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ABSTRACT
Teleportation in the quantum realm transmits quantum data between two distant quantum objects
(a sender and a receiver) by exploiting a phenomenon known as quantum entanglement.
Information and quantum states could be sent across great distances through Quantum
Communication (QC), bypassing the constraints of classical communication. Teleportation is
made possible by entanglement phenomena, which causes particles to become associated despite
their spatial separation. Nanotechnology is essential because it can control and manipulate
individual atoms, molecules, and particles. This Systematic Review (SR) paper presents the
challenges and prospects of nanotechnology-enabled QC for object Teleportation. From a yield of
1284 studies collected, 90 empirical studies have met the eligibility criteria and were extensively
analyzed. This study summarizes Quantum Teleportation's (QTs) fundamental theory and
contemporary scientific and industrial applications. The findings of recent studies and the
challenges that need to be solved in the future. The concluding section will discuss the evolution
of QT and its envisioned future implementation possibilities.
Keywords: Quantum Communications (QCs), Quantum Teleportation (QT), Nanotechnology,
Quantum Physics, Quantum Entanglement.

INTRODUCTION

Teleportation refers to the hypothetical movement of material or energetic particles from one
location to another without the need to go through the intervening area. This idea is often explored
in works of science fiction and other forms of popular media. Since the time it takes to teleport
from one location to another is unpredictable (sometimes instantaneous), it's unsurprising that time
travel is commonly combined with Teleportation. It is the apport, which is discussed in
parapsychology and spiritualism. The physical mechanism required for Teleportation does not
exist. Although the word "teleportation" often appears in scientific and media publications, most
of these pieces focus on so-called "Quantum Teleportation (QT)," a system for information
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transmission that, according to the no-communication theorem, nevertheless would not provide
faster-than-light communication.
QT is widely acknowledged as a key step in practically implementing quantum information [1-3].
QT, a new and unique quantum phenomenon, is also of fundamental theoretical significance
because it calls for an accurate study of quantum measurement and entanglement dynamics under
situations that more closely mimic those in the actual world. These basic questions must be better
understood and clarified as we enter a new age of quantum sciences and engineering. It comprises
quantum non-locality and relativistic locality, spacelike correlations and causality, and quantum
and classical information. The investigation of these challenges in a relativistic context now falls
within the scope of a new science known as relativistic quantum information [4-5]. The following
procedures are required to successfully teleport a quantum state y from location A to location B,
often called Alice and Bob.
Quantum state entanglement between Alice's and Bob's qubits.
Preparation of teleported state
Entanglement of Alice's qubit with y
Bell measurement on two qubits possessed by Alice.
Alice sends Bob the results from the measurements along a traditional route.

o Bob's qubit cannot be operated on until Alice has completed its measurements.
Bennett et al. [6] provide the following circuit to illustrate the procedure: Figure 1 depicts the
circuit of Teleportation.
The objective of challenges and prospects of nanotechnology-enabled QC for object Teleportation
would be to develop a reliable and efficient means of transporting physical objects from one
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location to another without needing physical movement. Some potential objectives for such a
system and method could include:

o Develop a theoretical framework for QT using advanced QC and nanotechnology
principles.

o Explore novel techniques to enhance the efficiency and fidelity of QT processes by
integrating nanotechnology components.

o Establish secure and efficient protocols for information transfer through QT,
addressing potential applications in secure communication and quantum
computing.

o Develop guidelines and recommendations for future research and development in
QC-enabled Teleportation and its integration with nanotechnology.

o Overall, developing a system and method for object teleportation using concepts of
QC and nanotechnology would potentially revolutionize transportation and
logistics, enabling rapid and efficient movement of goods and materials across the
globe.

o Several prerequisites must be fulfilled for successful QT.

o The variety of possible data inputs is unlimited.
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o Aside from the sender and the receiver, a third party could provide the input data

and verify the result.

A complete Bell measurement is achieved.

It is possible to begin conditional unitary transmission before third-party

verification.

o The teleportation fidelity must be greater than the required minimum of the

classical protocol.
Conditions (3) and (4) are not frequently met since only a small subset of the Bell measurement is
practical, and the feed-forward is either not completed or imitated in post-processing. The
teleportation issue in the actual world could be somewhat different. When increasing the number
of dimensions, say from 2 to N, care must be taken to ensure that the teleportation process remains
unaffected by the additional dimensions. The scheme could require certain fundamental
assumptions that can be used for all dimensional Teleportation in addition to certain hypotheses
that are only applicable in N dimensions for there to be real N-dimensional teleportation. Other
challenges to address are light propagation losses and the atomic coherence lifetime, highlighted
by the classical protocol.
This Systematic Literature Review (SLR) consists of five sections and is structured as follows:
Section 1 introduces QT. Section 2 presents the review methodology, the research question, and
the data collection procedure. Section 3 exemplifies the relevant blockchain scalability research
based on our research questions. Section 4 describes the applications of Nanotechnology. Section
5 defines the challenges of nanotechnology-enabled quantum communication for Teleportation,
and Section 6 concludes the conclusion and outlook of this paper.

