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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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The	Frauchiger-Renner	Scenario

As indicated by the term Gedankenexperiment, we do not
claim that the experiment is technologically feasible, at least
not in the form presented here. Like other thought experi-
ments, its purpose is not to probe nature, but rather to
scrutinise the consistency of our currently best available
theories that describe nature—in this case quantum theory.
(One may compare this to, say, the Gedankenexperiment of
letting an observer cross the event horizon of a black hole.
Although we do not have the technology to carry out this
experiment, reasoning about it provides us with insights on
relativity theory.)

Before proceeding to the analysis of the experiment, a few
comments about its relation to earlier proposals are in order. In
the case where r= tails, agent F receives S prepared in state !j is:
The first part of the experiment, prior to the measurements
carried out by the agents W and W, is then equivalent to Wigner’s
original experiment as described in the section Introduction2.
Furthermore, adding to this the measurement of agent F’s lab by
agent W, one retrieves an extension of Wigner’s experiment
proposed by Deutsch6 (Fig. 1). The particular procedure of how
agent F prepares the spin S in the first step described in Box 1, as
well as the choice of measurements, is motivated by a
construction due to Hardy7,8, known as Hardy’s Paradox. The

setup considered here is also similar to a proposal by Brukner9,
who used a modification of Wigner’s argument to obtain a
strengthening of Bell’s theorem10 (cf. Discussion section).

Analysis of the Gedankenexperiment. We analyse the experi-
ment from the viewpoints of the four agents, F, F, W, and W, who
have access to different pieces of information (cf. Fig. 2). We
assume, however, that all agents are aware of the entire experi-
mental procedure as described in Box 1, and that they all employ
the same theory. One may thus think of the agents as computers
that, in addition to carrying out the steps of Box 1, are pro-
grammed to draw conclusions according to a given set of rules. In
the following, we specify these rules as assumptions (Boxes 2–4).

The first such assumption, Assumption (Q) is that any agent A
“uses quantum theory.” By this we mean that A may predict the
outcome of a measurement on any system S around him via the
quantum-mechanical Born rule. For our purposes, it suffices to
consider the special case where the state ψj iS that A assigns to S
lies in the image of only one of the measurement operators πt0

x ,
say the one with x= ξ. In this case, the Born rule asserts that the
outcome x equals ξ with certainty; see Box 2.

Crucially, S may be a large and complex system, even one that
itself contains agents. In fact, to start our analysis, we take the
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Fig. 2 Illustration of the Gedankenexperiment. In each round n= 0, 1, 2, … of the experiment, agent F tosses a coin and, depending on the outcome r,
polarises a spin particle S in a particular direction. Agent F then measures the vertical polarisation z of S. Later, agents W and W measure the entire labs L
and L (where the latter includes S) to obtain outcomes w and w, respectively. For the analysis of the experiment, we assume that all agents are aware of the
entire procedure as specified in Box 1, but they are located at different places and therefore make different observations. Agent F, for instance, observes z
but has no direct access to r. She may however use quantum theory to draw conclusions about r

Box 1: Experimental procedure

The steps are repeated in rounds n = 0, 1, 2, … until the halting condition in the last step is satisfied. The numbers on the left indicate the timing of the
steps, and we assume that each step takes at most one unit of time. (For example, in round n= 0, agent F starts her measurement of S at time 0:10 and
completes it before time 0:11.) Definitions of the relevant state and measurement basis vectors are provided in Tables 1 and 2.

At n:00 Agent F invokes a randomness generator (based on the measurement of a quantum system R in state initj iR as defined in Table 1) that
outputs r= heads or r= tails with probabilities 1

3 and
2
3, respectively. She sets the spin S of a particle to #j iS if r= heads and to

!j iS!
ffiffiffiffiffiffiffi
1=2

p
#j iSþ "j iS

" #
if r= tails, and sends it to F.

At n:10 Agent F measures S w.r.t. the basis #j iS; "j iS
$ %

, recording the outcome z 2 # 1
2 ;þ

1
2

$ %
:

At n:20 Agent W measures lab L w.r.t. a basis containing the vector ok
&& '

L (defined in Table 2). If the outcome associated to this vector occurs he
announces w ¼ ok and else w ¼ fail.

At n:30 Agent W measures lab L w.r.t. a basis containing the vector okj iL (defined in Table 2). If the outcome associated to this vector occurs he
announces w= ok and else w= fail.

At n:40 If w ¼ ok and w= ok then the experiment is halted.
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IncompaCbility	of	three	assumpCons:	
• (Q):	Quantum	theory	is	universally	valid.	
• (S):	Measurement	outcomes	must	be	single-valued.	
• (C):	The	predicCons	of	different	agents	are	consistent.
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At n:20 Agent W measures lab L w.r.t. a basis containing the vector ok
&& '

L (defined in Table 2). If the outcome associated to this vector occurs he
announces w ¼ ok and else w ¼ fail.

At n:30 Agent W measures lab L w.r.t. a basis containing the vector okj iL (defined in Table 2). If the outcome associated to this vector occurs he
announces w= ok and else w= fail.

At n:40 If w ¼ ok and w= ok then the experiment is halted.
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”

(C)

According to T

According to T

AA

A′ According to T

z = + 1
2

z = + 1
2

Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought

N	laboratories	(N=2	here)

M	copies	if	“Heads”	(M=2	here)
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.
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Still, “forgetting” is not generally thought to be su�cient to deem someone to be a di↵erent person. Moreover, in
all other ways Freya has a very high degree of physical and psychological continuity with the two copies who were
in the coloured rooms, and is causally continuous with them. In some sense then, she is (/was) both FreyaB or
FreyaG, again posing challenges for a consistent understanding of identity. Accordingly, we cannot make statements
pertaining to Freya’s thoughts of waking up in a blue/green room, without qualifying the thought as relative in some
way, or otherwise by clarifying some specific account of personal identity. On such basis, simply looking at the wording
of Ego Absolutism and Absoluteness of Observed Events, one may perhaps hold di↵erent views, as to whether one
should regard these claims as being violated in the classical thought experiment. However, of crucial importance are
the structural and mathematical claims that are implicitly associated with these plain language statements: namely,
that there is a single random variable at every moment of the experiment that would describe Freya’s thought. This
is explicit in equation (1), and for the 4-party setup of [7]; AOE is taken to imply mathematically that there is a
random variable c (and d), which describes the thoughts of the friend(s) throughout the experiment. This assumption
is manifestly violated in our classical thought experiments, despite looking the same from the outside as elements of
WF or LF experiments.

C. When classically duplicated agents reason about each others’ reasoning

Another paradigmatic example of EWF arguments is the Frauchiger-Renner Gedankenexperiment [5], which o↵ers
a no-go theorem concerning the consistency of agents’ statements when they all reason using quantum theory. The
following three (heavily paraphrased) assumptions cannot be jointly valid:

• (Q): Quantum theory is universally valid.

• (C): The predictions of di↵erent agents must be consistent.

• (S): Measurement outcomes must be single-valued.

It is found that an agent, upon observing a certain measurement outcome, must simultaneously conclude that
another agent has predicted the opposite outcome with certainty. We again argue that some of the metaphysical
consequences can be reproduced in a classical example involving duplication of agents, where we will similarly see
conflict between di↵erent observers’ predictions.

