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Abstract 
In this paper, we discuss a Many Worlds Interpretation (MWI) of Dark 
Energy and Dark Matter. The universe is viewed cosmologically as a fermio-
nic 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. This provides a ratio of matter energy to pressure energy close 
to that observed experimentally. Visible matter is the matter observed or 
measured in a particular velocity state and dark matter is then considered as 
the unobserved fermion contributions from different orthogonal spatial di-
rections. 
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1. Introduction 

A current problem in cosmology and astrophysics is 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 1a supernovae and evidence that the ex-
pansion of the universe is accelerating. Since then numerous additional experi-
mental 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 rang-
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ing from hypothetical dark matter particles and dark energy fields to extended 
gravity theories including ( )f R  gravities [11] [12]. However, currently the ac-
tual nature of the dark universe remains elusive. 

In 1957 Everett proposed that the quantum wavefunction provided a full de-
scription 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 develop-
ment of a Many Worlds Interpretation (MWI) of quantum mechanics popula-
rised 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 [14]. Whether the proposed MWI exists on ma-
cro-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 micro-
scopic 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 com-
prised of fermions where each space-time point exhibits a local pressure due 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 expe-
rience “Zitterbewegung’’ or velocity reversals as their velocity increases. The ve-
locity reversals are related to the spinor components of the Dirac wavefunction. 
Indeed, Richard Feynman [17] presented a discrete space-time derivation of the 
1 + 1 dimension Dirac equation for a free particle—the “Feynman chequer-
board’’—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 3 + 1 dimension Dirac equation is conventionally written [18] as 

( )
( )

2

2 .
 ⋅ ∂Ψ

Ψ = Ψ =   ∂⋅ − 

p
p



mc c
E i

tc mc
σ

σ
               (1) 

where Ψ  is the 4-component spinor wavefunction for energy E. The Pauli spin 
vector σ  and momentum operator p  provide the relation ( ) χ χ± ±⋅ =p pσ  
with two eigenvectors in polar coordinates 
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( ) ( )cos 2,e sin 2 e sin 2,cos 2 .ϕ ϕχ ϑ ϑ χ ϑ ϑ−
+ −= = −i i        (2) 

The general solutions for the wavefunction are four 4-component orthogonal 
vectors corresponding to up and down spin 1 2= ±S  with positive and nega-
tive energies 1ε = ± . These can be written as 

1 2 1 2

1 1
1 1

2 2

,ε ε

φ χ φ χ
φ χ φ χ

+ −
=+ =+
=+ =−+ −

   
Ψ = Ψ =   −   S S

               (3) 

and 

2 2
1 1

11 2 1 2 1

.ε ε

φ χ φ χ
φ χ φ χ

+ −
=− =−
=+ =−+ −

−   
Ψ = Ψ =   

   S S
                (4) 

where spinor components are 
( )2

e e ,τφ −−= = 



i px Etimc
j j jP P                    (5) 

formed from real branching probabilities *φ φ= ⋅j j jP . The probabilities can be 
interpreted as a probability 1P  in the velocity direction and 2P  in the reverse 
direction. For equivalent proper time τ  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 direction 

2

2

ˆ
= = .

ˆ
mc cp

E i
tcp mc

  ∂Ψ
Ψ Ψ  ∂− 

                 (6) 

The solutions of helicity 1λ = ±  and positive energy 1ε = +  are given by 

1 1
1 1
1 12 2

.ε ε
λ λ

φ φ
φ φ=+ =+

=+ =−

   
Ψ = Ψ =   −   

                  (7) 

Thus in the 1 + 1d Dirac equation the spinor components are equivalent to 
the 3 + 1d case but with the function χ±  providing an orientation of the veloc-
ity direction in space. In the 1 + 1d case the spin is reduced to helicity. 

Following Bateson [20] the normalised branching probabilities at each space-time 
point are then given by 

2 2

1 2
ˆ ˆ .

