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We study the monogamy and polygamy relations related to quantum correlations for multipartite
quantum systems. General monogamy relations are presented for the ath (0 < a < v,v > 2) power
of quantum correlation, and general polygamy relations are given for the Sth (8 > 6,0 < 6 < 1)
power of quantum correlation. These monogamy and polygamy inequalities are complementary to
the existing ones with different parameter regions of a and 8. Applying these results to specific
quantum correlations, the corresponding new classes of monogamy and polygamy relations are
obtained, which include the existing ones as special cases. Detailed examples are given.

PACS numbers:
INTRODUCTION

Monogamy of entanglement is a representative feature
of quantum physics, and therefore is a very important
issue in the study of quantum information and quantum
communication. It tells that the entanglement of a quan-
tum system with one of the other ones limits its entan-
glements with the remaining systems. The monogamy
property is highly related to quantum information pro-
cessing tasks such as the security analysis of quantum
key distribution [I].

The monogamy relation was first presented by Coff-
man, Kundu, and Wootters [2] for three-qubit states
pasc, E(papc) = E(pap) + E(pac), where £ is a bi-
partite entanglement measure, p4p and psc are the re-
duced density matrices of papc. Later on, the monog-
may inequality was generalized to the case of multiqubit
quantum system [3H5], high-dimensional quantum sys-
tem [6] and general settings [7HIO]. Polygamy of entan-
glement is characterized as, Eyapc < Eaap + Faac
for a tripartite quantum state papc, where Eq4\pc is
the assisted entanglement [I1] between A and BC. The
first polygamy inequality was established in three-qubit
systems by use of assisted entanglement [IT]. It was
later generalized to multiqubit systems [12] [13]. For the
case of arbitrary-dimensional quantum systems, general
polygamy inequalities of multipartite entanglement are
also proposed in [I3HI6] by using entanglement of assis-
tance.

Recently, monogamy and polygamy relations of multi-
qubit entanglement have been studied in terms of non-
negative power of entanglement measures and assisted
entanglement measures. In [3H5], the authors have shown
that the zth power of the entanglement of formation
(x > +/2) and the concurrence (z > 2) satisfy multi-
qubit monogamy inequalities. Monogamy relations for
quantum steering have also been demonstrated in [I7-
[21]. Later, polygamy inequalities were proposed in terms

of the ath (0 < a < 1) power of square of convex-roof
extended negativity (SCREN) and the entanglement of
assistance [14, 22]. In []], the authors introduced the
concept of polygamy relations without inequalities.

Whereas the monogamy of entanglement shows the
restricted sharability of multipartite quantum entangle-
ment, the distribution of entanglement in multipartite
quantum systems was shown to have a dually monoga-
mous property. Based on concurrence of assistance [23],
the polygamy of entanglement provides a lower bound for
the distribution of bipartite entanglement in a multipar-
tite system [24]. Monogamy and polygamy of entangle-
ment can restrict the possible correlations between the
authorized users and the eavesdroppers, thus tightening
the security bounds in quantum cryptography [1].

However, the monogamy relations for the ath (0 <
a < 2) power and the polygamy relations for the Sth
(8 > 1) power of general quantum correlations are still
not clear. In this paper, we provide a class of monogamy
and polygamy relations of the ath (0 < a < 7,7 > 2)
and the Sth (8 > 6,0 < § < 1) power for any quantum
correlations. Application of the monogamy relations to
quantum correlations like squared convex-roof extended
negativity, entanglement of formation and concurrence
give rise to tighter monogamy inequalities than the ex-
isting ones [25] for some classes of quantum states. We
take concurrence as an example to illustrate in detail.
Applying the general quantum correlations to specific
quantum correlations, e.g. the concurrence of assistance,
square of convex-roof extended negativity of assistance
(SCRENoOA), entanglement of assistance, the correspond-
ing new class of polygamy relations are obtained, which
are complementary to the existing ones [I2HI6] with dif-
ferent regions of parameter 3.



