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ABSTRACT

Quantum information processing has a wide range of
uses, including the solution of complex algorithms,
cryptography, dense coding, quantum computation,
and quantum teleportation. Quantum entanglement, a
phenomenon that is crucial to many different
applications of quantum computation, is an essential
resource for quantum computation, and the need for
guantum circuits that generate entangled states is one
of the ongoing needs for constructing quantum
computers. In this study, we present a general
approach to the design of quantum circuits that
produce entangled states. The approach can be
applied to the design of various entanglement circuits
with any number of qubits (n-qubit systems), and it
makes use of a set of CNOT and Hadamard gates,
where the number of CNOT gates should always be
(n-1) and each gate connects the two adjacent qubits.
In this paper, a three-entangled teleportation scheme
of a GHZ-like state (named after its inventor
Greenberger-Horne-Zeilinger) through three
particles as a quantum channel is presented. The
probability of successful teleportation depends on the
degree of entanglement of GHZ-like states. A 5-qubit
guantum teleportation over a GHZ-like channel has
also been used. And single-qubit gates are defined,
which are Pauli gates. These gates are represented by
arrays I, X, Y, and Z. The results in this paper are
good and promising theoretical results in the field of
guantum entanglement and quantum teleportation
using the Mathematica program.
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Introduction

Teleportation is a quantum task and can
only Dbe achieved by using shared
entanglement states as a quantum channel
[1]. The basic idea of the original quantum
transmission scheme was the teleportation
of an unknown single-qubit state from Alice
(the sender) to Bob (the receiver) |y > =
|0 > +f]1 >. By using 2 bits of classical
communication using a shared
entanglement state (Bell state). The most
unconventional interpretation of quantum
physics is entanglement [2]. In addition, it
is a vital component in processing quantum
information such as incredibly complex
situations, Bell state, GHZ states, and
cluster states [3]. As well as, it has been
used in quantum teleportation, super-dense
coding, one-way quantum computing, and
several quantum algorithms. Entangled
states are therefore a crucial step in proving
their quantum nature. Quantum
entanglement is becoming more significant
in the field of quantum information science.
Quantum information processing
techniques including quantum teleportation
[3,4] and others are said to depend on
entanglement as a fundament resource.
With the aid of some classical information,
quantum teleportation can transmit an
unknowable quantum state from a sender to
a receiver at a different location via a
guantum channel, as first proposed by
Bennett et al. [1] and experimentally
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demonstrated by Khatri and Wilde [5].
Additionally, distributed entangled states
enable the transmission of an unknown state
across a great distance. The state of
entanglement of three qubits can also be
classified as GHZ-like. These computers
require some technical considerations to be
used effectively. It is from these
considerations that the portals are created.
The first set of gates is the Hadamard gate
H, followed by the X, Y, and Z gates (these
are the usual Pauli matrices), with just these
gates, unitary transformation must be
performed. Due to experimental limitations,
not all qubits are coupled to one another,
which is another technical detail [6].
Quantum Bit Theory

A quantum bit (qubit) is the primary
building component of a quantum
computer, unlike a bit or binary number in
a conventional Earth computer, which can
only have a value of 0 or 1. Qubits may be
in a randomly stacked combination of the
following statistics: [y> = 0/0> + B|1>,
where (a) and (B) are two random
complicated numbers that have to adhere to
the following requirement: |a|?+B|?=1. The
effectiveness of quantum computing is due
to these super-positions [7]. The most
straightforward two-dimensional quantum
mechanical system space is known as a
qubit [8]. There are numerous words
associated with qubits, which require that a
single qubit be operated on by a set of four
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standard operators, known as Pauli factors,
as specified by the matrices below:

_ __J1 _ 0 1
I:00:[00 ] "m0 1O 0
Y:‘Tzz[i 0]’ 2_03_[0 —1]

Since These matrices are constructed
using an arithmetic foundation 0>, |1 >.
The character is usually escaped, and
instead for Pauli operators type I, X, Y, or
Z. The area of the operator vector per qubit
is given as the basis of the Pauli operator, as
mentioned above [9].