To do so, we consider a modified Sleeping Beauty problem, building on a decision-theoretic puzzle that typifies
apparent inconsistencies for self-locating beliefs [36]. In its original proposal, an agent is put to sleep and, dependent
on the outcome of a coin toss, woken either once or twice; upon each awakening, she is asked for her credence about
the outcome of the coin toss, then has her memory erased and is put back to sleep. For a more complete summary,
please see Appendix VC and references therein.

Thought Experiment 3. Imagine Freya is to be put to sleep, and multiplied into N copies. For each copy,
now asleep in N di↵erent labs, a fair coin is tossed. In each case, if the outcome is Heads, the copy of Freya
is duplicated again, or if the outcome is Tails, she is not. Then, each copy of Freya is woken and asked to
give her credence that the outcome of her lab’s coin toss was Tails. (We assume that she cannot notice the
presence/absence of an identical copy of herself in the lab). This scenario is sketched in Figure 3.

In fact, Freya is o↵ered a bet: she can buy a ticket from a bookie for (2/3 � ")$, where " > 0 is small, (say,
for 66 cents) that wagers on the coin toss having shown Heads. Meanwhile, superobserving Wigner, outside a
certain lab, is o↵ered the same opportunity. It is natural to argue that Freya should buy the ticket, but Wigner
should not. That is, the credence that Freya should assign to Tails (which directly determines the maximum
price 1� p she rationally ought to be prepared to pay) is 1/3, whilst for Wigner it is 1/2.

Finally, all copies of Freya survive the experiment and are released. Everyone who has bought the ticket now
receives 1$ if the outcome of their lab’s coin toss was indeed Tails. Freya and Wigner have been initially informed
about all the details of the experiment.

Given that half as many copies of Freya will experience waking under the outcome Tails than the outcome Heads,
a given copy of Freya may assign a proportionately lower degree of belief that she is contained in the smaller group of
copies. There is significant disagreement in philosophical literature concerning whether the original Sleeping Beauty
ought to be a “Halfer” [37] or a “Thirder” [38], and depending on how you operationalise the setup [39], one may take
either position. Here, we follow the prescription of Elga [40] for the specific question asked in our Thought Experiment:
Elga would claim that Freya should assign a uniform probability distribution to self-locating as any copy (see however
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.
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close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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Still, “forgetting” is not generally thought to be su�cient to deem someone to be a di↵erent person. Moreover, in
all other ways Freya has a very high degree of physical and psychological continuity with the two copies who were
in the coloured rooms, and is causally continuous with them. In some sense then, she is (/was) both FreyaB or
FreyaG, again posing challenges for a consistent understanding of identity. Accordingly, we cannot make statements
pertaining to Freya’s thoughts of waking up in a blue/green room, without qualifying the thought as relative in some
way, or otherwise by clarifying some specific account of personal identity. On such basis, simply looking at the wording
of Ego Absolutism and Absoluteness of Observed Events, one may perhaps hold di↵erent views, as to whether one
should regard these claims as being violated in the classical thought experiment. However, of crucial importance are
the structural and mathematical claims that are implicitly associated with these plain language statements: namely,
that there is a single random variable at every moment of the experiment that would describe Freya’s thought. This
is explicit in equation (1), and for the 4-party setup of [7]; AOE is taken to imply mathematically that there is a
random variable c (and d), which describes the thoughts of the friend(s) throughout the experiment. This assumption
is manifestly violated in our classical thought experiments, despite looking the same from the outside as elements of
WF or LF experiments.

C. When classically duplicated agents reason about each others’ reasoning

Another paradigmatic example of EWF arguments is the Frauchiger-Renner Gedankenexperiment [5], which o↵ers
a no-go theorem concerning the consistency of agents’ statements when they all reason using quantum theory. The
following three (heavily paraphrased) assumptions cannot be jointly valid:

• (Q): Quantum theory is universally valid.

• (C): The predictions of di↵erent agents must be consistent.

• (S): Measurement outcomes must be single-valued.

It is found that an agent, upon observing a certain measurement outcome, must simultaneously conclude that
another agent has predicted the opposite outcome with certainty. We again argue that some of the metaphysical
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conflict between di↵erent observers’ predictions.

To do so, we consider a modified Sleeping Beauty problem, building on a decision-theoretic puzzle that typifies
apparent inconsistencies for self-locating beliefs [36]. In its original proposal, an agent is put to sleep and, dependent
on the outcome of a coin toss, woken either once or twice; upon each awakening, she is asked for her credence about
the outcome of the coin toss, then has her memory erased and is put back to sleep. For a more complete summary,
please see Appendix VC and references therein.

Thought Experiment 3. Imagine Freya is to be put to sleep, and multiplied into N copies. For each copy,
now asleep in N di↵erent labs, a fair coin is tossed. In each case, if the outcome is Heads, the copy of Freya
is duplicated again, or if the outcome is Tails, she is not. Then, each copy of Freya is woken and asked to
give her credence that the outcome of her lab’s coin toss was Tails. (We assume that she cannot notice the
presence/absence of an identical copy of herself in the lab). This scenario is sketched in Figure 3.

In fact, Freya is o↵ered a bet: she can buy a ticket from a bookie for (2/3 � ")$, where " > 0 is small, (say,
for 66 cents) that wagers on the coin toss having shown Heads. Meanwhile, superobserving Wigner, outside a
certain lab, is o↵ered the same opportunity. It is natural to argue that Freya should buy the ticket, but Wigner
should not. That is, the credence that Freya should assign to Tails (which directly determines the maximum
price 1� p she rationally ought to be prepared to pay) is 1/3, whilst for Wigner it is 1/2.

Finally, all copies of Freya survive the experiment and are released. Everyone who has bought the ticket now
receives 1$ if the outcome of their lab’s coin toss was indeed Tails. Freya and Wigner have been initially informed
about all the details of the experiment.

Given that half as many copies of Freya will experience waking under the outcome Tails than the outcome Heads,
a given copy of Freya may assign a proportionately lower degree of belief that she is contained in the smaller group of
copies. There is significant disagreement in philosophical literature concerning whether the original Sleeping Beauty
ought to be a “Halfer” [37] or a “Thirder” [38], and depending on how you operationalise the setup [39], one may take
either position. Here, we follow the prescription of Elga [40] for the specific question asked in our Thought Experiment:
Elga would claim that Freya should assign a uniform probability distribution to self-locating as any copy (see however
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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Elga’s	Principle	of	Indifference:	
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.
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the world.
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her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):
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the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”
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According to T

According to T
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A′ According to T
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Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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completed. General measurements on systems that count
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cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”

(C)

According to T

According to T

AA

A′ According to T

z = + 1
2

z = + 1
2

Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”
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Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”
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Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”
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Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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accept that w simultaneously admits multiple values. For our
discussion below, it will be useful to introduce an explicit
assumption, termed Assumption (S), which disallows this; see
Box 4.

No-go theorem. The conclusion of the above analysis may be
phrased as a no-go theorem.

Theorem 1. Any theory that satisfies assumptions (Q), (C), and
(S) yields contradictory statements when applied to the
Gedankenexperiment of Box 1.

To illustrate the theorem, we consider in the following different
interpretations and modifications of quantum theory. Theorem 1
implies that any of them must violate either (Q), (C), or (S). This
yields a natural categorisation as shown in Table 4 and discussed
in the following subsections.