MONOGAMY RELATIONS FOR GENERAL
QUANTUM CORRELATIONS

Let ©Q be a measure of quantum correlation for bipar-
tite systems. If a quantum measure Q satisfies [31],

Q(pA|B1 B+ By 1)
> Q(pABl) + Q(pABQ) +e Q(pABN—1)7 (1)

we say it is monogamous, here pap,, ¢ = 1,.... N — 1,
are the reduced density matrices of pap,B,,....By_,-
For simplicity, we denote Q(pap,) by Qap,, and
Q(pA|Bi By, ,Bx_1) DY Qa|Bi By, ,By_,- Some of the
quantum measures have been shown to be monogamous
[32, B3] for some classes states. However, there exists
some other measures which are known not satisfied the
manogamy relations [34] B5].

In Ref. [36], the authors have proved that there exists
v € R (y > 2) such that, for arbitrary dimensional tripar-
tite states, Q satisfies the following monogamy relation
1361,

Qusc = Qap + Qi (2)

In the following, we denote  the value such that Q
satisfies the inequality . Using the inequality (14¢)* >
1+t forx>1, 0 <t <1,itis easy to generalize the
result to N-partite case,

N—-1
QhiBoBr o By = D, Dhi,e (3)
=0

First, we give a Lemma.
[Lemma 1]. Suppose that k is a real number satisfying
k > 1. Then, for any real numbers x and ¢, 0 < z < 1,
t > k, we have (1 4 )7 > 1 4 I "1y,
[Proof]. Let f(z,y) = (1 +y)* —y* with 0 < x
1, 0 <y < . Then % = z[(1 + y)* ! —y* 1]
0. Therefore, f(z,y) is a decreasing function of y, i.e.,
) =

xr,Y) = T, % ety = 3, el , We
> Ly — QBT Set Lot >k
obtain (1 4¢)* > 14 U =l O
[Theorem 1]. Suppose that k is a real number satis-
fying k > 1. Then, for any tripartite state papc:
(1) if @) > kQ} 5, the quantum correlation measure

Q satisfies

<
<

2

e e (1 + k) -1 o
Qipc = Qap + kngAc (4)
for 0 < a <~ and~y>2.

(2) if @) 5 > kQ], -, the quantum correlation measure
Q satisfies

2R

14+k) -1
Qoo > Qe+ 108, @

for 0 < a <~ and~y>2.

[Proof]. For arbitrary tripartite state papc, one has
[36]7 Q’};IBC > Q’};B + Q’AC If QAB (QAC) =0, the
inequality or are obvious. Therefore, assuming
Qo > kQ) 5 > 0, we have

ZITBC > (Qhp + Qhc)”

’y xT
-, (1+ 5]
AB
(R —1 (QY
> Z,B<1+ = A
AB
:Q’AB_FT e (6)

where the second inequality is due to Lemma 1. Denote
yr =a. Then 0 < a <~vyas0<x <1, and we have the
inequality . If Qap > kQac, similarly we get .

[Remark 1]. We have presented a universal form of
monogamy relations that are complementary to the exist-
ing ones in [3H5] with different regions of the parameter «
for any quantum correlations. Our general monogamy re-
lations can be used to any quantum correlation measures
like concurrence, negativity, entanglement of formation,
and give rise to tighter monogamy relations than the ex-
isting ones in [25] for some classes of quantum states.
These monogamy relations can be also used to Tsallis-¢q
entanglement and Renyi-q entanglement, which give new
monogamy relations including the existing ones given in
[B, 12, [37] as special cases.

In the following, we take concurrence as an example to
show the advantage of our conclusions.

Let Hy denote a discrete finite-dimensional com-
plex vector space associated with a quantum subsys-
tem X. For a bipartite pure state |"/}>AB € Hy ®
Hp, the concurrence is given by [B8440], C(|¢v)ap) =

2[1 —Tr(p?%)], where p,s is the reduced density ma-
trix obtained by tracing over the subsystem B, p4 =
Trge(|¥)as(¢]). The concurrence for a bipartite mixed
state pap is defined by the convex roof extension,
C(pap) = ming,, v,y >_; PiC(|¢i)), where the mini-
mum is taken over all possible decompositions of pap =
> pili)(il, with p; > 0, > p; = 1 and [¢h;) € Hy®@Hp.