Quantum Teleportation

QT is one of the most intriguing predictions of quantum theory, and it has been intensively studied
since its initial demonstrations over 20 years ago. It is because of its importance in developing
quantum information technologies [7-10], like quantum computers and networks, and its links to
more basic branches of physics. A quantum network's primary function is to facilitate the
dispersion of qubits among several nodes, which is essential for implementing quantum
cryptography, distributed quantum computing, and sensing. The term "quantum network" refers to
a group of interconnected quantum devices (such as quantum computers, quantum sensors, or
users) that could share quantum resources (such as qubits and entangled states) over physical
distances [11]. QT is essential in many quantum network designs, including star-type networks
that disperse entanglement from a centralized point and quantum repeaters that circumvent the
rate-loss trade-off of direct transmission of qubits [12—13]. It is possible to teleport a qubit via a
Bell-State Measurement (BSM) between the qubit in question and another qubit that is part of an
entangled Bell state [14-15]. The quality of the Teleportation is often characterized by the fidelity
F = y| p |y of the teleported state p for the state |y| accomplished by ideal generation and
Teleportation [16]. This measure is becoming more important as quantum networks go beyond
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specialized applications like Quantum Key Distribution (QKD) and toward the quantum Internet
[17]. A simplified diagram of the teleportation procedure is shown in Figure 2.

‘ Classical Communication ‘

Alice Bob
\ [¥)
) ¥ /
‘ State Preparation ‘ ‘ Entanglement Generation ‘

Figure 2. Each of Alice and Bob receives a part of an entangled state.
Let's assume Alice has been fed an input of an unspecified qubit state.
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where AO represents the subsystem, assuming Alice and Bob both own one-half of the state.
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where A 1 is the subsystem belonging to Alice, and B is the subsystem belonging to Bob. Since
it is entangled, there is no way to express this state mathematically as the sum of two separate
particles' states. The total condition of the three parts could be represented as,

19) = [1h)4,10)
16 = 1), |6* 4,5 = 7 (@]000) + @[011) + B|011) + B|011)) 3)

Alice then measures the combined. A_ 0 A_1 system in the basis.
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The combined state could be described in this structure so that potential measurement results can
be shown.

) = %((PPJL)A(MO)B +B11)) + 10 7) ) (@]0) — BI1)p) + W) 4(BI0)p + a|1)p) +
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The possibilities for Bob's post-measurement state are,

|0}z + Bl1)p

al0)s — Bl1)s

B10)s + a|l)p

—PB10)s — a|l)g
Each of these states is related to [yiAO by a unitary transformation, although in the first case, the
transformation would be the identity since it is identical to the input state. Since the form of the
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unitary transformation depends on the outcome of Alice's measurement, Bob can recover |yi at his
location if Alice communicates the outcome of her measurement, and he can apply the correct
transformation to his post-measurement state. Next, Alice used entanglement and classical
communication to send Bob the input state [18].

The protocol is a straightforward representation of the strategy or algorithm that generates
the Teleportation [19]. It suggests that the protocol can be modified to increase teleportation
accuracy. Here, the most basic protocol is presented so readers can grasp its essence. The protocol's
stages, which could be thought of as an algorithm, are as follows:

The transported qubit is one of Alice's whose state is now uncertain.

Alice and Bob both have two qubits in Bell State, but they share them. Bob and Alice have
an entangled qubit but an unentangled qubit in an unknown state.

Alice does a Bell test and gets four results, where Pn is an integer. This procedure
eliminates the potential for identifying the qubit in an obscured state.

The protocol is a straightforward representation of the strategy or algorithm that generates
the Teleportation [19]. It suggests that the protocol can be modified to increase teleportation
accuracy. Here, the most basic protocol is presented so readers can grasp its essence. The protocol's
stages, which could be thought of as an algorithm, are as follows:

The transported qubit is one of Alice's whose state is now uncertain.

Alice and Bob both have two qubits in Bell State, but they share them. Bob and Alice have
an entangled qubit but an unentangled qubit in an unknown state.

Alice does a Bell test and gets four results, where Pn is an integer. This procedure
eliminates the potential for identifying the qubit in an obscured state.

. (al) + B11))(00 + 11)
=5 {Bo(a0 + B1) + B1(al + BO) + B,(a0 + B1) + B3(—al + BO)} (6)
Each pn one with equal probability.

Alice transmits Bob the metric readings over any available classical information route.

Bob restores the original unknown state by performing the necessary modifications based
on the four results of Alice's measurements. Finally, Bob returns to his initial uncertain condition
[20]. Figure 3 depicts a schematic of this procedure.

