Journal of Information Systems Engineering and Management

2025, 10(47s)
e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

Advancing Security in Digital Transactions Using Quantum
Cryptography

Yeshwardhan Singh Dahiya?, Satyam Pandey2, Dhruv Patel3, Archana Kulkarni4
1Computer Science & Engineering (Cyber Security), Thakur College of Engineering & Technology, Mumbai, India
yeshdahiya8@gmail.com
2Computer Science & Engineering (Cyber Security), Thakur College of Engineering & Technology, Mumbai, India
satyampandey382003@hgmail.com
3Computer Science & Engineering (Cyber Security), Thakur College of Engineering & Technology, Mumbai, India
pateldhruvo6o9@gmail.com
4Computer Science & Engineering (Cyber Security), Thakur College of Engineering & Technology, Mumbai, India
archana.kulkarni@tcetmumbai.in

ARTICLE INFO ABSTRACT

Received: 30 Dec 2024 The increasing reliance on electronic payment systems has caused problems in terms of data

protection and fraud control. Traditional cryptographic algorithms like RSA and ECC become

increasingly vulnerable with advancements in quantum computing technology, and hence the

Accepted: 25 Feb 2025 development of quantum-resistant security protocols is an absolute need. Based on fundamental
quantum concepts like quantum connection and the no-cloning theorem, quantum cryptography
(QQ), along with especially quantum key distribution (QKD), provides an encryption method that
is potentially infallible. In order to improve secrecy, integrity, and authentication processes, the
current study takes into account the integration of QKD into online payment systems. The use of
artificial intelligence (AI) in fraud detection is also discussed in the study, with particular
reference to real-time the tracking of transactions and anomaly detection. The susceptibility of
QKD-based security protocols to both conventional and quantum-facilitated cyberattacks is
determined by comparing conventional cryptographic systems with their quantum-secured
counterparts. The study determines that quantum-augmented encryption significantly reduces
threats in terms of key distribution and interception of information, hence guaranteeing a safe
and forward-thinking digital transactional platform.
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INTRODUCTION

Digital payments have altered the face of financial transactions, allowing customers ease and effectiveness in their
payment experience. As a result of growing cybersecurity fears and the rise of payment fraud and data breaches and
unauthorized access incidents, this transition has happened. In recent times, the RSA and ECC systems of
cryptography have been being used extensively for the secure transactions online payment. Behind these methods is
the complex encryption of the theorems, that make it difficult to be decrypted with a standard computer. Encryption
techniques, which are based on existing encryption techniques are integral and basic core in quantum computing, is
a fundamental threat. Shor’s Algorithm on quantum computers has broken through the complexity of prime
factorization, and hence kills RSA and ECC cryptographic algorithms. The vulnerability of today's encryption
techniques demonstrates the need for security architectures in online payment systems that can withstand the
onslaught of quantum computing. With growing financial agencies and e-commerce platforms comes the need for
such advanced cryptographic protection methods to preserve the safety of monetary exchanges that cannot be
disregarded even after the advancement of quantum attacks.

One viable solution to modern security issues is Quantum Cryptography (QC). Theory of Quantum Cryptography:
For quantum cryptography, quantum mechanics principles such as superposition and entanglement are used to
establish secure communication channels while classical encryption relies on a computational hardness. Quantum
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Key Distribution (QKD) is one of the most researched fields of quantum cryptography owing to its ability to perform
secure key exchange, as any interception due to eavesdropping could be tracked by detailing the shifts of quantum
states. However, integrating QKD technology into online payment networks has the potential to change the way
digital payments are safeguarded. Traditional encryption methods might work for you as they are relatively effective
against classical computational attacks, gkd quantum key distribution is one step ahead generating random keys with
very tight security against classical and quantum attacks. The future of quantum cryptographic systems looks
appealing but application is currently complicated by various factors, such as technological viability and its data
saver nature. Currently, QKD is primarily implemented in communication networks, so demand for cross-industry
coordination between quantum hardware technology and a wide variety of network compatibility and scalability
solutions in different financial scenarios is an inevitable requirement for the development of quantum cryptography
in the financial field.

