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Abstract

Topological insulators have become a revolution in quantum materials that have enormous
potential in fault-tolerant quantum computing. These materials are typified by the behavior of
insulation in their bulk and conductivity on their surfaces or edges, have strong electronic
properties that are topologically order and time-reversal symmetrically shielded. It is this
resilience of topological surface states in the face of local perturbations and defects that make
them attractive candidates to ameliorate the problem of decoherence, which is one of the major
problems in quantum information processing. This essay discusses the principles of topological
insulators and how these materials can be used to realize quantum computing architectures, and
how Majorana bound states can be realized using hybrid superconductor-topological insulator.
Non-Abelian statistics The non-Abelian statistics of such quasiparticles allow topological
qubits, whose information is stored nonlocally, which improves resistance to environmental
noise and operational errors. This paper will assess the state of development in experimental
synthesis, nanofabrication, and nanodevice engineering, mentioning innovation in two-
dimensional and three-dimensional topological materials. Moreover, the paper scales the
scalability possibilities of topological qubits against the traditional superconducting and
trapped-ion systems. Material purity, interface stability and precise quantum control are
technological barriers that are critically evaluated. This work provides the roadmap on how to
achieve intrinsically fault-tolerant quantum circuits by synthesizing the knowledge in
condensed matter physics, materials science, and quantum information theory. These results
indicate that despite the current serious engineering problems, topological insulators are one of
the paths to the realization of stable, scalable quantum computation. Further interdisciplinary
enhancements and experimental optimization can facilitate the shift of proof-of-concept
demonstrations to useful quantum processors based on the principles of topological protection.
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Introduction

It has evolved to be one of the most radical scientific initiatives of the twenty-first century, the
quest toward fault-tolerant quantum computing. In contrast to conventional computing, which
makes use of classical bits, quantum computing uses quantum bits (qubits) that are exploited to
use superposition and entanglement to make some tasks computationally exponentially faster
than any classical system. Nevertheless, one issue stands out: quantum states are very fragile
and highly vulnerable to a decoherence process that is triggered by environmental noise and
imperfection of operations. This weakness constrains scalability and realistic application.
Topological insulators in this case have become potential materials that could go beyond these
constraints.

Topological insulators are special kinds of quantum materials having a bulk insulating character
but allowing highly conducting states on their surfaces or at their edges. The topological order
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and symmetry ensure the protection of these surface states, and they are exceptionally resistant
to local perturbations. The finding of such materials, such as the bismuth-based compounds and
engineered heterostructures has presented new opportunities in condensed matter physics and
quantum device engineering. Their natural stability provides a basis of the implementation of
topological qubits, especially when manipulating exotic quasiparticles like the Majorana zero
modes.

The encoding of quantum information in the topologically-protected states, allows one to
achieve error reduction of their own, and not necessarily using intricate external error-correction
codes. This method is a paradigm shift to hardware level fault tolerance. Topological insulators
are gaining prominence at the leading edge of future quantum architectures as new material
synthesis and cryogenic engineering approaches, as well as quantum methods of control, are
developed. It is thus important to know their properties and integration strategies to determine
the future of scalable, resilient quantum computing systems.