For an N-qubit state pap,.By., € Ha ® Hp, ®
@ Hpy,, if C(pABi) > C(pA\Bi+1“'BN—1) for i =

1,2,--+ ,N —2, N >4, the concurrence satisfies [5],
N-1
C(pa|B,By--By_1) = 2(25 — 1) 71C%(pap,)(T7)
j=1
for ae > 2.

For any 2 ® 2 ® 2V~2 tripartite mixed state papc, if
C(pac) > C(pap), the concurrence satisfies [25]

C*(pajpc) = C*(pan) + (25 = 1)C*(pac) (8)

for 0 < a <~ and~y>2.



For concurrence, one has v > 2 [26] 27]. For conve-
nience, we denote Cyp, = C(pap,) the concurrence of
PAB; and CAlBl,BZ'”yBN—l = C(pA|Bl...BN71). Then, for
the concurrence, we get the following conclusion by the
similar method to the proof of Theorem 1.

[Corollary 1]. Suppose that k is a real number satis-
fying k > 1. Then, for any 2® 2 ® 2V2 tripartite mixed
state:

(1) if C}» > kC) 5, the concurrence satisfies

« « (1 + k)% -1 «
Ciipe =2 Cap + kigcAC 9)
for 0 <a<~yand~y>2.

(2) if C) 5 > kC} -, the concurrence satisfies

5
Ciipe 2 Cto+ T o, o)
for 0 <a <~ and~y>2.

One can see that Corollary 1 reduces to the monogamy
inequality for three-qubit states, if k =1, a =y > 2,
and reduces to the monogamy inequality , if k =1.
For k£ > 1, the inequality @D is tighter than the inequality

, as (HZ)% > 25 — 1, where the equality holds only
Y
or a = .

Ezample 1. Let us consider the three-qubit state |4)
in the generalized Schmidt decomposition form [28], 29],

[9) = Xol000) + A1e™?[100) + Ap|101)
+A3|110) + A4|111), (11)

4

where \; > 0, i = 0,1,2,3,4 and Y \? = 1.
i=0

From the definition of concurrence, we have Cypc =

2)\0\/)\% +)\§+)\Z, CAB = 2)\0)\2 and CAC = 2)\0)\3.

Set Ao =A3 =1, A =X =X\ =0 k= one has

2 b)
Va1 6 1
Capc = Y5, Cap = %, Cac = 5. Then Cf 50 =

(1), Cip + (25 = 1)CGo = ()" + 27 - 1)(3)°,
CYp + (1+1;)%w 710gc _ (%)a + (1+l;)aw 71(%)(1' One

can see that our result is better than the results in
[25] for 0 < a < 2 and v > 2, see Fig 1. To be

145) T —1 e a «
b -1 +k)%w Cic — (27 = 1)Ch¢c =

more clear, set z =
%(%)a — (25 - 1)(3)®, where k = §7 i.e., z rep-
resents the difference of the concurrence between and
(ED on the right side, see Fig. 2.

There are quantum correlation measures Q that them-
selves satisfy the usual monogamy relations, Q. pc >
Qap+9Qac. But generally, it is not the quantum correla-
tion measure Q itself, but the ath power of the quantum
correlation measure Q satisfies the monogamy inequality,
for instance, the ath (a0 > 2) power of concurrence and
the ath (a > \/5) power of the entanglement of forma-
tion [4]. It is also the case for polygamy relations. Our

FIG. 1: The axis z is the concurrence of state |¢) and its lower
bounds, which are functions of «a,~. The red surface repre-
sents the concurrence of the state |1), green surface represents
the lower bound from our result, blue surface (just below the
green one) represents the lower bound from the result in [25].

