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Abstract: As the most peculiar and incredible feature of quantum mechanics, there is a great gap
between quantum information and classical information, which is evident in the new field of quantum
information. Based on this, this paper discusses quantum entanglement control and decoherence and
hopes that it can bring some enlightenment for the related industry.

1. Introduction

For the quantum entanglement control of this paper, the information transmission and information
processing which it provides for new physical resources should receive attention [1]. This is because
such resources can provide strong support for the scientific development in this century [2]. The
support can be implemented to practical application level from theory, it is the reason why this article
focuses on quantum entanglement control and decoherence [3].

2. Quantum Entanglement Control

2.1 Theoretical analysis

When it comes to quantum entanglement control, imagination test "Schrodinger's cat"”, which is
carried out by famous Austrian physicist Erwin Schrodinger in 1935, must be mentioned [4]. An
intuitive visualization of the experiment "Schrodinger's cat" is shown in Figure 1, which is often seen
as an important reason for the unsustainability of macroscopic quantum entanglement [5].

Fig.1 "Schrodinger's cat" experiment

The GHZ state belongs to a simple model of the "Schrodinger's cat” experiment, which is
expressed as:

1 Q ®N ®N)
|GHZ) 7 0) " +[1)

GHZ state possesses environmental phase effect of uncontrollable freedom degrees, such as hot
bath. The in-depth analysis about GHZ is conducted and can draw the following conclusion, that is,
refund entanglement rate of N quantum bit is KN. The premise of this conclusion is that the
disentanglement rate of the single quantum bit is K.

The disentanglement rate analysis based on GHZ states does not fully describe the nature of
guantum entanglement system. However, the disentanglement theory of multi-particle quantum
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system proposed by scholars in recent years can make up for this problem, and it is more mature and
specific than the disentanglement rate. In the analysis which applies this theory to study GHZ states,
we can confirm that the lifetime of GHZ state is directly affected by the number of ions N. This effect
is manifested as an increase of N and a shortened lifetime of the GHZ state. In a more in-depth study
of GHZ in academia, some studies, which have studied the entanglement lifetimes of GHZ states,
obtain the situation that entangled patches will greatly increase in coding entangled state after a
specified time, and the entanglement life of quantum systems will also be significantly extended.

As a resource with high potential, the academic community has long been hoping to operate this
new resource of quantum entanglement and ensure its long-term stability at the same time. Quantum
entanglement control research in this paper is one of the representatives, this control is essentially an
external "interference". After a comprehensive analysis of the study carried out by academia in recent
years, it is not difficult to find that quantum dense coding control belongs to representatives in the
field of research.

2.2 Quantum entanglement control

Suppose that A and B want to communicate with each other, A and B respectively have particles 1
and 2 at the two-level three-particle GHZ state, while C has particles 3. There into, states of 1, 2 and
3 can be described as:

1
| ‘P>123 = ﬁ(l OOO>123 + |111>123)

Suppose the numbers 0-7 are encoded by quantum bit 1, 2 and 3, which can get the relationship
table shown in Table 1.

Table 1 Correspondence of quantum states and the number

Quantum states [000)  [001)  |010)  [011)  [100)  [101)  [110)  |111)

Corresponding
0
numbers

1 2 3 4 5 6 7

Depending on the different numbers, A performs a transformation {1 X\Y. Z} on its own quantum
bit, which obtains the results shown in Table 2.