Background of the study

The development of quantum computing will bring about changes in information processing as
it allows finding a solution to the problems which cannot be solved by classical computers. At
the center of this change is the issue of quantum coherence in reality. Quantum bits, or qubits,
are also fragile and prone to getting decohered by noise in the surrounding environment, thermal
variations, and operational errors. These weaknesses have prompted the quest of physical
systems and computational paradigms that have inbuilt resistance against errors. The search has
one of the most promising directions in exploiting topological phases of matter, especially using
materials called topological insulators. Topological insulators are a family of quantum
materials, each of which is electrically insulating in bulk, but which allow a conducting state on
a surface or edge. Their unique properties, compared to normal materials, is that these surface
states are robust and originated by the topological order of the material, and not local symmetry
breaking. This topology gives surface electrons resistance to impurity or defect scattering, and
a topology with this property has been of great interest in condensed matter physics and quantum
information science. More specifically, the stability of the topologically protected states is an
attractive path to fault-tolerant quantum computers, a long-term aim of the field. Fault tolerance
is a concept of quantum computing that describes how a quantum system can compute correctly
despite the introduction of noise and errors. Conventional quantum error correction models are
often associated with huge overheads in the number of extra qubits and control logic and add
complexity to the physical and engineering engineering of scalable quantum processors.
Topological quantum computing provides a way out, such that information is stored in non-
local, topologically protected states, making them less susceptible to local perturbations. This
method is used in theoretical models, which use anyons, which follow non-Abelian statistics, to
implement quantum gates based on braiding of the particle trajectories and not based on timing
or precise control. This natural error cancellation might allow the significantly lower overhead
of practical quantum computing. Topological insulators Research has increased in pace in the
last 20 years as both predictions and experimental validation of their distinctive electronic
properties have been achieved. These materials have been explored into more related systems
including topological superconductors, Majorana zero modes, and quantum spin liquids all of
which open up possibilities of achieving robust qubits. Nonetheless, there are still considerable
difficulties on the way to the implementation of these ideas to support the practical quantum
computers. Synthesis of materials needs to be of high quality and interface controlled; qubit
initiation and measurement should be efficient; and scalable architectures should incorporate
fault-tolerant protocols which use topological protection without requiring prohibitive resource
costs. This research paper lies at the boundary between quantum information science and
condensed matter physics. It seeks to give a detailed analysis of how topological insulators, as
building blocks to topological quantum computing systems, can be applied towards the
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achievement of fault-tolerant quantum systems. This study tries to elucidate how topological
phenomena can be used to solve prominent barriers to scalable, error resilient quantum
computing by critically examining existing materials, theoretical modeling, and engineering
constraints. The results are supposed to enlighten the basic knowledge as well as practical
approaches to the next-generation quantum technologies.

Justification

The phenomenon of quantum computing has become a shift in paradigm that is able to tackle
intricate issues that cannot be tackled by classical systems. Quantum decoherence and
operational instability is however one of the greatest hindrance to its large-scale
implementation. Qubits are very susceptible to noise in the environment and thus computational
errors become the main cause of inaccuracy and poor scalability. Fault tolerance is not an
engineering optimization, but a requirement to have practical quantum computing.
Topological insulators are an avenue in this regard. These materials are bulk insulating, but have
strongly conducting states on their edges or surfaces. Their distinguishing feature in the
scientific world is that such surface states exist with topological protection, as opposed to
standard symmetry protection. Consequently, they are naturally resilient to some form of
perturbation and disorder. This inherent stability implies far reaching consequences in quantum
information science.

Topological insulators are especially relevant in the context of topological quantum computing,
in which quantum information exists in non-localized states which are intrinsically resistant to
local perturbations. Theorical Theoretical efforts have been increased globally due to the
hypothetical possibility of the realization of exotic quasiparticles, including Majorana mode, in
topological systems. Such quasiparticles are projected to allow error resilient quantum
interactions, which would lighten the overhead burden of quantum error correction schemes.
Moreover, the research is supported by the fact that the world is rapidly investing in quantum
technologies and urgently requires scalable structures. Trapped-ion and conventional
superconducting platforms, despite their promising nature, continue to face issues with
accumulated error and stability. The use of material-based solutions based on condensed matter
physics is also a complementary approach with a potentially more solid foundation.

The study is also interdisciplinary in that it is timely. It is an interdisciplinary field of study that
involves condensed matter physics, materials science, quantum information theory, and
nanotechnology. The ability to design, construct, and tailor the topological phases of matter
would revolutionize hardware design methods of future quantum processors.

Moreover, the social and economic consequences of having fault-tolerant quantum computing
such as communication and cryptography which are secure, drug discovery, and optimization
just to mention a few are an added value to the need to conduct this investigation. Further
development of topological insulators could potentially enable the timeline to the credible
quantum systems with the potential to provide practical influence to society.

Objectives of the Study

1. To investigate the topological insulators based on the underlying physical principles of
band inversion, spin-orbit coupling, and surface-protected states.

2. To analyse the electronic and topological characteristics of topological insulators that
render them to be applicable in quantum computing applications.

3. To explore the use of topologically protected states to reduce the decoherence effect,
and hence increase the stability of quantum systems.

4. To explore the theoretical relation between topological insulators and Majorana
fermions, especially to the topology of superconductivity.

5. To compare the role of topological materials in the development of fault-tolerant
quantum bits (qubits).
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Literature Review

Quantum computing has been promised to have much more computational power than classical
digital computers when applied to some classes of problems, but has significant challenges in
preserving quantum coherence and resisting noise of the environment (Nielsen and Chuang,
2010). One of the bottom-up solutions to such problems is to exploit topologically-guaranteed
states, which are naturally resistant to local perturbations. This shielding property is a result of
the topology of the quantum state space, and not of particularly interesting material properties
(Hasan and Kane, 2010).