Theories that violate Assumption (Q). Assumption (Q) corre-
sponds to the quantum-mechanical Born rule. Since the
assumption is concerned with the special case of probability-1
predictions only, it is largely independent of interpretational
questions, such as the meaning of probabilities in general.
However, the nontrivial aspect of (Q) is that it regards the Born
rule as a universal law. That is, it demands that an agent A can
apply the rule to arbitrary systems S around her, including large
ones that may contain other agents. The specifier “around” is
crucial, though: Assumption (Q) does not demand that agent A

can describe herself as a quantum system. Such a requirement
would indeed be overly restrictive (see ref. 13) for it would
immediately rule out interpretations in the spirit of Copenhagen,
according to which the observed quantum system and the
observer must be distinct from each other14,15.

Assumption (Q) is manifestly violated by theories that
postulate a modification of standard quantum mechanics, such
as spontaneous16–20 and gravity-induced21–23 collapse models (cf.
24 for a review). These deviate from the standard theory already
on microscopic scales, although the effects of the deviation
typically only become noticeable in larger systems.

In some approaches to quantum mechanics, it is simply
postulated that large systems are “classical”, but the physical
mechanism that explains the absence of quantum features
remains unspecified25. In the view described in ref. 3, for
instance, the postulate says that measurement devices are infinite-
dimensional systems whereas observables are finite. This ensures
that coherent and incoherent superpositions in the state of a
measurement device are indistinguishable. Similarly, according to
the “ETH approach”26, the algebra of available observables is
time-dependent and does not allow one to distinguish coherent
from incoherent superpositions once a measurement has been
completed. General measurements on systems that count
themselves as measurement devices are thus ruled out. Another
example is the “CSM ontology”27, according to which measure-
ments must always be carried out in a “context”, which includes
the measurement devices. It is then postulated that this context
cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical
purposes”, but is no longer a universally applicable law in the
sense of Assumption (Q) (see the discussion in ref. 4).

Another class of theories that violate (Q), although in a less
obvious manner, are particular “hidden-variable (HV) interpreta-
tions”28, with “Bohmian mechanics” as the most prominent
example29–31. According to the common understanding, Boh-
mian mechanics is a “theory of the universe” rather than a theory
about subsystems32. This means that agents who apply the theory
must in principle always take an outside perspective on the entire
universe, describing themselves as part of it. This outside
perspective is identical for all agents, which ensures consistency
and hence the validity of Assumption (C). However, because (S)
is satisfied, too, it follows from Theorem 1 that (Q) must be
violated (see the Methods section for more details).

Theories that violate Assumption (C). If a theory satisfies (Q)
and (S) then, by Theorem 1, it must violate (C). This conclusion
applies to a wide range of common readings of quantum
mechanics, including most variants of the Copenhagen

Box 4: Assumption (S)

Suppose that agent A has established that
Statement A(i): “I am certain that x= ξ at time t.”

Then agent A must necessarily deny that
Statement A(ii): “I am certain that x≠ ξ at time t.”
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A′ According to T
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Fig. 3 Consistent reasoning as required by Assumption (C). If a theory T
(such as quantum theory) enables consistent reasoning (C) then it must
allow any agent A to promote the conclusions drawn by another agent A' to
his own conclusions, provided that A' has the same initial knowledge about
the experiment and reasons within the same theory T. A classical example
of such recursive reasoning is the muddy children puzzle (here T is just
standard logic; see ref. 11 for a detailed account). The idea of using a
physical theory T to describe agents who themselves use T has also
appeared in thermodynamics, notably in discussions around Maxwell's
demon12

Box 3: Assumption (C)

Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the one I am using, is certain that x= ξ at time t.”

Then agent A can conclude that
Statement A(ii): “I am certain that x= ξ at time t.”
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Theorem.	Elga’s	Principle	and	CP	cannot	both	hold.	
More	generally,	as	soon	as	a	theory	T	makes	Freya	
assign	probabiliCes	to	seeing	Heads	/	Tails	that	
are	not	independent	of	M,	then	CP	is	violated.
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought

•We	do	not	claim	that	FR-WF	
and	this	duplicaCon	scenario	
are	ontologically	similar!
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.
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tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought

•We	do	not	claim	that	FR-WF	
and	this	duplicaCon	scenario	
are	ontologically	similar!

• Structural	similarity:	there	is	no	joint	probability	distribuCon	of	
the	observaCons	of	Freya	and	Wigner,	if	Elga’s	principle	holds	
(or	if	Freya’s	credence	depends	on	M	in	any	other	way).
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
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tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
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•We	do	not	claim	that	FR-WF	
and	this	duplicaCon	scenario	
are	ontologically	similar!

• Structural	similarity:	there	is	no	joint	probability	distribuCon	of	
the	observaCons	of	Freya	and	Wigner,	if	Elga’s	principle	holds	
(or	if	Freya’s	credence	depends	on	M	in	any	other	way).

• EvereVans	might	see	an	ontological	similarity.	But	we	can	turn	
this	around:	since	branching/dupl.	messes	up	the	Kolmogorovian	
probability	space,	it	admits	Everelans	to	tell	their	story.
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• Structural	similarity:	there	is	no	joint	probability	distribuCon	of	
the	observaCons	of	Freya	and	Wigner,	if	Elga’s	principle	holds	
(or	if	Freya’s	credence	depends	on	M	in	any	other	way).

• EvereVans	might	see	an	ontological	similarity.	But	we	can	turn	
this	around:	since	branching/dupl.	messes	up	the	Kolmogorovian	
probability	space,	it	admits	Everelans	to	tell	their	story.

• Isn’t	quantum	theory	natural,	but	duplicaEon=science	ficEon?	
No.	WF-scenarios	are	extremely	invasive	on	the	Friend!	Resource	
requirements	for	classical	duplicaCon	are	~5	orders	of	magnitude		
smaller	than	Quantum-WF	(classical	vs.	quantum	computaCon).	
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Wigner’s friend1 is a thought experiment that illustrates 
what is perhaps the thorniest foundational problem in 
quantum theory: the measurement problem2,3. In the 

thought experiment, we consider an observer (the ‘friend’) who 
performs a measurement on a quantum system. In accordance 
with the state update rule, the friend assigns the eigenstate corre-
sponding to their observed outcome to the measured system. The 
friend is assumed to be inside an isolated laboratory that can be 
coherently controlled by a second experimenter, Wigner, who is 
capable of performing arbitrary quantum operations on the friend’s 
laboratory and all of its contents. Although this may be possible, 
in principle, it would be a truly Herculean task if the friend were 
a macroscopic observer like a human, as we have chosen for our 
illustrations and discussions below. For this reason, Wigner is often 
called a ‘superobserver’. However, there is good reason to think that 
quantum mechanics would allow control of the type required if the 
friend were an artificial intelligence algorithm in a simulated envi-
ronment running in a large quantum computer. Wigner describes 
the laboratory and all of its contents as a unitarily evolving quantum 
state, in accordance with the rule for state evolution applicable to 
isolated systems. The case when the friend’s system is prepared in 
a superposition state leads to an apparent contradiction between 
the friend’s perspective and that of Wigner, who does not ascribe 
a well-defined value to the outcome associated with his friend’s 
observation. For a more in-depth description of the Wigner’s friend 
thought experiment, see Supplementary Section A.

