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Abstract

Let Alice, Bob and Charlie initially share an arbitrary fermionic three-qubit
pure state, whose three-tangle is 'C3(O). It is shown within the single-mode
approximation that if one party among the three of them moves with a uniform
acceleration with respect to the other parties, the three-tangle reduces to
1:3(0) cos? r, where r denotes a statistical factor in Fermi—Dirac statistics.

PACS numbers: 03.67.—a, 03.65.Ud, 03.30.4-p

(Some figures may appear in colour only in the online journal)

Recently, quantum information theories in the relativistic framework have attracted
considerable attention [1-5]. It seems to be mainly due to the fact that many modern
experiments on quantum information processing involve the use of photons and/or electrons,
where the relativistic effect is not negligible. Furthermore, relativistic quantum information
is also important from purely theoretical aspects [6] in the context of black hole physics and
quantum gravity.

It has been shown in [3] that the entanglement formed initially in an inertial frame is
generally degraded in a non-inertial frame. In particular, the bipartite bosonic entanglement
completely vanishes when one of the two parties approaches the Rindler horizon. However, for
the tripartite case there is a remnant of the bosonic entanglement even in the Rindler horizon.

In this paper, we will examine the degradation of the pure-state three-tangle in the non-
inertial frame. We assume that the three stationary parties Alice, Bob and Charlie share the
arbitrary fermionic pure three-qubit state |i) at the event P (see figure 1). One party then
undergoes constant acceleration, while the remaining two parties remain at the rest frame. The
worldlines for accelerating and stationary frames are described in figure 1 by red and blue
solid lines, respectively.

As figure 1 shows, the accelerating party cannot access the Rindler region /1. This means
that the accelerating party cannot communicate with any observer in this region. Thus, in order
to describe physics from the point of view of the accelerating observer, we need to remove the
part of the system described by the region /I due to its causally disconnected nature. This can
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Figure 1. We assume that the three parties, who are at rest frame at ¢+ < 0, share an arbitrary
fermionic three-qubit pure state |1/) at the event P. One party then undergoes a constant acceleration
(red solid line), while the remaining two parties remain at the rest frame (blue solid line). 7 and 77
denote the two causally disconnected regions of Rindler space.

be achieved by taking a partial trace over this region, and, as a result, the information of the
region /I is erased. The degradation of the bipartite entanglement [3] occurs via this partial
trace.

One may argue that the partial trace over the region /1 in the state of the accelerating party
is not a physically reasonable process because the observers in the rest frame can communicate
with an observer in the region //. This is true because the observer in the region // can send a
signal to the observers in the rest frame whent > t. In spite of this fact, the partial trace over 11
for the accelerating party is a physical process due to the fact that the quantum entanglement is
not a local property of the quantum state. Let us imagine that Alice, Bob and Charlie have their
own particle detectors. Then, the entanglement of the quantum state can be measured through
communication between rest and accelerating parties*. Thus, the accelerating party sends his
(or her) data to the observers in the rest frame and then one of the observers in the rest frame
can measure the quantity of the quantum entanglement by combining all data obtained from
all particle detectors. In the data received from the accelerating party, the effect of the partial
trace over the region /1 is already involved due to the causally disconnected nature with the
region /1. Thus, the partial trace over the region /1 is also a physically realizable process from
the aspects of the rest frame in the measurement of the quantum entanglement.

The main result of this paper is that from the perspective of the accelerating parties the
degradation factor of the three-tangle is independent of the initial state |y), but depends only
on the statistical factor. We show this in the following by making use of the single-mode
approximation.