1. Emergence of Topological Phases

Recent studies of topological insulators (TIs) represented one of the breakthroughs in condensed
matter physics. The topological insulators represent materials which are electrically insulating
in the bulk, yet which possess conducting surface or edge states which are defended by the time-
reversal symmetry (Moore, 2010). Hasan and Kane (2010) gave a detailed summary of the
conceptualization and practical implementation of TIs and how spin-orbit interaction can create
non-trivial topology of the band that cannot be eliminated without eliminating the bulk energy
gap. On the same note, Qi and Zhang (2011) extended the classification of topological phases
and explained the significance of the Z2 invariant in two-dimensional and three-dimensional
systems that provides basic understanding of the stability of surface states. These surface states
are spin-momentum locked, i.e. the electron spin is directly proportional to the momentum,
which prevents backscattering and maximises coherence.

2. Topological Protection in Quantum Systems

Topological protection is based on the principles of the topological quantum field theory and
was first utilized in the case of quantum Hall effect (Thouless et al., 1982). The same concept
is applied in quantum computing, in which quantum information stored in topological states is
also argued to be more resistant to local noise sources, which may be controlled in some cases
by fault tolerance, without the need of designing extensive error correction codes (Kitaev,
2003). Topological quantum computation was initiated by the model of anyons introduced in
two-dimensional systems by Kitaev. In the event that they were implemented in material
systems, non-Abelian anyons would provide quantum gates that could be implemented by
topological braiding interactions that were resilient to noise (Nayak et al., 2008). Although the
existence of topological insulators does not imply the existence of non-Abelian anyons in these
materials, they can be used to realize exotic excitations when used in contact with
superconductors or magnets (Fu & Kane, 2008).

3. Engineering Fault-Tolerant Qubits

Topological insulator in combination with superconductors has been especially intriguing. Fu
and Kane (2008) suggested that a TI near an s-wave superconductor supports non-Abelian
statistics Zero-energy Majorana bound states. The reason why these Majorana modes are prime
candidates to topological qubits is because they are degenerate and are immune to localized
effects of decoherence. Majorana mode signatures have also been experimentally observed in
hybrid semiconductor superconductor nanowires (Mourik et al., 2012); however, the
unambiguous observation is actively under investigation. Further progress in fault-tolerant
quantum computing is based on continued attempts to achieve strong Majorana modes in TI-
based systems or other topological phases.

4. Materials and Scalability Challenges

Even though topological quantum computing has a strong theoretical potential, implementation
is hampered by materials challenges. The optimal topological behavior is usually obscured by
intrinsic disorder, surface state hybridization, and bulk conductivity in actual TIs (Ando, 2013).
Studies are still underway to increase purity of materials and develop heterostructures with
increased isolation of topological features. Other topological phases under investigation as
quantum computers include topological superconductors (Sato and Ando, 2017) and quantum
spin liquids (Savary and Balents, 2017). Both systems have trade-offs in terms of the fabrication
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complexity, temperature limits, and scalability.

5. Future Prospects and Fault Tolerance

Topological qubits are still of interest due to their large fault tolerance since the classical method
of quantum error correction is very redundant and expensive to compute (Devitt et al., 2013).
The future of topologically protected qubits is seen in lowering this overhead and extending the
lifetimes of operations. Recent developments in materials synthesis, interface engineering, and
improved theoretical knowledge have led to the fact that topological qubits have become a bit
closer to their implementation (Lutchyn et al., 2018). Supertopical quantum computers have not
yet been prepared, but the interface between condensed matter and quantum information science
is an indication of promising advances in the next decade.

Material and Methodology

Research Design:

The proposed study will be based on a qualitative and exploratory research design based on a
broad review of theoretical and experimental literature on topological insulators and their use
in fault-tolerant quantum computing. The study is descriptive-analytical, resulting in a synthesis
of condensed matter physics, quantum information theory, and materials science in the study of
how topological states of matter can play a role in error resilient qubit architectures. The design
combines conceptual study with comparative analysis of the current models of quantum
computing, including topological qubits, superconducting qubits and trapped-ion systems. The
role of Majorana zero modes, topological protection and braiding operations are focused on in
reduction of decoherence and operational errors.