Although decoherence can ‘save the appearances’ by explain-
ing the suppression of quantum effects at the macroscopic 
level, it cannot solve the measurement problem: ‘we are still left  
with a multitude of (albeit individually well-localized quasiclassi-
cal) components of the wave function, and we need to supplement  

or otherwise to interpret this situation in order to explain why 
and how single outcomes are perceived’2. Proposed resolutions  
have radical implications: they either reject the idea that measure-
ment outcomes have single, observer-independent values4–7 or 
postulate faster-than-light8,9 or retrocausal effects10,11 at a hidden 
variable level. Alternatively, some theories postulate mechanisms 
to avoid macroscopic superpositions, such as modifications to uni-
tary quantum dynamics12 or gravity-induced collapse13. Here we 
rigorously demonstrate that radical revisions of such types are in 
fact required.

Our work is inspired by the recent surge of renewed interest 
in the Wigner’s friend problem14–20. In particular, Brukner14 intro-
duced an extended Wigner’s friend scenario (EWFS) with two spa-
tially separated laboratories, each containing a friend, accompanied 
by a superobserver who can perform various measurements on 
their friend’s laboratory. Each friend measures half of an entangled 
pair of systems, establishing correlations between the results of the 
superobservers’ subsequent measurements.

In the context of this EWFS, Brukner14,15,20 considered three 
assumptions: ‘freedom of choice’, ‘locality’ (in the sense of ‘parameter 
independence’21) and ‘observer-independent facts’ (OIFs). The last 
of these means that propositions about all observables that might be 
measured (by an observer or a superobserver) are ‘assigned a truth 
value independently of which measurement Wigner performs’14.

In other words, the OIF assumption is equivalent to the assump-
tion of Kochen–Specker non-contextuality22,23 (KSNC). From these 
assumptions, Brukner derived a Bell inequality for the correlations 
of the superobservers’ results, which could be violated in quantum 
mechanics (if the superobservers could suitably manipulate the 
quantum state of the observers). A recent six-photon experiment17, 
using a set-up where the role of each friend is played by a single 
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Does quantum theory apply at all scales, including that of observers? New light on this fundamental question has recently been 
shed through a resurgence of interest in the long-standing Wigner’s friend paradox. This is a thought experiment addressing 
the quantum measurement problem—the difficulty of reconciling the (unitary, deterministic) evolution of isolated systems 
and the (non-unitary, probabilistic) state update after a measurement. Here, by building on a scenario with two separated 
but entangled friends introduced by Brukner, we prove that if quantum evolution is controllable on the scale of an observer, 
then one of ‘No-Superdeterminism’, ‘Locality’ or ‘Absoluteness of Observed Events’—that every observed event exists abso-
lutely, not relatively—must be false. We show that although the violation of Bell-type inequalities in such scenarios is not in 
general sufficient to demonstrate the contradiction between those three assumptions, new inequalities can be derived, in a 
theory-independent manner, that are violated by quantum correlations. This is demonstrated in a proof-of-principle experiment 
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Wigner’s friend1 is a thought experiment that illustrates 
what is perhaps the thorniest foundational problem in 
quantum theory: the measurement problem2,3. In the 

thought experiment, we consider an observer (the ‘friend’) who 
performs a measurement on a quantum system. In accordance 
with the state update rule, the friend assigns the eigenstate corre-
sponding to their observed outcome to the measured system. The 
friend is assumed to be inside an isolated laboratory that can be 
coherently controlled by a second experimenter, Wigner, who is 
capable of performing arbitrary quantum operations on the friend’s 
laboratory and all of its contents. Although this may be possible, 
in principle, it would be a truly Herculean task if the friend were 
a macroscopic observer like a human, as we have chosen for our 
illustrations and discussions below. For this reason, Wigner is often 
called a ‘superobserver’. However, there is good reason to think that 
quantum mechanics would allow control of the type required if the 
friend were an artificial intelligence algorithm in a simulated envi-
ronment running in a large quantum computer. Wigner describes 
the laboratory and all of its contents as a unitarily evolving quantum 
state, in accordance with the rule for state evolution applicable to 
isolated systems. The case when the friend’s system is prepared in 
a superposition state leads to an apparent contradiction between 
the friend’s perspective and that of Wigner, who does not ascribe 
a well-defined value to the outcome associated with his friend’s 
observation. For a more in-depth description of the Wigner’s friend 
thought experiment, see Supplementary Section A.

Although decoherence can ‘save the appearances’ by explain-
ing the suppression of quantum effects at the macroscopic 
level, it cannot solve the measurement problem: ‘we are still left  
with a multitude of (albeit individually well-localized quasiclassi-
cal) components of the wave function, and we need to supplement  

or otherwise to interpret this situation in order to explain why 
and how single outcomes are perceived’2. Proposed resolutions  
have radical implications: they either reject the idea that measure-
ment outcomes have single, observer-independent values4–7 or 
postulate faster-than-light8,9 or retrocausal effects10,11 at a hidden 
variable level. Alternatively, some theories postulate mechanisms 
to avoid macroscopic superpositions, such as modifications to uni-
tary quantum dynamics12 or gravity-induced collapse13. Here we 
rigorously demonstrate that radical revisions of such types are in 
fact required.

Our work is inspired by the recent surge of renewed interest 
in the Wigner’s friend problem14–20. In particular, Brukner14 intro-
duced an extended Wigner’s friend scenario (EWFS) with two spa-
tially separated laboratories, each containing a friend, accompanied 
by a superobserver who can perform various measurements on 
their friend’s laboratory. Each friend measures half of an entangled 
pair of systems, establishing correlations between the results of the 
superobservers’ subsequent measurements.

In the context of this EWFS, Brukner14,15,20 considered three 
assumptions: ‘freedom of choice’, ‘locality’ (in the sense of ‘parameter 
independence’21) and ‘observer-independent facts’ (OIFs). The last 
of these means that propositions about all observables that might be 
measured (by an observer or a superobserver) are ‘assigned a truth 
value independently of which measurement Wigner performs’14.

In other words, the OIF assumption is equivalent to the assump-
tion of Kochen–Specker non-contextuality22,23 (KSNC). From these 
assumptions, Brukner derived a Bell inequality for the correlations 
of the superobservers’ results, which could be violated in quantum 
mechanics (if the superobservers could suitably manipulate the 
quantum state of the observers). A recent six-photon experiment17, 
using a set-up where the role of each friend is played by a single 
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the quantum measurement problem—the difficulty of reconciling the (unitary, deterministic) evolution of isolated systems 
and the (non-unitary, probabilistic) state update after a measurement. Here, by building on a scenario with two separated 
but entangled friends introduced by Brukner, we prove that if quantum evolution is controllable on the scale of an observer, 
then one of ‘No-Superdeterminism’, ‘Locality’ or ‘Absoluteness of Observed Events’—that every observed event exists abso-
lutely, not relatively—must be false. We show that although the violation of Bell-type inequalities in such scenarios is not in 
general sufficient to demonstrate the contradiction between those three assumptions, new inequalities can be derived, in a 
theory-independent manner, that are violated by quantum correlations. This is demonstrated in a proof-of-principle experiment 
where a photon’s path is deemed an observer. We discuss how this new theorem places strictly stronger constraints on physical 
reality than Bell’s theorem.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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Wigner’s friend1 is a thought experiment that illustrates 
what is perhaps the thorniest foundational problem in 
quantum theory: the measurement problem2,3. In the 

thought experiment, we consider an observer (the ‘friend’) who 
performs a measurement on a quantum system. In accordance 
with the state update rule, the friend assigns the eigenstate corre-
sponding to their observed outcome to the measured system. The 
friend is assumed to be inside an isolated laboratory that can be 
coherently controlled by a second experimenter, Wigner, who is 
capable of performing arbitrary quantum operations on the friend’s 
laboratory and all of its contents. Although this may be possible, 
in principle, it would be a truly Herculean task if the friend were 
a macroscopic observer like a human, as we have chosen for our 
illustrations and discussions below. For this reason, Wigner is often 
called a ‘superobserver’. However, there is good reason to think that 
quantum mechanics would allow control of the type required if the 
friend were an artificial intelligence algorithm in a simulated envi-
ronment running in a large quantum computer. Wigner describes 
the laboratory and all of its contents as a unitarily evolving quantum 
state, in accordance with the rule for state evolution applicable to 
isolated systems. The case when the friend’s system is prepared in 
a superposition state leads to an apparent contradiction between 
the friend’s perspective and that of Wigner, who does not ascribe 
a well-defined value to the outcome associated with his friend’s 
observation. For a more in-depth description of the Wigner’s friend 
thought experiment, see Supplementary Section A.