This study examines the experimental implementation of QKD with existing encryption schemes in online payment
services for adoption of QC. Artificial intelligence-based fraud detection systems have the potential to complement
quantum secured payment systems by immediately identifying and mitigating fraudulent actions using this research.
The study contributes new knowledge to the growing area of post-quantum security solution research while
proposing a unique quantum secured framework to safeguard digital financial transactions.

LITERATURE SURVEY

Quantum cryptography has recently become a major focus because of the imminent threats that quantum computing
presents. Initial research focused on quantum mechanics theory and its principles such as quantum superposition
and entanglement which underpin quantum cryptography. Quantum key distribution (QKD) which serves as
quantum cryptography’s essential element allows two entities to securely exchange encryption keys without any
interception threats.

Studies demonstrate that quantum key distribution methods like BB84 and E91 can deliver absolute security. Charles
Bennett and Gilles Brassard introduced BB84 in 1984 to transfer cryptographic keys with the help of polarized
photons. Recent advancements in protocol engineering have addressed problems such as transmission distance and
error rates.

The research team consisting of Md Arif Hassan, Zarina Shukur, and Mohammad Kamrul Hasan developed an
effective secure electronic payment system for e-commerce transactions by implementing high-level encryption
algorithms to safeguard data confidentiality and integrity. Their research focused on secure transaction protocols to
improve online payment reliability. The system showed scalability issues and lacked essential real-time fraud
detection features for dynamic e-commerce operations.

The research team consisting of Swathi, Sunitha Putta, Abhinav Reddy, and Megha Tirumala created a secure
electronic payment system through their dual-layered encryption and transaction validation protocol. This method
added an extra security layer to safeguard payment data during transactions. The study did not consider the
challenges presented by quantum computing and post-quantum cryptography which indicates future systems need
enhancements.

Nomula Sony together with Md Sirajuddin developed an e-commerce payment solution that combined multi-factor
authentication (MFA) and SSL/TLS protocols to create secure communication channels. The system provided better
security for both user authentication and data protection. The system failed to implement dynamic contextual
awareness while also lacking integration of advanced encryption methods needed for future security challenges
including post-quantum cryptographic techniques.

R. Ramakrishnan and C. Through her research Lakshmi examined multiple online payment gateway systems while
concentrating on encryption standards including RSA and AES. The research revealed essential knowledge about
classic encryption techniques and how they protect payment gateways. The study examined only traditional
encryption methods and overlooked developments in post-quantum encryption technologies.

Mrs. Sangeetha G. and Harshitha M. examined privacy and security issues within online payment systems and
recommended enhancements for encryption and data storage methods. The research successfully pinpointed vital
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weaknesses within existing systems yet did not offer concrete solutions to address these problems thereby rendering
the results more theoretical than actionable.

Haohua Qing, Jiali Zhang, and Hong Cao created a secure payment system for B2C transactions by implementing
user authentication and data encryption layers. Their research established a strong basis for secure interactions in
electronic commerce. The design did not feature innovative adaptive access control methods nor did it include
quantum-resistant cryptographic technologies that would enhance system strength.

Through encryption and tokenization methods, Chen Zhang, Shijie Jiang, and Bin Huang developed strategies to
improve online payment security. The team's methodology resolved fundamental security weaknesses in both data
transmission and storage processes. The research paper failed to provide detailed implementation methodologies
and avoided an examination of advanced technologies such as dynamic access control and quantum cryptography.

Kyaw Zay Oo developed an electronic payment gateway with a particular emphasis on data integrity and user
authentication while incorporating encryption to ensure secure transactions. The payment gateway established a
strong foundation to improve security measures for transactions. The technology failed to address future threats from
quantum computing and lacked solutions for changing threat scenarios which might limit its long-term effectiveness.