Finally, Bob returns to his initial uncertain condition [21]. Figure 3 depicts a schematic of
this procedure.

[1) = «|0) + B|1) Bell Hasi
I ell Basis
(A) Measurement
Bell Measurement
State Result
00+11
» Recover I
B) Transformation
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Figure 3. A simplified diagram illustrates a qubit's protocol transported between Alice and Bob
[22].

Applications of Quantum Teleportation

The following applications of QT are explained in given below:

Quantum Cryptography

Hostile network settings are the norm. The information being communicated must be encrypted
for data integrity and security reasons. Therefore, cryptography is essential to the operation of any
Internet. QKD is widely recognized as the most popular quantum cryptography for key exchange.
Its purpose is to facilitate the exchange of conventional secret keys between two entities in a
quantum setting. People are putting it into practice [23-25]. It is well-known for the quantum aspect
of its measurement-based intrusion detection, cf. the "unconditional security" [26]. The
development and use of QKD's offshoots are also continuing. Other efforts exist to create other
unique cryptographic systems apart from QKD [27-28]. Since quantum computers threaten
classical encryption, post-quantum cryptography (using classical computers) has been offered as
a classical alternative [29]. Finally, there would always be cryptographic goods (like blockchains)
involved. Similar attention has been paid to its analogs and offshoots in quantum computing [30-
32]. Figure 4 illustrates the architecture of Quantum Cryptography.
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Figure 4. The architecture of Quantum Cryptography [33].

Quantum Computing

Quantum computing is based on quantum mechanics, a field more recognizable to and focused on
by physicists than computer scientists or software developers [34]. Recently, however, quantum
algorithms and Quantum Programming Languages (QPL) have emerged, allowing software
developers to take advantage of the theory and principle of quantum mechanics to deal with
information and execute computation tasks at speeds previously only achievable by classical
computing systems [35-36]. The efficiency with which certain computationally difficult problems,
such as those involving nature-inspired computing, financial modeling, and advanced encryption,
can be solved by quantum methods is significantly higher than traditional approaches [37-38]. At
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the core of quantum information processing are characteristics of quantum computing (such as
Qubits, superposition, entanglement, and interference) [39-40].
Quantum Communication
A branch of quantum information theory, QC addresses data transmission using quantum
properties like superposition and entanglement. Specifically, it seeks to exceed classical
communication protocols in efficiency and security by constructing quantum channels to exchange
quantum resources, particularly quantum states, and secure classical channels [41-42]. QT is one
of the most well-known QC techniques to transmit data about an unknown quantum state from one
party using an entangled resource and conventional communication to a second party at a different
location. It was originally developed for discrete-variable quantum states, but the protocol has also
been investigated in continuous-variable contexts [43-45]. QKD, which is based on two separate
protocols (BB84 and E91), is another well-known benefit of QC. According to quantum rules,
these protocols enable two parties at a distance to generate a random key that is completely safe
from eavesdroppers [46-47]. Quantum entanglement distribution exchanges entangled states
across communication partners and are essential to several QC protocols [48]. It is also an
important aspect of the well-known quantum internet concept [49]. It has been accomplished
empirically [50], along with QKD [51] and QT, through optical fibers and free space. Quantum
computing, quantum sensing [52], and quantum metrology [53] are all related fields that have
advanced with QC. Distributed quantum computing [54-56] is one idea for facilitating the effective
transport of quantum information across processing units, which are predicted to have applications
in quantum computing.
REVIEW METHODOLOGY
This SRs methodology follows the guidelines established by the Preferred Reporting Items for SRs
and Meta-Analyses (PRISMA) statements. PRISMA is a concise, evidence-based report of SRs
and meta-analyses. Its primary use is to assess interference effects, but it could also be used to
document SRs whose goals differ from interference assessment (such as determining prevalence,
making a diagnosis, or predicting outcomes).
Eligibility Criteria
It is also required to manually go through the bibliographies of all relevant articles and reviews.
The remaining paperwork was also scrutinized extensively. To identify which studies should be
included and which should be excluded from this SR, look at their supplementary information and
abstracts using the criteria provided in Table 1.

