
 

Volume-07 Issue 03, March-2023                                                                                               ISSN: 2456-9348 

                                                                                                                                                   Impact Factor: 6.736 

 

 

 
International Journal of Engineering Technology Research & Management 

Published By: 

https://www.ijetrm.com/ 

 

IJETRM (http://ijetrm.com/)   [167]   

 

 

THE QUANTUM THREAT: PREPARING FOR THE IMPENDING IMPACT ON 

CYBER SECURITY 

 
 Shoeb Ali Syed 

University of the Cumberlands 
________________________________________________________________________________________ 

 

ABSTRACT 

Modern cybersecurity systems experience both exponential security achievements and major threats because of 

the fast development of quantum computing technology. The widespread encryption methods RSA and elliptic 

curve cryptography (ECC) have protected sensitive information for a long time but they become vulnerable against 

Shor's algorithm which represents a crucial threat to these cryptographic approaches. The analysis discusses how 

quantum computing will alter cybersecurity through investigative evaluation of present cryptographic weakness 

and essential requirement of quantum-secure encryption systems. The research analyzes new developments along 

with existing literature to document key quantum computing threats which target extensive data theft and damage 

digital systems. The study evaluates organizational preparedness together with government readiness to use post-

quantum cryptography and detects emerging security capabilities within lattice-based cryptography plus quantum 

key distribution (QKD). 

The research demonstrates multiple entities work toward quantum-resistant protocols but various domains have 

not yet learned to face opposing quantum computing capabilities. The authors suggest taking three essential steps 

including combining encryption methods and funding quantum-resistant research along with public-private 

partnership development. Organizations need to make quantum readiness their main focus because quantum 

computing development will intensify future cyber threats and endanger digital system security. The study adds 

valuable knowledge about quantum cybersecurity trends by detailed evaluation of threats and operational 

safeguards for future quantum computing security. 
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1. INTRODUCTION 

Quantum computing technologies have experienced rapid progress which created both new technological 

opportunities but also damaged traditional digital security methods. Quantum computers operate at exceptional 

speeds through quantum bits (qubits) instead of classical computers' binary bits which use (0s and 1s). 

Superposition permits qubits to maintain existence across multiple states simultaneously and entanglement allows 

interlinked qubits whose states affect each other automatically (Richter, M., et al 2022) Quantum computers 

possess exceptional capabilities which enable them to handle complex problems that standard computers cannot 

solve because they crack encryption algorithms. 

The major security risk in current times associated with quantum computing comes from its ability to compromise 

modern encryption systems. Modern cryptographic systems based on RSA and ECC depend on enhancing the 

difficulty of integer factorization and discrete logarithm problems which traditional computers cannot resolve 

efficient. With algorithm quantum computers enable fast prime number factorization at an exponential rate 

compared to traditional computers thus making RSA and ECC susceptible to quick decryption (Alagic, G et al 

2022). The threat to sensitive data confidentiality and system integrity and availability continues to increase since 

industries with secure communication needs especially finance healthcare and defense organizations remain in 

danger. 

Organizations need an answer to the critical question about preparing for quantum threats because the attainment 

of quantum supremacy through quantum computers approaching the classical computing limit. Current quantum 

computing developments remain experimental yet major industry leaders like IBM and Google among others 

continue advancing their operations and Google reached quantum supremacy in 2019 by solving a problem 

standard supercomputer would need thousands of years to complete in 200 seconds (Alagic, G et al 2022). The 
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rapid pace of quantum technology development demonstrates organizations need to start implementing post-

quantum cybersecurity measures since quantum threats will not need practical readiness to become operational. 

1.1 Research Problem 

This paper investigates the security threat that quantum computing poses to digital assets and presents 

organizational strategies to protect their systems from future cyberattacks. Traditional encryption methods need 

replacement because of their deprecation so organizations must urgently investigate and deploy cryptographic 

solutions resistant to quantum machines (Alagic et al., 2022). The paper reviews quantum computing 

vulnerabilities while examining the current PQC developments and recommending adaptive security transition 

plans for organizations. 