FIG. 2: The red surface represents the difference of the con-
currence between and @D on the right side. The blue
surface is zero plane of z.

Theorem 1 gives a general monogamy relation based on
the ath power of any quantum correlation measure. For
the entanglement measure concurrence in Corollary 1, as
an example, one gets a tighter monogamy relation than
the one in Ref. [25] for 0 < a < 2. Monogamy relations
characterize the distributions of quantum correlations in
multipartite systems and play a crucial role in the secu-
rity of quantum cryptography. Tighter monogamy rela-
tions imply finer characterizations of the quantum corre-
lation distributions, which tighten the security bounds in
quantum cryptography. The complementary monogamy
relations may also help to investigate the efficiency of en-
tanglement used in quantum cryptography [30] and char-
acterizations of the entanglement distributions. These



results may highlight future researches on quantum key
distributions based on multipartite quantum entangle-
ment distributions.

From the Example 1 above, one has that the rela-
tion Capc = Cap + Cac is not always satisfied for
three-qubit states. In fact, the relation , le BC =
C%p + C4%c, holds only for o« > 2 [4]. Nevertheless, the
monogamy relations (9) holds for 0 < a < 2. In this
sense the inequality is complementary to . By us-
ing Theorem 1 repeatedly, we have the following theorem
for multipartite quantum systems.

[Theorem 2]. Suppose that k is a real number sat-
isfying £ > 1. Then, for N-partite quantum state

PAB1Bs---Bn_1 such that kQ’AB < Q1|Bi+1~--BN71 for
1 =1,2,---,m, and QAB > kQA\BJ+1 Bn_1 for j =
m+1,--- , N —2, VlngN 3, N > 4, we have

(07
QA\BlBQ By, = B,

o m—1
1+k)~ 1+k) -1
#Q%B2 + .+ % QiBm
k~ k~
1+ms—1\""
+ T a a
' <k:> (QABmH +- 4+ Qlpy o)
1+k)5 -1\
+ <(k)a> QU s (12)

for 0 <a<vyand~y>2.
[Proof]. %

For N—partlte quantum state pap, B,.-By_,, from the in-
equality (4!), we have

For convenience, we denote [ =

Q%IBlBZ”‘BN—l
> Qap, +1Q% By By_y
2
> Qap, +1Q%, +1"QApy..By_,

2 ..
> Qap, +1Q%s, + "+lm71QiBm
+ 1" Q4B g1 By 1 (13)
.. . v ¥ S
Similarly, as QABj > kQA\BHl...BN,l for j = m+

1,--- N — 2, we get

Qa
A|Bmy1-Bn-1
(e} (e}
2 ZQABm+1 + QA‘Bm,+2"'BN—1

>U(Q%B,, ., t T Qny_,)
+ QiBNfl' (14>

Combining and , we have Theorem 2. [J

We take concurrence as an example again to show the
advantage of Theorem 2.

[Corollary 2]. Suppose that & > 1.  Then,
for N-qubit quantum state pap,B,..By_, Such that

P — v
szAB <CA|B+1 Bys fori=1,2,---,m, and CABj >

forj:m+1,--~,N—27V1§m§

kC’ AlBjir By
N — 3N> wehave

OilBle~"BN71 2
Cip, +1C4p, +
+lm+1(CXBm+1 4+ CgBN,z)

+H"Capy_, (15)

for0<a<'y77>23ndl—(1+:$
=
For an N-qubit quantum state pap,B,..By_,, it has

been shown in [4] that the ath concurrence C¢ (0 <
a < 2) does not satisfy monogamy inequalities like
Ca(|w>ABle-“BN—1) > ZN ' Ca(pABi)' Theorem 2
gives a general monogamy inequality satisfied by the ath
power of quantum correlation for the case of 0 < o < 7y
and v > 1. Specifically, using the concurrence as an ex-
ample, we obtain the monogamy inequality satisfied by
ath power of concurrence C'* for the case of 0 < a < 2,
which was absent in [5]. Furthermore, inequality (15]) in
Corollary 2 reduces to the monogamy inequality if
k=1and a =+ > 2, and to the main result in [25] for
k = 1. For k > 1, the inequality is tighter than the

result in [25], since (HZ)# >25 —1(0 < a < 7), in
which the equality holds only for e = 7. The monogamy

relations can also be applied to other specific quantum
correlations, and similar new results can be obtained.