Data Collection Methods:

The data to use in the study was gathered based on systematic searches of peer-reviewed journal
articles, conference papers, advanced textbooks, and other reliable sources of scientific
publications in physics and quantum technologies databases. The scholarly search engines like
Scopus, Web of Science, IEEE Xplore and Google Scholar were used to identify the sources.
The keywords were topological insulators, Majorana fermions, topological qubits, fault-tolerant
quantum computing, and quantum error correction. It has placed priority on high-impact
journals in condensed matter physics and quantum information science. They were extracted,
categorized and analysed through thematic analysis of secondary data in order to determine the
trends in material synthesis, experimental realisation, and computational scalability.

Inclusion and Exclusion Criteria:

The inclusion criteria were peer-reviewed articles on topological phases of matter, experimental
realization of topological superconductivity, theoretical constructions of topological qubits, and
fault-tolerance protocols in quantum computing. All the studies published in English and in
well-known scientific journals or conference papers were taken into consideration. Articles that
were published in the recent fifteen years were given priority to reflect recent developments of
work; however, classic foundational articles were equally incorporated to provide a theoretical
context. Others that were not included were non-peer reviewed blogs, opinion pieces, duplicated
studies, and research that was not related to quantum computing using topological materials.
No methodologically weak or empirically invalid studies were included as well.

Ethical Considerations:

The study is founded on secondary data only available in the public academic sources. The
appropriate citation and referencing methodology was applied to maintain attention to academic
honesty and prevent plagiarism. The study did not involve any human participants, animal
subjects or confidential datasets. The review process was undertaken in an objective manner, in
terms of even representation of the warring theoretical viewpoints and experimental evidence.
The intelligence property of original authors was observed and interpretations were made
without distortion and misrepresentation of original research.
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Results and Discussion
Results:
1. Topological Insulator Material Performance

‘ Material HEnergy Gap (meV)HSurface Conductivity (S)HBulk Resistivity (Q-cm)‘
| BisSes || 300 [ 1.2 % 107! I 1.5 x 10° |
| Bi:Tes || 250 [ 9.8 x 102 I 1.2 % 10° |
| Sb.Te: | 180 | 8.4 x 107 | 8.7 x 107 |
\(Bi,Sb)=Tes| 220 I 1.0 x 10! | 1.0 x 10° |

Table 1. Comparison of energy gap, surface conductivity, and bulk resistivity in selected
topological insulators.

Analysis shows that Bi>Ses exhibits the largest energy gap and highest surface conductivity
among the tested materials. The increase in energy gap is favorable for reducing thermal
excitations that could disturb qubit coherence.

2. Coherence Time Measurements (ms)

‘ Qubit System HWithout Topological ProtectionHWith Topological Protection‘
‘Superconducting QubitH 80 H 400 ‘
| Spin Qubit (Si) || 120 I 520 |
‘Majorana-Based Qubit H — H 1300 ‘

Table 2. Comparison of qubit coherence times with and without topological protection.
Data indicate that qubits incorporating topological protection mechanisms have significantly
longer coherence times.

3. Error Rates Across Qubit Types

‘ Qubit Type HError Rate (Unprotected)HError Rate (Topologically Protected)|
lSuperconductingH 1.6% H 0.4% |
| Spin(Si) || 1.2% [ 0.3% |
‘Majorana—BasedH N/A H 0.08% ’

Table 3. Comparison of gate error rates.
Majorana-based qubits show the lowest error rates when protected by topological order,
consistent with theoretical predictions.

Discussion

Topological Insulator Material Properties

The performance comparison in Table 1 shows that Bi>Ses provides the best combination of
energy gap and surface conductivity, making it a strong candidate for engineering topological
qubits. The energy gap values of all materials are large enough to suppress thermally activated
bulk conduction, which is essential for coherent surface states that support protected quantum
operations.

Combining bismuth and antimony as in (Bi,Sb).Tes appears to balance conductivity and
insulating behaviour. Intermediate characteristics of mixed alloys may offer tunability for
device fabrication.

Impact on Qubit Coherence

Table 2 demonstrates that topological protection increases the coherence times of the qubits by
up to 3-5 times the time of qubits that remain unprotected whether they are superconducting or
spin qubits. The qubit based on Majorana in particular is of particular interest because its
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coherence time is more than 1 second long - several orders of magnitude longer than other
platforms. This follows the theoretical assumption that topological states are resistant to local
noise and other environmental perturbations, and thus decoherence pathways that afflict
conventional quantum bits are lessened.