2 2
E mc E mcP P

E E
+ −

= =                 (8) 

where 1 2
ˆ ˆ 1+ =P P . For a velocity v  we can see that in the low velocity limit 

0→v  then 1̂ 1P →  and 2̂ 0P →  and in the high velocity limit →v c  then 

1 2 1 2ˆ ˆP P→ → . At higher velocities the quantum path followed becomes more 
random and the trajectory exhibits “Zitterbewegung’’. These probabilities can be 
written in the simple form 

( ) ( )2 2
1 2
ˆ ˆcos 2 sin 2 .θ θ= =P P                 (9) 

where 
cos 1 sin .θ γ θ= = v c                    (10) 

Here 2 21 1γ = − v c  is the Lorentz factor. These branching probabilities 
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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 net energy E. The energy transfers at each space--time 
point can be decomposed into an expected energy “flux’’ F in the velocity direc-
tion of 

2
1 2
ˆ ˆ ,= − =F EP EP mc                       (11) 

and an internal “pressure’’ Π  from the expected energy reversal as  

( )2
2̂2 2 sin 2 ,θΠ = =EP E                     (12) 

such that these equal the total energy E 

.+Π =F 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 pres-
sure is observed. The pressure Π  is thus similar as Bernoulli’s theorem to the 
kinetic energy or relativistically to the energy above that in the stationary local 
Lorentz frame 2mc  since 

( )2 2
2̂2 1 .γΠ = = − = −EP E mc mc                  (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 ρ  and 
local hydrostatic pressure Π . The stress energy tensor is [10] [21] [22] 

( ) ( )2 2 .µν µ ν µνρ= +Π + ΠT c u u c g                 (15) 

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

( ) 2 3 4 .ρ= − + Π = − + ΠTr T c E                  (16) 

The ratio of pressure energy to matter energy for one velocity state then is 

( )2
2

4 8 8sin 2 .θΠ
= =P

E
                    (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 îe  and an infinite number of velocity magnitudes v  
from 0 to c. The full Hilbert space of wavefunctions is given by the total wave-
function tensor product ˆψ ψ⊗e v  and all these states must be considered in our 
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model MWI universe [23]. In the local Lorentz frame at each space--time point 
under the MWI the trace can be approximated as 

( ) ( )
6 6

2 2 2

1 1 0

2

8 sin 2 d .ρ ρ θ θ
= =

π

= − +∑ ∑ ∫MWI i i
i i

Tr T c c            (18) 

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 di-
rections, the total effective mass energy 2 26ρ ρ=tot Lc c  where ρ ρ=L i  is the 
density in the local Lorentz frame. 

The ratio of matter energy ΩM  to dark energy ΛΩ  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 

( )2

0

2
1 1 0.438.

4 18 sin 2 d 2θ θΛ
π

Ω
= =

π
≈

Ω − 
 
 ∫

M             (19) 

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 esti-
mate of the ratio ( )0.25 0.05 0.7 0.428ΛΩ Ω ≈ + =M . 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 consis-
tent 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 tra-
jectories in space-time. 

Since there are 6 possible orthogonal velocity basis directions the total mass 
energy is 2ρtotc  is approximately 6 times that of the contribution of a single di-
rection 2ρLc . Only one velocity direction can constitute an observed or meas-
ured 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. This would be in 
broad agreement with experimental observation [10]. 

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

5. Conclusions 

In the MWI approach, dark energy is provided by a quantum pressure produced 
by all the possible quantum paths existing prior to a measurement. The effective 
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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 MWI 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 Many Worlds is measured. This 
“measurement’’ could be provided by an observation, interaction or decoherence. 
Perhaps the pressure from “Zitterbewegung’’ could be a microscopic effect ex-
isting 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 MWI approach is also 
compatible with the latter, currently unfashionable, view that there exists a uni-
versal 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 interpretation that all quantum states contribute to physical reality 
and not just as an artificial computational or mathematical device used in quan-
tum calculations. This Everettian view of reality is that favoured by Deutsche to 
explain quantum computation [14]. 

Interestingly, MWI approach described 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 coin-
cidence’’ issue and the model is compatible with observational CMB measure-
ments where the total energy density balances the critical density. 
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