1.2 Objectives of the Paper 

This research paper aims to: 

• Evaluation of quantum computing potential alongside investigations of its influence on traditional 

cryptographic security measures makes up part one of the paper. 

• The study will identify the fundamental security weaknesses that appeared in modern cybersecurity 

infrastructure structures because of quantum development progress. 

• Advancing research should investigate upcoming quantum-resistant crypto solutions together with their 

strength levels. 

• The paper develops implementation-oriented approaches that organizations must follow to prepare 

themselves against quantum threats and their related risks. 

• The research recommends strategies to policymakers as well as business organizations and researchers 

through contributions to ongoing cybersecurity discussions. 

This paper methodically investigates the key areas to help organizations implement the necessary skills and plans 

which protect their cybersecurity infrastructure through the quantum revolution 

 

2. LITERATURE REVIEW 

2.1 Overview of Quantum Computing 

Through quantum mechanics principles quantum computing efficiently performs tasks that exceed any potential 

result from conventional computer systems. Superposition and entanglement phenomena result from quantum 

mechanics fundamental theory so scientists can achieve better computational power through quantum computing. 

Through the concept of superposition quantum bits enter a state where they concurrently exist across different 

states. Qubits operated using superposition exist as both 0 and 1 at once while classical bits only exist in one state 

(Alagic, G et al 2022). According to the principle of entanglement two distinct qubits become subject to instant 

correlation that transcends any limitations of distance. 

Quantum hardware development has seen major advancements during the recent years. Three leading companies 

including IBM and Google and Rigetti Computing continue developing superconducting qubits which represent 

today's best hardware solution for quantum computing. The quantum processors from IBM include Eagle at 127 

qubits and Condor at 1121 qubits which they use to target quantum advantage purposes (Alagic, G et al 2022). 

With Sycamore the google processor established "quantum supremacy" by finishing a certain computational task 

in 200 seconds while a standard supercomputer needed 10,000 years. The implementation of quantum computers 

faces obstacles from error correction together with scalability problems and decoherence effects according to 

Carney, M. (2022). 

 

Company Quantum Processor Notable Achievement 

IBM Eagle (127 qubits) Scalable quantum architecture 

Google Sycamore (54 qubits) Quantum supremacy 

Rigetti Aspen series Cloud-based quantum computing 

Table.1:  Leading Companies, Their Quantum Processors, and Notable Achievements 
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2.2 Current Cryptographic Standards and Their Vulnerability 

The present-day cryptographic infrastructure operates with public-key cryptography to authenticate secure 

transmissions based on unsolvable mathematical problems for standard computational methods. Public-key 

cryptography functions as the dominant cryptographic approach for secure communication through mathematical 

problems that conventional computers cannot solve. 

• RSA (Rivest-Shamir-Adleman) implements encryption through a process which requires enormous 

difficulty in breaking apart prime numbers. RSA security relies on it being practically impossible to find 

solutions to the integer factorization problem when using polynomial-time methods. 

• of ECC (Elliptic Curve Cryptography) depends on the elliptic curve discrete logarithm problem 

(ECDLP). The efficiency of ECC surpasses RSA because it delivers equivalent security with keys that 

have decreased dimensions Carney, M. (2022). 

• AES (Advanced Encryption Standard) operates as a symmetric encryption algorithm which stands 

against classic attacks yet exposes weakness to particular quantum attacks. 

These encryption methods face a significant peril because quantum computing emerged as a technology. The 

methodology known as Shor’s Algorithm created by Carney, M. (2022).  enables quantum computers to factor 

numbers through exponentiation speed which far surpasses traditional computing methods. The sufficient power 

of quantum computers would nullify RSA encryption because factorization serves as its foundation. The 

encryption standard ECC faces the same quantum threat because its strength relies on the discrete logarithm 

problem. Using the Grover’s Algorithm allows quantum computers to speed up brute-force attacks on symmetric 

encryption schemes which shortens the effective key lengths by fifty percent. 