Quantum encryption algorithms developed by Charles James exist to protect e-commerce platforms based in the
cloud. The security measures he developed successfully countered computing threats and proved that these systems
operated effectively for modern-day information system protection. The research did not investigate how adaptive
controls which modify themselves based on user actions could boost user security measures.

Momin Mukherjee together with Sahadev Roy developed theoretical research about payments online which analyzed
security elements starting from HTTPS and cryptographic protocols. The research made notable progress in its field
yet it failed to deliver essential information about practical deployment leading to restricted real-world applicability.

The 2016 research document E-Payment System Using Visual and Quantum Cryptography presented brand-new
security measures through the combination of visual cryptography with quantum cryptography for protecting
payment information. Through encryption the system divided important information into coded chunks to enhance
overall security levels. Quantum cryptography struggles to find practical applications because installing it requires
substantial computational power while overcoming installation barriers.

In his research Securing Cloud-Based E-commerce Platforms with Quantum Encryption Charles James studied how
quantum cryptography can protect cloud-based e-commerce transactions. His research delivered robust defense
against computational threats but failed to integrate dynamic context-aware access controls that are essential to
manage various user behaviors and respond to changing threats.

METHODOLOGY

The employment of Quantum Cryptography in digital payment systems creates an important security improvement
that blocks attacks from classical and quantum methods. The research develops QKD for safe key transfer alongside
fraud protection through AI algorithms and encryption systems that adapt to secure online financial operations.

A secure quantum payment solution requires a layer-based design which encrypts financial operations with keys
protected by quantum security before processing occurs. A The architecture consists of quantum cryptographic
module (QCM), user interfaces and backend processing, Al based fraud detection and transaction processing unit
and database layer as a six-component system. The methodology also includes performance evaluation metrics for
measuring effectiveness of application of quantum security which occurs in practice to financial transactions.

A. System Architecture Design

Six main layers are combined in the system architecture to provide safe digital transactions by quantum
cryptography and Al-based fraud detection.

1) User Interface Layer: Web/mobile applications are its user’s entry point through MFA and biometric
authentication, and it also does this at its User Interface Layer.
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2) Application Server Layer: Validate user credentials, Route the request to Application Server -- Application Server
Layer. It then sets up secure connections over the Quantum Cryptographic Module (QCM).

3) Quantum Cryptographic Module (QCM): Manages Quantum Key Distribution (QKD) to safely create and
transmit unbreakable encryption keys in Quantum Cryptographic Module (QCM).

4) Transaction Processing System: Checks, validates and executes transactions with level of compliance and with
no room for a fraud.

5) Al-Based Fraud Detection System: It is integrated with artificial intelligence that will help to identify
transactions that need further check.

6) Database Layer: It consists of Database Layer, that stores transaction records, cryptographic keys, and user logs
securely with strict access control to the data integrity.

B. Quantum Key Distribution (QKD) for Secure Key Exchange

QKD, especially the BB84 protocol is used to secure financial transaction, increasing the rate of key
distribution to achieve unconditionally secure key distribution.

1) Quantum Key Transmission: Alice polarizes some of these randomly on quantum channel and sends
them to Bob.

2) Key Measurement and Basis Selection: Bob measures incoming photons by choosing randomly
bases. Because of quantum mechanics, eavesdropping attempts do cause detectable disturbances.

3) Basis Reconciliation: Alice and Bob reconcile their bases on a classical channel and reject
mismatched bits.

4) Privacy Amplification and Key Utilization: Remaining bits are turned into a secure encryption key
used to shield financial transactions.

C. Secure Transaction Authentication and Encryption

Authenticity and integrity of digital payments are ensured by digital signatures and encryption used through
QKD.

1) Digital Signature: Each transaction is signed with a cryptographic hash and the sender’s private key
to prevent tampering, these are referred to as Digital Signatures.

2) Quantum Encryption: Transaction details are encrypted stronger than RSA or AES encryption using
QKD-derived keys.

3) Transmission and Verification: Transaction are securely encrypted and decrypted by a recipient with
matching quantum keys.

4) Authentication and Final Processing: Once the payment is verified and keys are confirmed, financial
institutions finance the payment and send a confirmation.

