
 

 

 

Sudden change of interferometric power for X-shape states 

Dian Zhu(朱典), Fu-Lin Zhang(张福林), and Jing-Ling Chen(陈景灵) 

Citation:Chin. Phys. B, 2025, 34 (2): 020305.   DOI: 10.1088/1674-1056/ad9732 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb  

 

What follows is a list of articles you may be interested in  

 

Effects of quantum noise on teleportation of arbitrary two-qubit state via five-particle 

Brown state 

Ao Wang(汪澳), Yu-Zhen Wei(魏玉震), Min Jiang(姜敏), Yong-Cheng Li(李泳成), Hong Chen(陈虹), and Xu 

Huang(黄旭) 

Chin. Phys. B, 2024, 33 (8): 080307.   DOI: 10.1088/1674-1056/ad3dc8 

Sharing quantum nonlocality in the noisy scenario 

Shu-Yuan Yang(杨舒媛), Jin-Chuan Hou(侯晋川), and Kan He(贺衎) 

Chin. Phys. B, 2024, 33 (1): 010302.   DOI: 10.1088/1674-1056/ad062d 

Single-qubit quantum classifier based on gradient-free optimization algorithm 

Anqi Zhang(张安琪), Kelun Wang(王可伦), Yihua Wu(吴逸华), and Sheng-Mei Zhao(赵生妹) 

Chin. Phys. B, 2023, 32 (10): 100308.   DOI: 10.1088/1674-1056/acb75e 

Quantum interferometric power and non-Markovianity in the decoherence channels 

Shaojie Xiong(熊少杰), Zhe Sun(孙哲), and Xiaoguang Wang(王晓光) 

Chin. Phys. B, 2023, 32 (8): 080302.   DOI: 10.1088/1674-1056/accb4e 

Anomalous non-Hermitian dynamical phenomenon on the quantum circuit 

Chenxiao Dong(董陈潇), Zhesen Yang(杨哲森), Jinfeng Zeng(曾进峰), and Jiangping Hu(胡江平) 

Chin. Phys. B, 2023, 32 (7): 070305.   DOI: 10.1088/1674-1056/acce9a 

 

-------------------------------------------------------------------------------------------------------------------- 

https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ad9732
https://doi.org/10.1088/1674-1056/ad9732
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ad3dc8
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ad3dc8
https://doi.org/10.1088/1674-1056/ad3dc8
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ad062d
https://doi.org/10.1088/1674-1056/ad062d
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acb75e
https://doi.org/10.1088/1674-1056/acb75e
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/accb4e
https://doi.org/10.1088/1674-1056/accb4e
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acce9a
https://doi.org/10.1088/1674-1056/acce9a


Chin. Phys. B 34, 020305 (2025)

Sudden change of interferometric power for X-shape states
Dian Zhu(朱典)1, Fu-Lin Zhang(张福林)2,†, and Jing-Ling Chen(陈景灵)1,‡

1Theoretical Physics Division, Chern Institute of Mathematics, Nankai University, Tianjin 300071, China
2Department of Physics, School of Science, Tianjin University, Tianjin 300072, China

(Received 26 August 2024; revised manuscript received 13 November 2024; accepted manuscript online 26 November 2024)

Quantum interferometric power (IP), a discordlike measure, plays an important role in quantum metrology. We study
the dynamics of IP for two-qubit X-shape states under different noisy environments. Our study shows that IP exhibits
sudden change, and one side quantum channel is enough for the occurrence of a sudden change of IP. In particular, we show
that the initial state having no sudden change of quantum discord exhibits a sudden change of IP under the dynamics of
amplitude noise, but the converse is not true. Besides, we also investigate the dynamics of IP under two different kinds of
composite noises. Our results also confirm that sudden change of IP occurs under such composite noises.
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1. Introduction
Quantum correlations characterize the quantum feature

of bipartite or multipartite system.[1] For a long time, entan-
glement was considered to be the only quantum correlation
that was useful for quantum information processing. How-
ever, it is realized that there exists another quantum correlation
weaker than entanglement called quantum discord,[2,3] which
can be found in separable mixed states and may play an im-
portant role in quantum information processing. In the past
two decades, a great deal of attentions have been received for
quantum discord.[4–26] On the other hand, with the recent de-
velopment of quantum metrology experimentally and theoret-
ically, it has been realized that quantum correlations constitute
an available resource in quantum metrology protocols.[27–40]