 

Classical Cryptographic Method Security Basis Quantum Vulnerability 

RSA Integer Factorization Broken by Shor’s Algorithm 

ECC Discrete Logarithm Problem Broken by Shor’s Algorithm 

AES Symmetric Key Reduced security due to Grover’s Algorithm 

Table 2: Overview of Leading Companies, Their Quantum Processors, and Key Technological Achievements 

 

2.3 Emerging Quantum-Resistant Cryptography 

Senior scientists are producing post-quantum cryptography (PQC) methods to defend against quantum attacks 

because these cryptographic methods resist quantum threats. The National Institute of Standards and Technology 

(NIST) started working on post-quantum cryptographic algorithm standardization through its active initiatives. 

The National Institute of Standards and Technology introduced four algorithm options for post-quantum 

cryptography in 2022 (NIST, 2022). There exist three main categories in post-quantum cryptography which are: 

• The National Institute of Standards and Technology elected two lattice-based systems CRYSTALS-

Kyber and CRYSTALS-Dilithium as standard candidates based on their implementation of the Learning 

with Errors (LWE) problem. 

• The system uses cryptographic hash functions to create digital signatures through the SPHINCS+ 

stateless hash-based signature scheme as shown in Bernstein et al. 2015 to achieve quantum resistance. 

• The cryptography system works with multivariate polynomial systems to solve difficult computational 

problems on quantum computers. 

2.4 Enhancing Security with Quantum Key Distribution (QKD) Quantum Key Distribution (QKD) represents 

a groundbreaking advancement in secure communication. Utilizing the principles of quantum mechanics, QKD 

enables two parties to generate and share cryptographic keys in a way that any eavesdropping attempt would be 

immediately noticeable. This technology could significantly bolster the security of blockchain transactions. 
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Fig. 1: The Quantum Threat to Blockchain: Navigating a New Era of Computing. Source: Chain 

 

Post-Quantum Cryptographic 

Approach 

Example 

Algorithm 

Security Basis 

Lattice-Based CRYSTALS-Kyber Hardness of lattice problems 

Hash-Based SPHINCS+ Security of cryptographic hash functions 

Multivariate Polynomial Rainbow Hardness of solving multivariate 

equations 

Table 3: Overview of Post-Quantum Cryptographic Approaches, Example Algorithms, and Their Security 

Basis 

 

The implementation of post-quantum algorithms faces two limitations which need future optimization work to 

make them practical for widespread usage Carney, M. (2022). 

2.5 Cybersecurity Measures and Quantum Preparedness 

The advancement of quantum computers prompts both governments and industries to create cybersecurity 

measures which secure their data for the long term in a post-quantum computing era. 

2.6 Quantum Key Distribution (QKD) 

Quantum Key Distribution (QKD) lets two parties generate secure key distribution through quantum mechanics 

that resists both classical and quantum attacks. Two parties can protect their encryption keys through BB84 
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protocols by using QKD while quantum mechanics principles allow for eavesdropping detection. The Micius 

satellite from China represents the leadership role of this country in developing large-scale QKD networks which 

facilitated quantum-encrypted communication between distant points (Moody, D., et al 2022). 

 

QKD Protocol Security Feature Real-World Implementation 

BB84 Detects eavesdropping Used in China’s Micius satellite 

E91 Based on entanglement Implemented in quantum networks 

Table 4: Key Quantum Key Distribution (QKD) Protocols and Their Real-World Applications 

 

2.7 Hybrid Cryptographic Approaches 

Compounds are currently being implemented because the timeline for practical quantum computing remains 

unclear and these compounds incorporate both classical encryptions together with quantum-resistant algorithms. 

Organizations can utilize this method as a temporary fix to advance their security from classical to post-quantum 

cryptography. 

2.8 Government and Industry Initiatives 

The worldwide political and industrial sectors actively pursue measures that build cybersecurity resistance against 

future quantum threats. 

• NIST takes charge of developing post-quantum cryptographic algorithm standards as its main initiative. 

• OpenQKD stands as a European Union initiative that is creating new secure quantum communication 

systems through their development project. 

• The private sector participates in quantum-safe encryption development through IBM Microsoft and 

Google as well as hybrid security model creation. 