Table 1. Systematic Review Criteria for Inclusion and Exclusion

Inclusion Criteria Exclusion Criteria
I1: The paper should be peer-reviewed E1: Papers that do not focus on the body stress-related
study.
12: The paper should be in the English language. E2: Grey literature
13: No time frame limit for publication E3: Duplicate research and publications
14: Papers should be published in research or full- | E4: Ph.D. theses, working papers, and project
article publication. deliverables
15: Standard of paper was blind to impact factor
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The subsequent phase in our study method was selecting appropriate internet sources and online
databases to gather information. Eight of the most relevant texts written by scholars in domains
connected to computer technology were selected. On June 6th, 2023, a last search was conducted.
We mostly utilized the following databases:

o IEEE
o Springer
o Scopus

o Science Direct

o Search Strategy
An SLR focuses on the challenges and prospects of nanotechnology-enabled QC for object
teleportation and appropriate case-base structure for the collected cases to enable their effective
retrieval. as part of this endeavor. Science Direct, IEEE Xplore, Springer, and Scopus are the first
databases used to gather information. Authors perform SLRs to gather data about recent studies
important to their research question or subject.
The most recent search was performed on March 25th, 2023, and extensive keyword-based
database searches were performed to track down relevant scholarly literature. Scopus and other
databases were searched for the relevant keywords in both the title and abstract and the title and
abstract with no time limit. Only articles, reviews, proceedings papers, annotated bibliographies,
and articles were accepted, along with articles, reviews, and conference proceedings. The
keywords searched for in Scopus and Near are shown in Table 2. Multiple variations of the
keyword's spelling were also analyzed. There were eight items altogether in this group. The
keywords used in the search strategy are listed in Table 2.

Table 2. Search strategy keywords.

Keywords

[u—

What is the Quantum Teleportation?

2. What are the fundamental principles of quantum
communication and nanotechnology that can be used
to enable the teleportation of objects?

3. What is the theoretical framework for the use of
quantum communication and nanotechnology in
teleportation?

4, How does the use of quantum entanglement enable the
teleportation of quantum states?

5. How can nanotechnology be used to improve the
efficiency and reliability of QT systems?

6. What is the current state of research in the field of

teleportation, and what are the existing methods for
teleportation of objects?

Scrutinizing of paper for study
Four steps are involved in the Primary Studies (PS) selection process: detection, admissibility,
inclusion, and repeated screening. There were 2375 results from the original search. Therefore, the
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first step is to determine every possibly relevant paper. Conference proceedings were discovered
after an exhaustive search of several online libraries and archives, including full-text papers,
Science Direct, Springer, Scopus, and IEEE Xplore. After screening and analyzing all the results
for duplicates, we were left with 217 studies, of which 28% were concerned with identifying
emotional stress, 17% with determining scientific viability and consistency, and 33% were
exploratory studies of new scientific applications and advancements. The second phase involves a
preliminary review using the title, keyword, and abstract screening. Currently, 2335 records have
been excluded due to failings to meet inclusion criteria, most notably regarding study scope and
optimization subject. These two records were sent for further evaluation together with the
ambiguous records. According to Figure 5, an SR database assessment is shown.

Identification of Studies via database and register Identification of new studies via other

o . Rep ords_ Records removal before

kS identification eemnpr Dinkcs d ) .

= IEEE=150 screening: Duplicate records Records identified

S : »| removed, and Records marked

= Springer=322 sl . from

= as ineligible by automation )

= Scopus=202 _ Websites=1000

) : tools = 928

=t Science

Direct=1284
Records Records excluded=144
screened=356
%D Reports sought for Reports not Reports sought Reports not
5 retrieval=212 L p|  retrieves= 42 retrieved=400 7| retrieved=220
5
9}
y A
Reports assessed Reports excluded Reports assessed Reports excluded
for eligibility=170 » due to insufficient for eligibility=180 | | due to insufficient
data=82 data=92

g} A 4

(]

E Studies included

ﬁ in the review=88 [~

These SRs want to construct an open-source knowledge platform to facilitate future research by
collecting and assessing key findings from previous research, summarizing, and comparing these
results, and highlighting difficulties and restrictions arising from the study. Research on challenges
and prospects of nanotechnology-enabled QC for object teleportation was undertaken by assessing
the current level of information in the field. The three main research questions formulated at the
study's conception stage provide the basis for this section's discussion and evaluation of various
investigators and their methodologies. The following are the investigation questions:
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RQ 1: What is Nanotechnology?

RQ 2: How can nanotechnology enhance QC for the potential of object teleportation?

RQ 3: What are the main challenges in implementing nanotechnology-enabled QC for object
teleportation?

RQ 4: What is Quantum Entanglement?

An extensive exploration of existing literature was undertaken to initiate the pursuit of these
objectives. Utilizing resources such as Sage, Emerald, Google Scholar, MDPI, Science Direct,
IEEE Xplore, and Springer Link, citation indexing databases, as well as online publication
repositories, were thoroughly searched to locate relevant papers published in the past decade about
the subject of the study. Additionally, a web investigation was conducted to pinpoint the foremost
manufacturers of wrist-mounted technology. The conclusions drawn from this endeavor were
scrutinized by incorporating insights from white papers, manufacturing manuals, and academic
publications.

NANOTECHNOLOGY

RQ1: What is Nanotechnology?