In metrology, quantum Fisher information (QFI) determines
the estimation precision of an unknown parameter and it can
be considered as a quantifier quantifying the quantum corre-
lation weaker than entanglement.[27–29,41–44] For a given bi-
partite probe state with only one part of the system undergoes
a unitary transformation, Girolami et al. presented a discord-
like quantifier, called interferometric power,[45] to determine
the estimation accuracy of an unknown parameter in black-box
settings. Based on QFI, the definition of IP naturally quanti-
fied the guaranteed sensitivity of the probe state in some in-
terferometric devices. As a new tool of discord-like measure,
IP plays an essential role in quantum metrology tasks.[45–48]

Hence, a great deal of attention has been received for IP in re-
cent studies, such as the dynamic of IP in multipartite coherent
states,[49] dynamically producing asymmetric IP,[50] Gaussian
IP,[46,51–53] and so on.

In realistic quantum information processing, the in-
evitable interaction between the quantum system and the envi-
ronment destroys the quantum properties of the system, such
as entanglement sudden death[54–56] and sudden change of
quantum discord.[57,58] The study of these quantum charac-
teristics of open quantum systems theoretically presents that
quantum correlations have different dynamical behaviors com-
pared with quantum coherence under the affection of the en-
vironment for a long time interval. On the other hand, these
studies also help us to utilize quantum advantages in quan-
tum information processing. Therefore, it is essential to in-
vestigate some specific dynamical behaviors of IP under the
decoherence process. Sudden change[23,24] is a particular dy-
namical behavior of quantum discord, which arises from the
dynamics of quantum discord for two-qubit systems passing
through quantum noise channels. However, as the other dis-
cordlike measure, there are no investigations to show that the
abrupt modification of the decay rate exists under different
noisy channels for IP. In this paper, we investigate the dynam-
ics of IP for two-qubit X-shape states under several different
kinds of quantum noises. Our results show that compared to
depolarizing noise, IP exhibits sudden change under amplitude
noise and phase noise acting on the first qubit of the two-qubit
system. In particular, our findings show that the condition of
the sudden change of IP differs from quantum discord under
amplitude noise acting on the first qubit of the two-qubit sys-
tem. Our studies also show that IP exhibits sudden change un-
der the two different kinds of dephasing noise acting on both
two-qubit systems.
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2. Quantum IP as the discordlike measure of X-
shape states
The concept of IP of quantum states has been introduced

explicitly in Ref. [45]. As one of the measure of discordlike
quantum correlations, IP provides a computable way of quan-
tum discord quantification. For a bipartite system ρAB, the IP
is defined as the minimum of the QFI by taking over all the
local Hamiltonians HA acted only on the subsystem A,

ℐ𝒫(ρAB) =
1
4

min
HA

ℱ(ρAB,HA), (1)

where

ℱ(ρAB,HA)

= 4 ∑
i̸= j;qi+q j ̸=0

(qi −q j)
2

qi +q j

∣∣⟨ψ1|HA ⊗1B|ψ j⟩
∣∣2 (2)

with {qi, |ψi⟩} being the eigenvalues and the eigenvectors of
ρAB, respectively. For the case of subsystem A being a qubit,
one can take the set of Hamiltonians HA =−→n ·−→σ with −→n = 1
and −→

σ = (σx,σy,σz). Then equation (1) can be reduced to a
closed formula

ℐ𝒫(ρAB) = ζmin[M], (3)

where ζmin[M] is the smallest eigenvalue of the matrix M with
elements[45]

Mm,n

=
1
2 ∑

i,l;qi+ql ̸=0

(qi −ql)
2

qi +ql
⟨ψi|σm ⊗1|ψl⟩⟨ψl |σn ⊗1|ψi⟩. (4)

One can note that IP has the following properties: (i) ℐ𝒫(ρAB)

equals zero if ρAB is a classical state (with respect to
A); (ii) ℐ𝒫(ρAB) is invariant under local unitary operation;
(iii) ℐ𝒫(ρAB) is monotonically decreasing under local com-
pletely positive and trace-preserving maps on subsystem B;
(iv) ℐ𝒫(ρAB) reduces to a measure of entanglement if ρAB

is a pure state.[45] These properties imply that ℐ𝒫(ρAB) is a
proper measure of discord-type correlation.

