London Journal of

PHYSICS Volume 2 No 1

A Quantum Multiverse approach to Dark Matter and
Dark Energy

Richard D. Bateson

Oxford Alpha Limited UK
Email: richard@oxfordalpha.com

May 29, 2025

Abstract

In this paper we discuss a Quantum Multiverse or “Many Worlds Interpretation” (MWI) of Dark
Energy and Dark Matter. The universe is viewed cosmologically as a fermionic fluid with a hydrostatic
pressure from “Zitterbewegung”, the quantum “zig-zagging” of Dirac particles. At each point in space—
time the pressure from all possible velocity states existing in the Many Worlds sums to provide a dark
energy. Visible matter is the matter observed or measured in a particular velocity state and dark matter
is then considered as the unobserved fermion velocity contributions from different orthogonal spatial
directions. The MWI model predicts the ratios of visible matter to be 5.1%, dark matter 25.4% and dark
energy 69.5%, which are close to values observed experimentally.

1 Introduction

A current problem in cosmology and astrophysics in the nature of observed dark matter and dark energy
which dominate the energy of the universe. Dark matter was first proposed by Fritz Zwicky in the 1930s [1]
and is primarily supported by the rotation curves of galaxies, gravitational lensing and large scale structure
of the universe including fluctuations in the Cosmic Background Radiation (CMB) [2,3,4,5]. Dark energy
was observed by Saul Perlmutter’s team in the late 1990s [6] from measurements on type la supernovae and
evidence that the expansion of the universe is accelerating. Since then numerous additional experimental
results have suggested the presence of dark energy [7,8,9]. Dark energy is thought to comprise around
70% of the universe total energy content with the reminder consisting of dark 25% and visible matter
5% [10]. Numerous theoretical explanations for this unseen dark universe have been proposed ranging
from hypothetical dark matter particles and dark energy fields to extended gravity theories including f(R)
gravities [11,12]. However, currently the actual nature of the dark universe remains elusive.

In 1957 Everett proposed that the quantum wavefunction provided a full description of physical reality
and that quantum mechanical phenomena could be described in terms of the existence of parallel histories
rather than a traditional Bohmian collapse of the wavefunction interpretation. This led to the development
of a Many Worlds Interpretation (MWI) of quantum mechanics popularised by DeWitt [13]. More recently,
with the advent of quantum computing techniques there is renewed interest in the MWI and the structure
of the possible Multiverse by David Deutsch [13]. The full set of Many Worlds constitutes the Multiverse.
Whether the proposed MWTI exists on macro-scale or simply a micro-scale, where quantum coherence can
exist in isolated systems, is open to interpretation. Indeed, the existence of the MWI concept on a micro-
scale can probably be traced back to the original theory of de Broglie where he postulated a kind of many
worlds quantum state exists in the microscopic world but in the macroscopic world only one member of the
ensemble is statistically realised when a particular measurement is obtained [15].

In this paper I apply the concept of the MWI and the simultaneous physical existence of the entire
universal quantum wave function to the problem of dark matter and dark energy. The model universe is
described as an ideal fluid comprised of fermions where each space-time point exhibits a local pressure due
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to the relativistic “Zitterbewegung” of the particles [16]. The local hydrostatic pressure summed over all
possible quantum states in the MWI provides the dark energy. This approach leads to a ratio of dark energy
to mass energy of a similar value to that observed experimentally.

2 ‘“Zitterbewegung” in the Dirac Equation

Relativistic particles described by the Dirac equation [16] theoretically experience “Zitterbewegung” or
velocity reversals as their velocity increases. The velocity reversals are related to the spinor components
of the Dirac wavefunction. Indeed, Richard Feynman [17] presented a discrete space—time derivation of the
141 dimension Dirac equation for a free particle — the “Feynman chequerboard” — since a luminal velocity
massive particle is viewed in the calculation as “zig-zagging” diagonally forwards through space-time in a
similar manner to a bishop in chess. In this interpretation the spinor components can be viewed as providing
branching probabilities at each space—time point.
The 341 dimension Dirac equation is conventionally written [18] as

(do ") ==y y

where V¥ is the 4 component spinor wavefunction for energy E. The Pauli spin vector ¢ and momentum
operator p provide the relation (&.p)x+ = |plx+ with two eigenvectors in polar coordinates