Atomic Gates
Qubits can be transformed using

qguantum gates like how classical qubits
may be transformed using classical gates.
Based on the principles of quantum physics
and the quantum  system's time
development, this depends. The unitary
operator describes this in detail. The
quantum gate, however, operates on any
arbitrary multi-qubit state since each
guantum gate corresponds to a single
operator U.|o > as in | > = |Qour > =
U|@;,>. From the output, the input state can
be created by |@;,> = Ut | @y, >, the
quantum gate is always reversible as a result
[10] .
Mono-Qubit Gate

A single qubit is represented as a vector

using the notation (g) The single-qubit gate

is a unary operator U that executes a mono
transformation, and it is portrayed as a 2*2
matrix.

|\|’>inp
W>oue= Ul >inp (a)
|\|’>0ut
|\|’>inp: U_1|\|J>out (b)

Figure (1): a — Displays the basic design
of a single-qubit random U gate, b —the
opposite procedure is U1 [11].

Any additional one-qubit state, as well
as the qubit state |¢> input, is defined as |¢p>
out = U|p> input. However, because U-!
must exist for U to exist, the opposite
procedure is U-|p> out = |¢> input. The
first figure single gates are introduced in
this section and are as follows:
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e X-Pauli gate or NOT gate: The gate of
the unary operator X's matrix
representation is:

_(0 1 .
X = (1 0). For the following input and

output values,
follows:
X[|0>=|1>, X|I>=]0>, X (a/0>+ p|1>)
= (o/1>+ p|0>).

the X gate behaves as

e Z-Pauli gate: The following matrix
format displays the Z-gate:

_(0 1
Z = (_1 0) . A Z-gate/ changes the

single-qubit state in,

ZI0> = 0>, ZJ1> =1 > , Z(alo> + Bl1>)
= (a]0>-p [1>).

e Y-Pauli gate: The Y gate, or o, as was
previously indicated, is represented by
the following matrix: Y= (? _Ol) the
transformation of single-qubit states to:

Y[0> = [1>, Y|I> = (0>, Y(a|0>+

BI1>) (01> - B|0>).

The Hadamard gate, also known as the

H gate and a one-qubit gate, is
represented as an array: H =

1 /(1 1 .

E<1 _1) , There are recognized
Hadamard transforms.

e Phase gate: The following matrix also

serves as a representation for this gate:

_ /1
P = (0
since it can have an endless number of

values, and either 6 = g consequently, get
the S-gate shown in the figure (1).

S= P( Y= (1 0) The following diagram
represents the S-states:

gate's S[0>=[0>, S|1>=i|l> Orif6 =7
. The matrix's T-gate is obtained as follows:

V1 1 0 .
T=P( Z) = <0 %(1 n i))' The P-gate is

not often inverted, as should be noted [11].

0 .
eig), Two values will be used
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Teleportation via GHZ-like State

Present the GHZ-like example |@;> =1/2
(001> + ]010> |100> +|111>) as a
reference, this example is identical to W-
state (where W-state is one of the cases that
also performs the teleportation process) and
hence comparable to GHZ, it falls within
the category of GHZ rather than W-state.
But this situation can go as follows. Get two
cases ready [12,13].

o >1 = (0> + |[1>; and [ >,3 = %
(j01> +]10>),3
They form a complex system as follows :
861 >123 =l >1 Q| >33

1061 >123 = (10> + [1>); ® % (101> +
|10>1)23

=3 (J001> + |010> + |110> + |101>),3

....... (1)

Applying a non-quantum-controlled gate
IS |@g1 >123, that particle 2 is the target
qubit and particle 1 is the control qubit.

|0g >125 = % (001> + [010> + [100> +

[111>)125 ........ )

This GHz-like condition can already be

created experimentally, and it will be
practicable to create it. Assuming that the
transmitter Alice desires teleportation.
lp >1=0a0>; +B[1 >, 3)
As shown in the diagram, let's say two
receivers are present, named Bob and
Charlie. As a result, only one of the
receivers may determine the latter's
unknown status using the controlling end's
measurement results; this recipient is
referred to as the controlling party. Alice
must pick one of the two to be the actual
receiver, though. Here, the case will be
considered in which Alice wants to
automatically convey the unknown target
state to someone. In exchange, Charlie is
the one in control of this operation, as
indicated in Figure (2) at Position 2. To ease
the transfer, Alice employs the teleportation
device [12,13]. The apparatus in this case
has the following source of a three-particle
entangled state:

| D¢ >234 = % (lo01> +
10105+/1005+[111>) y5go ... )
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Bell Analyzer

>]I Reconstruct Operation

Figure (2): GHZ-like state to demonstrate
the teleportation protocol, with Bob
serving Charlie acting as the control

terminal and the receiver [13].