Let us consider the following X-shape states of two-qubit
system,[25]

ρAB =
1
4
(1⊗1+−→r ·−→σ ⊗1+1⊗−→s ·−→σ +

3

∑
j=1

c jσ j ⊗σ j), (5)

where 1 is the 2 × 2 identity matrix, −→r = (0,0,r), −→s =

(0,0,s), c j ∈ R, and σ j ( j = 1,2,3) are the Pauli matrices. It
is easy to see that equation (5) reduces to Bell-diagonal states
when r = s = 0.

The form of IP of ρAB can be given by Eq. (4), that is

ℐ𝒫(ρAB) = min{M11,M22,M33}, (6)

where

M11 =
(λ1 −λ3)

2

λ1 +λ3
· (x1 + y1)

2

(1+ x2
1)(1+ y2

1)

+
(λ1 −λ4)

2

λ1 +λ4
· (x1 + y2)

2

(1+ x2
1)(1+ y2

2)

+
(λ2 −λ3)

2

λ2 +λ3
· (x2 + y1)

2

(1+ x2
2)(1+ y2

1)

+
(λ2 −λ4)

2

λ2 +λ4
· (x2 + y2)

2

(1+ x2
2)(1+ y2

2)
,

M22 =
(λ1 −λ3)

2

λ1 +λ3
· (x1 − y1)

2

(1+ x2
1)(1+ y2

1)

+
(λ1 −λ4)

2

λ1 +λ4
· (x1 − y2)

2

(1+ x2
1)(1+ y2

2)

+
(λ2 −λ3)

2

λ2 +λ3
· (x2 − y1)

2

(1+ x2
2)(1+ y2

1)

+
(λ2 −λ4)

2

λ2 +λ4
· (x2 − y2)

2

(1+ x2
2)(1+ y2

2)
,

M33 =
(λ1 −λ2)

2

λ1 +λ2
· (x1x2 −1)2

(1+ x2
1)(1+ x2

2)

+
(λ3 −λ4)

2

λ3 +λ4
· (y1y2 −1)2

(1+ y2
1)(1+ y2

2)
. (7)

Here λi ≥ 0 are eigenvalues of ρAB,

x1 =
r− s−2(λ2 −λ1)

c1 + c2
, x2 =

r− s+2(λ2 −λ1)

c1 + c2
,

y1 =
r+ s−2(λ4 −λ3)

c1 − c2
, y2 =

r+ s+2(λ4 −λ3)

c1 − c2
.

From the above expressions, one can find that M11 ≥ M22 (or
M11 < M22) if |c1| ≤ |c2| (or |c1|> |c2|). Hence, the IP of ρAB

can be rewritten as

ℐ𝒫(ρAB) =

{
min{M22,M33}, if |c1|< |c2|,
min{M11,M33}, if |c1|> |c2|.

(8)

3. Sudden change of IP under one side quantum
channel

In this section, based on the analytical formula of IP given
above, we can study the dynamics of IP for a two-qubit system
over three kinds of quantum noises acting on the first qubit:
amplitude noise, phase noise, and depolarizing noise. De-
coherence in quantum systems within thermal environments
involves amplitude and phase noise. When amplitude noise
predominates, it can be approximately assumed that only am-
plitude noise affects the system; similarly, when phase noise
dominates, only phase noise is considered. Additionally, de-
polarizing noise represents a simple form of an ideal noise
model, and the dynamical properties of quantum correlations
under this type of noise merit investigation. For simplicity, we

020305-2



Chin. Phys. B 34, 020305 (2025)

consider the Bell-diagonal states as the initial states of two-
qubit system,[26]

ρ =
1
4
(1⊗1+

3

∑
i=1

ciσi ⊗σi). (9)

3.1. Amplitude noise

Amplitude damping, or amplitude noise, describes the en-
ergy dissipation from a quantum system. One can consider a
two-qubit system where the first qubit is through this quantum
channel. Then the Kraus operators for the whole system are

given by[54]

K1a =

(
η 0
0 1

)
⊗
(

1 0
0 1

)
,

K2a =

(
0 0√

1−η2 0

)
⊗
(

1 0
0 1

)
, (10)

where η = e−τt/2, τ is the amplitude decay rate, t is time.
The evolution of the initial states Eq. (9) under this quantum
channel can be described by

ℰa(ρ) = K1aρK†
1a +K2aρK†

2a =
1
4


η2(1+ c3) 0 0 η(c1 − c2)