X+ = (cos¥/2, e sin1/2) X = (—e ¥ sin1¥/2, cos¥/2). (2)

The general solutions for the wavefunction are four 4-component orthogonal vectors corresponding to
up and down spin S = +1/2 with positive and negative energies e = +1. These can be written as
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where spinor components are
ij _ /‘Pje—lmc T/h _ /Pjez(pa,—E‘t)/h7 (5)

formed from real branching probabilities P; = ¢;.¢;. The probabilities can be interpreted as a probability
P, in the velocity direction and Ps in the reverse direction. For equivalent proper time 7 a hyperplane of
simultaneity is defined for equivalent phase.

The branching probabilities are more clearly illustrated in the 1+1d Dirac equation [19] with one space

and

direction ) 8\11
me
The solutions of helicity A = 1 and positive energy € = +1 are given by
¢1> < #1 >
Uy = ety = . 7
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Thus in the 141d Dirac equation the spinor components are equivalent to the 341d case but with the
function y+ providing an orientation of the velocity direction in space. In the 14+1d case the spin is reduced
to helicity.
Following Eq. (5) and Bateson [20] the normalised branching probabilities at each space-time point are
then given by
A E +mc? . E —mc?
P =—_—_"" Pp==—"". 8
! 2F ? 2F ®)
where P1 + Pg = 1. For a velocity v we can see that in the low velocity limit |v| — 0 then P11 — 1 and
P21 — 0 and in the high velocity limit |[v] — ¢ then P11 — P21 — 1/2. At higher velocities the quantum
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path followed becomes more random and the trajectory exhibits “Zitterbewegung”. These probabilities can
be written in the simple form . X
Py = cos?(0/2) P, =sin?(0/2). 9)
where
cosf =1/ sinf =wv/c. (10)

Here v = 1/4/1 — v2/c? is the Lorentz factor. These branching probabilities provide an expected velocity
equal to the observed velocity v.

3 A Dirac Flux and Pressure

Using the branching probabilities we can introduce the concept of a quantum pressure produced by the
“Zitterbewegung”. Consider a single free Dirac particle of mass m and a given energy E. The energy
transfers at each space—time point can be decomposed into an expected energy “flux” F' in the velocity
direction of

F = EP, — EP, = mc?, (11)

and an internal “pressure” II from the expected velocity reversal as
Il = 2EP, = 2Esin?(0/2), (12)
such that these equal the total energy E
F+Il=E. (13)

The above relation is essentially a continuity equation or a conservation of energy condition. For a velocity
or flux in any direction a hydrostatic-like pressure is observed. The pressure II is thus similar as Bernoulli’s
theorem to the kinetic energy or relativistically to the energy above that in the stationary local Lorentz
frame mc? since

Il =2EP, = E—mc® =mc?(y - 1). (14)

Under this interpretation any particle energy above the rest mass increases the internal pressure through
“Zitterbewegung”.

4 A MWI Ideal Cosmic Fluid

Assume the universe is behaves as an ideal fluid with an energy density p and local hydrostatic pressure II.
The stress energy tensor is [10,21,22]

Ty = (p + 11/ uu, + (1)) g (15)

where u,, is the fluid 4-velocity. Assume the average universal 4-velocity is zero and the frame of a comoving
observer. The energy density is a number density N multiplied by the fermion mass p = Nm. Consider the
trace of the ideal fluid stress energy tensor

Tr(T) = —pc® + 31 = —E + 411 (16)
The ratio of pressure energy to matter energy for one velocity state then is
411
- =8P = 8sin?(0/2). (17)

For a given mass the plane wave state of the Dirac equation is characterised by the velocity v. In a full
quantum MWI there are 6 possible orthogonal velocity basis spatial directions é; and an infinite number of
velocity magnitudes |v| from 0 to c. The full Hilbert space of wavefunctions is given by the total wavefunction
tensor product 1s ® 1), and all these states must be considered in our model MWT universe [23]. In the
local Lorentz frame at each space-time point under the MWTI the trace can be approximated as

/2

Tr(Tvywr) = Zplc +82p1 /sm (0/2)do (18)
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where we can integrate over the pressure terms for all velocities or angles at each space—time point. This is
analogous to a multi-fluid [24] tensor where all the pressure components are summed. Assuming homogeneity
amongst velocity directions, the total effective mass energy piorc? = 6prc? where pr, = p; is the density in
the local Lorentz frame.