One particle is retained by Alice during the

procedure, while particles three and four are

delivered to Bob and Charlie, respectively.

It is stated as follows and represents the

common product state, the target state, and

the GHZ-like state:

1
lp >1® [B6 >234 = (010> + |1 >):®
(J001> +]010> + |100>+|111>) 434
= = (o000> + B|I00> + al0ll> +

BI111>)123 @ [1>4 + % (a]001> +B|101>
40, 010>+ B]110>) 153 @ [0>, ........ (5)
The mentioned equation has been divided
into two pieces so that the conversion can
be presented clearly.

the first : 2[ (o/000> +B|100> + /01 1> +
BII11>) 123 ® [1>4

= = (0/000> + /110> + BJ001>

T+ BII112) 15 + (000> al110>

- BlO01> + BII11> )qz3
H(o]011> + of101> + BJ010> + B[100>) 55
+

(011> /101> BO10> +
BI100>)123] (18 |1T4
=55Ll5 (00> +]11>), ®

(0> + B|1>); % (100>
. _111>)1, @ (af0 > _B[1>)3

(0> + B|1>); + % (01>

2110 >)1,® (0> _B[1 >)3] @
IS (6)
Section two : 2 (o001> +§ [101> +a [010>

+B[110>) 123 ® [0>,
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:Z[ (B|000> +B|110> +

001> +0]111>) 155 + (_B|000>
+B110>  +  af001>
af1115) 155 + (BO11> +|101> + 010>
+a[100> )13 +  (PIO11>
+B101> + 0/010> a]100>),,5] & 0>,

_ 1
== [5100> +]11>
)12 ®BI0> +all>);+ (00> _|11>

)iz ®CHO > +al1>); + (o1 >
+ 110 >)1,® (BI0O> + a1 >)3+
101> _]10>),,® (BO>

+a|l1>)3] 0>, ........ (7)

With the use of Bell's state analyzers,
Alice was able to measure the first and
second particles. Alice then requested that
Charlie measure particle 4 in the basis
{|0>.]1>}, and they communicated to Bob
via the conventional channel, accordingly,
the findings of their measurements.
Quantum teleportation does not, however,
contradict the law of causation [12]. If Alice
receives the result |@* >,,, then Charlie's
measurement result is |1 >, . Particle 3
transmitted to Bob collapses as a result.

lp >3 = 0/0>5 +B[1>5 ...... (8)

The likelihood that Alice will
experience four consequences, and Charlie
will go through two outcomes is the target
state | > to which Alice wants to teleport to
Bob as shown in equations (6) and (7). For
Alice and Charlie, the measurement
findings are broken down into eight
separate sets. In some groups. Bob must
carry out a straightforward one-step
operation to recreate the necessary quantum
state [12, 13].

Calculation and methods

The following circuit obtained using the
Mathematica software is the one that
generates entangled states similar to GHZ
for five qubits, which means that the output
state is an entangled state of four bases of
equal capacitance. The circuit consists of
two Hadamard gates, one operating on the
first qubit and the second qubit, with four
C-note gates, as in Figure (3).
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2
0 o

Figure (3): The circuit of entangled states
for five qubits.

Since there are two HADAMARD gates,
resulting in an output of four bases, as well
as four c-not gates. The second qubit is
subjected to HADAMARD in the first step:
Hy -0 >,

10>, + 11>,
V2. W2
And since they will be in a single matrix
and each qubit has a line that functions as
an identity matrix, the first and second
qubits must be combined.