The fermionic entanglement can be addressed more easily than its bosonic counterpart
due to the Pauli exclusion principle. The Unruh decoherence beyond the single-mode
approximation is fully discussed in [4]. Let |ng)g be a n-particle state with an energy Eg
in the spacetime R. Then, for the fermion case, the Unruh effect is described by

[0)v = [0a)r ® [0Q)L
11a)s = qrlla)r ® 10)L + qLl0a)r ® I1a) L, (D

4 This is one-way communication at f > T because the observers in the rest frame are in the future wedge with
respect to the accelerating party. Thus, while the observer in the accelerating frame can send a signal to the observers

in the rest frame, the reverse communication is impossible.
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where |gz|? + |g2|> = 1 and

|0o)r = cos ra|0g); 10g);; + sinrelle)) I1a);;

100) = cos ra|0g); 0o);; — sinrglla); [1a)};

llo)r = [1a)] 102);

lle) = 10)] 1)} (2)

Here, |n)y is a n-particle state in Unruh mode and the + indicates particle and antiparticle.
The parameter r is a constant related to the Fermi—Dirac statistics. Since the Bogoliubov
coefficients Bj; between the Unruh and Monkowski modes are zero, both modes share the
common vacuum. However, in this paper we will not adopt equation (1), but the simpler single-
mode approximation because of the following reasons. Most important reason is the fact that
equation (1) makes the dimension of the Hilbert space for the accelerating party to be larger
than the corresponding number for the stationary parties due to particle and antiparticle modes.
Since, so far, we know how to compute the three-tangle for only a few low-rank qubit systems
[7], the increase of the dimension generates a crucial difficulty for the analytical treatment of
the three-tangle. However, the single-mode approximation does not generate these difficulties.
The second reason is that as far as we know, the treatment of the three-tangle on the analytical
ground in the non-inertial perspective is not discussed in the other literature yet. Thus, it is
important to gain an insight into this issue. We think we can get a sufficient insight even
though the single-mode approximation is adopted. Another reason is that the entanglement
degradation with the single-mode approximation is exactly the same with the degradation,
with gg = 1 case [4]. Thus, we can understand, at least, the degradation of the three-tangle in
the non-inertial frame for the special choice of Unruh mode.

By computing the Bogoliubov coefficients [5, 8] explicitly in the fermionic system, one
can show that within the single-mode approximation, the vacuum state |0)y and the one-
particle state |1);/, where the subscript U stands for Unruh mode, in a uniformly accelerated
frame with acceleration a are transformed into

[0)y — cos r|0);|0); + sinr|1);]1)

Do = 11110}, 3)
where the parameter r is defined by
1

cosr = “)

\/1 + exp(—2nwc/a) ’
and ¢ denotes the speed of light, and w represents the central frequency of the fermion
wave packet. It is to be noted that the sign in the denominator of equation (4) is originated
from Fermi-Dirac statistics. In equation (3), |n); and |n);; (n = 0, 1) indicate the mode
decomposition in two causally disconnected regions in the Rindler space.

In this paper we will examine the three-tangle [9], one of the most important tripartite
entanglement measures, in a non-inertial frame. For this purpose, we assume that Alice, Bob
and Charlie initially share an arbitrary pure three-qubit state |Y)spc. Applying a Schmidt
decomposition we can transform |y) 4pc¢ into the following [10]:

1Y) asc = X0l000) + A1€2[100) + Aa|101) + A3]110) + As|111), (5)

where ,; > 0 (i =0,...,4), Zikf = land 0 < ¢ < m. The three-tangle of |Y)apc is
1'3(0) = 4)%)&. We will show in our study that if one party moves with a uniform acceleration
a with respect to the other parties, the resulting three-tangle is degraded to

3 = ( ) cos?r, (6)
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regardless of which of the parties is accelerating. Therefore, at the Rindler horizon, the three-
tangle reduces to half of the initial three-tangle.

Now, we assume that Alice, Bob and Charlie were initially in the spacetime region 1.
If Alice was chosen as the accelerating party, the Unruh effect (3) transforms [)4pc into a
four-qubit state |4 )cerr, Whose explicit expression is

[Wa)iscon = [ho cos r|000) + A1€'[100) + A5[101) + A3]110) + A4/ 111)] ® |0) ;1 (7
+)\0 sin r| 100)IBC ® |1>11.