0 η2(1− c3) η(c1 + c2) 0
0 η(c1 + c2) 2−η2 −η2c3 0

η(c1 − c2) 0 0 2−η2 +η2c3


=

1
4
(1⊗1+ r(t)σ3 ⊗1+ s(t)1⊗σ3 +

3

∑
j=1

c j(t)σ j ⊗σ j), (11)

where r(t) = η2 − 1, s(t) = 0, c1(t) = ηc1, c2(t) = ηc2, and
c3(t) = η2c3. By Eq. (8), the IP of ℰa(ρ) is

ℐ𝒫(ℰa(ρ))

=

{
min{M22(t),M33(t)}, if |c1(t)|< |c2(t)|,
min{M11(t),M33(t)}, if |c1(t)|> |c2(t)|.

(12)

In particular, equation (7) can be reduced to the following
simple form when t = 0:

M11(0) =
c2

2 + c3
3 +2c1c2c3

1− c2
1

,

M22(0) =
c2

1 + c3
3 +2c1c2c3

1− c2
2

,

M33(0) =
c2

2 + c3
2 +2c1c2c3

1− c2
3

. (13)
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Fig. 1. The evolution of IP ((a) and (c)) versus the evolution of quantum
discord ((b) and (d)) under amplitude noise acting on the first qubit of the
bipartite system. Considering the initial state not satisfying the condition of a
sudden change of quantum discord (c1 = 0.4, c2 = 0.2, c3 = 0.3), we can see
that IP exhibits a sudden change with the same situation. On the other hand,
if we consider the initial state satisfying the condition of a sudden change of
quantum discord (c1 = 0.3, c2 = 0.2, c3 = 0.301), one can see that a sudden
change of IP still occurs with the same situation.

It is easy to find that M33(0) > M11(0) (or M33(0) >
M22(0)) if |c3| < |c1| (or |c3| < |c2|), and when t → ∞,
M11(∞) = M22(∞) > M33(∞). Hence, a sudden change of
IP occurs when |c3| < max{|c1|, |c2|} in the initial Bell-
diagonal state ρ with this kind of amplitude noisy channel.
However, a sudden change of quantum discord occurs when
|c3|> max{|c1|, |c2|} in the initial state ρ with the same noise
environment.[57] We find that the initial state satisfying the
condition of a sudden change of quantum discord also exhibits
a sudden change of IP, which means that the conditions of the
sudden change of IP and quantum discord are not complemen-
tary. These results have been shown in Fig. 1.

3.2. Phase noise

Next we investigate the dynamics of IP over phase noise
channel. Phase noise describes the loss of quantum informa-
tion without loss of energy. The Kraus operators of phase
noise for the whole system can be read as[1,59]

K1p =
√

α

(
1 0
0 1

)
⊗
(

1 0
0 1

)
,

K2p =
√

1−α

(
1 0
0 −1

)
⊗
(

1 0
0 1

)
, (14)

where

α =
1
2
(1+

√
1− γ), γ = e(−τt/2)

and τ denotes transversal decay rate. The output states from
this quantum channel is

ℰp(ρ) = K1pρK†
1p +K2pρK†

2p

020305-3
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=
1
4


1+ c3 0 0 γ(c1 − c2)

0 1− c3 γ(c1 + c2) 0
0 γ(c1 + c2) 1− c3 0

γ(c1 − c2) 0 0 1+ c3


=

1
4
(1⊗1+

3

∑
i=1

ci(t)σi ⊗σi), (15)

where c1(t) = γc1, c2(t) = γc2, and c3(t) = c3. By Eq. (8), the
expression of IP of ℰp(ρ) can be obtained, that is

ℐ𝒫(ℰp(ρ))

=

{
min{M22(t),M33(t)}, if |c1(t)|< |c2(t)|,
min{M11(t),M33(t)}, if |c1(t)|> |c2(t)|,

(16)

where

M11(t) =
γ2c2

2(t)+ c2
3(t)+2γ2c1(t)c2(t)c3(t)

1− γ2c2
1(t)

,

M22(t) =
γ2c2

1(t)+ c2
3(t)+2γ2c1(t)c2(t)c3(t)

1− γ2c2
2(t)

,

M33(t) =
γ2c2

1(t)+ γ2c2
2(t)+2γ2c1(t)c2(t)c3(t)

1− c2
3(t)

. (17)

