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Abstract

I analyze the possibility of free-will in the many-worlds interpretation (MWI), argu-
ing for their compatibility. I use as a starting point Nicolas Gisin’s “The Multiverse
Pandemic” (preprint arXiv:2210.05377, 2022, after Gisin, N., “L’épidémie du mul-
tivers”, in “Le Plus Grand des Hasards”, Belin, Paris, 2010), in which he makes an
interesting case that MWI is contradicted by our hard to deny free-will. The counts
he raised are: (1) MWI is deterministic, forcing choices on us, (2) in MWI all our
possible choices happen, and (3) MWI limits creativity, because everything is entan-
gled with everything else. I argue that each of these features of MWI is in fact com-
patible with more freedom than it may seem. In particular, MWI allows compatibil-
ist free-will, but also free-will very much like the libertarian free-will defined by
Chisholm. I argue that the position that alternative choices exist as possibilities does
not make sense from a physical point of view, but MWI offers a physical ground for
alternatives.

Keywords Everett’s interpretation - Many-worlds interpretation - Free-will -
Libertarian free-will - Compatibilism

1 Introduction

This article focuses on free-will only in relation with physics, especially with quan-
tum mechanics, in particular the many-worlds interpretation [1, 2]. I will ignore the
aspects of free-will related to legal and moral responsibility, but also numerous other
related themes, including philosophy and religion and their rich histories. There are
many others who analyzed and discussed all these much better than I could ever do,
here is a selection [3—11].
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I will use as a starting point for this discussion of free-will in the context of the
many-worlds interpretation of quantum mechanics Nicolas Gisin’s criticism [1,
2], since it touches on important questions and it is well-written.

Perhaps the most important division of the views on free-will is based on the
existence of indeterminism and its role.

Libertarian free-will requires indeterminism, so that the free agent is able to
make choices free from both external and internal constraints, including even the
agent’s own motives and tendencies [8]. It is important that indeterminism is used
in the process of decision-making, but not in a “passive” way, because indeter-
minism by itself doesn’t guarantee free-will any more than basing your choices
on tossing a coin or on using Vaidman’s Quantum World Splitter [12] does. The
agent should be the source of his choices or actions, it should initiate them, unaf-
fected by prior events, and so that it could have made a different choice. Accord-
ing to Chisholm [13]:

If we are responsible, and if what I have been trying to say is true, then
we have a prerogative which some would attribute only to God: each of us,
when we act, is a prime mover unmoved. In doing what we do, we cause
certain events to happen, and nothing—or no one—causes us to cause those
events to happen.

Here is an illustration of libertarian free-will, based on the graphical user inter-
faces used on computers. Alice is an agent that makes a choice between two
options, having a coffee, or having a tea. She can choose to have a coffee,

@ Alice chooses coffee.

ey

O Alice chooses tea.
or she can choose to have a tea

O Alice chooses coffee.

® Alice chooses tea. @
By contrast, according to compatibilism, not only free-will is compatible
with determinism, but determinism is necessary for freedom, because it allows
the agent to decide and act based on its own past history, desires, motives, and
tendencies. For compatibilist free-will, we need at least “effective determin-
ism”, by which I mean that even if at the micro-physical scale determinism is
not true, the decision-making is shielded from indeterminism so that it is, for all
practical purposes, a deterministic process. The agent is the source of her own
actions, without needing to choose among alternatives. For example, if you want
to drive a car, play piano, type some text, indeterminism, or even deterministic
but chaotic causes, may affect your ability to control yourself and to exercise
your freedom. This doesn’t necessarily require that determinism is valid down
to the scale of micro-physics, but at least that it is effectively valid in the agent’s
decision-making.
Compatibilist free-will would determine Alice to have coffee, excluding tea,
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@ Alice chooses coffee.

3
O Alice chooses tea. 3
or to have a tea, excluding coffee
O Alice chooses coffee.
4

® Alice chooses tea.

(I used the convention that the options excluded by determinism are “disabled”.)

Hard incompatibilism is the position that neither libertarian nor compatibilist
types of free-will are possible [14].

Hard incompatibilism seems to be the most logical conclusion of physicalism.
Physicalism claims that consciousness is reducible to the insentient substance that
we commonly call matter, and everything supervenes on the micro-physics. In the
philosophical and psychological discussions of free-will, the ability to make deci-
sions cannot be separated from the agent’s consciousness. But when looking at the
micro-physical level, all we see is particles and fields blindly following the physical
law. Intention, decision, consciousness, all of these are supposed to emerge from
this. Then, there should exist an evolutionary explanation of why we developed the
sense of free-will: likely because in order to survive, we needed to care about our-
selves [5]. To care about ourselves, it helps if we behave as if we take ownership of
our behavior, if we adopt as our own whatever changes occur in our physical states
due to the laws of physics. So the implication of physicalism is most likely that free-
will is a useful illusion, whether we’re talking about deterministic or indeterministic
behavior. I'd like to add that many physicalists support some versions of free-will,
if defined in a way that avoids talking about anything else but the dynamics of the
physical stuff, interpreted as due to conscious agency only in a weakly emergent
sense [5, 15, 16], or where the illusion of freedom may be due to our inability to pre-
dict the result of our internal deliberation, as explained for example in [17].