Although decoherence can ‘save the appearances’ by explain-
ing the suppression of quantum effects at the macroscopic 
level, it cannot solve the measurement problem: ‘we are still left  
with a multitude of (albeit individually well-localized quasiclassi-
cal) components of the wave function, and we need to supplement  

or otherwise to interpret this situation in order to explain why 
and how single outcomes are perceived’2. Proposed resolutions  
have radical implications: they either reject the idea that measure-
ment outcomes have single, observer-independent values4–7 or 
postulate faster-than-light8,9 or retrocausal effects10,11 at a hidden 
variable level. Alternatively, some theories postulate mechanisms 
to avoid macroscopic superpositions, such as modifications to uni-
tary quantum dynamics12 or gravity-induced collapse13. Here we 
rigorously demonstrate that radical revisions of such types are in 
fact required.

Our work is inspired by the recent surge of renewed interest 
in the Wigner’s friend problem14–20. In particular, Brukner14 intro-
duced an extended Wigner’s friend scenario (EWFS) with two spa-
tially separated laboratories, each containing a friend, accompanied 
by a superobserver who can perform various measurements on 
their friend’s laboratory. Each friend measures half of an entangled 
pair of systems, establishing correlations between the results of the 
superobservers’ subsequent measurements.

In the context of this EWFS, Brukner14,15,20 considered three 
assumptions: ‘freedom of choice’, ‘locality’ (in the sense of ‘parameter 
independence’21) and ‘observer-independent facts’ (OIFs). The last 
of these means that propositions about all observables that might be 
measured (by an observer or a superobserver) are ‘assigned a truth 
value independently of which measurement Wigner performs’14.

In other words, the OIF assumption is equivalent to the assump-
tion of Kochen–Specker non-contextuality22,23 (KSNC). From these 
assumptions, Brukner derived a Bell inequality for the correlations 
of the superobservers’ results, which could be violated in quantum 
mechanics (if the superobservers could suitably manipulate the 
quantum state of the observers). A recent six-photon experiment17, 
using a set-up where the role of each friend is played by a single 
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the quantum measurement problem—the difficulty of reconciling the (unitary, deterministic) evolution of isolated systems 
and the (non-unitary, probabilistic) state update after a measurement. Here, by building on a scenario with two separated 
but entangled friends introduced by Brukner, we prove that if quantum evolution is controllable on the scale of an observer, 
then one of ‘No-Superdeterminism’, ‘Locality’ or ‘Absoluteness of Observed Events’—that every observed event exists abso-
lutely, not relatively—must be false. We show that although the violation of Bell-type inequalities in such scenarios is not in 
general sufficient to demonstrate the contradiction between those three assumptions, new inequalities can be derived, in a 
theory-independent manner, that are violated by quantum correlations. This is demonstrated in a proof-of-principle experiment 
where a photon’s path is deemed an observer. We discuss how this new theorem places strictly stronger constraints on physical 
reality than Bell’s theorem.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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its	outcome	c	and	outputs	a=c.	
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If	the	staCsCcs	violates	a	so-called	“local	
friendliness	inequality”,	then	the	following	
three	proposiCons	cannot	all	be	true:
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Wigner’s friend1 is a thought experiment that illustrates 
what is perhaps the thorniest foundational problem in 
quantum theory: the measurement problem2,3. In the 

thought experiment, we consider an observer (the ‘friend’) who 
performs a measurement on a quantum system. In accordance 
with the state update rule, the friend assigns the eigenstate corre-
sponding to their observed outcome to the measured system. The 
friend is assumed to be inside an isolated laboratory that can be 
coherently controlled by a second experimenter, Wigner, who is 
capable of performing arbitrary quantum operations on the friend’s 
laboratory and all of its contents. Although this may be possible, 
in principle, it would be a truly Herculean task if the friend were 
a macroscopic observer like a human, as we have chosen for our 
illustrations and discussions below. For this reason, Wigner is often 
called a ‘superobserver’. However, there is good reason to think that 
quantum mechanics would allow control of the type required if the 
friend were an artificial intelligence algorithm in a simulated envi-
ronment running in a large quantum computer. Wigner describes 
the laboratory and all of its contents as a unitarily evolving quantum 
state, in accordance with the rule for state evolution applicable to 
isolated systems. The case when the friend’s system is prepared in 
a superposition state leads to an apparent contradiction between 
the friend’s perspective and that of Wigner, who does not ascribe 
a well-defined value to the outcome associated with his friend’s 
observation. For a more in-depth description of the Wigner’s friend 
thought experiment, see Supplementary Section A.

Although decoherence can ‘save the appearances’ by explain-
ing the suppression of quantum effects at the macroscopic 
level, it cannot solve the measurement problem: ‘we are still left  
with a multitude of (albeit individually well-localized quasiclassi-
cal) components of the wave function, and we need to supplement  

or otherwise to interpret this situation in order to explain why 
and how single outcomes are perceived’2. Proposed resolutions  
have radical implications: they either reject the idea that measure-
ment outcomes have single, observer-independent values4–7 or 
postulate faster-than-light8,9 or retrocausal effects10,11 at a hidden 
variable level. Alternatively, some theories postulate mechanisms 
to avoid macroscopic superpositions, such as modifications to uni-
tary quantum dynamics12 or gravity-induced collapse13. Here we 
rigorously demonstrate that radical revisions of such types are in 
fact required.

Our work is inspired by the recent surge of renewed interest 
in the Wigner’s friend problem14–20. In particular, Brukner14 intro-
duced an extended Wigner’s friend scenario (EWFS) with two spa-
tially separated laboratories, each containing a friend, accompanied 
by a superobserver who can perform various measurements on 
their friend’s laboratory. Each friend measures half of an entangled 
pair of systems, establishing correlations between the results of the 
superobservers’ subsequent measurements.

In the context of this EWFS, Brukner14,15,20 considered three 
assumptions: ‘freedom of choice’, ‘locality’ (in the sense of ‘parameter 
independence’21) and ‘observer-independent facts’ (OIFs). The last 
of these means that propositions about all observables that might be 
measured (by an observer or a superobserver) are ‘assigned a truth 
value independently of which measurement Wigner performs’14.

In other words, the OIF assumption is equivalent to the assump-
tion of Kochen–Specker non-contextuality22,23 (KSNC). From these 
assumptions, Brukner derived a Bell inequality for the correlations 
of the superobservers’ results, which could be violated in quantum 
mechanics (if the superobservers could suitably manipulate the 
quantum state of the observers). A recent six-photon experiment17, 
using a set-up where the role of each friend is played by a single 
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Does quantum theory apply at all scales, including that of observers? New light on this fundamental question has recently been 
shed through a resurgence of interest in the long-standing Wigner’s friend paradox. This is a thought experiment addressing 
the quantum measurement problem—the difficulty of reconciling the (unitary, deterministic) evolution of isolated systems 
and the (non-unitary, probabilistic) state update after a measurement. Here, by building on a scenario with two separated 
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reality than Bell’s theorem.