In Ref. [45], it is already known that the IP of ℰp(ρ) can be
rewritten as the following form

ℐ𝒫(ℰp(ρ)) =
‖C(t)‖2 −‖C(t)‖2

∞ +2detC(t)
1−‖C(t)‖2

∞

, (18)

where

‖C(t)‖2 = Tr[CT C] = c2
1(t)+ c2

2(t)+ c2
3(t),

the square Hilbert–Schmidt of C(t) and ‖C(t)‖2
∞ =

max{c2
1(t), c2

2(t), c2
3(t)} the operator norm of C(t). If |c3| ≥

max{|c1|, |c2|}, ‖C(t)‖2
∞ will reduce to c2

3(t) since the decay
rates of max{|c1(t)|, |c2(t)|} and |c3(t)| are different, then the
IP ℐ𝒫(ℰp(ρ)) decays monotonically. If |c3|< max{|c1|, |c2|}
and c3 ̸= 0, the decay rate of IP ℐ𝒫(ℰp(ρ)) sudden changes at

t0 =−2
τ

ln
∣∣∣∣ c3

max{|c1|, |c2|}

∣∣∣∣ .

In Fig. 2, we choose three different {ci} to represent the
dynamics of IP of ρ under single qubit phase noise. As a re-
sult, a sudden change of IP may occur under this kind of noise
environment.

0 1 2 3 4 5

0

0.05

0.10

0.15

τ t

I
P

Fig. 2. IP of the initial Bell-diagonal states under phase noise acting on the
first qubit of the quantum system. The solid line for c1 = 0.4, c2 = 0.1,
c3 = 0.3; the dashed line for c1 = 0.1, c2 = 0.3, c3 = 0.4; the dotted line
for c1 = 0.4, c2 = 0.3, c3 = 0. The sudden change only happens at situation
(solid line).

3.3. Depolarizing noise

As one of the important types of quantum noise, the
depolarizing noise describes a process that takes a state
into completely mixed state 1/2 with probability p and
the state being left untouched with probability 1 − p. The
operation elements for depolarizing noise are shown as
{
√

1−3p/41,
√

pσx/2,
√

pσy/2,
√

pσz/2} and the Kraus op-
erators for the whole system are given by[1]

K1d =

√
1− 3p

4

(
1 0
0 1

)
⊗
(

1 0
0 1

)
,

K2d =

√
p

2

(
0 1
1 0

)
⊗
(

1 0
0 1

)
,

K3d =

√
p

2

(
0 −i
i 0

)
⊗
(

1 0
0 1

)
,

K4d =

√
p

2

(
1 0
0 −1

)
⊗
(

1 0
0 1

)
, (19)

where p = 1− e−τt . The Bell-diagonal states after this noise
is

ℰd(ρ) =
4

∑
j=1

K jdρK†
jd =

1
4


1+(1− p)c3 0 0 (1− p)(c1 − c2)

0 1− (1− p)c3 (1− p)(c1 + c2) 0
0 (1− p)(c1 + c2) 1− (1− p)c3 0

(1− p)(c1 − c2) 0 0 1+(1− p)c3


=

1
4
(1⊗1+

3

∑
i=1

ci(t)σi ⊗σi), (20)

where ci(t) = (1− p)ci, i = 1,2,3. Similarly, the form of the
IP of ℰd(ρ) is Eq. (18) but ci(t) = (1− p)ci, i = 1,2,3. The
dynamics of IP for X-shape states depend on the evolution of
the matrix elements of the density matrix. Since the anisotropy

of amplitude noise and phase noise, these elements have dif-
ferent decay rates and cause a sudden change of the minimum
in Eq. (6). In comparison, the isotropy of depolarizing noise
results in the identical decay rate of ci(t) (i = 1,2,3), and the
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other elements remain zero. Therefore, the isotropy of depo-
larizing noise ensures no sudden change of IP occurs, while
the anisotropy of amplitude noise and phase noise leads to the
sudden change in IP. We show some cases in Fig. 3.

τ t

0 0.5 1.0 1.5 2.0 2.5 3.0

0

0.05

0.10

0.15

0.20

I
P

Fig. 3. IP of the initial Bell-diagonal states under depolarizing noise act-
ing on the first qubit of the quantum system. The solid line for c1 = 0.4,
c2 = 0.3, c3 = 0.2; the dashed line for c1 = 0.1, c2 = 0.3, c3 = 0.4; the
dotted line for c1 = 0.1, c2 = 0.4, c3 = 0.2.