5 Dark Matter and Dark Energy

The ratio of matter energy 25 to dark energy 25 can be considered as the ratio of energy to pressure. Using
the MWI trace above gives as an estimate for the observed matter energy to dark energy ratio

Qur 1 1
= =4 ) <04 (19)
8 [ sin®(0/2)do
0

Current experimental estimates [10] for dark energy are approximately 0.7, dark matter 0.25 and normal
matter 0.05. These values would provide an estimate of the ratio Q,,/Qa = (0.25 4+ 0.05)/0.7 = 0.428. This
value is close to the value derived from the simple MWI fluid approach, based on plane wave Dirac states.

The ratio of the hydrostatic pressure energy to the observed energy is consistent with all possible paths
existing prior to a measurement under the MWI and contributing to a quantum dark energy. If an event
or particle is measured, the quantum possibilities prior to the measurement manifest as a pressure or dark
energy produced by the quantum “Zitterbewegung” of the different causal trajectories in space—time.

Since there are 6 possible orthogonal velocity basis directions the total mass energy is pso¢c® is ap-
proximately 6 times that of the contribution of a single direction ppc?. Only one velocity direction can
constitute an observed or measured trajectory whilst the other 5 basis directions will remain unobserved. If
these unseen quantum trajectories constitute equally dark matter then the ratio of observed matter to dark
matter would be approximately 1:5.

Although experimental estimates vary slightly, the theoretical dark matter and dark energy proportions
are in broad agreement with experimental observation as shown in Table 1 [10].

Table 1: Theoretical and Experimental Ratios of Visible Matter, Dark Matter and Dark Energy.

Visible Matter % Dark Matter % Dark Energy %
Theoretical 5.1 25.4 69.5
Experimental [10] 5 25 70

The dark matter then possibly originates from the hidden quantum states, which contribute to the
overall density of possible events in space-time. The gravitation of quantum objects would thus appear
different from that of classical matter. If visible, classical matter is composed of measurable, well-defined
trajectories in space—time, then dark matter is perhaps ephemeral relativistic quantum paths.

6 Conclusion

In the MWTI approach, dark energy is provided by a quantum pressure produced by all the possible quantum
paths existing prior to a measurement. The effective pressure from each path is a result of “Zitterbewegung”
and proportional to the reversal probability at each point in space. For a cosmological fluid model the
equilibrium ratio of matter energy to hydrostatic pressure energy is similar to that observed experimentally
for the ratio of matter energy to dark energy. Dark matter potentially results from the combined density
of unobserved paths in the MWI existing in different orthogonal spatial directions. Under the MWTI the
gravitation of quantum objects would differ from classical matter in exhibiting both dark matter and dark
energy.

In practice only one quantum state from the Multiverse is measured. This “measurement” could be
provided by an observation, interaction or decoherence. Perhaps the pressure from “Zitterbewegung” could
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be a microscopic effect existing in quantum coherent regions as a local effect. The combined local effect
across the cosmos might provide the macroscopic dark universe that we observe and this would allow a
deBroglie style microscopic MWI [15] rather than a full DeWitt macroscopic multiverse MWI [13]. However,
the MWTI approach is also compatible with the latter, currently unfashionable, view that there exists a
universal quantum wavefunction.

Many theoretical alternatives have been proposed to explain the presence of the dark universe ranging
from new particles and fields to modifications of Einstein’s general relativity [11,12]. However, the advantage
of the theory proposed in this paper is than no new physics or phenomena are required, simply an inter-
pretation that all quantum states contribute to physical reality and not just as a artificial computational
or mathematical device used in quantum calculations. This Everettian view of reality is that favoured by
Deutsche to explain quantum computation [14].

The MWTI approach presented here is derived from the plane wave solutions of the Dirac equation.
Interestingly, this provides a universe that historically possesses approximately the same ratio of matter
energy to dark energy and that is always “flat” from a cosmological perspective [10]. There is no “cosmic
coincidence” issue and the model is compatible with observational CMB measurements where the total
energy density balances the critical density.
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