If quantum mechanics ensures the existence of genuine indeterminism in nature,
how could it be used for free-will? Is the agent supposed to use a determinis-
tic mechanism to decide what choice to make, and then to use the causal opening
offered by wavefunction collapse to enforce her decision, determined by the micro-
physics, to the physical world? From a physicalist point of view, this seems to make
little sense, because the decision itself would be deterministic. And if indeterminism
is involved in the decision-making, how is it different from just going along with
whatever the result of the wavefunction collapse is, in the exact same way compati-
bilists go along with the deterministic processes?

Whatever proposals to account for genuine free-will we may make, it seems
to me that they cannot be purely physicalistic, that we have to make additional
hypotheses that somehow are consistent with the physical laws, but without actu-
ally being reducible to them. Since these hypotheses can’t be read directly from
the micro-physics without requiring an interpretation, a narrative, they should be
seen as metaphysical assumptions. Any experimental test that can be reproduced
by third parties will report on the behavior of the matter following the physical
laws, and only with additional insights can it be interpreted as decision-making
of conscious agents. These additional insights have no origin in the uninterpreted
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reading of the micro-physical events, they come from our internal experiences
[3, 10]. Without having these experiences of freedom of choice, illusory or not,
it would probably never have occurred to us that there is such a thing as free-will,
just by examining the structure and dynamics of matter. Moreover, perhaps only
because we have these experiences ourselves, we attribute the existence of similar
experiences to other agents that we study, because we see them as not being fun-
damentally different from ourselves. So we know from our experiences that we
feel that we are agents able to make choices, we interpret these experiences based
on metaphysical assumptions, and we overlap these interpretations on the physi-
cal laws. But if we try to be authentic physicalists or materialists, if we go all the
way down, all remains is blindly interacting particles and fields, so we are forced
to deny our own experience and say that free-will, along with consciousness, are
some emergent behaviors, even illusions [18-20]. And indeed, even if we feel
that we used our free-will to make a choice, and that we could have done other-
wise, in many instances neuroscience tells us that this was not the case [5, 11], so
at least we know that at least libertarian free-will is often, though not necessarily
always, an illusion. Physics, and natural sciences in general, say very little about
free-will and consciousness per se, they offer a rigid frame in which we project
our metaphysical intuitions and preferences.

More precisely, how are we supposed to determine by experiment, even if we
would be able to conduct it at the lowest scales and we collect all details about
the micro-physics, if a certain indeterministic event happened by itself, for exam-
ple due to the wavefunction collapse, or it was caused by the agent as a prime
mover as Chisholm proposed? In fact, Chisholm acknowledges this problem [13]:

What, for example, is the difference between A’s just happening, and the
agents’ causing A to happen? We cannot attribute the difference to any
event that took place within the agent.

His solution is simply an appeal to fu quoque:

It is a problem that must be faced by anyone who makes use of the concept
of causation at all; and therefore, I would say, it is a problem for everyone
but the complete indeterminist.

That is, both the libertarian who thinks that the agent really has agency and the
compatibilist types of free-will suffer of the same problem: the micro-physics of
the agents works well without having to assume that the agents contribute with
anything more than just being subsystems in the world. Occam’s razor invites
the physicalist asked about free-will to reply in the same way Laplace replied to
Napoleon when he asked him about God: “Sire, I had no need of that hypothesis.”
The only difference is that, physicalists or not, we seem to experience free-will,
and we can take it as real, as an emergent phenomenon, or as a mere illusion,
albeit a useful one, both for motivating individual actions and for building socie-
ties in which we can rely on each other [21].

So while any discussion about free-will can use the physical laws as a “skel-
eton”, the “flesh” that can be added on that skeleton consists of metaphysical
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assumptions. To my knowledge, despite the fact that so many thinkers tried to
solve these issues, 60 years later the situation remains unchanged. And this situa-
tion is not improved by the fact that we still don’t know if quantum micro-physics
really is indeterministic [22, 23] or deterministic [24, 25], or effectively indeter-
ministic per branch but deterministic for the whole wavefunction [26]. We also
don’t know if our decisions use, at least some times, noise or even genuine quan-
tum indeterminism as a resource [22, 27-29].

An observation that I think is important is that many discussions about free-
will assume from the start that the universe is not aligned with the will of the
agent, as if the agent is not an inherent part of the universe. This divisive atti-
tude may betray an explicit or hidden belief in dualism. But what’s important is
that it informs the attitude we have with respect to free-will. And, since either
the universe is causally closed, or, if it’s not, and the only input in the causal
structure can only be indeterministic, this attitude of antagonism informs the
rejection of free-will by invoking physicalism. On the other hand, why should
we see ourselves as in such a big tension with the universe? Aren’t we parts of it?
Aren’t we here, evolved beings who wonder about the mysteries that we’ve under-
stood so far and those yet unanswered, precisely because the universe brought us
into being? In this sense, there should be no conflict between physical laws and
freedom, anymore than the skeleton of our bodies bring some rigidity, but with-
out this rigidity we wouldn’t be able to walk or to protect our decision-making
machines called brains.