4. Sudden change of IP under two-qubit dephas-
ing model
In this section, we investigate the dynamics of IP of Bell-

diagonal states that are independently interacting with identi-
cal colored dephasing environments or are interacting with a
common dephasing bath.

4.1. Identical colored dephasing noise

The study of the dynamics quantum open system based
on the Markov approximation contains the majority of physi-

cal situation but lacking the case of system–environment in-
teractions with memory. In Ref. [60], a model describing
system–environment interactions with memory without using
Born–Markov approximation has been presented, and the con-
ditions for system evolution to satisfy the complete positive
trace-preserving map have been given.

The Kraus operators describing the above dynamics are
given as follows:[58]

M1 =
√

β

(
1 0
0 1

)
, M2 =

√
1−β

(
1 0
0 −1

)
, (21)

where the operators satisfy ∑
2
k M†

k Mk = 1, β = (1+Λ(ν))/2,
and Λ(ν) = e−ν [cos(µν) + sin(µν)/µ], µ =

√
(4aτ)2 −1,

and a is a coin-flip random variable, ν = t/2τ is the dimen-
sionless time. After the evolution of Bell-diagonal states under
the independent interaction with identical colored dephasing
environment, the output density matrix can be obtained as

ℰic(ρ) = ∑
i, j
(Mi ⊗M j)ρ(Mi ⊗M j)

†, (22)

where the operators Mi and M j act on the first and second
qubits, respectively. Actually, this is a completely positive
trace-preserving map.

After the straightforward calculation, one can obtain that

ℰic(ρ) =
1
4


1+ c3 0 0 Λ 2(ν)(c1 − c2)

0 1− c3 Λ 2(ν)(c1 + c2) 0
0 Λ 2(ν)(c1 + c2) 1− c3 0

Λ 2(ν)(c1 − c2) 0 0 1+ c3


=

1
4
(1⊗1+

3

∑
i=1

ci(t)σi ⊗σi), (23)

where c1(t) = Λ 2(ν)c1, c2(t) = Λ 2(ν)c2, and c3(t) = c3. By
Eq. (18), we get the form of the IP of ℰic(ρ). Since Λ 2(ν) is
monotonically decreasing as similar as γ , the sudden change
of IP for ℰic(ρ) can occur with the proper {ci}, see Fig. 4.

0 0.2 0.4 0.6 0.8 1.0

0

0.05

0.10

0.15

0.20

ν

I
P

Fig. 4. The dynamics of the IP of the initial Bell-diagonal state ρ , de-
scribed by parameters c1 = 0.3, c2 = 0.4, c3 = 0.2, independently inter-
acting with identical colored dephasing noise having a = 1s, τ = 0.5s.
The decay rate of IP sudden changes at ν = 0.455.

4.2. Two qubits coupling to common bath

Considering the two-qubit system coupling to a same
bosonic environment, the total Hamiltonian can be written
as[61]

Hc =
1
2 ∑

j=1,2
σ

j
z +∑

k
ωkb†

kbk

+ ∑
j=1,2

∑
k

σ
j

z (gkb†
k +H.c.). (24)

The dynamics of Bell-diagonal states under such common
dephasing bath can be expressed by the following Kraus oper-
ators:

K1cb =


√

χ 0 0 0
0 1√

2
0 0

0 0 1√
2

0
0 0 0

√
χ

 ,
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K2cb =


√

1−χ 0 0 0
0 1√

2
0 0

0 0 1√
2

0
0 0 0 −

√
1−χ

 , (25)

where χ = (ξ 4 +1)/2, ξ (t) = exp[−Γ (t)], and Γ (t) is the de-
coherence function with the form

Γ (t) =
∫

∞

0

1− cos(ωt)
ω2 J(ω)d(ω). (26)

By considering the spectral density as

J(ω) =
ωs

ω
s−1
c

exp
(
− ω

ωc

)
with the cut-off frequency ωc = 1 and the positive parameter
s = 4, we can investigate the dynamics of the Bell-diagonal
states coupling to a same bosonic environment.