NATURE PHYSICS | VOL 16 | DECEMBER 2020 | 1199–1205 | www.nature.com/naturephysics 1199

ARTICLES NATURE PHYSICS

photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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If	x=1,	Alice	asks	Charlie	for	
its	outcome	c	and	outputs	a=c.	
(Debbie	can	be	dropped.)

If	the	staCsCcs	violates	a	so-called	“local	
friendliness	inequality”,	then	the	following	
three	proposiCons	cannot	all	be	true:

Locality,	No	Superdeterminism,	
Absoluteness	of	Observed	Events:	
For	every	x,y,	there	is	a	joint	prob.	distr.	
P(a,b,c,d|x,y)	reproducing		the	observed	
distribuCon	p(a,b|x,y)	as	its	marginal.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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variable	c,	stable	over	the	course	of	the	
experiment,	describing	Charlie’s	observaCons.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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From	the	perspecCve	of	A	and	B	(say,	using	
the	quantum	formalism),	there	is	no	random	
variable	c,	stable	over	the	course	of	the	
experiment,	describing	Charlie’s	observaCons.

• Structural	interpretaEon:	This	is	ulCmately	
the	reason	for	the	non-existence	of	the	
joint	distribuCons	P(a,b,c|x,y).	
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 
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I’m Charlie

I’m Debbie
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Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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From	the	perspecCve	of	A	and	B	(say,	using	
the	quantum	formalism),	there	is	no	random	
variable	c,	stable	over	the	course	of	the	
experiment,	describing	Charlie’s	observaCons.

• Structural	interpretaEon:	This	is	ulCmately	
the	reason	for	the	non-existence	of	the	
joint	distribuCons	P(a,b,c|x,y).	

• Conceptual	interpretaEon:	There	is	no	
unambiguous	external	noCon	of	“personal	
idenCty”	of	Charlie	over	the	experiment.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.
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experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
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this paper.
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of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
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while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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(Debbie	can	be	dropped.)

From	the	perspecCve	of	A	and	B	(say,	using	
the	quantum	formalism),	there	is	no	random	
variable	c,	stable	over	the	course	of	the	
experiment,	describing	Charlie’s	observaCons.

• Structural	interpretaEon:	This	is	ulCmately	
the	reason	for	the	non-existence	of	the	
joint	distribuCons	P(a,b,c|x,y).	

• Conceptual	interpretaEon:	There	is	no	
unambiguous	external	noCon	of	“personal	
idenCty”	of	Charlie	over	the	experiment.

We	can	simulate	this	behavior	via	duplicaCon.	
To	do	so,	let	us	look	at	a	reformulaCon	of	
this	WF	thought	experiment.
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a	quantum	computer,	proving	that	the	following	cannot	all	hold:
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the prescribed scenarios. This is addressed in a subsequent paper by Wiseman et al. [24], in which they consider the
following metaphysical assumptions, with a focus on “thoughts”:

1. Local Agency: Any [random] intervention [...] is uncorrelated with any set of physical events that are relevant
to that phenomenon and outside the future light-cone of that intervention.

2. Physical Supervenience: Any thought supervenes upon some physical process in the brain (or other
information-processing unit as appropriate) which can thus be located within a bounded region in space-time.

3. Ego Absolutism: My communicable thoughts are absolutely real.

4. Friendliness: If [...] an independent party displays cognitive ability at least on par with my own, then they
have thoughts, and any thought they communicate is as real as any communicable thought of my own.

It is shown in [24] that the LF no-go theorem can also be expressed as an incompatibility between quantum theory
and the conjunction of the four metaphysical assumptions. In particular, Ego Absolutism states that “my” (in the
sense of the first person) communicable thoughts are absolutely real – i.e. my thoughts are objective and need not
be qualified relative to anything. Meanwhile, Friendliness states that the communicated thoughts of other intelligent
parties are equally as real as my own communicable thoughts. The two together imply that both Wigner’s and
his friend’s thoughts (which will also contain correlates of their observations) should be taken as absolutely real.
In conjunction with Physical Supervenience (that thoughts supervene on physical processes in a bounded region of
spacetime), this gives us something metaphysically analogous to AOE. Therefore, when we also assume Local Agency,
the contradiction with the predictions of quantum theory (c.f. [7]) can be recovered, this time as a “thoughtful” LF
no-go theorem.

B. Some classical thought experimentation

The contradiction presents an important challenge to interpretations of quantum theory, asking which of the six
assumptions (four metaphysical, plus two technological) of [24] it is prepared to drop. We would like to make a case
though for how similar metaphysical dilemmas arise classically too, simply by considering thought experiments in
which persons “branch”. Our claim is that the notion of “my” (in my communicable thoughts) can be ambiguous,
and that this may be one reason for the failure of the conjunction of the four metaphysical assumptions, quantumly
but also classically. That is, one does not need to go to the quantum regime in order to see that the language with
which we discuss persons and thoughts is inherently restricted, and runs us into contradictions when taken to more
exotic scenarios.

Let us start with a speculative thought experiment. Imagine a world in which humans reproduced via binary fission,
c.f. the Ebborians [27, 28]. At some stage in everyone’s life, they divide spontaneously into two identical copies of
themself, both of whom have psychological and physical continuity [29] with their prior, singular self. Since the two
subsequent persons will go on to be shaped by di↵erent experiences, we would naturally conceive of them as two
distinct individuals, from the moment of fission. In such a world, we would presumably have developed language to
accommodate the fact that a person, who existed singularly in one instance, may now exist as two separate persons.
Perhaps, in such a world, we would qualify our references to people spatiotemporally, or perhaps we would simply have
a weaker ontological commitment to the notion of persons as persisting entities. In some way though, our language
would surely reflect the propensity for persons to branch.

In fact, one of the possible, counterintuitive consequences of quantum theory is that we may, in some sense, already
live in such a world. The Everettian response to the measurement problem contends that quantum interactions result
in a branching, or duplication, of systems – including persons. Nevertheless, though our world may genuinely contain
branching persons (and on an enormous scale), our emergent, classical view is restricted to only one branch – so
we generally do not run into linguistic problems in referring to our friends who may actually exist in multiplicities.
Accordingly, our language has evolved not needing, by and large, to accommodate the possibility for branching
persons. As such, we end up hamstrung by semantic oversights, when we consider instances in which branching does
occur.

There is already extensive literature in philosophy attempting to give a metaphysical/semantic account of personal
identity in branching scenarios [29–33], as well as real world cases such as split-brain patients [34, 35] that further
motivate such analysis. One of the central challenges is to resolve the apparent contradiction that derives from the
transitivity of identity. The problem arises when we ask the following: if a person, let us call her Freya, is duplicated
(by binary fission, or via a duplication machine, c.f. Parfit [29]), should we say that she is the “same person” as
she was prior to duplication? In general, we commit tacitly to the continuity of personal identity (i.e. we believe
that Freya is the same person as she was 5 years ago), which we might cash out more formally in terms of some
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.
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As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.
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the prescribed scenarios. This is addressed in a subsequent paper by Wiseman et al. [24], in which they consider the
following metaphysical assumptions, with a focus on “thoughts”:

1. Local Agency: Any [random] intervention [...] is uncorrelated with any set of physical events that are relevant
to that phenomenon and outside the future light-cone of that intervention.