Since the accelerating party cannot access the region I/ due to the causally disconnected
condition, it is reasonable to take a partial trace over /I to average out the effect of qubit |n),
in equation (7). As aresult, the initial state | ) 4pc reduces to a mixed state p;pc = tryr|¥a) (¥al.
This means that some information formed initially in the region / is leaked into the region /1.
Thus, Alice’s acceleration induces an information loss, which is a main consequence of the
Unruh effect.

One can show that the final state p;pc is a rank-2 tensor in a form

pisc = play){as| + (1 — p)la_){a_|, (®)
where p = (1 + +/A)/2 with
= (1—22sin®r)” + 43203 sin’ 1. )
In equation (8), the vectors |ay ) are given by
1
lat) = AT[XO 08 724[000) + y£[100) + Aoz [101) + A3z [110) + Aszs[111)], (10
+

where
7o =1-222sin° r£ VA
Vi —ei‘”kl(lj:\/_)
i = (1 — AZ sin® r — %)zi + Iyilz. (11)

It is easy to show (a;|a_) = 0, which guarantees that p;pc is a quantum state.

Since the three-tangle for mixed states is defined via a convex roof method [11], we should
find an optimal decomposition of p;pc for analytical computation of the three-tangle. It is to
be noted that the three-tangles for |a) are

73 (lax)) = 4r32% cos? r <Nd:>4 (12)
Now, we define

IF,0) = /play) + ¢ /1—pla_). (13)
Then, it is easy to show that p;pc can be represented as

pisc = 5|F, 0)(F, 0| + 3|F,0 + 7 )(F,0 + 7| (14)

and the three-tangle of |F, 0) is

+

(1—-p)z* N 2/p(I = p)zyz- 059]2
N2 N? NN '
Now, we assume that equation (14) is an optimal decomposition for the three-tangle for the
time being. Then, the three-tangle of p;pc is

pd  (U=p2\ | 4pl-p22
Nz NE NJZFNE cos“ 0 |.

73(|F, 0)) = 4A5A7 coszr|: (15)

(16)

‘L’3(,Olgc) 4)L )\.2 COS r |:(
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Therefore, the convex roof constraint of the three-tangle leads to 6 being fixed as 6 = 7 /2.
Consequently, equation (16) indicates that 73 (po;pc) is really a convex function with respect to
p. Therefore, equation (14) is really an optimal decomposition of p;pc if 6 = 7 /2. By inserting
equations (9) and (11) into equation (16) and imposing 6 = m /2, it is straightforward to show
that

73 (prsc) = 435 cos? . (17)

Thus, equation (6) holds when Alice is chosen as the accelerating party.
Now, we choose Bob as the accelerating party. Following a procedure similar to the one
described above, one can show that p4;c becomes

paic = plbi)(bi| + (1 — p)|b_)(b_|, (18)
where p = (1 + /7)/2 with
o = [1 =200+ 1} +23) sin® r]* + 4sin® r(A223 + 2322 + 221202304 cOS ). (19)

In equation (18), the vectors |b.) are given by

1
lby) = E[a(foowom + ap10/010) 4 a7y, 100) + a7y, 1101) + a7y, 110) + a7y, [111)],  (20)

where
Ay = ko cos r[1— 2 sin’ r(kg + A2+ )é) + o]
aoto = 2ho sin® e 792 A3 + Aais]
ajy = €Ay cosr[1 — 2sin® r(A§ 4+ A7 4+ 13) £ /7]
ajy, = Aycosr[1 = 2sin® r(A§ + A7 + A3) £ /0]
ajyo = M3[1 — 2sin® r(A§ + A3) £ Vo | + 2e¥ A1 A0y sin’
ajy, = ha[1 —2sin® r(A§ + A7) £ Vo | + 2 “Aihaks sin’ 7 1)

and/\fzi = |a(j)i)0|2 + |a010|2 + |a?[00|2 + |cﬁ51 |2 + |aflo|2 + \af” |2. It is easy to show that the
three-tangles of |b.) are