Nanotechnology is the capacity to compute, operate, and arrange matter at the nanoscale level.
Typically, 1-100 nm in at least one dimension is meant; However, the scale is commonly expanded
to cover materials smaller than 1 nm in size [57-58]. It's not confined to any industry; rather, it's a
set of enabling technologies that could be used in any field of study. To better comprehend and
modify biosystems, which use biological ideas and materials in the construction of novel -
nanoscale devices and systems [59-60], nanotechnology employs the philosophy and methods of
the nanoscale. Nanostructures, created to exhibit unique chemical, physical, and biological
properties, are among the most amazing synthetic materials [61]. Such properties enable an
unprecedented breadth of uses for nanostructures across industries, including electronics,
agriculture, and medicine [62]. Nanoparticles provide an ideal medium for communicating with
biological systems, one of the many ways nanotechnologies bridge the gap between the macro-
and microscopical worlds. As shown in Figure 6, the interdependence of the wet, dry, and
computational dimensions is essential to their successful functioning.

Simulating the complex
nanometer-sized structure

4

Computational
technology

Nanotechnology

- Drv
tech‘;:;oz\'

Biological systems such as Physical chemistry and the

enzymes, tissues, membranes, production of inorganic items
and other cellular components such as silicon and carbon
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Figure 6. Some of the types of Nanotechnology [63].

Nanoparticles are distinguished from bulk materials by their unique characteristics, such as their
enormous active surfaces, imaging labels, and ligands which could bind to tiny molecule
medicines, peptides, and nucleic acids. They are so tiny that they can interact with cells only on
the inside and outside, allowing for processes like extravasation through endothelial cells and
enhanced permeability and retention in tumor tissues [64-66]. Xu J. et al., (2021) [67] showed an
innovative approach to building quantum multi-hop networks that can withstand more interference
while using less power. Teleportation is only conceivable in a framework where entanglement
could be bought, sold, fused, and cleansed. They also develop the procedure for disinfecting the
system and making it secure. Results from the simulations show how accurately entanglement was
created. Cirq is used on the platform, which stands for Noisy Intermediate-Scale Quantum (NISQ),
to safeguard data transmissions. The latter proves more robust when comparing the Bell states
system with the fusion approach, especially as the network size expands. Energy efficiency and
throughput must be optimized in a multi-hop quantum network. Daei O. et al., (2020) [68] purpose
of this research is to reduce communication overhead in quantum circuits spread throughout a
network.

For this reason, we provide a technique for constructing distributed quantum circuits from
monolithic quantum circuits to minimize the need for information to flow back and forth between
the various nodes in a distributed quantum circuit. Using these standard quantum circuits, we can
evaluate the efficacy of our method and demonstrate that partitioning is a crucial stage in designing
a distributed quantum circuit. Song D. et al., (2018) [69] established protocols for sending
information between GHZ and W states through a quantum channel based on the Brown state. By
performing a quantum Fourier transform on Alice's quantum states, it may determine the
orthogonal basis onto which her states are projected. They determine the unitary operations Bob
must carry out to restore the teleported states by the principle of quantum mechanics. Next, we
extend our protocols to a more generic multi-qubit setting. They demonstrate that our technique
could be readily applied to a network of several qubits. This approach of locating the projective
basis through QFT is universal and time-efficient, and it could find usage in QC. Table 3 describes
the summary of the literature review revised by different authors.

Table 3. Summary of Literature Review

Authors Technique Used QOutcomes

XulJ. etal., (2021) [67] NISQ Finally, simulation results demonstrate that the offered
technique is superior in balancing network
performance and consumption

Daei O. et al., (2020) [68] QKD The authors validated the efficacy of our technique on
the test circuits by comparing it to a random
partitioning approach

Song D. et al., (2018) QFT They demonstrate that our methods generalize well to

[69] a state with many qubits.

