111|)

+
1

2
((z + 1) cos(2r) + z − 1) (|110〉 〈000|+ |000〉 〈110|)

+ y cos r (|111〉 〈000| − |110〉 〈001| − |001〉 〈110|+ |000〉 〈111|+ |001〉 〈001|)+
1

2
(−(z − 1) cos(2r)− z − 1) (|111〉 〈001|+ |001〉 〈111|) } . (23)

Now by tracing the third qubit of the state ρmaska123 one obtains,

ρmaska12 =
1

2
(|00〉 〈00|+ |11〉 〈11|)− 1

2
sin2 r (|11〉 〈00|+ |00〉 〈11|) . (24)

The state (24) is the same as those displayed in (12) and (16). Therefore it satisfies the masking
conditions, namely ρmaska1 = tr2 ρ

maska
12 = 1

2
I2 and ρmaska2 = tr1 ρ

maska
12 = 1

2
I2. Therefore, the

masked information of Alice is encoded on the quantum correlation of the state(24). Moreover, the
behavior of the quantum Fisher information, the local and non-local information is similar to that
shown in Subsection (3.1).
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The second and the third partitions are given by,

ρmaska13 = ρmaska23

=
1

4
(|00〉 〈00|+ |10〉 〈10|+ |01〉 〈01|+ |11〉 〈11|)

+
1

4
(x cos r) (|00〉 〈01|+ |01〉 〈00| − |10〉 〈11| − |11〉 〈10|) . (25)

It is clear that, the state (25) satisfies the masking conditions, where ρmaska1 = ρmaska3 = 1
2
I2.

This means that, the masked information encoded on the classical/quantum correlation of the state
ρmaska13 . On the other hand, the partition (25) represents a separable state where the eigenvalues of
ρT2−maska13 > 0. Therefore, all the information are masked in the classical non-local state between
Alice and Bob. Consequently, we evaluate the classical Fisher information which can be used to
estimate the acceleration r and the settings parameter x. For this aim one needs to evaluate the
eigenvalues of (25) which are given by,

λ1 = λ2 =
1

4
(1− x cos(r)), λ3 = λ4 =

1

4
(1 + x cos(r)).

The behavior of the classical Fisher information (CFI) with respect to the parameter r and x can
be evaluated analytically as

F rC =
x2 sin2 r

1− x2 cos2 r
, FxC =

cos2 r

1− x2 cos2 r
. (26)

From these two forms it is clear that, FxC is undefined at either x = ±1 or r = 0. Therefore
it is impossible to estimate the initial state settings or the acceleration parameter when the initial
accelerated system is prepared in a maximum entangled state. When x = ±1, the maximum value
F rC = 1 is obtained while FxC = cot2 r, which tends to infinity at r → 0. Therefore, the non-local
product state (25) can be used to estimate a class of initial states which are defined by |x| < 1
and arbitrary y, z. The behavior of the classical Fisher information F rC and FxC are displayed in
Figure(13). However, as shown in Figure(13a), F rC increases as r increases. The increasing rate
depends on the amount of entanglement contained in the initial accelerated state. As we mentioned
above, analytically the maximum value of F rC does not exceed one. The behavior of FxC is shown
in Figure(13b), where it decreases gradually as the acceleration increases. The maximum values of
FxC is displayed at r = 0 and large initial entanglement, as clarified from the analytical form (26).
The increasing and decreasing behavior of the classical Fisher informationF rC andFxC is due to the
entanglement. Since, the entanglement decreases as one increases the acceleration r, the classical
correlation increases on the expanse of the quantum correlation. On the other hand the state (25)
contains only classical information, Therefore the CFI increases with respect to the acceleration r.

The local and non-local information for (25) are shown in Figure(14). As it is displayed from
Figure(14a), Inonloc increases very slightly as r increases, where the predicted amount of the non-
local information is larger than that displayed in Figure(12), namely before masking process which
means it contains an extra information. On the other hand, there is no information encoded in the
marginal states. These results are confirmed from the behavior of the Iloc in Figure(14b).
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Figure 13: Estimating (a) the acceleration parameter r, and (b) the x parameter by using (25). It
is assumed that the system is initially prepared in a Werner state with x = y = z = −0.85 for the
dashed curve, x = y = z = −0.75 for the dotted curve and the X- state with x = −0.6, y = −0.2
and z = −0.5 for the solid curve.
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Figure 14: The local and non-local information for (25)
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Figure 15: The fidelity of the masked state by means of the generated (a) local entangled state (12),
(b) the non-local separable state (13) and (c) the marginal states ρ1(2)

5 Accuracy of the masking process

It is worth to discuss the accuracy degree of the masking process by evaluating the fidelity of the
masked accelerated state and its marginal. Let us consider first case, where both qubits are ac-
celerated and masked as in Subsection (3.1). In this case, the generated masked state either, the
entangled local state (12) or the non-local separable state (13). The fidelity of the masked state is
displayed in Figure(15) by using the masked states (12) and (13). However, the fidelity evaluated
by using the local entangled state (12), increases gradually as the initial acceleration increases.
Also, as it is displayed from Figure(15a), the less entangled sate predicted large fidelity of the
masked state. In Figure(15b), we investigate the behavior of the fidelity of the masked state by
using the non-local separable state for different initial accelerated state settings. In general, the
behavior shows that the fidelity decreases as the initial increasing increases. The smallest upper
bounds of the fidelity is displayed for accelerated states having large initial entanglement. The
most important significant result that could be noticed from the behavior of the fidelity is that: the
fidelity of the masked state is maximum at small values of acceleration r < π/8.
In Figure(15c), we plot the fidelity Fρ1(2) of the masked state of the marginal state ρ1 or ρ2. It
is clear that the fidelity at r < π/8 is maximum, while at further values of r the fidelity Fρ1(2)
decreases quickly to reach its minimum value at r = π/4, where min{Fρ1(2)} > 0.96.