. 4

(b)) = 41202 cos [1 — 2sin® r(33 ;f +23) £ /o } ' .
In order to compute the three-tangle of ps;c, we define

G, 6) = /plbs) +€y/1— plb_). (23)
Then, pa;c can be represented as

paic = 31G,0)(G, 0| + 3G, 0 + 7)(G,0 + 7|, (24)
and the three-tangle of |G, 0) is
73(|G, 0)) = 4A3A5 cos? r[(X — Y)* + Z* 4+ 4XY cos® 6 — 2Z(X + Y) cos ], (25)
where

X = A%[l —2sin> r(A3 + 22+ 23) + Vo |

Y = IA_/zp[l —2sin> r(A + 22+ 22) — Vo |

Z = 8sin’ r—W [A322 4 2332 + 201 A243h4 cos ¢ ]. (26)
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Therefore, if equation (24) is the optimal decomposition, the three-tangle of p4c¢ is
T3 (paic) = 4233 cos? r{(X — Y)* + Z% + 4XY cos? 0]. (27)

Since the three-tangle is defined as a convex roof method, we should choose 6 = /2, which
gives

T3(parc) = 4Aghg cos’ r[(X —Y)* + Z7]. (28)

It is easy to show that equation (28) is really a convex function with respect to p. Using
equations (19), (21) and (26) and performing a series of calculations, we can show that
(X —Y)?* 4+ 7% = 1, which results in

T3 (parc) = 42315 cos? . (29)

Thus, equation (6) holds when Bob is chosen as the accelerating party.
Finally, let us choose Charlie as the accelerating party. Since |)4pc given in equation (5)
has Bob <> Charlie and A, <> A3 symmetry, the previous calculation implies

73(0agr) = 4A3A3 cos? . (30)

Thus, equation (6) holds regardless of the choice of the accelerating party.

So far, we have shown that the canonical form of the three-qubit state (5) obeys
equation (6) in the non-inertial frame. However, this does not mean that the arbitrary three-
qubit pure state |y3) = Z: k=0 dijklijk) obeys equation (6). The question arises as to whether
the Unruh transformation (3) that is taken before the appropriate Schmidt decomposition may
generate a result different from equation (6). However, this is not the case; the following two
theorems show that |r3) also obeys equation (6) in the non-inertial frame.

Theorem 1. Let Alice and Bob initially share the arbitrary fermionic two-qubit pure state
[Y2)ap = le j=0 4ijli]), whose concurrence is ‘L'z(o). If one party accelerates with respect to

the other party, then the concurrence reduces to 12(0) cos .

Proof. It is to be noted that the concurrence of |;) 45 is

0
7" = 2lagoar — apral. (31)

First, we choose Bob as the accelerating party. Then, the Unruh transformation (3) and the
partial trace over /1 gives

|ago|? cos? r agoag, cosr agod’y cos? r apoaj, cosr
| agpaoicosr aor 12 + |agol? sin® r ag1dj, cosr apiaj, + apaj, sin® r (32)
Par = agyaio cos? r ag,ay cosr laio]? cos? r ajpaj, cosr

agyai cosr  ag,ai + agyaio sin® r aj,ap cosr lai1 12 + |aiol? sin® r
Using equation (32), we can construct R = pp(0, ® oy)p},;(0, ® o0y). Although R is
a complicated matrix, it is possible to compute the eigenvalues analytically by solving
det(R — AI) = 0. The eigenvalues of R are {0, 0, 0, 4|agoai; — dagiaio|? cos® r}. Therefore,
by making use of the Wootters formula [12], we obtain the concurrence of p4; as

0
‘L’Q(,OA]) = 2|a00a” — a01a10|cosr = ‘L'z( )COS r. (33)

Since 'L'Z(O) has ag; <> a;p symmetry, the choice of Alice as the accelerating party leads to the
same result, which completes the proof. ]

Now, we state the main theorem of the paper.

