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Security Aspects of Al Agents
and Quantum Cryptography for
Securing Digital Trust

Digital Trust in the Era of Agentic Al & Quantum Computing

Securing Agentic Al workflows with Quantum-Cryptographic techniques.
Autonomous Al agents continuously learn and act across tools, creating a
dynamic attack surface that bypasses traditional static security controls.
Current cryptographic standards are vulnerable to Shor's algorithm —
transition to Post-Quantum Cryptography (PQC) and Quantum Key Distribution
(QKD) is essential.

O Key Takeaway: Executive leadership must integrate quantum-
resistant foundations now to protect high-value Al identities from
both classical and future quantum adversaries.
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Threat Landscape of Autonomous Al Agents

Prompt Injection, Over-Privilege, MCP Tool Abuse

Privilege Over-exposure

90% of deployed agents hold permissions broader than required. Al agents move 16x more data than human
users, amplifying the risk of identity compromise.

Prompt Injection Risks

The most common OWASP LLM risk. Malicious user inputs override system prompts to execute unintended
commands or leak sensitive data.

Attackers misuse integrated tools (file systems, APIs) via compromised Model Context Protocol (MCP) calls.

Dynamic Attack Surface

Agents ingest real-time context and credentials, making threat detection difficult without behavioral
profiling.

| Tool & MCP Abuse

[ Key Takeaway: The autonomous nature of agents turns them into high-value targets for data exfiltration
and unauthorized lateral movement.
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Agentic Memory & Decision Hijacking Risks

Goal Drift, Data Exfiltration, Unauthorized Delegation

[J Key Takeaway: Protecting the "

thought process” and memory of the agent is as critical as protecting the network perimeter.
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Memory & Context Poisoning

Injection of malicious data into long-term memory
creates persistent backdoors that survive session
restarts.

Goal Hijacking

Subtle reshaping of the agent's core objectives to steer
them toward fraudulent financial actions or data
exfiltration.

Decision Visibility Gap

Traditional audit trails often miss the critical "decision-
to-action” step, leaving massive forensic gaps after an
incident.

Unauthorized Delegation

Identity & token compromise (APl keys/OAuth) allows
attackers to perform actions with the full privilege of
the agent.



Quantum Cryptography Primitives

Post-Quantum Cryptography NIST ML-KEM/ML-DSA, QKD, Hybrid Key Exchange

NIST PQC Standards Quantum Key Distribution (QKD)
Transitioning to FIPS-203 (ML-KEM) for key Uses quantum states of photons to generate
encapsulation and FIPS-204 (ML-DSA) for secret keys with information-theoretic
digital signatures. Lattice-based algorithms security. Detects eavesdropping instantly:
provide resistance against quantum-enabled any disturbance in the quantum channel
decryption. triggers an alert.

Hybrid Key Exchange

Combines classical algorithms (ECDH) with PQC primitives (ML-KEM). Ensures immediate
protection against classical attacks while preserving forward secrecy for the quantum era.

[J Key Takeaway: Standardizing on NIST-ratified PQC and exploring QKD for high-value
backbones is the mandatory technical baseline for future-proof security.
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Quantum-Resistant Agent Identity Framework

Q-AID, Non-Repudiable Cryptographic Signatures
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Zero-Trust for Al Identities

Treating each Al agent as a privileged digital identity with strict least-privilege
scopes and regular credential rotation.

Quantum-Resistant Non-Repudiation

Every agent request and tool response is signed with ML-DSA or SLH-DSA. Provides
cryptographic proof of origin that cannot be forged, even by quantum computers.

Hybrid Certificate Chains

Deployment of X.509 certificates embedding both classical (ECDSA) and PQC (LMS)
signatures for legacy interoperability.

Q-AID Implementation

Binding agent identities to unique QKD-derived keys to make identity
impersonation physically infeasible.

[J Key Takeaway: Cryptographically binding agent identity to quantum
primitives ensures that autonomous actions are always verifiable and
non-falsifiable.
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Integrated Zero-Trust Architecture

Real-Time Behavioral Attestation, Anomaly Monitoring, Quantum Audit Ledgers

Real-Time Behavioral Analytics Integrated Anomaly Monitoring

Contin.uous monitoring of agent actions t‘o flag deviations from Metric Source Security Indicator

established "normal” patterns before exfiltration occurs.

Quantum Audit Ledgers QKD Channel Detects physical
Health Quantum Layer interception or

PQC-signed logs for every prompt, tool call, and model output to tapping

ensure forensic traceability and regulatory compliance.

Detects potential
. ) _ _ Prompt Entropy LLM Interface prompt injection
(JJ Key Takeaway: Combining physical quantum security with attacks
behavioral analytics creates a multi-layered defense-in-

depth architecture. Detects tool abuse

Tool Call Variance MCP Layer NS
or goal hijacking
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Quantum-Resistant Zero-Trust Al Agent Architecture

Integrating quantum-resistant cryptography and zero-trust enforcement in an Al agent ecosystem

Al Agent Execution Layer
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Regulatory Standards & Compliance Frameworks

NIST, 1SO, and Global Al Safety Mandates
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NIST Post-Quantum Cryptography Suite

FIPS-203 (ML-KEM) and FIPS-204 (ML-DSA) are now the
primary federal standards for quantum-safe security.

ISO/IEC 20889 & 20890

Emerging draft standards for quantum-safe key
management and authentication are being mapped to
zero-trust architectures.

Cyber Resilience Act & EU Al Act

Mandatory "security-by-design” for high-risk Al systems;
quantum-resistant encryption is increasingly cited as a
baseline for "state-of-the-art" protection.

Sector-Specific Compliance

Financial regulators (e.g., DORA) and healthcare
agencies (e.g., HIPAA updates) are moving toward
mandating quantum-resistant protection for high-value
data and transactions.

[ Key Takeaway: Compliance is evolving from "best practice”
to "legal mandate," requiring early adoption of NIST-ratified
PQC to satisfy multi-jurisdictional audits.
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Economic & ROl Impact of Quantum Security

Mitigating Breach Liabilities & Competitive Moat

Mitigating Breach Liabilities Cost of Early PQC Migration

With Al agents moving 16x more data, the potential cost of a Transitioning now avoids massive "technical debt” and retroactive
single identity compromise is exponentially higher than traditional encryption costs as quantum capabilities mature (SNDL — Store
users. Now, Decrypt Later threats).

Business Continuity & Physical Security Competitive Moat & Digital Trust

QKD provides instant eavesdropping detection, preventing service Offering "Quantum-Safe Agentic Workflows" serves as a market
disruptions and data theft in high-value agent-to-tool backbones. differentiator for enterprises handling highly sensitive IP or

customer data.

[J Key Takeaway: Quantum security is not just a cost center; it is an investment in long-term operational resilience and brand trust in an
autonomous economy.
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Conclusion & Key Action Items for Digital
Trust Leadership

Strategic Summary: The intersection of Agentic Al and Quantum Computing requires a shift from
passive monitoring to cryptographic enforcement of trust.

— Inventory Al Identities

Map all deployed Al agents and audit their permissions; implement least-privilege immediately.

— Deploy PQC Guardrails
Update identity management systems to support NIST-ratified ML-KEM and ML-DSA algorithms.

— Establish Agent Forensics

Implement comprehensive "decision-to-action” logging and PQC-signed audit ledgers to bridge
visibility gaps.

Final Thought: Security-by-design is the only path to maintaining digital trust as Al agents move
from advisory roles to autonomous decision-makers.

[J Key Takeaway: Lead with a "Quantum-Ready, Zero-Trust" strategy to safeguard the future of
agentic enterprise operations.
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