For these reasons, while I am extremely interested in free-will, I have to admit
that I don’t know if we can use physics to prove any position on free-will. And since
everything else that can be added to transform the cold equations into a narrative
about agents experiencing or not freedom is added on top of what physics says,
when speaking from the point of view of physics I feel the need to say that I don’t
know what free-will is or even whether it exists. I can’t give a mathematical defini-
tion or a mathematical model of free-will, without having to appeal to an interpreta-
tion. Many tried to model free-will and even consciousness, but what I mean here is
that I don’t know a model that defines or models free-will by itself, without requir-
ing an interpretation in terms of experiences. Let alone a model that is also physi-
cally realizable and empirically testable. But since I can’t say for sure that this is a
limitation of mathematics and physics, I must assume it’'s my own, and therefore I
feel forced to take an epistemically modest position and simply say “I don’t know”.

And yet, even after admitting that we can’t read from the structures of mathemati-
cal physics whether they realize or not free-will, nor whether and how we can test
them empirically, we can try to see what interpretations or definitions of free-will
are logically compatible with these structures. And since we know that micro-phys-
ics is quantum, this can be a starting point of exploring these compatibilities.

Ever since the discovery of quantum mechanics, the postulation of the wavefunc-
tion collapse was associated with the most basic form of libertarian free-will, which
equates indeterminism with free-will [30-33]. More and more refined views about
libertarian free-will developed over time, for example Chisholm’s account of liber-
tarian free-will in terms of the agent being a “prime mover unmoved”, which seems
to be echoed by Wheeler when discussing quantum measurements [34]:
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To use other language, we are dealing with an elementary act of creation.

If this provides an acceptable basis for free-will for those who think that the unpre-
dictability of the results of quantum measurements leave room for free-will, others
don’t find such interpretations of quantum mechanics compelling for other reasons.
A notable example is Wheeler’s student Everett, who proposed that all results of
quantum measurements exist. After all, if the Schrodinger equation is a universal
law, why would this law be suspended and replaced with the wavefunction collapse
when we do a quantum measurement, as if the measuring device isn’t a quantum
system itself? Anyway, I don’t intend to address the usual questions about Everett’s
proposal, the many-worlds interpretation (MWI), in its original form or in different
variations (my modest answers to these questions can be found in [35, 36]). The
scope of this article is limited to the possible relations between MWI and free-will.
I will use as a main pretext Nicolas Gisin’s criticism of free-will in MWI, because it
manages to concentrate more lines of attack, some of them novel and profound, in a
concise form.

2 The Many-Worlds Interpretation and Free-Will

As I argued above, some of the perceived tensions between free-will and the physi-
cal laws come from seeing individual freedom as “me against the universe”. In the
many-worlds interpretation, this can reach a whole new level, “me against the mul-
tiverse”. In a recent very entertaining one-page article [1, 2], Nicolas Gisin raises
profound questions about free-will in MWI. He charges MWI on three counts, one
for each of the following features it has [26, 37-39]:

Feature 1 (Determinism) Since its dynamics is given by the Schrodinger equation
only, MWI is deterministic.

Feature 2 (Multiple alternatives) Everything that has a nonzero amplitude to hap-
pen, happens in some world.

Feature 3 (High-level of entanglement) Everything seems to be entangled with eve-
rything else, limiting creativity.

Because of the difficulties to define or to describe them in terms of physical data,
mentioned in the Introduction, I don’t really know how to define free-will or creativ-
ity physically, all I know is my own subjective experience of freedom. This experi-
ence may be in fact a compatibilist free-will experienced as libertarian free-will,
or it may be an illusion altogether. But in a world made of apparently insentient
physical stuff endowed with no intrinsic intentionality, this is our only source of
information that there is free-will. But we don’t need this, because if whatever we
call free-will corresponds to our experience, its compatibility with MWI should boil
down to whether MWI supports human beings having the experience of free-will
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just like in the interpretations of quantum mechanics (QM) considered compatible
with free-will.

2.1 Determinism in MWI and Free-Will
Count 1 In a deterministic world, we have no freedom.

Reply According to compatibilism, it is perfectly possible that our will is compat-
ible with a causally closed world. But this may seem to be a too simplistic semantic
trick to avoid the problem, and there is more to be said.

But how can indeterminism allow free-will? How would it help if our decisions
are not fully determined by our own present state, but by occasional indeterminism
breaking into the causal chain?

Wouldn’t we be more free if we can determine our next decisions based on how
we are now, rather than letting them at the mercy of indeterminism?

Gisin mentions Descartes’ solution, that “mind” is ontologically distinct from
“matter”, and our will affects the physical by some “openings” in its causal chain.

