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Abstract

The measurements of the Hubble parameter by the Planck collaboration and the SH0ES team

that di�er from each other by more than 4.4σ provide evidence for the need for new physics beyond

the ΛCDM model of cosmology. This is in addition to the long standing cosmological constant

(vacuum catastrophe) problem where the discrepancy between theory and experiment is ∼ 10120.

Measurements of the Cosmic Microwave Background revealed the need for the theory of cosmic in-

�ation with its ad-hoc requirement that the early universe underwent an exponential e-fold volume

expansion, N, relative to the Planck volume, of around 60 before standard expansion began. Still

another need for physics beyond the standard models was revealed by the series of loop-hole free

Bell's inequality experiments that established the existence of a non-local physical reality where

quantum entanglement takes place. This paper presents a model of cosmology that:

* automatically eliminates the cosmological constant problem;

* provides a framework for new physics to resolve the measured H0 discrepancy;

* predicts the existence of in�ation with an N of about 61;

* and, makes room for a non-local physical reality as the seat of quantum entanglement. The basic

framework of this model is that the big bang singularity represents the opening up of a white hole

whose interior is non-local vacuum that expands as the event horizon expands. In this framework it

is the quantized event horizon (the vacuum horizon) that is the actual source of spacetime (gravity)

and matter/energy and not the singularity or original Planck region. The horizon expansion param-

eters are derived using the Holographic Principle, the Schwarzchild solution, the published data on

the total amount of information/entropy in the observable (local) universe (S ' 5x10104 bits) and

the assumption that the virtual energy density of the vacuum ρvac = ρcrit. This derivation requires

there to be ' 4x1016 Planck sized entangled qubits in the non-local vacuum for every bit of the

horizon (local reality). This ensemble of qubits has a Schwarzchild volume of ∼ 10−78m3 leading to

the prediction of N ' 61. The assumption of ρvac = ρcrit leads to a prediction of the Hubble �con-

stant� that is within 0.7σ of the Planck collaboration measurement. The model value for H0 agrees

perfectly with the SH0ES team measurement with the assumption that ρvac = 1.19 ± 0.05ρcrit.

The new physics required to understand ρvac > ρcrit would almost certainly be relevant to �dark

energy�. Within the framework of the model this change can be explained by small changes in

the Planck units that represent changes in the fundamental constants c or G or, equivalently, the

relative strengths of the electrostatic and gravitational forces among the qubits. This could have

2



profound e�ects on the standard models and, perhaps, be relevant to �dark matter�. Some of the

precedent ideas relevant to the model are discussed in the paper and several experiments that could

falsify the model are identi�ed.

I. INTRODUCTION

A. Background

B. Fundamentals of the Horizon Model.

1. The Horizons

FIG. 1. Schematic of the Horizon Model. The non-local region inside the vacuum had instanta-

neously in�ated to a size (dia) of ∼ 10−26m before spacetime began .
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2. The Vacuum Horizon

3. Local/Non-Local Entropy and In�ation.

4. Quantization of the vacuum horizon.

II. NUMERICAL MODEL

A. Input data.

B. Model equations.

C. State of physical reality at t = 0 (the �In�aton�).

D. State of the vacuum at various epochs during the expansion of the universe.

E. State of the non-local vacuum at the present time (t=Now).

FIG. 2. Horizon Model (HM) values of the Hubble constant as a function of Ωvac. With Ωvac =

Ω = 1.00± 0.01, the HM value for H (67.87± 0.38) agrees very well with the Planck collaboration

measurement. The HM values for H are in agreement with the SH0ES team measurement if Ωvac =

1.19± 0.05. For a Hubble time of 13.8 Gyr, Ωvac = 1.094.
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FIG. 3. Estimates of H0, 2001− 2020. Estimates in black represent calibrated distance ladder mea-

surements; red represents early universe CMB/BAO with ΛCDM Parameters; blue are other tech-

niques. The solid lines are the HM values for H0 = Hvac(Ωvac).

III. A FRAMEWORK FOR NEW PHYSICS.

A. The Hubble Discrepancy.

B. The Non-local Vacuum.

C. The Vacuum Horizon.

D. Some Precedents

E. John Wheeler's Aphorism

IV. SUMMARY AND CONCLUSIONS

V. ACKNOWLEDGMENTS.

5


	The Non-local Vacuum: A Framework for New Physics Beyond the Standard Models.
	Abstract
	Introduction
	Background
	Fundamentals of the Horizon Model.
	The Horizons
	The Vacuum Horizon
	Local/Non-Local Entropy and Inflation.
	Quantization of the vacuum horizon.


	Numerical Model
	Input data.
	Model equations.
	State of physical reality at t = 0 (the ``Inflaton'').
	State of the vacuum at various epochs during the expansion of the universe.
	State of the non-local vacuum at the present time (t=Now).

	A Framework for New Physics.
	The Hubble Discrepancy.
	The Non-local Vacuum.
	The Vacuum Horizon.
	Some Precedents
	John Wheeler's Aphorism

	Summary and Conclusions
	Acknowledgments.