RQ2: How can nanotechnology enhance QC for the potential of object teleportation?
Nanotechnology promises to revolutionize QC, potentially paving the way for remarkable
advancements such as object teleportation. By leveraging the precise control and manipulation of
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matter at the nanoscale, researchers can engineer materials and devices with unprecedented
properties that facilitate the efficient transmission and manipulation of quantum information. One
of the significant challenges in QC is maintaining the delicate quantum states of particles over long
distances, often thwarted by environmental interference. Nanotechnology-enabled solutions could
provide highly sensitive sensors and error-correcting mechanisms at the quantum level, enhancing
the fidelity and reliability of QC channels. Furthermore, nanoscale structures could be designed to
generate, store, and manipulate entanglement-a fundamental property of quantum systems—
thereby enhancing the teleportation process. While the Teleportation of macroscopic objects
remains speculative and far from practical implementation, nanotechnology's integration into QC
lays a crucial foundation for future breakthroughs, edging us closer to harnessing the extraordinary
potential of object teleportation. Ali M. et al., (2023) [70] indicated that the foundations of QC
have been laid; the development of QC covering a broad range of technologies and applications;
and the presentation of QKD, one of the most intriguing uses of quantum security. In addition, we
look at a wide range of critical characteristics and approaches for improving the security,
processing, and communication capabilities of 6G networks. Future directions have been
discussed, and some problems for QC in 6G have been addressed. Paudel H. et al., (2022) [71]
described the current state of quantum computing and simulators from both a mathematical and
scientific perspective. Then, we focus on the many energy-related uses of this technology. Finally,
they provide an evaluation of high-value application paths for resolving problems in the energy
industry. Wu H. et al., (2022) [72] investigated the light-diminishing properties of seawater using
a model built on chlorophyll content in seawater. Specifically, we propose using a Noiseless Linear
Amplifier (NLA) to boost CVQT efficiency in a marine environment. The suggested technique
outperforms the initial system in simulations measuring fidelity and maximum transmission
distance. Rota M. et al., (2020) [73] described the three-photon state teleportation and four-photon
entanglement teleportation tests, which both exploit the non-local features of entanglement to
transfer quantum states. We analyze all the experimental findings while considering a theoretical
model and create a to accommodate the quantum source's imperfections. The tight agreement
between theory and practice provides a thorough  grasp of how the source parameters impact
teleportation fidelity and precisely identifies the need for going beyond the classical constraints.
Table 4 describes the summary of the literature review revised by different authors.
Table 4. Summary of Literature Review

Authors Technique Used QOutcomes

Ali M. et al., (2023) [70] QKD The results of this study could be useful to QC
researchers and scientists as they design for the
development of future quantum-enabled 6G networks.

Paudel H. et al., (2022) Quantum Algorithms The time and resource efficiency with which these
[71] techniques solved several test tasks was encouraging.
Wu H. et al., (2022) [72] NLA Results from a simulated environment demonstrate

that the NLA-based approach mitigates the impact of
channel loss on the entanglement generator, resulting
in better overall system performance.

Rota M. et al., (2020) Quantum Algorithm This study indicates that QDs can produce entangled
[73] photon pairs with energy that could be tuned,

indistinguishability and  entanglement  levels
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unmatched by any other non-classical light source, and
ultra-low multiphoton emission properties

RQ3: What are the main challenges in implementing nanotechnology-enabled QC for object
teleportation?

Nanotechnology-enabled QC for object teleportation involves using nanoscale systems to
manipulate and control individual quantum states and particles. While the field of QC and
Teleportation is rapidly evolving, several challenges and considerations exist, which may include:
Quantum Entanglement Generation and Preservation: Teleportation relies on establishing and
maintaining entanglement between particles, ensuring that their quantum states remain correlated
regardless of distance. Achieving and preserving entanglement in nanoscale systems can be
challenging due to decoherence caused by environmental interactions, which can disrupt the
delicate quantum states.

o Quantum State Measurement and Detection: For Teleportation, the sender must
perform a joint measurement on the entangled particles and then communicate the
measurement outcomes to the receiver. Achieving precise and efficient quantum
state measurement and detection at the nanoscale is a significant technical
challenge.

o Nanoscale Control and Manipulation: Nanotechnology is crucial in enabling
precise control and manipulation of individual quantum particles, essential for
generating and maintaining entanglement. Developing nanoscale devices and
systems capable of reliably controlling quantum states is a complex engineering
challenge.

o Decoherence and Error Correction: Quantum states are susceptible to decoherence
resulting from interactions with the surrounding environment. Developing robust
error correction techniques and fault-tolerant quantum systems is crucial to ensure
the fidelity of quantum information transfer.

o Resource Requirements: Efficient Teleportation often requires using entangled
pairs of particles as a resource, which may need to be generated and maintained. It
can be particularly challenging in nanoscale systems, where suitable quantum
resources might be limited.

o Integration and Scalability: Integrating nanoscale quantum devices into larger QC
networks is a significant challenge. Ensuring compatibility, scalability, and
efficient communication between various components is essential for building
practical QT systems.

o Verification and Security: Verifying the successful Teleportation of quantum states
and ensuring the communication process's security are critical. Developing
methods for verifying teleportation outcomes and preventing eavesdropping or
other forms of quantum information interception is essential.

o Quantum Channel Requirements: Teleportation requires the establishment of
entanglement between distant particles, which often relies on quantum channels
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such as optical fibers. Ensuring suitable quantum channels' availability, reliability,