Quantum computing development requires the global cybersecurity domain to implement post-quantum 

cryptography with quantum-safe networks along with hybrid encryption ways to protect data security through 

time 

3. RESEARCH METHODOLOGY 

This section describes the research methodology which measures the effects of quantum computing on 

cybersecurity. The research methodology includes the selected approach and sources of data and analytical 

techniques applied for the study. 

3.1. Research Approach 

This research combines qualitative methods with quantitative methodologies to study its subject. Security 

researcher’s benefit from this dual research design which enables them to understand the multiple effects that 

quantum computing brings to cybersecurity. Through a qualitative method researchers developed an intrinsic case 

study that delves into how public-key encryption elements become exposed to quantum attacks by investigating 

Shor's algorithm's effect on RSA encryption. The selected method is suitable because it enables extensive analysis 

of concrete real-life situations involving specific phenomena. Digital Commons 

The quantitative portion performs a bibliometric evaluation of Qubit literature about quantum computing security 

platforms. Through this analysis researchers discover main research directions alongside field-specific important 

areas along with crucial unaddressed topics to present comprehensive knowledge on the investigated subject. The 

combination of these research methods allows researchers to achieve complete understanding through detailed 

facts alongside broader structural point  

3.2. Data Sources 

A wide range of data sources are used throughout this research to build a complete and rigorous assessment. These 

include: 

The research draws from publication documents including peer-reviewed academic articles from journals and 

professional conference proceedings that deliver field foundation and on-going advancements. The research 

foundation derives from academic articles presenting quantum computing's cybersecurity influence and quantum 

machine learning evaluation within cybersecurity contexts.  
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The official reports of governmental agencies provide essential information about national strategies in addition 

to quantitative assessments for quantum threat protection. Official reports which examine the national security 

implications of quantum computing as well as the changeover to quantum-resistant cryptography prove vital for 

learning about government policy views.  

Documents from the National Institute of Standards and Technology (NIST) serve as vital references especially 

for explaining the development process of post-quantum cryptographic algorithms. The persistent evaluation and 

recommendation work of NIST regarding quantum-resistant algorithms gives vital instructions for securing 

cryptographic operations from the future. 

3.3. Analysis Methods 

Experts use multiple analytical methods to analyze data for predicting how quantum computing affects 

cybersecurity. 

Shor's algorithm serves as the foundational intrinsic case study that analyzes both the mathematical principles and 

direct danger to RSA encryption. The evaluation explains how quantum attacks perform on public-key encryption 

systems while highlighting the necessity of building quantum-proof alternatives. Digital Commons serves as the 

main source. 

The research investigates scholarly publications about quantum computing and cybersecurity through a 

quantitative assessment which reveals patterns in research and leads to identification of respected authors together 

with dominant thematic areas. By using this method researchers gain a large-scale comprehension of academic 

research trends which indicates topics requiring additional research attention. 

The current efforts to migrate to quantum-resistant cryptographic systems undergo a SWOT analysis to identify 

strengths along with weaknesses as well as opportunities and threats. The analysis assumes an important role 

because it prioritizes strategic comprehension related to quantum threat mitigation capabilities and challenges 

both at governmental and organizational levels.  

The study combines analytical methods to make a detailed prediction about quantum security impact by merging 

specific case analysis with strategic planning outlooks. 

 

4. RESULTS AND DISCUSSION 

4.1. Current Readiness of Organizations for Quantum Threats 

Quantum computing technology creates an enormous threat which affects cybersecurity worldwide. A large 

number of organizations fails to take sufficient precautions as they overlook the disruptive threats that quantum 

technology poses to their conventional encryption systems. 

The 2022 Foundry Market Pulse survey showed that organizations stood at 55% because they had not begun 

strategic planning for quantum threats (Foundry, 2022). financial institutions show low preparedness levels for 

post-quantum cryptography as they represent only 20% of leaders who have started such preparations (Moody, 

D., et al 2022). Multiple essential operational sectors continue to demonstrate low levels of preparedness for 

disrupting quantum technology threats. 

