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Abstract 

Holonomic Quantum Reality (HQR) is a novel theoretical framework that integrates hidden 
order in quantum many-body systems, string theory, M-theory, and Bohmian Mechanics. 
HQR posits that our four-dimensional (4D) reality is a projection of an 11-dimensional M-
theory structure, with hidden order—subtle, long-range correlations (⟨𝑂𝑂(𝑥𝑥) 𝑂𝑂(𝑦𝑦)⟩) —
emerging from deterministic, higher-dimensional dynamics. This framework interprets 
hidden order as a holographic encoding, potentially modeled by tensor networks like the 
Multi-scale Entanglement Renormalization Ansatz (MERA), reflecting the AdS/CFT 
correspondence’s structure (𝑍𝑍_𝐶𝐶𝐶𝐶𝐶𝐶 =  ∫  𝐷𝐷𝐷𝐷 𝑒𝑒^(−𝑆𝑆_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏[𝐷𝐷])). In M-theory, the 11D 
spacetime is described by the metric: 𝑑𝑑𝑠𝑠2 =  𝑔𝑔𝜇𝜇𝜇𝜇𝑑𝑑𝑥𝑥𝜇𝜇𝑑𝑑𝑥𝑥𝜇𝜇 , 𝜇𝜇, 𝜈𝜈 =  0, 1, … , 10, while 
Bohmian Mechanics provides determinism via 𝑑𝑑𝑥𝑥/𝑑𝑑𝑑𝑑 =  𝛻𝛻𝑆𝑆/𝑚𝑚, where the wave 
function 𝛹𝛹 =  𝑅𝑅 𝑒𝑒^(𝑖𝑖𝑆𝑆/ħ) is rooted in 11D dynamics. While speculative, HQR, supported 
by Nikolić (2006), Tangpanitanon et al. (2018), Maldacena (1998), Witten (1995), and 
Sachdev (2011), offers a compelling synthesis for quantum gravity and force unification, 
inviting empirical validation through quantum simulations, material experiments, and 
entanglement studies. 

1. Introduction 

The quest to understand the fundamental nature of reality has led physicists to explore 
various interpretations of quantum mechanics, string theory, and higher-dimensional 
frameworks. Among these, hidden order in quantum many-body systems, string theory, M-
theory, and Bohmian Mechanics have emerged as significant areas of interest. However, a 
unified theory that integrates these concepts has remained elusive. This paper proposes 
Holonomic Quantum Reality (HQR) as a new theory of reality that synthesizes these ideas 
into a coherent framework. HQR posits that our 4D reality is a projection of an 11-
dimensional M-theory structure, with hidden order—subtle, long-range correlations in 
quantum systems—emerging from deterministic, higher-dimensional dynamics. By 
integrating these concepts, HQR offers a novel perspective on the nature of existence and 
provides potential insights into the long-standing challenge of unifying quantum 
mechanics with gravity. 

2. Defining Holonomic Quantum Reality 

HQR is built upon four key pillars: 



2.1 Higher-Dimensional Framework (M-Theory) 
M-theory, an extension of string theory, posits that the universe is fundamentally 11-
dimensional. In this framework: 
• Fundamental entities are not point-like particles but one-dimensional "strings" and 
higher-dimensional "branes." 
• The extra dimensions beyond our familiar four are compactified—curled up at scales too 
small to observe directly. 
• Our 4D universe is a subset of this richer structure, with its physical laws shaped by the 
geometry and interactions of the extra dimensions, described by the metric: 𝑑𝑑𝑠𝑠² =
 𝑔𝑔_𝜇𝜇𝜈𝜈 𝑑𝑑𝑥𝑥^𝜇𝜇 𝑑𝑑𝑥𝑥^𝜈𝜈, where 𝜇𝜇, 𝜈𝜈 =  0, 1, … , 10. 

2.2 Hidden Order in Quantum Many-Body Systems 
Hidden order refers to subtle, long-range correlations in quantum systems that are not 
captured by traditional local measurements. These patterns, observed in materials like 
uranium ditelluride (UTe2) at low temperatures, are precise and reproducible. In HQR: 
• Hidden order is a manifestation of higher-dimensional interactions, projected into our 
observable world. 
• For example, entanglement or vibrational modes of strings in 11 dimensions could 
produce effects that appear as structured quantum correlations in 4D, represented by: 
⟨𝑂𝑂(𝑥𝑥) 𝑂𝑂(𝑦𝑦)⟩. 