and efficiency for Teleportation is challenging.
It's important to note that advancements in nanotechnology, quantum physics, and quantum
information science are ongoing, and researchers are continually addressing these challenges to
push the boundaries of QC and Teleportation. Alfieri A. et al., (2022) [74] QISE could benefit
from the potential benefits that nanomaterials and other low-dimensional materials (those with
inherent quantum confinement) could offer. For each form of qubit, we detail the material's hurdles
and how recent advances in nanotechnology may help us overcome them. Problems with and
solutions for developing nanomaterial-based quantum devices are discussed. This study aims to
facilitate communication between nanotechnology and quantum information researchers to
accelerate the development of next-generation quantum devices suitable for wide-scale, real-world
applications. Bhat H. et al., (2022) [75] explored the physical realizations of quantum computing
and its prospective uses. Recent progress in each realization, ion traps-based quantum computing,
superconducting quantum computing, Nuclear Magnetic Resonance (NMR) quantum computing,
spintronics, and semiconductor-based quantum computing, has been examined within the
framework of the DiVincenzo criteria. Caleff A.et al., (2019) [76] aimed to illuminate some
unresolved issues and concerns associated with constructing a Quantum Internet. As a first step
toward this goal, we introduce quantum physics and its concepts for recognizing the distinctions
between a classical and a quantum network. Then, we provide QT as the primary method for
passing on quantum data without transferring the quantum information's storage particle or
otherwise going against the rules of quantum physics. The major obstacles to designing QC
networks are outlined. Table 5 describes the summary of the literature review revised by different

authors.
Table 5. Summary of Literature Review
Authors Technique Used QOutcomes
Alfieri A. et al., (2022) Photonic Quantum Sensing | To conclude, low-dimensional materials like InAs and
[74] InSb nanowires are crucial to developing theoretical

frameworks for topological qubits and for early
practical demonstrations of these qubits' properties in
the quest for non-abelian anyons.

Bhat H. et al., (2022) [75] | Generalized Fully Specified | We gathered the most recent research findings on the

Matrix (GFSM) practical use of quantum computers and their potential

applications by capturing their structural squares.
Caleff A.et al., (2019) Quantum Sensing Although yet in its infancy, the Quantum Internet is an
[76] exciting novel idea requiring a wide range of creative

concepts and techniques at the intersection of quantum

physics, computer science, and telecoms engineering.

RQ4: What is Quantum Entanglement?

When two or more particles interact in a manner that makes it impossible to explain one particle's
quantum state without describing the other particles' states, this is known as quantum
entanglement77. Correlated outcomes are predicted for several entities. Distance doesn't affect the
quantum states of entangled photons or atoms; measurements show strong correlations between
them. It presents a viable means to make future communication more secure and reliable. Let's
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suppose two coins could become entangled. There are almost two times as many "heads" as there
are "tails" when one person tosses a coin several times and keeps track of the results. It is
impossible to know any given outcome until after it has been measured. Then they throw a second
coin, yielding random but comparable outcomes. The experiment logs would then reveal a
connection between the two variables. The outcome of the next coin toss is determined as soon as
the first one is flipped. People could not be able to anticipate the outcome of a single coin toss, but
subsequent flips would have the same probability because of the correlation between outcomes.
The complete correlation could be achieved when measuring entangled photons even if an infinite
distance separates the particles. Entanglement is incredibly significant and beneficial in the
quantum realm, and it has many potential communications uses [78-79]. Figure 7 shows the
architecture of Quantum Entanglement.

Zhang C. et al., (2023) [81] examined the feasibility of QT in a noisy environment by using GHZ
and non-standard W states as quantum channels. They use a statistical approach to a master issue
using Lindblad form to examine the effectiveness of QT. According to the simulations, the fidelity
of Teleportation utilizing non-standard W is greater than that of the GHZ state for the identical
amount of evolutionary time. They also consider how well Teleportation works with weak and
reverse quantum measurements with amplitude-damping noise. According to the findings, the
fidelity of Teleportation utilizing non-standard W is likewise more resistant to noise than the GHZ
state under the same circumstances. Podoshvedov S.A. et al., (2019) [82] developed a theory of
QT for an unnamed qubit that makes use of the interaction mechanism between DV and CV states
on a Highly Transmissive Beam Splitter (HTBS). With this DV-CV interaction process, photons
in the auxiliary modes are registered after the coherent components of the hybrid dislodge the DV
state with displacement amplitudes that are equal in absolute value but opposite in sign.

Laser beam

Crystal

Vertically-polarized
photons

Horizontally-polarized
photons  ~_

-/

Entangled photons

Figure 7. Quantum Entanglement [80].
There are two options suggested for eliminating the variables. QT could be interpreted in several
ways; here, we provide an unnamed qubit with a method for increasing processing speed.
Alshowkan M. et al., (2014) [83] presents an innovative way to transmit private information
between several parties using quantum entanglement switching. Quantum Entanglement swapping
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is a method for entangling incompatible quantum systems. Mutual authentication via a neutral
third party would be required to further increase security and validate the users. An independent
third party validates the sender's and receiver's identities and helps them generate a common secret
key. In addition, the suggested approach involves an entanglement swap between the sender and
the receiver. Without an entanglement exchange between the transmitter and receiver, an Einstein-
Podolsky-Rosen (EPR) pair might be produced and sent as the secret key. Afzali R. et al., (2014)
[84] calculated QT and quantum entanglement by considering the interaction between neighboring
sites and the interaction existing in each site in a QDs system arranged one-dimensionally. After
considering this system's spin and space entanglement, we survey Teleportation. The effect of
prime neighbors' interaction concerning not considering the interaction on quantum entanglement
and QT is compared and determined. Table 6 describes the summary of the literature review
revised by different authors.
Table 6. Summary of Literature Review

