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Abstract

A particular version of the many-worlds interpretation is presented. I argue that
the only ontology of quantum mechanics is the universal wavefunction following uni-
tary deterministic evolution. The other part of the theory are postulates connecting
experiences of agents in multiple parallel worlds with branches of this wavefunction.

A few decades ago I spent a day of discussions with David Bohm and I remember
telling him that I liked his theory, Bohm (1952), because it is a candidate for an ontological
theory which explains everything. David’s reply was that this is nonsense: humans are
limited, and we will never find such a theory, only a better and better approximation of
it. Many interpretations agree with Bohm’s approach asserting that quantum physics is
only capable of telling us how to predict the outcomes of measurements we perform, not
what Nature is. My colleagues often start teaching students quantum mechanics saying
that they only can explain how to use it, not what it means. Working on foundations of
quantum mechanics starting with my Ph.D. studies with Yakir Aharonov, I feel that we
can be more optimistic.

I want to believe that today we understand Nature. I do not try to understand why
our world happened to be this particular one and not another. I only try to understand
how our world works. Beyond predicting the outcomes of measurements, I want to
explain the process of measurements. The task is to identify in all that we know sets of
similar situations which can be considered as preparations of measurements and to find a
theory that explains the common patterns of behavior in these situations, the results of
measurements. At the end of the 18th century there was a feeling that science reached
a satisfactory solution for this task. However, this famous quote of Lord Kelvin (1901)
shows that this feeling was very wrong:

The beauty and clearness of the dynamical theory, which asserts that heat
and light are modes of motion, is at present obscured by two clouds.

Physics was completely changed by the two clouds that Kelvin was referring to - the theory
of relativity and quantum mechanics. Today we have a much better reason to believe that
we understand Nature: experimental data and predictions of our current theory agree
with unprecedented precision. We do not have a satisfactory quantum explanation of



gravity, which the physics community expects, but this fact is not relevant to explaining
experiments that we perform.

In spite of the extraordinary success of science in explaining the results of experiments,
the view that today we understand Nature is not popular. One sociological reason is
our memory that we were very wrong in 1900 asserting that we understand Nature,
when we had no quantum and relativistic theories. Still, maybe the main reason is that,
paraphrasing Lord Kelvin, the beauty and clearness of the dynamical theory is at present
obscured by one big cloud: the measurement problem.

Equations of quantum mechanics describing quantum measurements have terms corre-
sponding to all possible outcomes, but in the laboratory we always observe only one of
them. How do we resolve this difficulty? Physicists were looking for alternative equations
that yield one outcome, like in all situations described by classical physics from the time
of Lord Kelvin, but without success. Another approach is to accept the equations of
evolution of quantum states but add equations that remove all the terms appearing in
measurement procedures except the one that corresponds to the observed result. Von
Neumann postulated that all other terms disappear without providing any mechanism in
mathematical terms. To justify this ad hoc and vaguely defined postulate, he showed that
we would not be able to see a difference between a wide range of mechanisms erasing the
other terms. Among the physical proposals for such a mechanism Pearle (1976); Ghirardi,
Rimini, & Weber (1986); Diósi (1987); Penrose (1996), most also have an ad hoc character.
Instead of changing the evolution of quantum states, David Bohm suggested adding the
ontology of particle positions, Bohm (1952), which singles out one result for each quantum
measurement.

I understand the motivation for having, in theory, only the measurement results we
observe in a laboratory, but since all current proposals achieving this are radically different
from all other aspects of physics that are tremendously successful in explaining all that
we observe, I cannot accept these proposals. The main issue is that they all introduce
action at a distance, see Vaidman (2024b). I prefer to keep physics clear and elegant
without non-local actions. This leads me to abandon the von Neumann process of type I,
to reject modifications of standard quantum mechanical equations, and to avoid adding
new ontology like Bohmian positions of particles. There is a price: accepting a multiplicity
of worlds corresponding to all measurement outcomes.

Let me present here an example to demonstrate the many-worlds interpretation (MWI)
and action at a distance of a single-world interpretation. The principle of superposition is
well established for microscopic objects like atoms, see Fig. 1a. If there are two stable
states of an atom, the ground state |g〉 and a particular excited state |e〉, then the atom
can be in a superposition state, e.g.

1√
2

(|g〉+ |e〉). (1)

The MWI states that the superposition principle is universally valid, not just for
microscopic systems, but for cats, people, measuring devices, etc. So, if we have the state
of a macroscopic pointer measuring the ground state of the atom, |G〉MD and we have the
state of a macroscopic pointer measuring the excited state of the atom, |E〉MD then the
superposition state

1√
2

(|E〉MD + |G〉MD). (2)

exists too, see Fig. 1b.
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Figure 1: Superposition principle. a) If an atom can be in state |g〉 and it can be in
state |e〉 then it can be in state 1√

2(|g〉+ |e〉). b) If a pointer of the measuring device can be
in state |G〉MD and it can be in state |E〉MD then it can be in state 1√

2(|G〉MD + |E〉MD).
For macroscopic measuring devices the principle holds in the the framework of MWI, but
it does not hold in the frameworks of single-world interpretations.

The 2022 Nobel Prize in Physics for the experimental demonstrations of nonlocal
features of quantum mechanics was apparently triggered by “loophole-free” Bell-type
experiments with, arguably, the most convincing results in Munich, see Rosenfeld, Bur-
chardt, Garthoff, Redeker, Ortegel, Rau, & Weinfurter (2017). These experiments show
that quantum superposition holds for two separated in space (400 meters in the Munich
experiment) atoms A and B. We can have a state with an atom A in an excited state
and an atom B in a ground state, |e〉A|g〉B. We can also have an excited atom B and a
ground state atom A, |g〉A|e〉B. The experiments showed that the entangled state of the
atoms, the superposition

1√
2

(|e〉A|g〉B + |g〉A|e〉B)., (3)

exists too, see Fig. 2.
In the framework of MWI, the measurement of the state of atom A of the entangled

pair (3) is described in the following way:

1√
2
|R〉MD(|e〉A|g〉B + |g〉A|e〉B)→ 1√

2
(|E〉MD|e〉A|g〉B + |G〉MD|g〉A|e〉B). (4)

In view of the experimental results of loophole-free Bell experiments, single-world
interpretations cannot reject the existence of the state (3) of entangled atoms, but
since there is no technology that can test for the interference of macroscopic bodies,
these interpretations implicitly postulate that superpositions of macroscopically different
macroscopic states like (2) do not exist. For single-world interpretation, this postulate is
also a necessity. Without this postulate, two different readings of the measuring device
coexist. This is the co-existence of two histories, the superposition of two worlds. This is
the MWI.

The measurement process of an atom is not instantaneous, but it is a local operation
at site A and, therefore, the duration of the measurement does not depend on the distance
between the sites A and B. In the loophole-free Bell-type experiments, the duration of
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