<|0 >2+|1 >2)®|0>

V2. 2 '
As may be seen, the following is the
) . [00) . |10)

Dirac notation for (1,2) ﬁ"’f . The

identity matrix and the not gate matrix are
combined to form the C-not matrix:

1 0 0 0
[0 1 0 0
CNOT_0001
0 01 0

To obtain the identical the preparation was
to multiply these two mattresses by two

using the qubit that Alice had sent:
100 0 %
g é 8 2 g . This appears to be
00 1 0 vg
a bell measurement result, as can be seen:
'00% '11% More efforts can be made

to enhance the number of qubits we have
and conduct future real-world experiments
on this protocol to determine whether we
might include more qubits in GHZ protocol
in the practical application:
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|00 >, |11 >4,
+ X0 >
7z T %10

The aforementioned  mathematical
operations and Mathematica will be used to
create a simulation on a classical computer
of adding extra qubits to this circuit using
another tenser product. Where it was
obtained:

1000 >;53 + |110 >153

V2 V2
000 > 110 >
CBNOT,]. (| 123 | 123

V2 V2
000 > 111 >
| 123 | | 123) ® |0;)

0000
>

(

TJPS

0000 >34 4 [1111 >4534

7 N ) ® I0g>
cpvor,), (20000 >1254s

V2
[11110 >15345

V2
|00000 >15345  [11111 >;5345

V2 V2

By setting all the qubits, this conclusion
is finally reached (1,2,3,4,5). The following
table will show each possible outcome if all
inputs in state | 0> while changing the input
one qubit at a time [Creating a New State by
Applying Bell State to a Quantum System.

V2
Table (1): computational result for the GHZ-Like Entanglement Circuit of five qubits
State | Input-output
0 100000 > ~ 100000 > + = 01111 > + = [10000 >
1
+ 211111 >
2
1 100001 > ~ 100001 > + > (01110 > + > [10001 >
1
+ 211110 >
2
2 100010 > ~ 100011 > + 301100 > + = |10011 >
1
+ 211100 >
2
3 100011 > ~ 100010 > + > {01101 > + = |10010 >
1
+ 211101 >
2
4 100100 > ~ 100111 > + 01000 > + > [10111 >
1
+ 2111000 >
2
5 100101 > ~ 100110 > + = [01001 > + > [10110 >
1
+ 2111001 >
2
6 100110> ~ 100100 > + = 01011 > + > [10100 >
1
+ 211011 >
2
7 100111 > ~100101 > + (01010 > + > [10101 >
1
+ 211010 >
2
8 01000 > 2100000 > — = |01111 > + = [10000 >
2 2 2
1
— 211111 >
2
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> - = > + - > + - >
26 11010 ; 00011 ; 01100 ; 10011
1
— 2111100 >
2
> - = > + - > + - >
27 11011 ; 00010 ; 01101 ; 10010
1
—- 211101 >
2
28 ||11100> -~ 100111 > + 201000 > + - [10111 >
1
— 1111000 >
2
29 | |11101> - 2100110 > + > [01001 > + 3 [10110 >
1
— 111001 >
2
> - = > + - > + - >
30 11110 ; 00100 l 01011 ; 10100
1
~ 111011 >
2
> - = > + - > + - >
31 11111 ; 00101 ; 01010 ; 10101
1
— 2111010 >
2

Figure (4): the entanglement state for four-basic states of five qubits after applying Bell state
measurement.

Figure 4 shows the entanglement state
having four-basis states composed of five
qubits during quantum teleportation after
applying Bell state measurement.
Conclusion

In this manuscript, the Mathematica
program was used to find results and tables
to transfer the 5-qubit state, which is a direct
method for the teleportation of the
entanglement states of the three bodies
through a class similar to GHZ, which is a
feature that users can only teleport the states
of 2 qubits at a time in the best case of the
previous protocols. In the second figure,
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because Alice and Bob could not retrieve
the transmitted quantum states without
Charlie’s help, a third party was added as a
controller. In the protocol of this
manuscript, a programmable circuit
consisting of 5 qubits is also proposed.
When the input states of the first and second
qubits are set to |0>, the amplitude of the
output states has a positive value only
because the Hadamard gate only operates
on the first and second qubits. As for the
case in which the input states of the first and
second qubits are set both or only one of
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them two of the four-basis amplitudes of the
output states will have a negative value.
The results obtained represent the
teleportation state of an entangled state of
five qubits and four bases as a quantum
channel. BSMs have 32 possible outcomes,
where the input changes in one qubit each
time. The technique for creating entangled
systems that will be useful in any
application involving quantum computation
can be applied in the future for bigger
numbers of qubits. Instead of being
employed for quantum teleportation, the
proposed circuits' entangled states can be
used for dense coding, quantum encrypting,
and cryptography.
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