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ABSTRACT

As quantum computing and AI converge in cybersecurity, strong ethical and regula-
tory frameworks are essential. This chapter examines challenges posed by quantum 
AI in threat detection, including concerns over data sovereignty, bias, transparency, 
and adversarial risk. Drawing on case studies from finance, healthcare, and na-
tional security, it critiques current frameworks such as the EU AI Act and GDPR, 
identifying enforcement gaps. It also explores ethics-​by-​design, human-​in-​the-​loop 
systems, and the evolving roles of academia, industry, and policymakers. The 
chapter proposes a roadmap for responsible quantum AI deployment, emphasizing 
international cooperation, adaptive regulation, and human-​centric design. It offers 
practical insights for researchers, cybersecurity leaders, and regulators navigating 
this emerging frontier.
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1. INTRODUCTION TO ETHICS AND 
REGULATION IN THE QUANTUM AI ERA

1.1 Overview of AI and Quantum Computing in Cybersecurity

Artificial Intelligence (AI) has significantly reshaped cybersecurity by powering 
intelligent systems that detect anomalies, identify intrusion patterns, and continu-
ously learn from historical attack data. These adaptive systems not only respond to 
threats faster than human analysts but also evolve over time, making them essential 
to contemporary security operations. In parallel, quantum computing has emerged 
as a disruptive force with the potential to radically alter the foundations of cryp-
tographic security (Rawat & Bajracharya, 2024). Unlike classical machines that 
rely on binary bits, quantum systems operate using qubits and principles such as 
superposition and entanglement. This allows them to solve complex mathematical 
problems including integer factorization and discrete logarithms at speeds that place 
conventional encryption methods at serious risk.

When combined, AI and quantum computing present both immense opportunity 
and profound risk in cybersecurity. The convergence of these fields, often referred to 
as Quantum AI, unlocks powerful capabilities such as real-​time pattern recognition, 
enhanced anomaly detection, and deeper threat analytics. However, this convergence 
also intensifies ethical and regulatory dilemmas (Hoffmann & Flöther, 2023). As 
organizations begin to implement these hybrid technologies, they encounter new 
challenges related to transparency, data privacy, algorithmic accountability, and 
legal compliance. For instance, while AI systems are already criticized for their 
opacity as “black boxes”, quantum algorithms add another layer of abstraction. This 
makes it even more difficult to understand or explain how security decisions are 
made. These concerns are especially pressing in high-​stakes sectors like healthcare, 
finance, and defense, where both speed and trust are crucial.

To address these issues, this chapter first explores the technological underpinnings 
of AI and quantum computing. That sets the foundation for a deeper discussion 
on ethics and governance. A clear understanding of their combined potential and 
the ambiguity they introduce is essential to responsibly guide their application in 
cybersecurity.

1.2 Why Ethics and Regulation Are 
Critical Now More Than Ever

Quantum AI is not just another leap in computing power. It represents a funda-
mental shift in how machines reason, adapt, and act. This transformation carries 
serious consequences. As these systems begin to detect cyber threats before they 



 

 

34 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/ethical-challenges-and-regulatory-

considerations-in-quantum-ai-powered-cyber-threat-

detection/388302

Related Content

Potential of AI, Quantum Computing, and Semiconductor Technology

Adoption in Future Industries: Scope, Challenges, and Opportunities
Kali Charan Rath, Debasis Mishra, Santosh Kumar Tripathy Tripathy, Brojo Kishore

Mishraand Kamalakanta Muduli (2025). Integration of AI, Quantum Computing, and

Semiconductor Technology (pp. 415-440).

www.irma-international.org/chapter/potential-of-ai-quantum-computing-and-semiconductor-

technology-adoption-in-future-industries/360871

Personalized Medicine Through Quantum Computing: Tailoring Treatments

in Healthcare
Muskan Sharma, Yash Mahajanand Abdullah Alzahrani (2024). Quantum Innovations

at the Nexus of Biomedical Intelligence (pp. 147-166).

www.irma-international.org/chapter/personalized-medicine-through-quantum-computing/336150

Optimizing Project Management With Quantum Networked AI
Prashant Geete, Mohammad Salameh Almahairah, Vijilius Helena Raj, K.

Laxminarayanamma, Ginni Nijhawanand Joshuva Arockia Dhanraj (2025).

Multidisciplinary Applications of AI and Quantum Networking (pp. 271-288).

www.irma-international.org/chapter/optimizing-project-management-with-quantum-networked-

ai/359615

Quantum Machine Learning Models: Principles, Frameworks, and

Computational Challenges
K. A. Jayabalaji, S. Venkata Anand, Dineshkumar Rajendran, Prasanta Chatterjee

Biswas, Sardor Omonovand Rubaid Ashfaq (2026). Emerging Hybrid Models for

Neuromorphic AI and Quantum Computing (pp. 137-168).

www.irma-international.org/chapter/quantum-machine-learning-models/404175

http://www.igi-global.com/chapter/ethical-challenges-and-regulatory-considerations-in-quantum-ai-powered-cyber-threat-detection/388302
http://www.igi-global.com/chapter/ethical-challenges-and-regulatory-considerations-in-quantum-ai-powered-cyber-threat-detection/388302
http://www.igi-global.com/chapter/ethical-challenges-and-regulatory-considerations-in-quantum-ai-powered-cyber-threat-detection/388302
http://www.igi-global.com/chapter/ethical-challenges-and-regulatory-considerations-in-quantum-ai-powered-cyber-threat-detection/388302
http://www.irma-international.org/chapter/potential-of-ai-quantum-computing-and-semiconductor-technology-adoption-in-future-industries/360871
http://www.irma-international.org/chapter/potential-of-ai-quantum-computing-and-semiconductor-technology-adoption-in-future-industries/360871
http://www.irma-international.org/chapter/personalized-medicine-through-quantum-computing/336150
http://www.irma-international.org/chapter/optimizing-project-management-with-quantum-networked-ai/359615
http://www.irma-international.org/chapter/optimizing-project-management-with-quantum-networked-ai/359615
http://www.irma-international.org/chapter/quantum-machine-learning-models/404175


Quantum Local Binary Pattern for Medical Edge Detection
Somia Lekehaliand Abdelouahab Moussaoui (2021). Research Anthology on

Advancements in Quantum Technology (pp. 447-465).

www.irma-international.org/chapter/quantum-local-binary-pattern-for-medical-edge-

detection/277790

http://www.irma-international.org/chapter/quantum-local-binary-pattern-for-medical-edge-detection/277790
http://www.irma-international.org/chapter/quantum-local-binary-pattern-for-medical-edge-detection/277790