POLYGAMY RELATIONS FOR GENERAL
QUANTUM CORRELATIONS

In [41], the authors proved that for arbitrary dimen-
sional tripartite states, there exists 6 € R (0 < 6 < 1)
such that a quantum correlation measure Q satisfies the
following polygamy relation,

QiﬂBC < Qhp+ e (16)

In the follwing, we introduce the polygamy relations of
the Bth (8 > §) power for general quantum correlations,
which is still not clear up to now. We first give a Lemma.

[Lemma 2]. Suppose that k is a real number satisfying
k > 1. Then, for any real numbers z and ¢, z > 1,¢t > k,
we have (1 +¢)* <1+ %tw

[Proof]. Let f(z,y) = (1 + y)* — y* with =z >
1, 0 <y < 4. Then % =2[(1+y)*t—y* 1 > 0.
Therefore, f(z,y) is an increasing function of y, i.e.,
flay) < fla,dy = L Qet y = 10 ¢ > &, we
obtain (1+¢)* < 14 U "1 O

Using the similar method to the proof of Theorem 1
and the Lemma 2, we have

[Theorem 3]. Suppose that k is a real number sat-
isfying & > 1. Then, for any tripartite state papc €
Hy® Hp ® He:



(1) if Q% > kQ% 5, the quantum correlation measure
Q satisfies
1+k)s -1
Q) ABe < < Qip 7( 1 e (17)
for f>dand 0 <0 <1.
(2) if Q% 5 > kQ%, the quantum correlation measure
Q satisfies
(1+E)5 —1
Qiso < Qo + X s (18)

forg>dand 0<§ <1.

By using Theorem 3 repeatedly, with the similar
method to the proof of Theorem 2, we have the following
theorem for multipartite quantum systems.

[Theorem 4]. Suppose that k is a real number sat-
isfying & > 1. Then, for N-partite quantum state
PAB1Bs---Bn_1 such that ]CQ%B7 S Q§4|Bi+1“'BN—1 for
i =12 ,m, and Qup > kQyp  p. , forj=
m+1,--- ,N—-2,V1<m<N-—-3, N >4, we have

QA‘BlBQ BN 1 — QABI

B

1 T
+( —i—k)s
ké

forg>dand 0<§ <1.

[Remark 2]. We present a universal form of polygamy
relations that are complementary to the existing ones
in [I2H16] with different regions of parameter § for any
quantum correlations. Our general monogamy relations
can be used to any quantum correlation measures like
concurrence of assistance, square of convex-roof extended
negativity of assistance (SCRENoA), entanglement of as-
sistance. Corresponding new class of polygamy relations
can be obtained. In the following, we take SCRENoOA as
an example.

Given a bipartite state pap in HA R Hpg, the negatwlty
is defined by [A2], N(pan) = (||p%%5]| — 1)/2, where p’
is the partially transposed pap Wlth respect to the sub-
system A, || X|| denotes the trace norm of X, i.e || X]|| =
Trv X XT. For the purpose of discussion, we use the fol-
lowing definition of negativity, N(pag) = ||p%||—1. For
any bipartite pure state |¢) 45, the negativity N(pAB) is
given by N([¢)ap) = 2>,/ Aidj = (Tr\/pa)?
where \; are the eigenvalues for the reduced density ma-
trix pa of |¥)ap. For a mixed state pap, the square
of convex-roof extended negativity (SCREN) is defined

