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Abstract

This document presents a detailed discussion of the Hartle-Hawking no-boundary state,
its mathematical formulation, relation to the Wheeler-DeWitt equation, and its integration
with Chronofold Theory (CFT) as a laboratory-scale realization.

1 Definition and the No-Boundary Proposal

The Hartle-Hawking state is the quantum wave function of the universe defined by a path inte-
gral over compact Euclidean 4-geometries with no boundary, predicting a smooth, singularity-
free origin.

2 Mathematical Formulation

The wave function is
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where Ig is the Euclidean Einstein-Hilbert action.

3 Relation to the Wheeler-DeWitt Equation

The Hartle-Hawking state is the unique regular solution to 7:[\I/[hij] = 0 that satisfies the no-
boundary boundary condition.

4 Integration with Chronofold Theory (CFT)

Inside a transient CFT fold the path integral reproduces a restricted Hartle-Hawking state:
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5 Physical Implications

1. Singularity-free initial conditions and natural inflation.
2. Explanation of the thermodynamic arrow of time.

Unitary resolution of the black-hole information paradox.
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Emergent classicality through decoherence.

5. Compatibility with loop quantum cosmology and string theory.



6 Experimental Relevance in CFT Laboratories

CFT predicts measurable gravitational-wave echoes, vacuum birefringence, and holographic
entropy growth inside engineered folds. Verification uses femtosecond-resolution interferometry
in 50 PW laser-plasma facilities and is fully falsifiable.
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