But then, if dualism [40] is true and accounts for libertarian free-will, the stuff
making our mind, our will, should have its own logically consistent laws. And since
decision presupposes change, these laws should be those of a dynamical system,
deterministic or not. The “will-stuff” or the “mind-stuff” (res cogitans) should have
its own structure and its own dynamics, even if its nature is mental, similar to how
the “matter-stuff” or the physical-stuff (res extensa) has its own laws and dynamics.
Then, if the “will-stuff” interacts with the physical-stuff, they form together a larger
dynamical system [41], governed by some laws just like physical systems are. The
difference is just that it has a double ontology, “matter” and “mind”, but this is irrel-
evant for how it follows the laws. So we gained nothing, the “openings” in the causal
chain are just gates to a larger causal chain, and the questions return.

Another possibility to avoid the problem that indeterminism by itself does not
guarantee libertarian free-will is by making an assumption which leads to no physi-
cally detectable difference, a metaphysical one, like the one proposed by Chisholm,
in terms of the agent being a “prime mover unmoved”. Suppose that the agent acts
like a prime mover unmoved by using the wavefunction collapse, turning it, as
Wheeler put it, into “an elementary act of creation” [34].

But let us recall the full context of Wheeler’s quote:

To use other language, we are dealing with an elementary act of creation. It
reaches into the present from billions of years in the past. It is wrong to think
of the past as “already existing” in all detail. The “past” is theory. The past has
no existence except as it is recorded in the present. By deciding what questions
our quantum registering equipment shall put in the present we have an undeni-
able choice in what we have the right to say about the past.

We see that Wheeler’s participatory universe is more than simply using indetermin-
ism as a backdoor in the causal chain of events. In addition to the wavefunction col-
lapse, there is another opening in the causal chain: the initial conditions. What if
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the initial conditions are not fully specified at the beginning of time, but are gradu-
ally determined as more observations and choices are made? As if God left some
blank parameters defining the initial conditions of the deterministic universe, to be
filled in later by our own choices. Independently, Hoefer makes the case for this
“inside-out freedom” in classical special relativity, in [42].

But if we accept Wheeler’s idea of agents that participate to the initial condi-
tions, we can apply it much strongly, to avoid the violations of unitary evolution
apparently required by the wavefunction collapse, but also the branching into more
worlds. This should be possible too, if our choices now can contribute to the ini-
tial conditions at the beginning of the universe, as I explained in [25, 43, 44] (also
see Scott Aaronson’s articles building on this idea [17]). If there are yet unspecified
values for some degrees of freedom, left blank, they can be adjusted later to lead
to a unique outcome for each measurement without having to collapse or branch
the wavefunction. These blank parameters may be filled in later, when choosing the
measurement settings, so that quantum measurements have definite results without
changing the Schrodinger equation, without collapse, without adding new variables,
and without creating new worlds.

This can be understood as “superdeterminism”, if we take the view that the ini-
tial conditions are already given at the beginning, but in such a way as to ensure
the uniqueness of the outcomes of measurements without appealing to collapse or
branching. Or it can be understood as “retrocausality”, if we adopt a four-dimen-
sional block universe view as in relativity, but allow the state of the universe to be
specified by constraints distributed at various places and moments in time, that is,
not all of them being specified at the Big Bang [25].

I think the best way to think of them is in terms of sheaves of local solutions that
can be extended to global solutions [25, 45]. And, as a bonus, it allows free-will
as prime mover unmoved, so a libertarian kind of free-will, but in a deterministic
world whose initial conditions are not yet determined [43]. This is consistent with
Wheeler’s interpretation of the delayed choice experiment as making the case for
a participatory universe, but in a different way, in which unitary evolution is saved
(without resorting to many worlds) [46].

More recently, Gisin himself used this “causal opening” in the initial conditions
of the deterministic laws [47]. His argument is that, since exact real numbers contain
infinite information, they can’t describe the universe. He uses the idea of filling in
the blanks in the imprecision of numbers, as a way by which potentialities become
actualities in a deterministic world. He applies this idea to introduce indetermin-
ism in Bohmian mechanics [24, 48]. By the way, Bohmian mechanics shares with
MWI the Features 1 and 3, and some may say Feature 2 as well,' [49], so Gisin’s
arguments, if correct, should apply to Bohmian mechanics too. Conversely, the

! Even if Bohmian mechanics proposes that the world as we experience it supervenes on the configura-
tions of point-particles, there is nothing to stop similar worlds to supervene on the wavefunction, which
has branches just like MWI. These worlds must contain wavefunction patterns (in the sense of MWI, see
[38]) arranged and evolving like agents as well. This is necessary because these waves guide the point-
particles in their motion. And, when these “agent-like patterns” perform experiments, they are affected
by Feature 2, resulting in multiple outcomes in the wavefunction’s patterns just like in MWI.
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arguments proposed here can be applied to the guiding wavefunction in Bohmian
mechanics too.

