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ABSTRACT

This chapter thus first of all introduces the in-​depth conceptualization and the 
principles of zero trust followed by the vulnerabilities inherent to the meta verse 
such as identity spoofing, avatar hijacking, immersive phishing, neuro-​data leakage, 
and cross-​platform authentication risks. We then cover the adoption of Zero-​Trust 
tactics by meta verse security strategies and point to techniques like uninterrupted 
biometric authentication, decentralized identity (DID) protocols, cryptographic trust 
anchors, and AI-​powered behavioral monitoring. In addition, the chapter develops 
an integrated model along with tables and a diagram showing the implementation 
of zero trust in the meta verse environment. The study reveals that ZTA continues to 
be a reliable basis for next-​generation cyber defenses but it needs to be enlarged to 
include real-​time 3D environments, multi-​layer identity ecosystems, and immersive 
interaction channels.
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INTRODUCTION

Over the past decade, numerous elements of the cyber landscape have been re-
organizing to become a more multifaceted web of threats and insider attacks, with 
more highly distributed cloud-​centric systems being added into the mix. Conven-
tional perimeter defenses in which users and devices are implicitly trusted install 
them once they are within a network, and their behavior is vastly different than that 
of a modern adversary. Practically, an attacker typically has a starting point of a 
compromised internal host or stolen credentials, so that network location may be a 
very weak proxy of trust. To counter this change, Zero-​Trust Architecture demands 
explicit authentication and authorization of each access request accompanied by 
continuous monitoring of identity, device posture, and contextual risk, as illustrated 
in Figure 1.

At the same time, artificial intelligence, blockchain, and emerging extended-​reality 
technologies are speeding up the establishment of the metaverse, a persistent virtual 
space that improves and supports social interaction, digital commerce, education 
and training, and remote control of vehicles, drones, and robotics (Hallem et al., 
2025). These platforms stretch the area of attack past conventional endpoints to the 
pathways of sensory communication, avatar identity and personality layers, haptic 
interfaces, brain-​computer interfaces (BCIs), and decentralized asset-​exchange 
mechanisms. Although some of the earlier works have explored the concept of 
NFT-​based authentication within the virtual environment, dependence on centralized 
elements of trust generates concentrations of failure through which exploits may 
pass. Collectively, such advances drive the necessity of security models capable of 
implementing trust decisions on an ongoing basis across a wide range of heteroge-
neous devices and services. Therefore, the further evolution of the principles of the 
Zero-​Trust and their introduction to the metaverse environment at the beginning of 
the process seems to have enormous potential in the future.

Zero-​Trust Security Model

Principles and Components. Zero Trust is usually articulated with three core 
principles:

1. 	 Never trust, always verify-​the processes for authorization and authentication 
must take place for each access request, even when through a trusted and known 
network (Rose et al. 2020).

2. 	 Assume breach: This design principle assumes that whatever security protection 
is developed, it is done under the premise that the attacker has already broken 
into the inside environment.
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