Table 2 Transformation and results of a on its quantum bit

Numbers Transformation New state
0 I®I®I %Qooo>+\111>)
1 XRI®I %Qmo)ﬂon})
2 X®I®I 5 (100) +|011))
3 X®I®] 5 (100) +|011))
4 Y®I®I 5 (-[100) +|012)
5 Z®1®] 75 (000) —[111))
6 Z®1®I %QOOO)—\lll})
7 Z®1®I %(}000}4111})

A further analysis can obtain changes and the results of C on its quantum bit as shown in Table 3.
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Table 3 Changes and results of ¢ on its quantum bit

Numbers Primitive states Operations New state
0 iZ(Jooo>+|111>) 113 iZ(Jooo>+|111>)
1 iz(jloo>+|011>) 1®1®X %(}101>+|010>)
2 iquoo>+|on>) 1®1®Y iz(_|1ol>+|olo>)
3 iz(jloo>+|011>) 1®1®27 iz(jloo>—|011>)
4 iz(_|1oo>+|ou>) 19187 iz(_|1oo>_|ou>)
5 iz(jooo>—|111>) 1®1®X iz(jom)—plo))
1 1
— (j000)—[111 —(~]001)-[110
6 (000)—[111)) 1®1®Y 7 (+[002)~[110))
1 1
—(jooo0)—[111 —(joo0)—[111
7 75 (000)-113) EIEY 75 (000)-[112)

A further analysis can divide numbers into two groups, namely the first group 0,5,6,7, and the
second group 1,2,3,4. It can be drawn transformation and the results of B on the first quantum bit as
Table 4 shown. Table 5 shows the correspondence between some numbers and quantum bits.
Carrying out follow-up study according to thinking can achieve transmitting eight classic bits of
information through the three quantum bit. Thus quantum dense coding control program is
completed.

Table 4 Transforms and results of b on the first quantum bit

Numbers ~Primitive states  Transformed states gggnffr%ond ;:‘:ntumtgiirt‘i
o losl)  )smelo)-=o o o)
s o) psm-em=p o
6 Ok oo h=10) o
1 lo) sl o o)
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Table 5 correspondence of part numbers and quantum bit

Numbers T_he first quantum The _ second T_he third quantum
bit quantum bits bit
0 0) 0) 0)
5 [2) 0) )
6 -10) 0) 12)
7 %) 0) 0)

Figure 2 is another quantum entanglement control’s scheme diagram. The figure shows that two
quantum bits are associated with a common environment. The final entanglement situation can bring
some inspiration for this study. Figure 3 shows the evolution of entanglement degree with time scale
under different initial parameters obtained in practical application of this control scheme. Combining
with this figure, the value of this control scheme can be well understood.
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Fig.3 the evolution of entanglement degree with time scale under different initial parameters obtained
in practical application

3. Decoherence Theory

After the analysis of the interaction between the quantum computer and the environment, it is not
difficult to find two kinds of destruction process in this process, namely quantum decoherence and
quantum dissipation. One of the quantum decoherence will lead to changes in the quantum computing
encoding state, that is, quantum coherent superposition state is transformed into a classical state, and
quantum dissipation will lead to computer energy loss. According to the research carried out by
academia in recent years, it is clear that the quantum decoherence scale is smaller than the quantum
dissipative practice scale, and the computational problems caused by it are just the key points in
academic research in recent years.

If the quantum computer's environmental thermal bath and quantum entanglement resources lead
to the decay of the diagonal elements of the density matrix, which indicates that the energy of the
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computer has dissipated. However, the re-entanglement of same tense and the environmental states is
due to the evolution of the composite system, and the non-diagonal terms of the density matrix tend to
be zero. However, if both the environmental state and the initial state of the computer state are in a
pure state, that is

) =| 2000 0]

After an analysis around it, we can find that ﬂai (t)>} is gradually distinguishable and eventually
becomes mutually orthogonal. The appearance of this situation and the function of the measuring
instrument on the quantum system, the non-diagonal elements of the density matrix will gradually
become zero. Quantum bit type, the role of the environment and the emergence of this situation are
more closely linked. In order to really solve the decoherence problem, mixed-density composite
matrix support is indispensable.

4. Conclusions

In summary, the research on quantum entanglement control and decoherence possesses high
academic and practical value. On this basis, the two quantum entanglement control schemes involved
in this paper prove the practical value of the research. Therefore, in the related field of theoretical
research and practical exploration, the content of this article can play a certain reference role.
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