However, what I propose here is an application to MWI of the idea that I origi-
nally used for a single-world unitary-only evolution. In MWI, there are also initial
conditions, and if they can be chosen to ensure a unique outcome, as in [50], this
should be possible also in MWI, for those cases when the agent uses quantum meas-
urements within her own brain to make decisions. Therefore, in MWI the agents can
use the same loophole of “delayed initial conditions” to reduce their future choices,
even to a single choice. Similarly, even Gisin’s own proposal for infusing free-will in
a deterministic classical world or in Bohmian mechanics can work for MWI as well.

The proposal presented here has the advantages of both libertarian and compati-
bilist free-will, because the agent is free to act as a prime mover unmoved, but she
can do this in a way that also defines “retroactively” part of her own past, by filling
it the values of the degrees of freedom that remained blank and were not revealed
by observations up to the moment when she exercises her free-will. The agent can
make a free choice now, in the libertarian sense, and realize that this was what she
wanted all along but didn’t know it until now. O

2.2 Multiple Alternatives in MWI and Free-Will

Count 2 If every possibility is realized, all our choices are realized, and we have no
freedom.

Reply If it seems limiting to be forced by micro-physics to make a particular choice,
it should probably feel more limiting to be forced to make all possible choices, even
those you don’t want to make.

But MWI does not force the agent to make all possible choices she may have.
MWI ensures branching when the wavefunction spreads over multiple macro-states
(which appear to us as classical [38]), for example when measurements happen, or
when atom or particle decays take place. If the agents can harness quantum measure-
ments or decay within their brains in their decision-making, this still doesn’t mean
that they would make choices in contradiction with their own preferences or desires.

The argument from my reply to Count 1 applies to laws which, given the initial
conditions, determine a single history, while in MWI multiple histories happen. But
also in MWI not all choices happen. The only possible worlds are those consistent
with the initial state and unitary evolution, in the sense that these worlds are repre-
sented by state vectors that are not orthogonal to the unitarily evolved initial state.
This implies that choices that would result in a total state vector that could not have
evolved from the initial state are not available to the agent.

But how restricted is the allowed initial state of the universe? MWI requires
special initial conditions, otherwise branching into worlds would not happen only
towards the future, and the Born rule would not be consistent with the records of
past measurements kept in the present state of the world. But shouldn’t branching
be, by definition, only “towards the future”? What would even mean “branching
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towards the past”? It simply means that separated worlds, or even “parallel” worlds
that didn’t arrive from branching, can interfere. Suppose that after a spin 1/2 meas-
urement along an axis we found that the spin is “up”. According to MWI, if the spin
prior to the measurement was a linear combination of “up” and “down”, there is also
a branch in which we found the spin to be “down”. A repetition of the measurement
in the first branch should find again that the spin is “up”. But if the two branches
interfere in the meantime, this will affect the result, and we can obtain that the spin
is “down”. Obtaining the spin “up” and then, by measuring it again, obtaining that
it is “down”, would be a violation of the Born rule. We normally exclude the pos-
sibility that the branches, once separated, can interfere again, by invoking decoher-
ence. But the mechanism of decoherence works only if the initial conditions of the
universe are special, in a similar sense in which they have to be special to ensure that
the entropy increases. In MWI (and Bohmian mechanics for that matter), for branch-
ing to happen only towards the future, the initial conditions have to satisfy more or
less the same constraints as those necessary to ensure Second Law of Thermody-
namics, as argued by Wallace (see Chapter 9 in [38]).

Note 1 In fact, the initial conditions turn out to be much stricter than simply being of
very low-entropy, as it is often believed. This was shown in [51]. Let me detail this
a bit, since it is a counterintuitive and unexpected result, and it may improve, even
if only marginally, the argument. The state space contains all possible state vectors.
This means, it contains state vectors that encode the records of results of measure-
ments as they happened, but it also contains state vectors that encode records of
things that didn’t happen. For example, a state vector can contain an agent whose
brain contains false memories of herself levitating or turning into a unicorn, but it
is not plausible that what’s in her memory really happened. Similarly, a state vector
that contains false records of repeated spin measurements along the same axis, but
so that the subsequent measurements didn’t confirm the first result, can exist, but
such a history should be vanishingly rare. And yet, state vectors encoding an agent
with such false memories or containing records in clear violation of the Born rule
are perfectly valid state vectors in the quantum state space. The records can “lie”
about the past. In this case, there is no past history consistent with these records, the
states containing them are the result of interference, just like classical Boltzmann
brains (spontaneous “coagulations” of brains with false memories of their past his-
tory) are expected to result from fluctuations [52]. In [51] it was shown that such
situations are rather the rule than the exception: in the state space, the state vectors
containing agents with false memories akin to Boltzmann brains vastly outnumber
those containing only agents with reliable memories. The state vectors containing
records that are inconsistent with the actual past history of the system fill the state
space, and only a subspace of infinitely smaller dimension that that of the total space
contains reliable records. A quick solution to this puzzle may seem to assume that
the universe started in a very special low-entropy state. While this is condition is
necessary, it was shown in [51] that it is not sufficient, and a condition much stricter
than we expect is needed. The initial conditions have to be very restricted in a way
that takes into account the dynamical law and future records of the events. And it
was shown that these conditions should involve strong correlations between any
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particle and the rest of the universe, even if only to ensure the possibility to build a
well-calibrated measuring device ([51], Sect. 3). And this applies to all major inter-
pretations of quantum mechanics. Normally, when imagining quantum experiments,
we take for granted the existence of measuring devices, but their very existence
requires very special initial conditions. In any interpretation of quantum mechanics,
the initial conditions have to depend of the of the laws and perhaps even of future
measurement set-ups. This was thought to be exclusively the problem of “superde-
terministic” theories, but such correlations are required even by those interpretations
of QM that don’t rely on violations of Statistical Independence in Bell’s sense [53].
O