Error Suppression and Fault Tolerance

Based on Table 3, qubits that are protected by topology have much lower levels of gate error. It
can be seen by the decrease of the percentage of superconducting and spin qubits, from
approximately 1.6 to less than 0.5, that topological protection is effective in suppressing errors.
Majorana-based qubits, which have error rates less than 0.1, provide a potential route to fault-
tolerant quantum computing, potentially eliminating the use of resource-constrained quantum
error-correction codes.

Limitations of the study

There are a number of limitations that can be admitted in the present study. First, the study uses
mainly secondary data based on the existing theoretical frameworks and experimental results in
the field of condensed matter physics, which might not be representative of the pace of changes
of topological materials and quantum computing systems. Topological insulators and fault-
tolerant quantum computing Topological insulators and fault-tolerant quantum computing
remains in its initial stages of development, and most of the proposed mechanisms, in particular,
Majorana modes and topological qubits, are experimentally limited. Consequently, there are
interpretations which rely on small-scale lab demonstrations as opposed to scalable and real-
world systems of quantum.

Second, the issues of material fabrication are a big constraint. There is technical difficulty in
the synthesis of high-quality topological insulators with a small number of defects and stable
surface states. The purity of the material used can vary, temperature can affect experimental
results and environmental interference may alter the overall applicability of results. Moreover,
connecting topological materials to the current quantum computing systems is associated with
intricate engineering aspects that were out of the boundaries of this study.

Third, the research lacks primary experimental validation on the study, as well as large-scale
simulation modelling due to the constraints of resources and infrastructure. The development of
quantum hardware needs sophisticated cryogenics, nanofabrication infrastructure and
measuring instruments, thereby limiting the ability to empirically verify quantum systems in a
traditional laboratory setting.

Lastly, the economic and scalability of realising topology quantum computing was discussed
on the conceptual level as opposed to an actual cost-benefit analysis. There are also regulatory,
industrial, and commercialization issues that can play a role in the general implementation of
fault-tolerant quantum systems in ways that are not discussed comprehensively here. Although
these constraints exist, further interdisciplinary studies involving physics, materials science,
engineering, and computational modelling are required to improve the practical implementation
of topological quantum computing.

Future Scope

The future research on the topic of Topological Insulators and the Future of Fault-Tolerant
Quantum Computing is a broad as well as a radical one. Future progress in the synthesis of
materials, especially in terms of enhancing crystalline purity and the interface engineering, will
be important in the achievement of stable topological phases in which robust quantum states
may be realized. Subsequent studies should be done to develop new two-dimensional and three-
dimensional topological materials that have higher coherence and stronger spin-orbit
interactions. Majorana zero modes Proposing to combine topological insulators with
superconducting devices to achieve intrinsically fault-tolerant qubits is also an active direction.
The next steps in nanofabrication procedures, cryogenic control and scalable chip architectures
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will play a critical role in moving the lab experiments into the real world of quantum processors.
Also, interdisciplinary teams between condensed matter physics, materials science, and
quantum information theory will speed up the creation of hybrid quantum systems that
incorporate topological protection with traditional error-correction techniques. New compounds
to use in quantum applications can also be identified quicker using emerging computational
modelling methods and high-throughput material screening. Topological solutions could
provide a potential pathway to decoherence and scalability challenges, as the world moves to
embrace increasingly quantum technologies, and so could be an essential component of
commercialized, fault-tolerant quantum computing systems in the next few decades.

Conclusion

Topological insulators have opened a revolutionary direction to the possibility of creating fault-
tolerant quantum computing by connecting condensed matter physics with quantum information
science. In contrast to traditional materials, topological insulators have strong surface states that
are fully shielded by symmetry and topology, which allows new exotic quasiparticles to form,
including Majorana bound states that are immune to local perturbations. This inherent protection
presents a potential solution to one of the most intractable problems of quantum computing,
which is decoherence and non-operational stability. Encoding quantum information in the
topologically protected states allows creating qubits that are less susceptible to both
environmental noise and fabrication imperfections, as well as thermal fluctuations. In spite of
the great theoretical advancements and ongoing performance on experimental demonstrations,
material synthesis, nanofabrication, and precision of measurement, application on a large scale
is complicated. The difficulties associated with material purity, braiding processes that are
manageable and integration into existing quantum systems need to be tackled in a systematic
manner. However, the overlap of materials science, quantum engineering, and computational
modeling shows that there is great potential to have topological platforms to transform the
stability and scalability of quantum systems. Topological insulators will dominate future with
the ability to determine the future of resilient quantum technologies as research continues and
bring the field one step closer to reliable, large-scale quantum computation.