Authors Technique Used QOutcomes
Zhang C. et al., (2023) Lindblad Master Equation | Compared to the GHZ state, the findings demonstrate
[81] that when utilizing W1 for Teleportation, higher
amplitude damping noise could be sustained.
Podoshvedov S.A. et al., DV and CV The efficiency of quantum mechanical Teleportation
(2019) [82] of an unidentified qubit has been explored
Alshowkan M. et al., Quantum Entanglement According to the lack of a quantum channel, the
(2014) [83] Swapping sender and receiver would be forced to depend only
on a classical channel while evaluating the basis and
keeping their results to themselves.
Afzali R. et al., (2014) Quantum Entanglement The best result for teleporting is when the system's
[84] entanglement is maximum.

Nanotechnology has been the buzz of the scientific community since its inception in the early
2000s. Nanotechnology has already discovered several uses in everyday life and industry, and
many key applications are yet in the research and development stages. It is not incorrect to state
that nanotechnology has taken the technical world by storm. Here are the primary sectors in which
nanotechnology is employed and the ones under R&D out of all the applications mentioned
throughout the globe. Figure 8 shows the applications of nanotechnology.
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Figure 8. Applications of Nanotechnology [85].
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Nanotechnology has emerged as a key factor in recent years, helping to meet every need.
Adaptability and potential mean that it could be used in many contexts. Different uses for
nanoparticles are described.

Medicine: The field of medicine benefits greatly from nanotechnology's use. Its small size
means it could be used as a medicine in the infected cell of our body without affecting healthy
cells. Vaccines could be administered using this method, which helps produce a healthy
immunological response. Indirectly, it is used to combat viruses by stimulating the production of
enzymes.

Food: It's utilized for improving food safety, quality, and flavor at every stage of the food
production process, from planting through storage. It has the potential to serve as a sensor for
spoiled food. Antimicrobial zinc nanoparticles may also defend against UV radiation in plastic
packaging [86]. Using a nano-sensor to detect vitamin deficiencies in the human body is also the
subject of active research. It is also employed in agriculture to detect whether seeds or plants lack
water or nutrients.

Cleaner water: Nanotechnology is also used to address water quality and environmental
issues. The first step in reducing industrial waste pollution is to collect the trash that causes it.
Nanoparticles could purify the water, making it safe for consumption and other purposes. The
second step is purifying water by reducing its sodium and metal content. The third issue is
detecting the virus in water using nanoparticles since regular filters are ineffective. Nanoparticles
of graphene and palladium oxides are employed [87].

Space Nanotechnology: It might be the key to making space travel feasible. The
development of nanomaterials allows for spacecraft that are both lightweight and capable of using
a space elevator.

Solar cell: Nanotechnology allows the production of long-lasting solar cells for a fraction
of the cost.

Batteries: The creation of batteries now makes use of nanotechnology. The battery
constructed from nanoparticles is expected to last longer.

Electronics: Nanotechnology is also employed in the production of electrical devices.
Nanoparticle-based equipment uses less energy and electricity while performing at peak
efficiency.

Fuel cells: Reduced pollution and increased efficiency in fuel production are the results of
using nanotechnology. Producing hydrogen from water, which is frequently utilized to make fuel,
could be greatly aided by using nanogold particles. The impact of nanotechnology extends to a
wide variety of other industries. However, this is all there is to know about the most important
uses of nanoparticles in many industries [88].

CONCLUSION

Teleportation, which is possible because of the combination of QC and nanotechnology, is a major
technological leap forward in transportation and communication. This system and approach, which
draws on quantum physics and the properties of nanoscale materials and devices, open previously
unimaginable prospects for items' instantaneous, long-distance movement. Teleportation relies
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heavily on nanotechnology, which provides the means to alter and control individual atoms,
molecules, or particles. Teleportation's complex procedures may be handled accurately because of
nanoscale equipment like quantum computers, sensors, and memory. This paper demonstrates the
challenges and prospects of nanotechnology-enabled QC for object teleportation. Following the
PRISMA guidelines, 1284 published studies were reviewed, and 90 studies were found valid and
included in the statistical analysis. Finally, a few of the most salient advantages and disadvantages
of the current teleportation hypothesis are discussed, along with the challenges that future
researchers need to solve.

In the future, teleporting items using QC and nanotechnology will have vast potential throughout
various fields. Technology might be in its infancy right now, but with time and work, it can make
enormous advances in the future.
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