The branching asymmetry discussed by Wallace in Chapter 9 of [38] and the argu-
ment from Note 1 give additional reasons why the kind of injection of freedom in
the initial conditions by filing the blanks later, when our choices take place, may
work for MWI too, allowing our will to limit the alternatives. If the compatibiliza-
tion of libertarian free-will with the causal chain by filling in the blanks works for a
deterministic world, it should work for MWI too.

But, assuming that in MWI the agents’ decision-making can itself be subject to
branching, why being restricted to a unique choice would mean more freedom than
making all possible choices in different worlds? A world in which we can choose
only one thing and all the others are forbidden restricts our freedom. MWI allows us
to follow Yogi Bera’s advice,

When you come to a fork in the road, take it.

If Alice has to choose between two mutually exclusive options “coffee” and “tea”,
and wants them both, MWI allows her to choose both of them, albeit in different
worlds. In the world where Alice’s choice is coffee, she experiences doing this by
her own free-will, and similarly in the world where her choice is tea. Any attempt to
trace in her brain previous indications that she didn’t want to make that choice will
find none, because her state can’t evolve, even with collapse or branching, in a state
that contradicts her past history. The wavefunction has two branches,

a |Alice wants coffee) |Alice drinks coffee) and
b|Alice wants tea) |Alice drinks tea) ,

)

where a, b are complex numbers so that a® + b*> = 1. If MWI gives Alice the free-
dom to make both choices, it gives her more freedom.

For example, if Alice has to choose between mutually exclusive coffee and tea,
she can have it both ways in different worlds,

V1 Alice chooses coffee.

M Alice chooses tea. ©)
In (6) I used check boxes, which are not mutually exclusive, while the radio buttons
used in (1) and (2) are mutually exclusive.
And if Alice wants coffee but not tea, this means that her own disposition when
making the choice was to choose coffee, so that b = 0,
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W Alice chooses coffee.

(7

[0 Alice chooses tea.
Similarly, if she wants tea but not coffee, her disposition corresponds to a = 0,

O Alice chooses coffee.

M Alice chooses tea. ®
Alice’s preference for coffee can be understood in the compatibilist sense, as being
determined by the initial conditions of the universe, but also in the libertarian sense,
as Alice choosing now how to fill in the blanks in these initial conditions. Therefore,
Alice can exercise her status of unmoved prime mover to participate to the initial
state of the universe, which is far in the past, by making her choice in the present.

At the level of micro-physics, in MWI, this would work in the following way.
In [50] I proposed that the previous system with which the observed system inter-
acted, usually the preparation device, becomes entangled with the observed system.
This entangled state is a linear combination of tensor products between eigenstates
of the observables and states of the preparation device. When the measurement
is completed, the resulting state is such a term of the product, so that the result-
ing eigenstate of the observed system is accompanied by a state of the preparation
device, and an interaction between them taking place in a way that can ensure the
conservation laws and even unitarity. For each of these unitary histories, this inter-
action with the preparation device is like the spontaneous “kick” coming from the
environment and affecting the observed particle, ensuring thereby the unitary evolu-
tion for that history, as postulated by Schulman in his “special states” proposal [54].
(Note that if we don’t take into account the past interactions of the observed system,
quantum measurements violate the conservation laws, even if we take the measuring
device into account [25, 55, 56].) Later, motivated as well by recovering the con-
servation laws, Collins and Popescu rediscovered this solution based on entangle-
ment and constructed a more detailed theoretical model [57]. In the case of MWI,
we can use this proposal to ensure a continuity between Alice choosing coffee and
her past, or Alice choosing tea and her past, so that the choice results from her own
preferences or tendencies. This can accommodate compatibilist free-will, but also
libertarian free-will, if Alice can act as a prime mover unmoved to fill in the blank at
the moment of choice, so that her past micro-state was already leading to her choice.

It can be objected that, even if MWI allows Alice to make both choices, each ver-
sion of Alice can enjoy the benefits of only one of these choices in each world. This
is consistent with Everett’s idea that each branch correlates with her brain being in a
classical state [26].