D. AI-Driven Fraud Detection Mechanism

QKD secures data in quantum security systems, while AI driven fraud detection is added protection that uses
an analysis of the user’s behavior and transaction patterns.

1) Feature Extraction for Risk Assessment: Factors including transaction frequency, location, device
info and amount are used by the system to identify anomalies as risk.

2) Machine Learning-Based Anomaly Detection: Examples include Random Forest, Neural network,
and LSTMs that can learn from the past expenditure and detect the unusual spending.

3) Risk-Based Decisioning: Transactions that are low risk are processed like normal, while high risk
transactions request to receive OTPs or a biometric verification.
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4) Adaptive Fraud Prevention System: It is adaptive and changes with new threats, getting progressively
more accurate as it goes along.

E. Performance Evaluation Metrics

The following key performance indicators (KPIs) are used to evaluate the effectiveness of the quantum-
secured payment system.:

1) Quantum Key Generation Rate: Provides measures of reciprocally producing and transmitting
quantum keys as rapidly as possible, ideal for fast, secure transactions.

2) Quantum Bit Error Rate (QBER): Lower QBER means better secure and stable key exchange.

3) Transaction Processing Time: Tracks the whole time from transaction commencement to
completion, with the system assuring rapid and safe payment execution.

4) Fraud Detection Accuracy: Assessed by calculation of F1 score from precision and recall to make sure
that the system doesn’t harm real users by wrongly marking them as fraudulent.

F. Flow of Quantum-Secured Payment System

Starting with Figure 1, we have the complete process of the Quantum Secured Payment System through
Quantum Key Distribution as well as AI driven fraud protection and safe payment functions. These are the
steps taken by the system while working:

1) Quantum Key Distribution (QKD) for Secure Encryption: Payment procedures start only when user
credentials have been verified because Quantum Key Distribution (QKD) for secure encryption has
been initiated by an authorized party. The role of the Quantum Key (QKD) function during
transaction exchanges is to be an interception prevention mechanism between the sender and the
receiver. The access cannot be attained by an active eavesdropper since any interception would lead
to a detection of an altered quantum state.

2) Al-Based Fraud Detection and Risk Mitigation: QKD based encryption keys used for Al trained fraud
prevention system to conduct behavioral analysis of users while detecting transaction risk. There are
extra authentication requirements triggered by public accounts to potentially detect specific risk
levels that protect suspicious payments by stopping the fee check out.

3) Secure Payment Processing and Blockchain Integration: The encrypted transaction reaches the
financial institution for decryption, using quantum secured keys, for authenticity confirmation
before being processed for payment of coins, and Integration with Blockchain. The blockchain ledger
keeps track of successful payments and serves to create tamper evident records such as blocking
duplicate payments and further payment visibility to meet regulatory needs.
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Figure 1: Quantum-secured payment process flowchart. It includes user authentication, encryption based on QKD,
and analysis of money fraud. Secure and verified transaction processing is ensured by decision points.

EXPERIMENTAL RESULTS & ANALYSIS

In this section, the performance evaluation on Quantum Secured Online Payment System is presented, and its
performance of encryption efficiency, fraud detection accuracy, blockchain transaction validation speed and quantum
key distribution (QKD) security metric is analyzed. The system is compared to present crypto payment systems in
order to illustrate how security, anti-fraud and the integrity of the transaction are enhanced.

A. Quantum Key Distribution (QKD) Performance Analysis

The system uses Quantum Key Distribution (QKD) to establish secure encryption keys between the payment
server and the financial institution. The primary QKD performance metrics analyzed include:

e Quantum Key Generation Rate — Measures the speed of secure key exchange.
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e Quantum Bit Error Rate (QBER) — Evaluates the error rate in the quantum communication channel,
which impacts encryption reliability.

¢ Secure Key Distribution Time — Time required to establish a quantum-secured encryption key.