Theorem 2. Let Alice, Bob and Charlie initially share the arbitrary fermionic three-qubit pure
state |V3)apc = le k=0 dijklijk), whose three-tangle is 13(0). If one party accelerates with

respect to other parties, then the three-tangle reduces to 1'3(0) cos?r.

6
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Proof. It is to be noted that the three-tangle of |13) [9] is
o\ = 41d, — 2d; + 4ds), (34)
where

dy = agoaty, + o1 a1y + 10101 + Tooli s
dy = appod111do11a100 + doood 11141014010 + doood111A1104001
+ aonaioo@io1doio + do114100a1104001 + a101401041104001 »
d3 = apooai10a101ao11 + Aa111a00140104100- (35)

Since 13(0) is permutation-invariant, it is sufficient to provide the proof for the case that Alice

is chosen as the accelerating party. We provide the proof via two different methods. The first
proof is simple but intuitive, while the second is lengthy and direct. Thus, we present the
second one schematically. ]

As shown in [9], the three-tangle is defined via the monogamy inequality C3, + Cﬁc <
Cﬁ(BC), where C = 1, is a concurrence. Therefore, the three-tangle of the mixed state can be
written as

13 = min [C 3c) — Cip — Cic)- (36)

where the minimum is taken over all possible decompositions of the given mixed state.
Since Alice is chosen as the accelerating party, theorem 1 implies that each concurrence in
equation (36) has a degradation factor cos r. Therefore, equation (36) implies that the three-
tangle has a degradation factor cos? r, which is what theorem 2 states.

Another method to prove theorem 2 is similar to the method for the proof of theorem 1.
After performing the Unruh transformation (3) on Alice’s qubit of |y3)4pc and taking a
partial trace over /I, one can derive p;pc straightforwardly. Although p;pc is an extremely
complicated 8 x 8 matrix, one can show from a purification protocol that its rank is
only 2. Therefore, it is possible to derive the spectral decomposition of p;pc as a form
pisc = plp+) (4| + (1 — p)lu—){—|. Consequently, following a procedure similar to the
one we used previously, we can compute the three-tangle of p;gc explicitly. We perform this
calculation by making use of the software Mathematica, and we finally arrive at equation (6)
again, which completes the proof.

In this paper, we investigated the degradation of the tripartite fermionic entanglement in a
non-inertial frame. If the given three parties initially share a pure state, the degradation factor
is shown to be simply cos? r regardless of the initial state and choice of the accelerating party.
This is a surprising result in the sense of the simpleness of equation (6).

It is natural to ask whether or not the simpleness of equation (6) is maintained when the
initial state is a mixed state. Another natural question is to ask whether or not the simpleness
of equation (6) is maintained beyond the single-mode approximation. As commented earlier,
equation (1) generates the increase of the Hilbert space dimension for the accelerating party.
This gives difficulties for the computation of the three-tangle. So far, we do not know how to
define the three-tangle even in the qudit system. We believe that if the calculation tool for the
three-tangle in the higher dimensional Hilbert space is developed, equation (6) or other such
simple expressions are valid in these cases.