(19)

by Nsc(pap) = min ", piN(|):) ap)]?, where the min-
imum is taken over all possible pure state decomposi-
tions {p“ [¥i)ap} of pap. The SCRENOA is defined
by N&(pap) = [max ), p; N(|;) ap)]?, where the max-
imum is taken over all possible pure state decomposi-
tions {p;, |1p Yap} of pap. For convenience, we de-
note Noap, = N&(pap,) the SCRENoA of pap, and
NGABO,Bl---,BNfl = Nsc( >ABO‘“BN—1)'

In [22] it has been shown that Nuup,..py_, <

Zj\;l Naa B;- It is further improved that for 0 < g <1

[12]7

N-1
<
J=1

For SCRENOA, one has 0 < § < 1, using the Theorem
3 directly, we have

[Corollary 3]. Suppose that k is a real number satis-
fying k£ > 1. Then, for any 2® 2 ® 2V 2 tripartite mixed
state:

(1) if N,% ¢ > kN,% 5, the SCRENOA satisfies

NaAlBl -By_1 aAB (20)

8
(I1+k)s —1

Nolipo € Najp+——5—Naae (1)

for6>(5and0<6<1
(2) if N.%g > kN5, the SCRENOA satisfies
B
8 (I+k)s -1, p
Nagipe < Nabe + 5 NaAB (22)

S

for>d0and 0<§ <1.
For multiqubit quantum state pap,B,...By_,, We have
[Corollary 4]. Suppose that k is a real number
satisfying £k > 1. Then, for N-qubit quantum state
PAB,Bs--By_, Such that kNai,Bi < Nai‘Bi+1"'BN—1 for

i = 1,2,---,m, and NaiBj > kNa§4|Bj+1~-BN_1 for
j=m+1,--- N=-2V1<m<IN-=-3 N >4, we
have
B B
Na,a\|BlewBN,1 < Naap,
(1+k)5 -1 a+mi-1\""
5 — 8 5 — 3
Jrik% NaABQ+"'+ (kg > NaABm

5

(L+k)5
+ < B8 ) Naf\BN—1
ks

for>dand 0<§ <1.

One can see that Corollary 4 reduces to the monogamy
inequality , ifk=1and 0 <8 =48 <1. Example 3.
Let us consider the three-qubit generlized W-class states,

= 2100} + [010)) + §|oo1>.

8 m—+1
(1+k)> -1 5 5
+ < k/i (NGAB,,L+1 +ot NaABN,2>

|W> AB1 B> (24)



FIG. 3: The axis z is the SCRENoA of the state |W)ag; B,
and its upper bound, which are functions of 3,0. The red
surface represents the SCRENoA of the state |W)ag, B, , blue
surface represents the upper bound from inequality .

W _ 3 _ 1 _ 1

e have NQA‘BlB2 = 1 N(lABl =1 NaAB2 =3 Then
B
5

_ (3 (1+k)s —1 _ /1
NfAuBIB2 = (1), NfAB1 + Lz N(?AB2 = (1) +

B
M#(%)ﬁ, see Fig. 3.
k5

CONCLUSION

We investigate in this work the monogamy and
polygamy relations related to quantum correlations for
multipartite quantum systems. General monogamy re-
lations are obtained for the ath (0 < a < v,y > 2)
power of quantum correlations, as well as the polygamy
relations of the Sth (8 > 6,0 < 6 < 1) power. These
novel monogamy and polygamy inequalities are comple-
mentary to the existing ones with different regions of
« and 8. Applying the general quantum correlations
to specific quantum correlations, the corresponding new
class of monogamy and polygamy relations are obtained,
which include the existing ones as special cases. To be
noted that our approach is applicable to the study of the
monogamy and polygamy relations of high dimensional
quantum system.

Acknowledgments We thank anonymous reviewers
for their suggestions in improving the manuscript. This
work was supported in part by the National Natu-
ral Science Foundation of China(NSFC) under Grants
11847209; 11675113 and 11635009; the Key Project of
Beijing Municipal Commission of Education (Grant No.
KZ201810028042); the Beijing Natural Science Founda-
tion (Z190005); the Ministry of Science and Technol-
ogy of the Peoples’ Republic of China (2015CB856703);
the Strategic Priority Research Program of the Chinese

Academy of Sciences, Grant No. XDB23030100 and the
China Postdoctoral Science Foundation funded project.