The matrix form of ℰcb(ρ) with the initial Bell-diagonal
state is as follows:

ℰcb(ρ)

= K1cbρK†
1cb +K2cbρK†

2cb

=
1
4


1+ c3 0 0 ξ 4(t)(c1 − c2)

0 1− c3 c1 + c2 0
0 c1 + c2 1− c3 0

ξ 4(t)(c1 − c2) 0 0 1+ c3


=

1
4
(1⊗1+

3

∑
i=1

ci(t)σi ⊗σi), (27)

where c1(t) = [(1+ξ 4(t))c1 +(1−ξ 4(t))c2]/2, c2(t) = [(1−
ξ 4(t))c1 +(1+ ξ 4(t))c2]/2, and c3(t) = c3. By Eq. (18), we
find that if c1 = c2, c1(t), and c2(t) will equal c1, then the IP
of ℰcb(ρ) will reduce to a constant. And if c1 ̸= c2, the sudden
change of IP happens when c3 > (c1 + c2)/2 with this kind of
noise environment. We show these in Fig. 5.

0 0.1 0.2 0.3 0.4 0.5

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

t

I
P

Fig. 5. IP of the initial Bell-diagonal states under the two-qubit de-
phasing model with colored noise with c1 = c2 = 0.15,c3 = 0.05 (dot-
ted line); c1 = 0.4,c2 = −0.1,c3 = 0.16 (solid line); c1 = 0.4,c2 =
−0.1,c3 = 0.14 (dashed line); respectively. Sudden change of IP hap-
pens only at situation (solid line).

5. Conclusion
In summary, we have investigated the dynamics of IP for

the X class of quantum states under several different kinds of
noise channels, such as amplitude noise, phase noise, and de-
polarizing noise acting only on one qubit of the quantum sys-
tem, and two different types of phase noise acting on both two

qubits of the quantum system. Our results show that, as one of
the discordlike measures, IP exhibits sudden change behavior.
Compared with the dynamics of IP under depolarizing noise,
the sudden change of IP occurs under amplitude noise and
phase noise if chosen proper initial states. Similar to quantum
discord,[57] the sudden change of IP occurs when the quantum
noise acts only on one qubit of the quantum system, which
means that composite noise is not the necessary condition for
the sudden change of IP. Furthermore, our results show that the
initial state ρ having no sudden change of quantum discord ex-
hibits a sudden change of IP under the dynamics of amplitude
noise, but the converse is not true.
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mun. 3 1063

[32] Boixo S, Datta A, Davis M J, Flammia S T, Shaji A and Caves C M
2008 Phys. Rev. Lett. 101 040403

[33] Roy S M and Braunstein 2008 Phys. Rev. Lett. 100 220501
[34] Liu Y C, Jin G R and You L 2010 Phys. Rev. A 82 045601
[35] Tsang M 2012 Phys. Rev. Lett. 108 230401
[36] Rong X, Huang P, Kong X, Xu X, Shi F, Wang Y and Du J 2011 Euro-

phys. Lett. 95 60005
[37] Zanardi P, Paris M G and Venuti L C 2008 Phys. Rev. A 78 042105
[38] Lu X M, Sun Z, Wang X G, Luo S L and Oh C H 2013 Phys. Rev. A 87

050302
[39] Tóth G 2012 Phys. Rev. A 85 022322
[40] Petz D, Hangos K M and Magyar A 2007 J. Phys. A: Math. Theor. 40

7955
[41] Giovannetti V, Lloyd S and Maccone L 2006 Phys. Rev. Lett. 96 010401
[42] Giovannetti V, Lloyd S and Maccone L 2011 Nat. Photon. 5 222
[43] Liu Y C, Xu Z F, Jin G R and You L 2011 Phys. Rev. Lett. 107 013601
[44] Hyllus P, Gühne O and Smerzi A 2010 Phys. Rev. A 82 012337
[45] Girolami D, Souza A M, Giovannetti V, Tufarelli T, Filgueiras J G,

Sarthour R S, Soares-Pinto D O, Oliveira I S and Adesso G 2014 Phys.
Rev. Lett. 112 210401

[46] Adesso G 2014 Phys. Rev. A 90 022321

[47] Bera M N 2014 arXiv:1405.5357
[48] Farace A, De Pasquale A, Adesso A and Giovannetti V 2016 New J.

Phys. 18 013049
[49] Laghmach R, El Hadfi H, Kaydi W and Daoud M 2019 Eur. Phys. J. D

73 194
[50] Li H B, Zheng Q, Zhi Q J and Li Y 2022 Phys. Rev. A 105 042612
[51] Fang Y, Liu X B, Wang J C, Tian Z H and Jing J L 2019 Quanum Inf.