In order to escape the increase of the Hilbert space dimension, it is possible to consider the
particle or antiparticle sector in the full Hilbert space of the accelerating party in equation (1).
In this case, however, one has to trace over multiqubit states in the whole density matrices,
which generally makes the rank of the final state larger than 2. For example, if we consider

7
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Charlie’s particle sector of |1/)pc given in equation (5), we have to trace over I, II™ and 11~
in the density matrices and the final state reduces to

pagr+ = Tt~ i+ - P

)»(Z)CZ 0 0 0 )»0)»|671¢C2 q};)\osz )»0)\.3(:2 q;)\.o)mc
0 2382 0 0 0 Aghie ¢ S2 0 AoA3S?
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
horieC? 0 0 0 T;C? Gihirae’C T,C*  gihiraeC |
grioroC )»0)\.16@52 0 0 qulkge_i‘pC T352 + T4C2 gria23C T;;S2 + T@C2
XorsC? 0 0 0 T, C? qirarsC T;C? qih3haC
qR)‘O)%C )uo)L3S2 0 0 qR)Ll)u;C_iwC TS*SZ + T6C2 qRA.S)\‘A‘C Tgsz + T9C2

(37

where C = cosrg, S = sinrg, Ti = A3 + |qr*A3, T = MiAse" + |quhoda, Ty = A2 + A3,
Ty = |qr*A3, Ts = MAse + doka, Ts = lqrl*hota, T = 25 + |qu*A}, Ty = A5 + 2] and
To = |qR|2kﬁ. It is easy to show that the rank of psp;+ is 4 and, furthermore, the nonvanishing
eigenvalues cannot be obtained analytically. Since the analytical computation of three-tangle
for a higher rank mixed state is generally impossible except in very rare cases [7], it seems to
be impossible to compute the three-tangle for pap;+ analytically. Similar situation occurs in
the antiparticle sector.

Another question that arises is the extension of equation (6) to the multipartite
entanglement. If an n-tangle is constructed in the future, we speculate that the degradation
factor in a non-inertial frame would be cos® r, where o, = 2"~2. However, there are several
obstacles to confirming this hypothesis. Above all, the explicit expression of n-tangle is not yet
known. Furthermore, there is no calculational technique for the computation of the n-tangle
of n-qubit mixed states. Our future studies will further explore these issues.

Acknowledgments

This research was supported by the Kyungnam University Research Fund, 2012.

References

[1] Peres A and Terno DR 2004 Quantum information and relativity theory Rev. Mod. Phys. 76 93
(arXiv:quant-ph/0212023)
Peres A and Terno D R 2003 Quantum information and special relativity Int. J. Quantum Inform. 1225
(arXiv:quant-ph/0301065)
Peres A 2004 Quantum information and general relativity Fortschr. Phys. 52 1052 (arXiv:quant-ph/0405127)
[2] Czachor M 1997 Einstein—Podolsky—Rosen—Bohm experiment with relativistic massive particles Phys. Rev. A
55 72 (arXiv:quant-ph/9609022)
Peres A, Scudo P F and Terno R 2002 Quantum entropy and special relativity Phys. Rev. Lett. 88 230402
(arXiv:quant-ph/0203033)
Alsing PM and Milburn GJ 2002 Lorentz invariance of entanglement Quantum Inform. Comput. 2 487
(arXiv:quant-ph/0203051)
Gingrich RM and Adami C 2002 Quantum entanglement of moving bodies Phys. Rev. Lett. 89 270402
(arXiv:quant-ph/0205179)
[3] Fuentes-Schuller I and Mann R B 2005 Alice falls into a black hole: entanglement in noninertial frames
Phys. Rev. Lett. 95 120404 (arXiv:quant-ph/0410172)
Ling Y, He S, Qiu W and Zhang H 2007 Quantum entanglement of electromagnetic field in non-inertial reference
frames J. Phys A: Math. Theor. 40 9025 (arXiv:quant-ph/0608029)
Pan Q and Jing J 2008 Degradation of nonmaximal entanglement of scalar and Dirac fields in noninertial frames
Phys. Rev. A 77 024302 (arXiv:08021238 [quant-ph])