* Corresponding author: jzxjinzhixiang@126.com
t Corresponding author: feishm@mail.cnu.edu.cn
i Corresponding author: giaocf@ucas.ac.cn

[1] M. Pawlowski, Security proof for cryptographic protocols
based only on the monogamy of bells inequality viola-
tions, Phys. Rev. A 82, 032313 (2010).

[2] M. Koashi and A. Winter, Monogamy of quantum entan-
glement and other correlations, Phys. Rev. A 69, 022309
(2004).

[3] Z.X. Jin and S. M. Fei, Tighter entanglement monogamy
relations of qubit systems. Quantum Inf Process 16:77
(2017).

[4] X. N. Zhu and S. M. Fei, Entanglement monogamy rela-
tions of qubit systems. Phys. Rev. A 90, 024304 (2014).

[5] Z. X. Jin, J. Li, T. Li, S. M. Fei, Tighter monogamy
relations in multiqubit systems. Phys. Rev. A 97, 032336
(2018).

[6] J. S. Kim, A. Das, B. C. Sanders, Entanglement
monogamy of multipartite higher-dimensional quantum
systems using convex-roof extended negativity, Phys.
Rev. A 79, 012329 (2009).

[7] G. Gour, Y. Guo, Monogamy of entanglement without
inequalities, Quantum 2, 81 (2018).

[8] Y. Guo, Any entanglement of assistance is polygamous,
Quantum Inf Process, 17:222 (2018).

[9] Z. X. Jin, S. M. Fei, Tighter monogamy relations of quan-
tum entanglement for multiqubit W-class states, Quan-
tum Inf Process 17:2 (2018).

[10] Z. X. Jin, S. M. Fei, X. Li-Jost, Improved monogamy
relations with concurrence of assistance and negativity
of assistance for multiqubit W-class states, Quantum Inf
Process 17:213 (2018).

[11] G. Gour, D. A. Meyer, and B. C. Sanders, Deterministic
entanglement of assistance and monogamy constraints,
Phys. Rev. A 72, 042329 (2005).

[12] Z. X. Jin, S. M. Fei, Finer distribution of quantum corre-
lations among multiqubit systems, Quantum Inf Process
18:21 (2019).

[13] G. Gour, S. Bandyopadhay, and B. C. Sanders, Dual
monogamy inequality for entanglement, J. Math. Phys.
48, 012108 (2007).

[14] J. S. Kim, Weighted polygamy inequalities of multiparty
entanglement in arbitrary-dimensional quantum systems,
Phys. Rev. A 97, 042332 (2018).

[15] J. S. Kim, Tsallis entropy and entanglement constraints
in multiqubit systems, Phys. Rev. A 81, 062328 (2010).

[16] J. S. Kim and B. C. Sanders, J. Phys. A: Math. Theor.
44, 295303 (2011).

[17] J. K. Kalaga, W. Leoriski, Quantum steering borders in
three-qubit systems, Quantum Inf Process 16:175 (2017).

[18] J. K. Kalaga, W. Leonski, R. Szczesniak, Quan-
tum steering and entanglement in three-mode trian-
gle Bose-Hubbard system, Quantum Inf Process 16:265
(2017).

[19] M. K. Olsen, Spreading of entanglement and steering
along small Bose-Hubbard chains, Phys. Rev. A 92,
033627 (2015).



[20] X. Deng, Y. Xiang, C. Tian, G. Adesso, Q. He, Demon-
stration of Monogamy Relations for Einstein-Podolsky-
Rosen Steering in Gaussian Cluster States, Phys. Rev.
Lett. 118, 230501 (2017).

[21] J. K. Kalaga, W. Leonski, Einstein-Podolsky-Rosen
steering and coherence in the family of entangled three-
qubit states, Phys. Rev. A 97, 042110 (2018).