2. Physical Supervenience: Any thought supervenes upon some physical process in the brain (or other
information-processing unit as appropriate) which can thus be located within a bounded region in space-time.

3. Ego Absolutism: My communicable thoughts are absolutely real.

4. Friendliness: If [...] an independent party displays cognitive ability at least on par with my own, then they
have thoughts, and any thought they communicate is as real as any communicable thought of my own.

It is shown in [24] that the LF no-go theorem can also be expressed as an incompatibility between quantum theory
and the conjunction of the four metaphysical assumptions. In particular, Ego Absolutism states that “my” (in the
sense of the first person) communicable thoughts are absolutely real – i.e. my thoughts are objective and need not
be qualified relative to anything. Meanwhile, Friendliness states that the communicated thoughts of other intelligent
parties are equally as real as my own communicable thoughts. The two together imply that both Wigner’s and
his friend’s thoughts (which will also contain correlates of their observations) should be taken as absolutely real.
In conjunction with Physical Supervenience (that thoughts supervene on physical processes in a bounded region of
spacetime), this gives us something metaphysically analogous to AOE. Therefore, when we also assume Local Agency,
the contradiction with the predictions of quantum theory (c.f. [7]) can be recovered, this time as a “thoughtful” LF
no-go theorem.

B. Some classical thought experimentation

The contradiction presents an important challenge to interpretations of quantum theory, asking which of the six
assumptions (four metaphysical, plus two technological) of [24] it is prepared to drop. We would like to make a case
though for how similar metaphysical dilemmas arise classically too, simply by considering thought experiments in
which persons “branch”. Our claim is that the notion of “my” (in my communicable thoughts) can be ambiguous,
and that this may be one reason for the failure of the conjunction of the four metaphysical assumptions, quantumly
but also classically. That is, one does not need to go to the quantum regime in order to see that the language with
which we discuss persons and thoughts is inherently restricted, and runs us into contradictions when taken to more
exotic scenarios.

Let us start with a speculative thought experiment. Imagine a world in which humans reproduced via binary fission,
c.f. the Ebborians [27, 28]. At some stage in everyone’s life, they divide spontaneously into two identical copies of
themself, both of whom have psychological and physical continuity [29] with their prior, singular self. Since the two
subsequent persons will go on to be shaped by di↵erent experiences, we would naturally conceive of them as two
distinct individuals, from the moment of fission. In such a world, we would presumably have developed language to
accommodate the fact that a person, who existed singularly in one instance, may now exist as two separate persons.
Perhaps, in such a world, we would qualify our references to people spatiotemporally, or perhaps we would simply have
a weaker ontological commitment to the notion of persons as persisting entities. In some way though, our language
would surely reflect the propensity for persons to branch.

In fact, one of the possible, counterintuitive consequences of quantum theory is that we may, in some sense, already
live in such a world. The Everettian response to the measurement problem contends that quantum interactions result
in a branching, or duplication, of systems – including persons. Nevertheless, though our world may genuinely contain
branching persons (and on an enormous scale), our emergent, classical view is restricted to only one branch – so
we generally do not run into linguistic problems in referring to our friends who may actually exist in multiplicities.
Accordingly, our language has evolved not needing, by and large, to accommodate the possibility for branching
persons. As such, we end up hamstrung by semantic oversights, when we consider instances in which branching does
occur.

There is already extensive literature in philosophy attempting to give a metaphysical/semantic account of personal
identity in branching scenarios [29–33], as well as real world cases such as split-brain patients [34, 35] that further
motivate such analysis. One of the central challenges is to resolve the apparent contradiction that derives from the
transitivity of identity. The problem arises when we ask the following: if a person, let us call her Freya, is duplicated
(by binary fission, or via a duplication machine, c.f. Parfit [29]), should we say that she is the “same person” as
she was prior to duplication? In general, we commit tacitly to the continuity of personal identity (i.e. we believe
that Freya is the same person as she was 5 years ago), which we might cash out more formally in terms of some
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.

Naively understood, there exists an ambiguity regarding what “my” indexes 
for branching scenarios. Returning to the example of Freya, who is yet to be 
duplicated, she reads Ego Absolutism to say that her communicable thoughts 
are absolutely real. This includes her thoughts in that instance, such as “I am 
hungry”. It may also be understood to include thoughts she had this morning, 
such as “It is raining”. Does it include her future thoughts though? This 
afternoon, she will be duplicated, whereupon her future copies will have 
separate experiences. Thus, in describing any future thought she may have, 
there is an inherent ambiguity as to the meaning of such statements, and 
whether or not we should take their referent as “absolute”. That is, it is 
unclear what the words “my (future) thoughts”, if uttered by Freya before 
the start of the experiment, would refer to, and in disregarding this indexical 
ambiguity, we will typically be led to mathematical formulations of Ego 
Absolutism that tacitly involve additional assumptions. In particular, it will 
lead to the formal assumption that there is always, at every time, a single 
variable describing a single thought of some person called Freya, while in 
this branching scenario there are actually two. Indeed, this assumption is part 
of the mathematical formulation of Bong et al. [7].



A	“thoughpul”	Local	Friendliness	no-go	theorem

H.	Wiseman,	E.	G.	CavalcanC,	and	E.	G.	Rieffel,	Quantum	7,	1112	(2023).

5

the prescribed scenarios. This is addressed in a subsequent paper by Wiseman et al. [24], in which they consider the
following metaphysical assumptions, with a focus on “thoughts”:

1. Local Agency: Any [random] intervention [...] is uncorrelated with any set of physical events that are relevant
to that phenomenon and outside the future light-cone of that intervention.

2. Physical Supervenience: Any thought supervenes upon some physical process in the brain (or other
information-processing unit as appropriate) which can thus be located within a bounded region in space-time.

3. Ego Absolutism: My communicable thoughts are absolutely real.

4. Friendliness: If [...] an independent party displays cognitive ability at least on par with my own, then they
have thoughts, and any thought they communicate is as real as any communicable thought of my own.

It is shown in [24] that the LF no-go theorem can also be expressed as an incompatibility between quantum theory
and the conjunction of the four metaphysical assumptions. In particular, Ego Absolutism states that “my” (in the
sense of the first person) communicable thoughts are absolutely real – i.e. my thoughts are objective and need not
be qualified relative to anything. Meanwhile, Friendliness states that the communicated thoughts of other intelligent
parties are equally as real as my own communicable thoughts. The two together imply that both Wigner’s and
his friend’s thoughts (which will also contain correlates of their observations) should be taken as absolutely real.
In conjunction with Physical Supervenience (that thoughts supervene on physical processes in a bounded region of
spacetime), this gives us something metaphysically analogous to AOE. Therefore, when we also assume Local Agency,
the contradiction with the predictions of quantum theory (c.f. [7]) can be recovered, this time as a “thoughtful” LF
no-go theorem.

B. Some classical thought experimentation

The contradiction presents an important challenge to interpretations of quantum theory, asking which of the six
assumptions (four metaphysical, plus two technological) of [24] it is prepared to drop. We would like to make a case
though for how similar metaphysical dilemmas arise classically too, simply by considering thought experiments in
which persons “branch”. Our claim is that the notion of “my” (in my communicable thoughts) can be ambiguous,
and that this may be one reason for the failure of the conjunction of the four metaphysical assumptions, quantumly
but also classically. That is, one does not need to go to the quantum regime in order to see that the language with
which we discuss persons and thoughts is inherently restricted, and runs us into contradictions when taken to more
exotic scenarios.