Process 18 248
[52] Lahlou Y, Bakmou L, Maroufi B and Daoud M 2022 Quanum Inf. Pro-

cess 21 248
[53] Lahlou Y, Maroufi B and Daoud M 2024 Chin. Phys. B 33 050303
[54] Yu T and Eberly J H 2004 Phys. Rev. Lett. 93 140404
[55] Yu T and Eberly J H 2006 Phys. Rev. Lett. 97 140403
[56] Yashodamma K O and Shenoy S 2013 Results in Physics 3 41
[57] Jia L X, Li B, Yue R H and Fan H 2013 Int. J. Quantum. Inf. 11 1350048
[58] Pinto J P G, Karpat G and Fanchini F F 2013 Phys. Rev. A 88 034304
[59] Salles A, de Melo F, Almeida M P, Hor-Meyll M, Walborn S P, Ribeiro

P H S and Davidovich L 2008 Phys. Rev. A 78 022322
[60] Daffer S, Wodkiewicz K, Cresser J D and McIver J K 2004 Phys. Rev.

A 70 010304
[61] Benedetti C, Sehdaran F, Zandi M and Paris M G A 2018 Phys. Rev A

97 012126

020305-7

https://doi.org/10.1038/ncomms2067
https://doi.org/10.1038/ncomms2067
http://dx.doi.org/10.1103/PhysRevLett.101.040403
http://dx.doi.org/10.1103/PhysRevLett.100.220501
http://dx.doi.org/10.1103/PhysRevA.82.045601
http://dx.doi.org/10.1103/PhysRevLett.108.230401
http://dx.doi.org/10.1209/0295-5075/95/60005
http://dx.doi.org/10.1209/0295-5075/95/60005
http://dx.doi.org/10.1103/PhysRevA.78.042105
http://dx.doi.org/10.1103/PhysRevA.87.050302
http://dx.doi.org/10.1103/PhysRevA.87.050302
http://dx.doi.org/10.1103/PhysRevA.85.022322
http://dx.doi.org/10.1088/1751-8113/40/28/S06
http://dx.doi.org/10.1088/1751-8113/40/28/S06
http://dx.doi.org/10.1103/PhysRevLett.96.010401
http://dx.doi.org/10.1038/nphoton.2011.35
http://dx.doi.org/10.1103/PhysRevLett.107.013601
http://dx.doi.org/10.1103/PhysRevA.82.012337
http://dx.doi.org/10.1103/PhysRevLett.112.210401
http://dx.doi.org/10.1103/PhysRevLett.112.210401
http://dx.doi.org/10.1103/PhysRevA.90.022321
http://dx.doi.org/10.1088/1367-2630/18/1/013049
http://dx.doi.org/10.1088/1367-2630/18/1/013049
http://dx.doi.org/10.1140/epjd/e2019-100053-4
http://dx.doi.org/10.1140/epjd/e2019-100053-4
http://dx.doi.org/10.1103/PhysRevA.105.042612
https://doi.org/10.1007/s11128-019-2359-6
https://doi.org/10.1007/s11128-019-2359-6
https://doi.org/10.1007/s11128-022-03597-4
https://doi.org/10.1007/s11128-022-03597-4
http://dx.doi.org/10.1088/1674-1056/ad2a6e
http://dx.doi.org/10.1103/PhysRevLett.93.140404
http://dx.doi.org/10.1103/PhysRevLett.97.140403
http://dx.doi.org/10.1016/j.rinp.2013.02.001
http://dx.doi.org/10.1142/S0219749913500482
http://dx.doi.org/10.1103/PhysRevA.88.034304
http://dx.doi.org/10.1103/PhysRevA.78.022322
http://dx.doi.org/10.1103/PhysRevA.70.010304
http://dx.doi.org/10.1103/PhysRevA.70.010304
http://dx.doi.org/10.1103/PhysRevA.97.012126
http://dx.doi.org/10.1103/PhysRevA.97.012126

	1. Introduction
	2. Quantum IP as the discordlike measure of X-shape states
	3. Sudden change of IP under one side quantum channel
	3.1. Amplitude noise
	3.2. Phase noise
	3.3. Depolarizing noise

	4. Sudden change of IP under two-qubit dephasing model
	4.1. Identical colored dephasing noise
	4.2. Two qubits coupling to common bath

	5. Conclusion
	References