[22] J. S. Kim, Negativity and tight constraints of multiqubit
entanglement. Phys. Rev. A 97, 012334 (2018).

[23] T. Laustsen, F. Verstraete, and S. J. van Enk, Local vs
joint measurements for the entanglement of assistance.
Quantum Inf. Comput. 3, 64 (2003)

[24] G. Gour, S. Bandyopadhay, and B. C. Sanders, Dual
monogamy inequality for entanglement. J. Math. Phys.
48, 012108 (2007).

[25] X. N. Zhu and S. M. Fei, Monogamy properties of qubit
systems, Quantum Inf Process 18:23 (2019).

[26] T. J. Osborne and F. Verstraete, General monogamy
inequality for bipartite qubit entanglement. Phys. Rev.
Lett. 96, 220503 (2006).

[27] Y. K. Bai, M. Y. Ye, and Z. D. Wang, Entanglement
monogamy and entanglement evolution in multipartite
systems, Phys. Rev. A 80, 044301 (2009).

[28] A. Acin, A. Andrianov, L. Costa, E. Jane, J. 1. La-
torre, and R. Tarrach, Generalized schmidt decomposi-
tion and classification of three-quantum-bit states, Phys.
Rev. Lett. 85, 1560 (2000).

[29] X. H. Gao and S. M. Fei, Estimation of concurrence for
multipartite mixed states, Eur. Phys. J. Special Topics
159, 71 (2008).

[30] Groblacher S, Jennewein T, Vaziri A, Weihs G and
Zeilinger A, Experimental quantum cryptography with
qutrits, 2006 New J. Phys. 8 75

[31] A. Kumar, R. Prabhu, A. Sen(De), and U. Sen, Effect of
a large number of parties on the monogamy of quantum

correlations. Phys. Rev. A 91, 012341, (2015).

[32] G. Adesso, A. Serafini, F. Illuminati, Multipartite en-
tanglement in three-mode Gaussian states of continuous-
variable systems: Quantification, sharing structure, and
decoherence. Phys. Rev. A 73, 032345 (2006).

[33] A. K. Ekert, Quantum cryptography based on Bell’s the-
orem. Phys. Rev. Lett. 67, 661 (1991).

[34] R. Prabhu, A. K. Pati, A. Sen(De), U. Sen, Conditions
for monogamy of quantum correlations: Greenberger-
Horne-Zeilinger versus W states. Phys. Rev. A 85,
040102(R) (2012).

[35] G. L. Giorgi, Monogamy properties of quantum and clas-
sical correlations. Phys. Rev. A 84, 054301 (2011).

[36] K. Salini, R. Prabhu, A. Sen(De), and U. Sen, Monotoni-
cally increasing functions of any quantum correlation can
make all multiparty states monogamous. Ann. Phys 348,
297-305 (2014).

[37] Y. Luo, T. Tian, L. H. Shao, and Y. Li, General
monogamy of Tsallis g-entropy entanglement in multi-
qubit systems, Phys. Rev. A 93, 062340 (2016).

[38] A. Uhlmann, Fidelity and concurrence of conjugated
states.Phys. Rev. A 62, 032307 (2000).

[39] P. Rungta, V. BuZzek, C. M. Caves, M. Hillery, and G.
J. Milburn, Universal state inversion and concurrence in
arbitrary dimensions. Phys. Rev. A 64, 042315 (2001).

[40] S. Albeverio and S. M. Fei, A note on invariants and
entanglements. J. Opt. B: Quantum Semiclass Opt. 3,
223 (2001).

[41] Z. X. Jin and S. M. Fei, Superactivation of monogamy
relations for nonadditive quantum correlation measures.
Phys. Rev. A, 99, 032343 (2019).

[42] G. Vidal and R. F. Werner, Computable measure of en-
tanglement. Phys. Rev. A. 65, 032314 (2002).



	 INTRODUCTION
	 MONOGAMY RELATIONS for GENERAL quantum correlations
	 polygamy RELATIONS for GENERAL quantum correlations
	 conclusion
	 References