Proposed Traditional
Metric RSA (2048-
System (QKD) bit)
Key Generation Rate 5 Mbps 1 Mbps
. N/A (N
Quantum Bit Error Rate /A (Not
(QBER) 0.8% Quantum
Secure)
Secure Key Distribution Time 1.2 ms 4.5 ms

Table 1: QKD Performance Metrics (Quantum key generation and error rate values derived from [12] and NIST PQC
reports [16]).

e Key Insight: The QKD-based key exchange is 4x faster than RSA encryption, with a low QBER (0.8%),
ensuring high security and efficient key management.

W Key Distribution Time (ms) M Key Generation Rate (Mbps)

QKD (BB84) RSA (2048-bi)

Method

Figure 2: Quantum Key Distribution Performance Comparison (Data adapted from [12] and [16]).
B. AI-Based Fraud Detection Performance

The fraud detection system uses machine learning models (Random Forest, LSTMs) to classify fraudulent
transactions. The models were trained on 50,000 real-world payment transactions, including legitimate and
fraudulent cases.

False Detention
Model Precision | Recall | Positive
Latency
Rate
Rule-Based
Fraud 72.4% 65.3% 9.8% 180 ms
Detection
Al-Based
(Random 92.1% 88.7% 2.3% 75 ms
Forest)
Al-Based
g‘jﬁlﬁ 95.8% 94.2% 1.2% 48 ms
Network)
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Table 2: Fraud Detection Accuracy Metrics (Performance metrics simulated using benchmark datasets as reported
in [14]).

M Precision (%) B Recall (%) False Positive Rate (%) W Detection Latency (ms)
200

150

100

“JhLlL

Rule-Based Fraud Al-Based (Random Forest)  Al-Based (LSTM Meural
Detection Metwark)

=

Maodel

Figure 3: AI-Based Fraud Detection Performance (Graph generated using performance indicators reported in [14]).
C. Blockchain Transaction Processing Performance

Blockchain integration creates unalterable transaction logs and boosts data protection measures which also
stops double-spending fraud. The evaluation considered:

e Transaction Throughput (TPS) refers to the number of transactions processed every second within

the system.
Metric Proposed Sy§tem Centralized Payment
(Blockchain) Gateway
Transacti(();‘lli SP}er Second 180 TPS 2300 TPS
Block Confirmation Time 3.8 sec 1.1sec
Latency Overhead +2.7 sec N/A

Table 3: Blockchain Performance Metrics (Throughput and latency values based on benchmarking studies in [15]
and [18]).

M Transactions Per Second (TPS) M Block Confirmation Time (sec) Latency Overhead (sec)
2500 5

2000 4
1500 3

1000

"

500

0

o

Blockehain System Centralized Payment Gateway

Figure 4: Blockchain vs Centralized Payment Processing (Data visualized using performance benchmarks from [15]
and [18]).
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D. Comparison with Traditional Payment Security Systems

The Quantum-Secured Payment System was compared with existing payment security frameworks,
including RSA-based encryption, Al fraud detection without QKD, and centralized payment ledgers.

. Proposed System (QKD + Al Fraud
Security Feature AI + Blockchain) Detection Only RSA-Based System
RSA-2048 (Breakable
Encryption Strength Quantum-Secure (QKD) AES-256 by Quantum
Computing)
Fraud Prevention Al + Quantum Encryption Al-Based Rule-Based (Low
Accuracy)
. . . Centralized DB
Data Integrity Blockchain Ledger Centralized DB (Tamper able)
Speed sec 1.5 sec 2 sec
(Transaction Time) 45 5

Table 4: QKD vs RSA Security Comparison (Comparison based on encryption characteristics described in [4] and

[16]).