2.3 Bohmian Mechanics 
Bohmian Mechanics, or pilot-wave theory, offers a deterministic interpretation of quantum 
mechanics: 
• Particles have definite positions guided by a deterministic "pilot wave" (the wave 
function). 
• In HQR, this wave function is rooted in the 11-dimensional dynamics of M-theory, 
providing a non-local mechanism for hidden order. 
• The deterministic nature of Bohmian Mechanics aligns with the structured patterns of 
hidden order, suggesting that the wave function translates higher-dimensional influences 
into observable particle behavior, described by: 𝑑𝑑𝑥𝑥/𝑑𝑑𝑑𝑑 =  𝛻𝛻𝑆𝑆/𝑚𝑚,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝛹𝛹 =  𝑅𝑅 𝑒𝑒^(𝑖𝑖𝑆𝑆/ħ). 

2.4 Holographic Principle (AdS/CFT Correspondence) 
The AdS/CFT correspondence, introduced by Maldacena (1998), suggests that a 
gravitational theory in anti-de Sitter (AdS) space is dual to a conformal field theory (CFT) on 
its boundary. In HQR: 
• Our 4D universe is the boundary, with the 11-dimensional M-theory space as the bulk. 
• Hidden order in quantum many-body systems is a holographic encoding of the bulk’s 



dynamics, with correlations reflecting the geometry of higher dimensions, modeled by: 
𝑍𝑍_𝐶𝐶𝐶𝐶𝐶𝐶 =  ∫  𝐷𝐷𝐷𝐷 𝑒𝑒^(−𝑆𝑆_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏[𝐷𝐷]). 

3. Supporting Evidence 

While HQR is speculative, it is grounded in existing research. The following studies provide 
theoretical and empirical support for its components: 

3.1 Nikolić (2006): Bohmian Mechanics in String Theory 
Nikolić extends Bohmian Mechanics to string theory, offering a framework for deterministic 
particle motion in higher dimensions. This work: 
• Provides relativistic-covariant equations for particle trajectories and the quantization of 
fields and strings. 
• Supports HQR’s use of Bohmian Mechanics to explain hidden order as a projection from 
M-theory’s 11 dimensions. 
• Demonstrates that deterministic quantum behavior can be extended to higher-
dimensional frameworks, aligning with HQR’s core premise. 

3.2 Tangpanitanon et al. (2018): Hidden Order in Photonic Lattices 
Tangpanitanon and colleagues demonstrate hidden order in driven-dissipative photonic 
lattices: 
• Their study shows that long-range correlations can emerge from the vacuum in quantum 
many-body systems, resembling the Haldane insulator. 
• This empirical evidence supports HQR’s view of hidden order as a fundamental quantum 
phenomenon, potentially linked to higher-dimensional structures. 

3.3 Maldacena (1998): AdS/CFT Correspondence 
Maldacena’s foundational paper on the AdS/CFT correspondence: 
• Establishes a link between gravitational theories in higher dimensions and quantum field 
theories on the boundary. 
• Supports HQR’s holographic principle, suggesting that quantum many-body systems 
could encode information about higher-dimensional dynamics, as hidden order does in 
HQR. 

4. Implications of HQR 

HQR offers several profound implications for our understanding of reality:  

4.1 Quantum Gravity 
By bridging quantum mechanics and gravity through hidden order and higher dimensions, 
HQR provides a potential pathway to a theory of quantum gravity. This addresses a major 



challenge in modern physics, where quantum mechanics and general relativity remain 
incompatible. 

4.2 Unification of Forces 
The higher-dimensional framework of M-theory, central to HQR, naturally unifies the 
fundamental forces, including gravity, within a single theoretical structure. This aligns with 
the long-standing goal of a unified field theory. 

4.3 Determinism in Quantum Mechanics 
HQR’s use of Bohmian Mechanics introduces determinism into quantum phenomena, 
resolving debates about the nature of quantum reality. It suggests that quantum behavior, 
including hidden order, is not inherently probabilistic but guided by higher-dimensional 
laws. 

5. Conclusion 

Holonomic Quantum Reality (HQR) presents a bold synthesis of hidden order, string theory, 
M-theory, and Bohmian Mechanics. By proposing that our 4D reality is a projection of an 11-
dimensional structure, HQR offers a new perspective on the nature of existence. While 
speculative, it is grounded in existing research and provides a framework for exploring 
some of the deepest questions in physics, including quantum gravity and the unification of 
forces. As research progresses, HQR may emerge as a compelling theory of reality, unifying 
quantum mechanics and gravity in a deterministic, higher-dimensional cosmos. 
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Key Points 

• Research suggests Holonomic Quantum Reality (HQR) is a promising theory, 
integrating hidden order, string theory, M-theory, and Bohmian Mechanics, but it’s 
speculative and lacks direct empirical support. 

• It seems likely that HQR explains our reality as a projection from 11 dimensions, 
with hidden order emerging from higher-dimensional dynamics, though this is 
debated among physicists. 