 

Publication Source Quantum Computing’s 

Cybersecurity Influence 

Quantum Machine Learning 

in Cybersecurity 

Total 

Publications 

Peer-Reviewed Journals 35 20 55 

Conference Proceedings 25 15 40 

Government Reports 

(e.g., NIST, NSA) 

18 10 28 

Industry Reports (e.g., 

KPMG, Deloitte) 

12 8 20 

Total 90 53 143 

Table 5: Readiness of Different Sectors for Quantum Cybersecurity Risks 
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Graph 1: Quantum Computing VS Quantum Machine Learning 

 

Financial institutions together with government departments demonstrate moderate understanding of quantum-

safe protection yet their actual deployment remains limited. Post-quantum algorithms are currently being 

integrated by both Google and IBM and other technology firms. Both healthcare facilities and the energy sector 

have not achieved sufficient quantum-safe protection levels. 

4.2. Potential Cybersecurity Failures if Organizations Remain Unprepared 

Lack of PQC adoption during this time period will create major security breakdowns in cyber infrastructure. The 

ability of quantum computers to execute Shor’s algorithm allows them to break RSA-2048-level encryption in 

merely hour’s thus violating security of previously protected data. 

The future decryption of collected encrypted data today represents a major risk because malicious actors protect 

their targets for later exposure when quantum technologies reach full capabilities (Moody, D., et al 2022). Remote 

actors targeting sensitive data would be able to break encryption later because they store encrypted information 

before quantum computers become operational. 

4.2.1. Case Studies of Cybersecurity Failures Due to Unpreparedness 

Government Vulnerabilities: During 2023 the UK National Cyber Security Centre issued a warning about 

classified communication security when it found that insufficient quantum-safe protocols existed in national 

infrastructure systems which left government information exposed to foreign interests. The failure to act promptly 

will expose critical systems to potential threats by 2035 according to Kumar, M. (2022). 

• The Quantum Safe Financial Forum has demonstrated that financial transactions worth trillions of dollars 

are at exposure risk without proper encryption. A quantum computer operating with fault-tolerance 

would break financial networks based on ECC cryptographic protocols in less than a single minute. 

• Healthcare organizations face significant dangers to their sensitive patient medical data which they store 

within their institutions. A breach of encrypted patient data under quantum attack conditions has the 

potential to violate GDPR alongside resulting in expensive financial penalties. 
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Country Annual Investment in Quantum Security (in 

Million USD) 

Projected Year for Full PQC 

Adoption 

United States 1,200 2035 

China 1,000 2030 

European 

Union 

850 2032 

United 

Kingdom 

500 2033 

Table 6: Potential Consequences of Not Implementing PQC  

Graph 2: Annual Investment in Quantum Security VS Projected Year for Full PQC Adoption 

 

4.3. Quantum-Resistant Strategies and Their Implementation 

Top organizations together with governments have increased their speed to create and place post-quantum 

cryptography solutions for security protection. NIST took leadership by choosing four quantum-safe algorithms 

during 2022 for implementing system replacements (NIST, 2022). 

The infrastructure of Google, IBM and Cloudflare and other companies has incorporated post-quantum 

cryptography as they undertake precautions for future system protection. As part of its Quantum AI initiative 

Google has started CRYSTALS-Kyber encryption algorithm testing to protect user Z. 

 

Development Phase Year Evaluation Score (1-10) 

Initial Call for Proposals 2016 1 

Early Evaluation Phase 2018 4 

Preliminary Analysis & Shortlisting 2019 5 

Standardization Process Initiated 2022 8 

Table 7: Organizations Implementing Post-Quantum Security Measures 
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Graph 3: Evaluation Score(1-10) 

 

4.4. Limitations and Challenges in Quantum-Secure Transition 

The path toward quantum security development confronts various significant barriers at present. 

• Technical Complexity: Current systems require encompassing technical alterations to integrate PQC 

algorithms. The implementation of hardware replacement for legacy systems leads to elevated expenses 

and raised technical complexity according to (Richter, M., et al 2022) 

• Financial Barriers: The process of converting to quantum-safe infrastructure demands substantial 

monetary investment. Global PQC migration is predicted to result in expenses surpassing $3 billion 

before 2030 according to U.S. Congress. 2022 

• Regulatory Gaps: NIST has achieved progress yet there exists no worldwide mutual agreement for PQC 

implementation requirements. The absence of coordination structures between organizations results in 

weak integrated defenses because of inconsistent protection measures (Moody, D., et al 2022). 