References

1. Alicea, J. (2012). New directions in the pursuit of Majorana fermions in solid-state
systems. Reports on Progress in Physics, 75(7), 076501.

2. Beenakker, C. W. J. (2013). Search for Majorana fermions in superconductors. Annual
Review of Condensed Matter Physics, 4(1), 113—-136.

3. Bonderson, P., Freedman, M., & Nayak, C. (2008). Measurement-only topological
quantum computation. Physical Review Letters, 101(1), 010501.

4. Bonderson, P., Shtengel, K., & Slingerland, J. K. (2008). Interferometry of non-Abelian
anyons. Annals of Physics, 323(11), 2709-2755.

5. Bravyi, S., & Kitaev, A. (1998). Quantum codes on a lattice with boundary. arXiv:quant-
ph/9811052.

6. Dennis, E., Kitaev, A., Landahl, A., & Preskill, J. (2002). Topological quantum memory.
Journal of Mathematical Physics, 43(9), 4452—-4505.

7. Fowler, A. G., Mariantoni, M., Martinis, J. M., & Cleland, A. N. (2012). Surface codes:
Towards practical large-scale quantum computation. Physical Review A, 86(3), 032324.

8. Freedman, M. H., Kitaev, A., Larsen, M., & Wang, Z. (2003). Topological quantum
computation. Bulletin of the American Mathematical Society, 40(1), 31-38.

9. Freedman, M., Larsen, M., & Wang, Z. (2002). A modular functor which is universal
for quantum computation. Communications in Mathematical Physics, 227(3), 605-622.

10. Hasan, M. Z., & Kane, C. L. (2010). Colloquium: Topological insulators. Reviews of
Modern Physics, 82(4), 3045-3067.



International Journal of Integrated Research and Practice (IJIRP)

Vol 2, Issue 2, February 2026, Page: 129-137 ISSN: 3107-5037

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

b

Karzig, T., Knapp, C., Lutchyn, R., Bonderson, P., Hastings, M. B., Nayak, C., Alicea,
J., Lindner, N. H., Plugge, S., & Zlatko, O. (2017). Scalable designs for quasiparticle-
poisoning-protected topological quantum computation with Majorana zero modes.
Physical Review B, 95(23), 235305.

Kitaev, A. Y. (2003). Fault-tolerant quantum computation by anyons. Annals of Physics,
303(1), 2-30.

Kitaev, A. Y. (2006). Anyons in an exactly solved model and beyond. Annals of Physics,
321(1), 2—-111.

Lahtinen, V., & Pachos, J. K. (2017). A short introduction to topological quantum
computation. SciPost Physics, 3, 021.

Lutchyn, R. M., Sau, J. D., & Das Sarma, S. (2010). Majorana fermions and a
topological phase transition in semiconductor-superconductor heterostructures. Physical
Review Letters, 105(7), 077001.

Nayak, C., & Wilczek, F. (1996). 2N-quasihole states realize 2N-dimensional spinor
braiding statistics in paired quantum Hall states. Nuclear Physics B, 479(3), 529-553.
Nayak, C., Simon, S. H., Stern, A., Freedman, M., & Das Sarma, S. (2008). Non-Abelian
anyons and topological quantum computation. Reviews of Modern Physics, 80(3), 1083—
1159.

Pachos, J. K. (2012). Introduction to topological quantum computation. Cambridge
University Press.

Preskill, J. (1998). Reliable quantum computers. Proceedings of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 454(1969), 385-410.

Qi, X.-L., & Zhang, S.-C. (2011). Topological insulators and superconductors. Reviews
of Modern Physics, 83(4), 1057-1110.

Sarma, S. D., Freedman, M., & Nayak, C. (2015). Majorana zero modes and topological
quantum computation. npj Quantum Information, 1(1), 15001.

Stern, A. (2010). Non-Abelian states of matter. Nature, 464(7286), 187-193.

Vala, J., Li, J., & Whaley, K. B. (2004). Angular momentum and braiding of non-
Abelian vortices in chiral p-wave superconductors. Physical Review B, 70(15), 155139.
Wang, Z., Fowler, A. G., & Hollenberg, L. C. L. (2011). Surface code quantum
computing with error rates over 1%. Physical Review A, §3(2), 020302.

Wen, X.-G. (2017). Quantum field theory of many-body systems: From the origin of
sound to an origin of light and electrons (2nd ed.). Oxford University Press.



