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Abstract:

The advent of quantum computing has the potential to transform several industries by providing
solutions to difficult issues that traditional computers have so far failed to tackle. Nevertheless,
scalability remains a major challenge to the practical implementation of quantum computing.
a thorough review of the present situation regarding quantum computing's scaling issues and
investigates potential future approaches to resolving these issues. Integrating quantum and
classical systems, ensuring quantum gate fidelity, minimizing error rates, and maintaining qubit
coherence are all critical concerns with scalability. We take a look at recent developments in
qubit technology that may improve scalability, including superconducting qubits, trapped ions,
and topological qubits. in order to keep qubit coherence over long processes, error correction
methods such as surface codes and concatenated codes are crucial. Also, important milestones
towards scalable quantum computing include developing quantum networking and integrating
quantum processors into bigger architectures. The route to practical and scalable quantum
computing is being illuminated by creative research and technological developments that tackle
these problems. This will allow for the technology to have a profound impact on society,
industry, and science.

Keywords: Quantum Computing, Scalability. Qubit Coherence. Error Rates. Quantum Gate
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Introduction:

From complicated optimization problems in artificial intelligence and cryptography to
materials science and encryption, quantum computing could change several industries.
Quantum computers utilize qubits, which can exist in several states concurrently owing to
entanglement and superposition, to process information, as opposed to classical computers that
use bits in binary form (0 or 1). Because of this key distinction, quantum computers may
execute specific tasks at an exponentially quicker rate than classical computers. The road to
usable quantum computing, however, is long and paved with obstacles, most notably
scalability. The development of quantum processors and the demonstration of the feasibility of
quantum algorithms have both made great strides, but the challenge of scaling these systems to
solve real-world issues is still enormous. In order for a quantum system to be scalable, it must
be possible to increase the number of qubits while simultaneously ensuring that its operations
are performed with high fidelity, lowering the error rate, integrating quantum systems with
classical computing infrastructure, and keeping their coherence. a thorough review of the
present situation about the difficulties associated in scaling quantum computing. It will go into
the essential concerns that must be resolved in order to attain scalable quantum systems, such

JOW, Fall 2026, Vol. 65, No. 2 133


https://journalofthewest.com/jw

Journal of the West EIRNAL
ISSN: 0022-5169 / E-ISSN: 1930-0115
https:/ /journalofthewest.com/jw

as qubit coherence, error rates, and the faithfulness of quantum gates. Superconducting qubits,
trapped ions, and topological qubits are just a few of the emerging qubit technologies that will
be evaluated in this research for their scalability enhancement potential. Another important part
of scalability is fixing errors. When it comes to safeguarding quantum data and ensuring qubit
coherence throughout lengthy operations, quantum error correction codes like surface codes
and concatenated codes are indispensable. Another important step towards scalable quantum
computing is the development of quantum networking and the integration of quantum
processors into larger infrastructures. We can get closer to scalable and useful quantum
computing if we tackle these problems head-on through new research and technical
developments. The purpose of this work is to draw attention to the significance of scalability
in quantum computing and to propose ways forward that will help us overcome the challenges
that are presently standing in the way of our advancements. The key to unleashing quantum
computing's revolutionary impact on science, industry, and society lies in comprehending and
resolving scalability issues as we approach the realization of its promise.

Problems with Scalability Right Now

Numerous technological obstacles stand in the way of moving quantum computing systems
from their current state of being small, experimental setups to huge, practical devices that can
solve real-world issues. Reliability and performance needed for real-world applications
necessitate resolving these issues. The main obstacles to scaling quantum computing, including
qubit coherence, error rates, and the fidelity of quantum gates, are described in this section.
Qubit Coherence

o Decoherence: Qubit coherence refers to the ability of a qubit to maintain its quantum
state over time. Decoherence, caused by interactions with the surrounding environment,
leads to the loss of quantum information. Maintaining coherence is critical for the
accurate execution of quantum algorithms.

o Environmental Noise: Factors such as temperature fluctuations, electromagnetic
interference, and material defects can cause environmental noise, which contributes to
decoherence. Effective isolation and error mitigation strategies are essential to
preserving qubit coherence.

Error Rates

e Gate Errors: Quantum gate operations are prone to errors due to imperfections in the
control mechanisms used to manipulate qubits. High error rates can significantly impact
the performance of quantum algorithms, necessitating robust error correction methods.

e Readout Errors: Measurement of qubit states can introduce errors, affecting the
accuracy of the computed results. Improving the fidelity of readout processes is crucial
for reliable quantum computation.