http://dx.doi.org/10.1103/RevModPhys.76.93
http://arxiv.org/abs/quant-ph/0212023
http://dx.doi.org/10.1142/S0219749903000127
http://arxiv.org/abs/quant-ph/0301065
http://dx.doi.org/10.1002/prop.200410174
http://arxiv.org/abs/quant-ph/0405127
http://dx.doi.org/10.1103/PhysRevA.55.72
http://arxiv.org/abs/quant-ph/9609022
http://dx.doi.org/10.1103/PhysRevLett.88.230402
http://arxiv.org/abs/quant-ph/0203033
http://arxiv.org/abs/quant-ph/0203051
http://dx.doi.org/10.1103/PhysRevLett.89.270402
http://arxiv.org/abs/quant-ph/0205179
http://dx.doi.org/10.1103/PhysRevLett.95.120404
http://arxiv.org/abs/quant-ph/0410172
http://dx.doi.org/10.1088/1751-8113/40/30/024
http://arxiv.org/abs/quant-ph/0608029
http://dx.doi.org/10.1103/PhysRevA.77.024302
http://arxiv.org/abs/08021238

Class. Quantum Grav. 29 (2012) 224004 M-R Hwang et al

[4]

[5]

[6]

[7]

(8]
(91
(10]

(1]

[12]

Hwang M R, Park D K and Jung E 2011 Tripartite entanglement in a noninertial frame Phys. Rev. A 83 012111
(arXiv:1010.6154 [hep-th])

Martin-Martinez E and Fuentes I 2011 Redistribution of particle and antiparticle entanglement in noninertial
frames Phys. Rev. A 83 052306 (arXiv:1102.4759 [quant-ph])

Montero M and Martin-Martinez E 2011 Fermionic entanglement ambiguity in noninertial frames Phys. Rev. A
83 062323 (arXiv:1104.2307 [quant-ph])

Montero M, Leon J and Martin-Martinez E 2011 Fermionic entanglement extinction in noninertial frames
Phys. Rev. A 84 042320 (arXiv:1108.1111 [quant-ph])

Smith A and Mann R B 2011 Persistence of tripartite nonlocality for non-inertial observers arXiv:1107.4633
[quant-ph]

Park DK 2012 Tripartite entanglement-dependence of tripartite non-locality in non-inertial frame
arXiv:1201.1335 [quant-ph]

Martin-Martinez E, Garay LJ and Ledén J 2010 Unveiling quantum entanglement degradation near a
Schwarzschild black hole Phys. Rev. D 82 064006 (arXiv:1006.1394 [quant-ph])

Bruschi D E er al 2010 Unruh effect in quantum information beyond the single-mode approximation Phys. Rev. A
82 042332 (arXiv:1007.4670 [quant-ph])

Alsing PM and McMahon D 2004 Teleportation in a non-inertial frame J. Opt. B: Quantum Semiclass.
Opt. 6 s834 (arXiv:quant-ph/031109)

Alsing P M, Fuentes-Schuller I, Mann R B and Tessier T E 2006 Entanglement of Dirac fields in noninertial
frames Phys. Rev. A 74 032326 (arXiv:quant-ph/0603029)

Giddings S B 2012 Black holes, quantum information, and unitary evolution arXiv:1201.1037 [quant-ph] and
references therein

Lohmayer R, Osterloh A, Siewert J and Uhlmann A 2006 Entangled three-qubit states without concurrence and
three-tangle Phys. Rev. Lett. 97 260502 (arXiv:quant-ph/0606071)

Eltschka C, Osterloh A, Siewert J and Uhlmann A 2008 Three-tangle for mixtures of generalized GHZ and
generalized W states New J. Phys. 10 043014 (arXiv:0711.4477 [quant-ph])

Jung E, Hwang M R, Park D K and Son ] W 2009 Three-tangle forrank-3 mixed states: mixture of Greenberger—
Horne—Zeilinger, W and flipped W states Phys. Rev. A 79 024306 (arXiv:0810.5403 [quant-ph])