@ QKD+ Al +Blockehain - @ Al Fraud Detection Only RSA-Based Systm

Encryption Strength

5

A
|
Speed (Transaction Time) £} }/ Fraud Prevention
\
\

\ S
AN oy

N T T
N -
N

Data Integrity

Figure 5: Security Comparison of Different Payment Systems
DISCUSSION
A. How Quantum Cryptography Enhances Security

According to the results Quantum Key Distribution (QKD) substantially improves payment security by removing the
vulnerabilities related to key interception and cryptographic assaults. Conventional encryption methods including
RSA and ECC depend on complex mathematics which quantum computing can easily break. The efficiency of Shor’s
Algorithm in factoring large prime numbers threatens to render RSA-based encryption systems obsolete soon. The
BB84 protocol within QKD provides secure encryption key exchange by utilizing quantum superposition principles
alongside the no-cloning theorem. When an attacker tries to capture the quantum key the quantum state instantly
collapses and notifies the system about a possible security threat. The ability of QKD to secure online transactions
makes it the perfect choice for protection in the future where quantum computing becomes prevalent.

However, QKD implementation faces practical challenges, including:

1. The transmission capabilities of present QKD networks are currently restricted to a few hundred
kilometres because optical fibres experience photon loss.

2. The accuracy of quantum transmission systems is compromised by external influences such as
temperature changes and signal interference.

3. The specialized hardware needed for QKD including single-photon emitters and quantum repeaters
raises deployment costs for financial institutions.
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Feature QKD (BB84) RSA (2048-bit)
Security Unbreakable (Quantum Safe) Vulnerable to Quantum Attacks
Key Exchange Secure Quantum Channel Public Key Infrastructure (PKI)
Interception Detection Detects Eavesdropping No Detection Mechanism
Implementation Cost High Low
Transmission Distance 100-500km (without repeaters) Unlimited

Table 5: Comparison of QKD vs Traditional Cryptography

B. Fraud Prevention and AI Security

Attackers continue to exploit stolen credentials and stolen card information to create substantial financial risks in
online payment fraud. The new system employs Al-powered fraud detection methods which substantially enhance

suspicious transaction identification.

LSTM-based neural networks in AI fraud detection models demonstrate superior performance compared to
traditional rule-based systems. Real-time analysis of transactional behavior patterns allows these models to detect

anomalies effectively.

Key Advantages of Al in Fraud Detection:

e Al analyzes consumer spending trends together with device data and location tracking to identify abnormal

behavior patterns.

e Al detection systems adapt to user behavior patterns which decreases the number of false positive results unlike

static rule-based detection methods.

e Al evaluates transactions by assigning risk scores which enables dynamic decisions about security.

However, AI-driven fraud detection still has limitations:

e Al systems cannot achieve perfect accuracy which results in genuine transactions being flagged and fraudulent

transactions slipping through.

e Al systems trained with biased or inadequate data might be unable to detect novel fraudulent activities.

e The processing power needed for advanced fraud detection algorithms leads to slower payment transaction

processing.

Feature Al Fraud Detection Rule-Based
(LSTM) Detection
Fraud Detection Accuracy 05.80% 79.40%

Adaptability

Learns from new fraud
patterns

Static rules, no
learning

False Positives

Low (1.2%)

High (9.8%)

Processing Speed

Real-Time (48 ms delay)

Slower (180 ms
delay)

Need for Human
Intervention

Minimal

Frequent

Table 6: Al-Based Fraud Detection vs Rule-Based Systems

C. Blockchain’s Role in Payment Security

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

45



Journal of Information Systems Engineering and Management

2025, 10(47s)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

The financial security provided by blockchain technology stems from its transparent nature combined with
unchangeable records and distributed transaction management. Blockchain technology operates differently from
centralized payment systems like Visa and PayPal which rely on a single authority because it distributes transaction
control across multiple nodes and minimizes the potential for data manipulation and internal fraud.

Key Advantages of Blockchain in Payments:

. Blockchain's immutability feature makes it impossible to modify recorded transactions which helps to prevent
financial fraud.

o The removal of third-party entities reduces banking dependency while simultaneously minimizing transaction
fees.

. Real-Time Auditability helps businesses maintain compliance with regulations while enhancing financial
transparency.