Quantum Gate Fidelity

o High-Fidelity Gates: Achieving high-fidelity quantum gates is essential for reducing
operational errors. Gate fidelity depends on precise control over qubit interactions and
minimizing noise during gate operations.

e Scalability of Gate Operations: As the number of qubits in a quantum system
increases, maintaining high fidelity across all gate operations becomes more
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challenging. Ensuring consistent gate performance at scale is vital for the success of
large-scale quantum computing.
If we want to see quantum computing technology progress, we must solve these scaling
problems. Researchers can make strides in building scalable, practical quantum computers that
can handle complicated computational tasks by figuring out how to increase qubit coherence,
decrease error rates, and improve the fidelity of quantum gates.
Qubit Technologies
The development of scalable and reliable qubit technologies is at the core of advancing
quantum computing. Various qubit implementations offer unique advantages and face specific
challenges, each contributing to the broader effort of creating practical quantum computers.
This section explores the primary qubit technologies currently under development, focusing on
superconducting qubits, trapped ions, and topological qubits.
Superconducting Qubits

e Principle: Superconducting qubits are based on the Josephson junction, which exploits
superconductivity to create quantized energy states. These qubits are typically
fabricated using standard lithographic techniques, allowing for scalability.

o Advantages: Superconducting qubits have relatively fast gate times and can be easily
integrated with existing microwave technology. They are also scalable using planar
fabrication techniques.

o Challenges: Maintaining coherence at higher temperatures and mitigating noise from
the surrounding environment are significant challenges. Quantum error correction
methods are essential to address these issues.

Trapped Ions

o Principle: Trapped ion qubits utilize ions confined in electromagnetic traps. Quantum
information is stored in the internal energy states of the ions, and quantum gates are
performed using laser pulses to manipulate these states.

e Advantages: Trapped ions exhibit long coherence times and high-fidelity quantum
gates. They are well-suited for precise quantum operations and have demonstrated
strong experimental success in small-scale systems.

o Challenges: Scaling trapped ion systems involves managing complex control
electronics and ensuring consistent performance across large arrays of ions. Laser
stability and addressing individual ions in large arrays are also critical issues.

Topological Qubits

e Principle: Topological qubits are based on anyons—particles that exist in two-
dimensional spaces and exhibit non-Abelian statistics. Quantum information is stored
in the global properties of these anyons, making the qubits inherently resistant to local
perturbations.

o Advantages: The topological nature of these qubits provides built-in error resistance,
potentially reducing the overhead for quantum error correction. This robustness makes
them promising candidates for scalable quantum computing.
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e Challenges: Realizing and manipulating topological qubits require precise conditions
and advanced materials. Experimental validation and practical implementation of these
qubits are still in early stages, necessitating further research and development.

Each of these qubit technologies contributes to the ongoing quest for scalable and practical
quantum computing. By leveraging their respective strengths and addressing their unique
challenges, researchers are making significant strides towards building quantum computers
capable of solving complex problems that are currently beyond the reach of classical
computation.

Conclusion

There have been many successes and many setbacks on the road to practical and scalable
quantum computing. Qubit coherence, error rates, and quantum gate fidelity are some of the
major scalability challenges that have been discussed in this study. The potential of quantum
computers to address practical issues is highly dependent on each of these aspects. Recent
developments in quantum bit technology, including topological qubits, trapped ions, and
superconducting qubits, have demonstrated encouraging results. All of these technologies have
its own set of benefits and drawbacks, but when put together they form a strong basis for
creating scalable quantum systems. If we want to keep qubits coherent across long operations
and reduce the likelihood of errors, we must use quantum error correction methods like surface
codes and concatenated codes. In addition, developing quantum networking and incorporating
quantum processors into bigger designs are essential for reaching scalable quantum computing.
In order to fully utilize quantum technologies, it is crucial to develop hybrid systems that
combine quantum and classical computing resources. Despite setbacks, recent developments
highlight quantum computing's potential to transform several industries. Scalable and useful
quantum systems are on the horizon, thanks to persistent research and technical progress. We
can get closer to experiencing the revolutionary effects of quantum computing on society,
industry, and science if we solve the scaling problems with creative methods and maintain our
commitment in research. Looking ahead, it is obvious that solving scalability issues is a
strategic requirement as well as a technical need. Our capacity to efficiently scale these systems
to handle complicated computational tasks will determine the success or failure of quantum
computing. The quantum computing community may secure its spot in the next technological
innovation age and fully realize the potential of quantum technology by concentrating on these
critical areas.
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