Jung E, Park D K and Son J W 2009 Three-tangle does not properly quantify tripartite entanglement for
Greenberger—Horne—Zeilinger-type state Phys. Rev. A 80 010301 (arXiv:0901.2620 [quant-ph])

Jung E, Hwang M R, Park D K and Tamaryan S 2010 Three-party entanglement in tripartite teleportation scheme
through noisy channels Quantum Inform. Comp. 10 0377 (arXiv:0904.2807 [quant-ph])

Unruh W G 1976 Notes on black-hole evaporation Phys. Rev. D 14 870

Birrel N D and Davies P C W 1982 Quantum Fields in Curved Space (Cambridge: Cambridge University Press)

Coffman V, Kundu J and Wootters W K 2000 Distributed entanglement Phys. Rev. A 61 052306
(arXiv:quant-ph/9907047)

Acin A et al 2000 Generalized Schmidt decomposition and classification of three-quantum-bit states Phys. Rev.
Lett. 85 1560 (arXiv:quant-ph/0003050)

Bennett C H, DiVincenzo D P, Smokin J A and Wootters W K 1996 Mixed-state entanglement and quantum
error correction Phys. Rev. A 54 3824

Uhlmann A 2000 Fidelity and concurrence of conjugated states Phys. Rev. A 62 032307

Hill S and Wootters W K 1997 Entanglement of a pair of quantum bits Phys. Rev. Lett. 78 5022
(arXiv:quant-ph/9703041)

Wootters W K 1998 Entanglement of formation of an arbitrary state of two qubits Phys. Rev. Lett. 80 2245
(arXiv:quant-ph/9709029)


http://dx.doi.org/10.1103/PhysRevA.83.012111
http://arxiv.org/abs/1010.6154
http://dx.doi.org/10.1103/PhysRevA.83.052306
http://arxiv.org/abs/1102.4759
http://dx.doi.org/10.1103/PhysRevA.83.062323
http://arxiv.org/abs/1104.2307
http://dx.doi.org/10.1103/PhysRevA.84.042320
http://arxiv.org/abs/1108.1111
http://arxiv.org/abs/1107.4633
http://arxiv.org/abs/1201.1335
http://dx.doi.org/10.1103/PhysRevD.82.064006
http://arxiv.org/abs/1006.1394
http://dx.doi.org/10.1103/PhysRevA.82.042332
http://arxiv.org/abs/1007.4670
http://dx.doi.org/10.1088/1464-4266/6/8/033
http://arxiv.org/abs/quant-ph/031109
http://dx.doi.org/10.1103/PhysRevA.74.032326
http://arxiv.org/abs/quant-ph/0603029
http://arxiv.org/abs/1201.1037
http://dx.doi.org/10.1103/PhysRevLett.97.260502
http://arxiv.org/abs/quant-ph/0606071
http://dx.doi.org/10.1088/1367-2630/10/4/043014
http://arxiv.org/abs/0711.4477
http://dx.doi.org/10.1103/PhysRevA.79.024306
http://arxiv.org/abs/0810.5403
http://dx.doi.org/10.1103/PhysRevA.80.010301
http://arxiv.org/abs/0901.2620
http://arxiv.org/abs/0904.2807
http://dx.doi.org/10.1103/PhysRevD.14.870
http://dx.doi.org/10.1017/CBO9780511622632
http://dx.doi.org/10.1103/PhysRevA.61.052306
http://arxiv.org/abs/quant-ph/9907047
http://dx.doi.org/10.1103/PhysRevLett.85.1560
http://arxiv.org/abs/quant-ph/0003050
http://dx.doi.org/10.1103/PhysRevA.54.3824
http://dx.doi.org/10.1103/PhysRevA.62.032307
http://dx.doi.org/10.1103/PhysRevLett.78.5022
http://arxiv.org/abs/quant-ph/9703041
http://dx.doi.org/10.1103/PhysRevLett.80.2245
http://arxiv.org/abs/quant-ph/9709029