4.5. Future Research and Strategic Recommendations 

• Conduct Quantum Risk Assessments: Organizations need to locate their at-risk cryptographic systems 

through complete audits. 

• Invest in PQC Adoption: Specific hybrid computing systems should be implemented to safeguard 

critical infrastructure when moving to new security models. 

• Policy and Regulation: Governments should establish regulatory limitations for PQC compliance which 

needs to be achieved by 2030. 

• Collaboration and Research: Encourage global partnerships to promote innovation and information 

sharing. 

 

CONCLUSION AND RECOMMENDATIONS 

Advanced quantum computing technology advances at such a fast rate that it creates immense stress for traditional 

cybersecurity systems. The study evaluated how quantum technology disrupts systems and classical cryptography 

weaknesses as well as organizational preparedness against quantum threats and their future security measures. 

Contemporary encryption algorithms (RSA and ECC) become vulnerable to quantum algorithms which decrypt 

sensitive data at quantum speeds due to the inadequacy of organizational readiness during the rise in security 

awareness. Post-quantum cryptography (PQC) implementation comes from industry leaders along with 

governments yet small-to-medium enterprises (SMEs) cannot implement it because they lack both financial 

Evaluation Score (1-10)
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resources and specialist personnel. The international wait to execute quantum-resistant solutions enables threats 

that result in major economic losses while simultaneously exposing vast amounts of data and damaging critical 

national infrastructure. These progressive organizations have chosen to implement promising quantum-resistant 

approaches which include lattice-based encryption along with hybrid cryptography and quantum key distribution 

(QKD).  

Organizations must enact advanced protective measures backed by total implementation of risk prevention 

standards to secure their systems from quantum computing threats. To establish any mitigation plan organizations 

must begin by assessing their current infrastructure to find encryption flaws and determining which data assets 

face the highest risk. Organizations need to follow established auditing procedures when assessing critical systems 

that use RSA ECC and other classical algorithms since these systems remain exposed to quantum decryption 

attacks. Private businesses and governments together with organizations must start their transformation to post-

quantum cryptography by adopting certified quantum-safe cryptographic algorithms from NIST. Dual encryption 

methods that integrate traditional security approaches with quantum-secure methods enable businesses to get brief 

protection while maintaining operational compatibility. The implementation of quantum key distribution (QKD) 

serves organizations which need ultra-secure communication since the system provides totally unbreakable 

encryption abilities. Staff training and technical implementation help organizations understand quantum threats 

better and cause them to become active partners with governmental agencies and industry standards partners. 

Businesses gain protection of their quantum-resistant innovation leadership positions through the U.S. Quantum 

Cybersecurity Preparedness initiative and international standards activities. 

The continuous advancement of quantum threats requires research into developing better security measures which 

will protect against growing threats. Researchers need to study the creation of novel cryptographic methods. The 

technology implements algorithms which resist quantum alongside classical attack strategies. The potential 

efficiency together with scalability aspects of isogeny-based cryptography make it worth more studies despite the 

advancements in lattice-based and hash-based cryptography systems. Researchers must develop quantum key 

distribution (QKD) technologies for large-scale commercial use through work on scaling down and implementing 

satellite-based QKD systems which create a worldwide secure communication network. Legal and regulatory 

structures need to establish obligatory requirements for adopting quantum-resistant protocols to secure 

government and private-sector database information permanently. Alert systems which can identify quantum-

based intrusions together with automatic defensive mechanisms must be developed because they will strengthen 

the cyber defensive capabilities of society. Constructing a durable secure cybersecurity framework requires active 

partnership between security experts and builders as well as legislative bodies and industrial leaders. 

The arrival of quantum technologies presents organizations with both security benefits and system vulnerabilities. 

Organizations securing the best future position through quantum computing will benefit from present-day 

vulnerability reviews and post-quantum solution deployment and future research funding. Through technological 

advancement joined with policy development along with worldwide interorganization our digital infrastructure 

can receive protection from quantum threats to maintain secure and private data. 
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