Can Alice have the experience of enjoying both worlds at once? Can her mind
be in such a quantum state? My classical mind writing these words is unable to
grasp such a quantum mind, but that’s just my classical mind. Given that any
discussion of free-will is anyway deemed to supplement the physics with meta-
physical assumptions, we can as well entertain the metaphysical claim that Alice
is more than we see in a single branch, that it has a super-mind containing the
instances of her classical minds in more branches at once, and maybe unifying
them in a higher form of her self. But perhaps such a speculation is too wild and
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unnecessary, given that most discussions of free-will make minimal metaphysical
claims, and even those perhaps with the sole purpose of accounting for our expe-
rience of freedom. And it is unnecessary to go that far, given that I already gave
a couple of reasons why the many worlds, with their multiple choices for Alice,
don’t constrain her freedom, but they may in fact fulfill it even more.

However, I'd like to add another argument. Libertarian free-will assumes the
existence of possible alternatives from which the agent can choose freely. But
here I think lies another conflict with the physical reality: things either exist or
don’t exist. While we talk about “possibilities”, we don’t know of any example
of something that is neither real, nor unreal, but it is possible. Possibility seems
to be in a realm between real and unreal, and we have neither a physical under-
standing of this, nor a mathematical model. From a structural-realist [58] point of
view, there is no difference between the structure of a possible world and that of
a real world. And yet, we use the idea of possibility often, in the general guise of
“counterfactuals”. We use counterfactuals when discussing probabilities, because
probabilities are the ratio between the number of possible favorable events and
the total number of possible events, even though only one of these events hap-
pened. We use counterfactuals when discussing libertarian free-will, for example
Swinburne wrote in [10], p. 203:

It is natural to suppose that there follows from someone having free will in my
sense a principle called ‘the principle of alternative possibilities’ (PAP) that:
A does x freely only if he could have not done x (i.e. could have refrained from
doing x).

Counterfactuals were used by David Hume to define causality, by stating that an
event x causes another event y if and only if, without x, y would not exist [59].

Counterfactuals were also used to reject the triviality argument against the com-
putational theory of mind. According to Putnam [60] and Searle [61], any physical
system can be interpreted as implementing any computation. One of the attempts to
refute the triviality argument is that a physical system implements a computation
only if it is able to compute for alternative inputs [62, 63].

But how can possible alternatives make sense, if something either exists or it
doesn’t and there is no middle way? And if counterfactuals as possibilities make no
physical sense, how can then libertarian free-will make sense?

David Hume, an important proponent of compatibilism, also thought that every-
thing about the world is determined by the configuration of matter and the distribu-
tion of particular events, by facts about objects in space and time, and that there is
no reason to infer from this the existence of causal relations or of fundamental laws
connecting these events. This position, named Humean supervenience, deems as
unnecessary and unwarranted not only the causal relations and the physical laws as
abstract entities connecting the events, but also the possibilities, the counterfactuals,
as pointed out for example by Loewer [64]. This became very clear in David Lewis’s
modal realism, according to which the “possible worlds” should be understood as
being as real as the actual world [65—67]. Then, there is no ground for libertarian
free-will based on alternative possibilities, unless each possible choice is realized in
some existing world. But MWI ensures the existence of other worlds, remaining in
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the game as a viable physical basis for free-will, and maybe as the only such basis.
O

2.3 Entanglement in MWI and Free-Will

Count 3 “When everything is entangled with everything else, in one big monstrous
piece, there is no room left for creativity” (Gisin [1]).

Reply It is said that Leonardo da Vinci worked on the Mona Lisa between 1503 and
1517. An artist tries numerous versions, explores numerous potential worlds in a
single world. MWI may allow different versions of da Vinci, with different versions
of the Mona Lisa, including the one we know. If our own history, with a particular
version of the Mona Lisa, involves creativity, how would the same history lack crea-
tivity in MWI, just because multiple other variations happen? If “everything hap-
pens” in MWI, how could creativity not happen?

Could it be true that in MWI the histories in which Shakespeare produced ran-
domly both great and bad literature overwhelmingly dominate the multiverse? This,
and even worse, should be the case if all initial conditions would be available. If
MWI gives the same probabilities as standard QM, Shakespeare should create con-
sistently great or consistently bad literature in most histories.

But, as explained in Sect. 2.2, this is not the case: the initial conditions, even for
MWI, have to be severely constrained. Leonardo da Vinci and Shakespeare didn’t
create their works randomly, by making arbitrary choices. They carefully educated
and trained themselves for a long time. Their precision shielded them both from
noise and uncontrollable indeterminism, and from entanglement. And if they did
indeed fill in the blanks in the initial conditions of the universe, they could say along
with the Areopagite, who wrote this a millennium before Michelangelo could have
said it [68],

For this is not unlike the art of those who hew out a life-like image (from
stone), removing from around it all which impedes clear vision of the latent
form, showing its true and hidden beauty solely by taking away

and pruning by this the undesired branches of the wavefunction.

But maybe entanglement introduces additional constraints that should be consid-
ered. So how would entanglement limit creativity?

While any interpretation of QM contains entanglement, MWI contains much
more, because it is based on decoherence. In each world, the measured system
is separated from the environment, so each world has the same amount of entan-
glement as in standard QM. But in the total wavefunction, containing the many
worlds, the observed system is entangled with the environment. Every time new
worlds are created, new entanglement is produced. Standard QM avoids this by col-
lapsing the wavefunction at the end of each measurement, so that in the end the
observed degrees of freedom are not entangled with the environment. But in MWI,
more entanglement is produced with each new measurement. The same amount of
entanglement is present in Bohmian mechanics, which requires the same branching
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structure as MWI, otherwise the “empty branches” will interfere with the one cor-
related with the Bohmian positions, making the macroscopic objects unstable and
violating the Born rule.