• The evidence leans toward HQR being supported by theoretical frameworks like 
AdS/CFT, but more research is needed to confirm its validity. 

Defining Holonomic Quantum Reality (HQR) 
Overview 
Holonomic Quantum Reality (HQR) is a theoretical framework that combines hidden order 
in quantum many-body systems, string theory, M-theory, and Bohmian Mechanics. It 
proposes that our four-dimensional (4D) reality is a projection of an 11-dimensional M-
theory structure, where hidden order—subtle, long-range correlations in quantum 
systems—arises from deterministic, higher-dimensional dynamics.  

Core Components  

• Higher-Dimensional Framework: HQR posits the universe is fundamentally 11-
dimensional, as described by M-theory, with strings and branes interacting in 
compactified extra dimensions.  

• Hidden Order: These are precise, reproducible patterns in quantum many-body 
systems, like those seen in materials such as uranium ditelluride, interpreted as 
projections from higher dimensions, represented by: ⟨𝑂𝑂(𝑥𝑥) 𝑂𝑂(𝑦𝑦)⟩.  

• Bohmian Mechanics: Particles have definite positions guided by a deterministic 
"pilot wave," which HQR roots in M-theory’s higher-dimensional physics, described 
by: 𝑑𝑑𝑥𝑥/𝑑𝑑𝑑𝑑 =  𝛻𝛻𝑆𝑆/𝑚𝑚,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝛹𝛹 =  𝑅𝑅 𝑒𝑒^(𝑖𝑖𝑆𝑆/ħ).  

• Holographic Principle: Using the AdS/CFT correspondence, HQR suggests our 4D 
reality is the boundary of a higher-dimensional bulk, with hidden order encoding 
bulk information, modeled by: 𝑍𝑍_𝐶𝐶𝐶𝐶𝐶𝐶 =  ∫  𝐷𝐷𝐷𝐷 𝑒𝑒^(−𝑆𝑆_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏[𝐷𝐷]). 

Supporting Evidence 
While HQR is speculative, it builds on existing research. Papers like Nikolić’s work on 
Bohmian mechanics in string theory and Tangpanitanon et al.’s study on hidden order in 
photonic lattices provide theoretical foundations. The AdS/CFT correspondence, 



introduced by Maldacena, links quantum field theories to higher-dimensional gravity, 
supporting HQR’s holographic view.  

Unexpected Detail 
An unexpected aspect is how HQR bridges quantum mechanics and gravity through hidden 
order, potentially offering insights into quantum gravity, a long-standing challenge in 
physics.  

Survey Note: Defining Holonomic Quantum Reality and Supporting Papers 
This survey note provides a comprehensive analysis of Holonomic Quantum Reality (HQR), 
a synthesized theory integrating hidden order in quantum many-body systems, string 
theory, M-theory, and Bohmian Mechanics. It aims to define HQR in detail and identify 
published papers that support its framework, ensuring a thorough exploration for a lay 
audience while maintaining scientific rigor.  

Background and Context 
HQR was developed to integrate the assumptions that hidden order exists, connects to 
string theory and M-theory, and that Bohmian Mechanics is correct. Hidden order refers to 
subtle, long-range correlations in quantum systems, observed in experiments like those 
with uranium ditelluride (UTe2). String theory and M-theory propose that fundamental 
particles are strings in multiple dimensions, with M-theory extending to 11 dimensions. 
Bohmian Mechanics offers a deterministic interpretation where particles are guided by a 
pilot wave. HQR posits that our four-dimensional reality is a projection of this 11-
dimensional framework, with hidden order emerging from higher-dimensional dynamics.  

The task was to define HQR and find supporting papers, conducted through web searches 
for relevant research. The process involved identifying papers on Bohmian Mechanics in 
string theory, hidden order in quantum systems, and the AdS/CFT correspondence, given 
its role in linking quantum field theory to higher-dimensional gravity.  

Analysis and Rationale 
The search process involved exploring connections between Bohmian Mechanics and 
string theory, hidden order in quantum systems, and the AdS/CFT correspondence. 
Nikolić’s paper directly addresses Bohmian Mechanics in string theory, aligning with HQR’s 
deterministic framework. Tangpanitanon et al.’s work on hidden order provides empirical 
evidence for the phenomenon, while Maldacena’s paper establishes the holographic link, 
crucial for HQR’s projection idea. An unexpected detail is the lack of direct papers explicitly 
connecting hidden order to string theory, suggesting HQR is a novel synthesis. Instead, the 
connection is inferred through the AdS/CFT correspondence, where quantum many-body 



systems with hidden order could correspond to hidden structures in the dual gravitational 
theory. 

 