Now, we assume that only Alice qubit is masked and both qubits are accelerated as studied
in Subsection (3.2). In this case, only the non-local partition is different. So, it is enough to
consider the fidelity of the accelerated state by means of the masked state (18). As it is displayed
from Figure(16a), the fidelity increases as the acceleration parameter r increases. Similarly, the
possibility of masking the less entangled state is better than that displayed for those with large
initial entanglement. The minimum fidelity is predicted when the acceleration tends to infinity is
larger than 91%. The fidelity of the masked marginal state of Alice is displayed in Figure(16b).
The general behavior is similar to that displayed in Figure(15), where the minimum fidelity is
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larger than 96.05% and it is maximum, i.e. (= 1) at any r < π/8.
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Figure 16: The fidelity of the masked state by means of the generated (a) local entangled state (18),
and (b) the marginal states ρ1(2)

Also, our third case, namely: only Alice’s qubit is accelerated and masked as in Subsection
(4.1); predicates the same behavior of the fidelity. From our previous results, one may conclude
that one can mask the accelerated information of two qubit system with high efficiency via the
non-local separable state. The minimum masking efficiency of the marginal state exceeds 96%, if
both qubits or a single qubit is accelerated. However, for the total state the minimum fidelity of the
masked state masking is larger than 90% if both qubits are accelerated and above 85.5% when only
one qubit is accelerated. Therefore the high efficiency of the masking process is achieved, when
both subsystems are accelerated and masked.

6 Conclusion

In this contribution, we discussed the possibility of applying the simplest masking protocol on
accelerated two-qubit system. In this treatment, different scenarios are considered: either the two
qubits are accelerated or only one of them, where the masking process is performed on the acceler-
ated qubit only. To clarify this idea we assume that, the accelerated system is prepared in different
settings of the X-state. The amount of the non classical correlations of the accelerated systems are
quantified by means of the negativity measure. Moreover, the quantum Fisher information is used
to estimate the parameters which describe the accelerated two-qubit system. Further, we quantify
the accelerated local and non-local information which are encoded in the accelerated system.

Due to the masking process on the accelerated subsystems, there are different partitions of
the masked accelerated systems which are generated. It is shown that, there is an entangled state
which is generated locally between each accelerated qubit and the masker qubit. There are different
types of classical correlated states which are generated non-locally. However, all these kinds of
states local entangled/ non-local separable, satisfy the masking conditions. It is explored that, the
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local information of the accelerated state is encoded in the local entangled state and the non-local
product states.

As a result of the masking process, the local entangled state depends only on the acceleration
parameter, while the non-local separable state depends on the acceleration parameter and a single
parameter of the initial state settings. Therefore, the possibility of masking a large set of initial
types of theX-states is one of the most important outcomes of the masking process. The estimation
process of the acceleration parameter may be achieved locally via the entangled state or non-locally
by using the non-local separable state. However, for the initial state settings parameter it can be
estimated only by using the non-local separable state

The behavior of the local and non-local information is estimated before and after the masking
process. It is shown that, due to this process the local information can not be quantified locally.
This means that, the local information is masked in the local-entangled state, and consequently the
total information that encoded in this state includes the local and non-local information. Similarly,
the non-local product states can be used to quantify the local and the non-local information. These
results explore an alternative technique to hide the information from the eavesdroppers, where to
get any information Eve has to reach the non-local product state, which is impossible, where each
part is in a different lab.

The fidelity of the masked state is evaluated for all the suggested cases. It is shown that, the
fidelity of the local entangled masked state increases as the acceleration increases, while that for
the non-local separable states and their marginal subsystems decreases gradually. The fidelity
predicted for the accelerated masked state is maximum at small values of the initial acceleration.
The minimum fidelity displayed by means of the non-local separable states and their marginal is
more than 96%.

In this context, it is worth to mention that the generated masked state displays an unexpected
different behavior. It is well known that, the acceleration process has a decoherence effect. How-
ever, the amount of entanglement of the masked entangled state increases as the acceleration in-
creases. Moreover, the estimation degree of the acceleration parameter increases as the initial
acceleration increases.

In conclusion: it is possible to mask the accelerated information encoded in a two-qubit system
by using a minimum number of masker qubits. The generated masked state may be locally entan-
gled/ separable state, where these states satisfy the masking and hiding information, respectively.
However, the fidelity of masking the accelerated whole states and its subsystems locally is above
96%, while it is maximum for small values of acceleration. We expect that these results may be
important in the context of storing and handling the quantum information securely.
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