In each world, the entanglement is exactly how it has to be in standard QM. And
what happens in one world is not affected by the other worlds, unless previously
separated worlds interfere again, which would be a bigger problem for MWI than
too much entanglement.

Returning to the “opening” in the causal chain that may be needed for free-will,
in a deterministic world, even with many-worlds, the more ways to fill in the blanks
in the initial conditions, the more possibilities of freedom exist. And entanglement
only adds more possibilities, more parameters with more blanks to be filled in.

If we evolved to use the resources of pseudo-indeterminism like noise, and those
of genuine indeterminism like that resulting from quantum measurements, since
entanglement is also a resource [69], we may as well have evolved to use entan-
glement too. In fact, entanglement is the main resource on which modern quantum
technologies are based [70]. Whatever abilities we developed during our evolution,
including what we call free-will or creativity, are not due to the subsystems alone
against the environment, but to the complex interplay between them. Are these abili-
ties properties of us as subsystems, or of the whole? If quantum mechanics, in par-
ticular its many-worlds interpretation [71], but also Bohmian mechanics [72] taught
us something, is that the universe is an undivided whole. Therefore,

We are interconnected with the rest of the universe, and maybe these connections
enchain us, or maybe we evolved to use them to affect the world.

If, during the evolution of life, this resource of entanglement could be used for
the survival of the individuals and of the species, it was used. But at any rate, if it
was not used, its existence does no harm, and adds no limitation. If creativity is pos-
sible in Standard QM, and if any history possible in Standard QM is also possible in
MWI, creativity is possible in MWI as well. O

3 Conclusions

I tried to take a rather prudent position, by separating the physical from the meta-
physical assumptions involved in what is understood by free-will. In this spirit of
prudence and epistemic modesty, I prefer to say that I don’t know what free-will is,
other than my own subjective experience of freedom, which informs, as in the case
of anyone else, my views on this issue. But even with this provision, it is possible to
analyze what types of free-will are consistent with MWI.

I want to emphasize again that libertarian free-will depends on whether the
brain is able to use quantum indeterminism or the branching resulting from deco-
herence, as a resource in the decision-making processes. Compatibilist free-will
depends on whether the brain is able to realize a chain of commands able to lead
to the desired outcomes, even if noise or genuine indeterminism interfere with
its actions. The article should be understood with these provisions, and with the
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provision that the physical structures don’t have more to bring to the table than
whether their behavior is deterministic or not, and retrocausal or not.

While I defended the compatibility of free-will with MWI, I only expressed
some personal views about logical possibilities, using as a starting point Nico-
las Gisin’s excellently written, very concise article. In my opinion, there is much
agreement between my views and his with respect to getting a chance to have
free-will even in an apparantely deterministic but incompletely specified uni-
verse. The disagreements come with respect to MWI, about which I argue that it
supports free-will.

In making the case for the compatibility of free-will in MWI, but also when
expressing cautions, I brought some arguments that, to my best understanding, are
novel:

1. Libertarian free-will based on dualism should, from a structural-realist and physi-
calist point of view, lead to a dynamical system composed of a matter-system and
a mind-system that interact, and it has the same problems as the purely physicalist
or materialist systems regarding the possibility of free-will (Sect. 2.1).

2. Libertarian-style free-will is possible even in a deterministic world, and even in
deterministic many-worlds, if not all parameters were fixed at the Big Bang but
can be fixed later by agents acting as prime movers unmoved (Sect. 2.1).

3. This combines the libertarian and compatibilist types of free-will in a single type
of free-will that has both their advantages (Sect. 2.1).

4. The ability to make multiple choices at once in a non-exclusive way gives us not
less, but rather more freedom (Sect. 2.2).

5. 1If classical agents can be supported by branches in the wavefunction, maybe
quantum agents, supported on the full wavefunction and supervening over more
branches, are possible as well, but we only experience a “classical component”
(Sect. 2.2).

6. The standard flavors of libertarian free-will require non-physical possibilities to
have a sort of reality that is not quite real, but also not unreal. I side with David
Lewis that this requires possible worlds to be real [65, 66], and I think that MWI
provides a physical basis for this (Sect. 2.2).

7. The huge entanglement present in MWI, rather than limiting our freedom,
could be a resource, a source of more blanks to be filled-in during our choices
(Sect. 2.3).

I conclude that, in my opinion, MWI is compatible with free-will just like other the-
ories and interpretations of quantum mechanics are, with its own flavors that can be
argued to bring some advantages. I'll let the readers use their free-will to decide if
these arguments are as plausible as the usual arguments for other versions of free-
will, and if they bring something both new and useful to the vast and sophisticated
discussion about free-will that is going on since ancient times.
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