However, blockchain implementation introduces scalability challenges:

e Public blockchains like Bitcoin and Ethereum achieve transaction speeds between 7 and 15 TPS
which falls short of Visa's capacity to handle 24,000 TPS.

e Small transactions become costly due to elevated blockchain transaction fees during periods of high
usage.

e The Proof-of-Work (PoW) consensus mechanism requires more than 10 minutes to confirm
transactions which prevents real-time payment processing.

Feature Blockchain Centralized Payment
(Ethereum) Gateways (Visa, PayPal)
Securit Tamper-Proof Vulnerable to Centralized
Y (Immutable) Attacks
Transactions Per
Second (TPS) 180 TPS 2300+ TPS
Confirmation Time 3.8 sec 1.1 sec
Decentralization Yes No
Cost per Transaction High (Gas Fees Low
Apply)

Table 7: Blockchain vs Centralized Payment Gateways
D. Real-World Feasibility & Challenges

The practical application of Quantum Cryptography alongside AI Fraud Detection and Blockchain encounters various
obstacles.

1) Deployment Costs & Infrastructure Challenges

Quantum Networks cost a lot to build because QKD hardware like single-photon detectors and quantum channels
require significant financial investment. Financial institutions need to process millions of transactions to train Al
fraud detection models which demands extensive computational power. Enterprises must adjust their current
financial systems to handle blockchain transactions which requires technical skills.

2) Legal & Regulatory Hurdles

Financial cybersecurity laws currently lack specific regulations concerning quantum cryptographic standards which
results in significant uncertainty. Some governments implement restrictions on blockchain transactions because they
worry about money laundering and financial tracking.

3) Research Prototypes vs Real-World Applications
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The majority of quantum-secured payment systems continue to operate within research laboratories and have not
yet achieved widespread real-world implementation. Major financial entities like JP Morgan and HSBC are
conducting quantum security trials but their deployment remains limited.

CONCLUSION & FUTURE SCOPE
A. Summary of Findings

Digital payment systems now showcase financial cybersecurity maturity through the implementation of Quantum
Cryptography (QKD), Al-driven fraud detection mechanisms, and Blockchain security solutions. QKD-based
encryption protects against key interception while Al-driven fraud detection improves accuracy and reduces false
positives and blockchain maintains transaction integrity and supports decentralization. The proposed system delivers
quantum resistance capabilities along with better fraud prevention methods and unalterable transaction records
compared to traditional RSA-based security models. QKD establishes the core technology needed for secure financial
operations in a post-quantum world through its future-proof encryption capabilities. LSTM and Random Forest
classifiers used in Al-based fraud detection models lower financial fraud risks through their real-time analysis of
transaction behaviors. Blockchain technology safeguards payment transactions through its immutable and
transparent features which block unauthorized changes to payment records.

B. Future Research Directions
1) Advancements in Post-Quantum Cryptography (PQC)

While QKD provides a quantum-resistant encryption mechanism, the integration of Post-Quantum Cryptographic
(PQC) algorithms, such as Lattice-based encryption (NTRU, Kyber), Multivariate Polynomial Cryptosystems, and
Hash-Based Signatures, could provide additional security layers for financial transactions. Future research should
focus on hybrid quantum-classical security models to address hardware constraints and implementation feasibility.

2) Quantum Blockchain for Decentralized Payments

Integrating Quantum Blockchain can eliminate blockchain scalability bottlenecks by leveraging quantum
entanglement-based consensus mechanisms instead of Proof-of-Work (PoW) or Proof-of-Stake (PoS). This can
enable ultra-fast, tamper-proof decentralized transactions without the energy inefficiencies of traditional
blockchains.

3) Hybrid AI + QKD Security Models

The combination of Artificial Intelligence (AI) with Quantum Cryptography could create adaptive, self-learning
financial security models. AI-powered Quantum Key Management (AI-QKD) could dynamically optimize quantum
key distribution strategies based on real-time risk assessment.

4) Dynamic Context-Aware Security Controls

Future context-aware financial security models could incorporate biometric authentication, behavioral analytics, and
Al-driven contextual security checks. Such models would dynamically adjust security policies based on user risk
levels, transaction locations, and device attributes.
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