Let us start with a speculative thought experiment. Imagine a world in which humans reproduced via binary fission,
c.f. the Ebborians [27, 28]. At some stage in everyone’s life, they divide spontaneously into two identical copies of
themself, both of whom have psychological and physical continuity [29] with their prior, singular self. Since the two
subsequent persons will go on to be shaped by di↵erent experiences, we would naturally conceive of them as two
distinct individuals, from the moment of fission. In such a world, we would presumably have developed language to
accommodate the fact that a person, who existed singularly in one instance, may now exist as two separate persons.
Perhaps, in such a world, we would qualify our references to people spatiotemporally, or perhaps we would simply have
a weaker ontological commitment to the notion of persons as persisting entities. In some way though, our language
would surely reflect the propensity for persons to branch.

In fact, one of the possible, counterintuitive consequences of quantum theory is that we may, in some sense, already
live in such a world. The Everettian response to the measurement problem contends that quantum interactions result
in a branching, or duplication, of systems – including persons. Nevertheless, though our world may genuinely contain
branching persons (and on an enormous scale), our emergent, classical view is restricted to only one branch – so
we generally do not run into linguistic problems in referring to our friends who may actually exist in multiplicities.
Accordingly, our language has evolved not needing, by and large, to accommodate the possibility for branching
persons. As such, we end up hamstrung by semantic oversights, when we consider instances in which branching does
occur.

There is already extensive literature in philosophy attempting to give a metaphysical/semantic account of personal
identity in branching scenarios [29–33], as well as real world cases such as split-brain patients [34, 35] that further
motivate such analysis. One of the central challenges is to resolve the apparent contradiction that derives from the
transitivity of identity. The problem arises when we ask the following: if a person, let us call her Freya, is duplicated
(by binary fission, or via a duplication machine, c.f. Parfit [29]), should we say that she is the “same person” as
she was prior to duplication? In general, we commit tacitly to the continuity of personal identity (i.e. we believe
that Freya is the same person as she was 5 years ago), which we might cash out more formally in terms of some
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.

Naively understood, there exists an ambiguity regarding what “my” indexes 
for branching scenarios. Returning to the example of Freya, who is yet to be 
duplicated, she reads Ego Absolutism to say that her communicable thoughts 
are absolutely real. This includes her thoughts in that instance, such as “I am 
hungry”. It may also be understood to include thoughts she had this morning, 
such as “It is raining”. Does it include her future thoughts though? This 
afternoon, she will be duplicated, whereupon her future copies will have 
separate experiences. Thus, in describing any future thought she may have, 
there is an inherent ambiguity as to the meaning of such statements, and 
whether or not we should take their referent as “absolute”. That is, it is 
unclear what the words “my (future) thoughts”, if uttered by Freya before 
the start of the experiment, would refer to, and in disregarding this indexical 
ambiguity, we will typically be led to mathematical formulations of Ego 
Absolutism that tacitly involve additional assumptions. In particular, it will 
lead to the formal assumption that there is always, at every time, a single 
variable describing a single thought of some person called Freya, while in 
this branching scenario there are actually two. Indeed, this assumption is part 
of the mathematical formulation of Bong et al. [7].
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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We	interpret	the	probabiliCes	in	the	thought	experiments	as	
answers	to	the	quesCon	of	what	the	agent	should	believe	
to	experience	next	—	exactly	like	Philipp	Berghofer	told	us	
to	interpret	quantum	states	yesterday.

ObservaEon:	Unless	our	physical	theory	T	is	empirically	incomplete,	
RestricCon	A	can	only	apply	to	situaCons	where	it	is	impossible	to	
repeat	the	scenario	idenCcally	many	Cmes,	record	the	observaCons	
of	the	n	agents,	and	esCmate	the	probabiliCes	via	frequencies.
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photon, successfully violated such a Bell inequality derived from 
Brukner’s assumptions.

Although the EWFS background for this result was novel, the 
derived Bell inequality can be obtained from the assumptions of 
‘freedom of choice’ and KSNC, without considering the friends’ 
observations, and without using ‘locality’ (which follows from Bell’s 
stronger notion of local causality24, which in turn follows from KSNC 
in any Bell scenario25). Furthermore, the Kochen–Specker theorem22 
already establishes that KSNC + ‘freedom of choice’ leads to contra-
dictions with quantum theory. As discussed in refs. 19,20,26, this casts 
doubt on the implications of Brukner’s theorem with regard to any 
assumption specifically about the objectivity of the friends’ observa-
tions—one can respond to Brukner’s theorem simply by maintaining 
that ‘unperformed experiments have no results’27.

Nevertheless, there is a subtle but important difference between 
a standard Bell scenario in which one of two incompatible observ-
ables are chosen at random to be measured by each party and 
the scenario introduced by Brukner. In the latter, in one of four 
experimental runs, all four observables involved in the experi-
ment are being measured—one by each observer in the scenario. 
This suggests that the counterfactual reasoning in the OIF/KSNC 
assumption could be avoided by replacing it with a suitable weaker 
assumption. Indeed, Brukner discusses a weaker assumption—‘that 
Wigner’s and Wigner’s friend’s facts coexist’—before settling on 
‘The assumption of ‘observer-independent facts’ [which] is a stron-
ger condition’14.

In this Article we derive a new theorem, based on the intuition in 
the preceding paragraph around Brukner’s EWFS. It uses metaphys-
ical assumptions (that is, assumptions about physical theories) that 
are strictly weaker than those of Bell’s theorem or Kochen–Specker 
contextuality theorems, and thus opens a new direction in experi-
mental metaphysics. Our first two assumptions are, as per Brukner, 
‘freedom of choice’ (which we make more formal using the con-
cept of ‘No-Superdeterminism’ defined in ref. 24) and ‘Locality’ (in 
the same sense as Brukner; see also ref. 24). Our third assumption is 
‘Absoluteness of Observed Events’ (AOE), which is that an observed 
event is a real single event and not relative to anything or anyone. 
Note that capitalization is used for assumptions formally defined in 
this paper.

Unlike OIF, AOE makes no claim about hypothetical measure-
ments that were not actually performed in a given run. Furthermore, 
AOE is necessarily (though often implicitly) assumed even in stan-
dard Bell experiments24. For convenience, we will call the conjunc-
tion of these three assumptions ‘Local Friendliness’ (LF). This 
enables us to state our theorem.

Theorem 1: If a superobserver can perform arbitrary quantum 
operations on an observer and its environment, then no physical 
theory can satisfy Local Friendliness.

By a ‘physical theory’ we mean any theory that correctly predicts 
the correlations between the outcomes observed by the superob-
servers Alice and Bob (Fig. 1), who can communicate after their 
experiments are performed and evaluate those correlations. The 
proof of Theorem 1 proceeds by showing that LF implies a set of 
constraints on those correlations (that we call ‘LF inequalities’) that 
can, in principle, be violated by quantum predictions for an EWFS 
scenario. Thus, like Bell’s theorem and Brukner’s theorem, our theo-
rem is theory-independent—we use (like Bell and Brukner) quan-
tum mechanics as a guide for what may be seen in experiments, but 
the metaphysical conclusions hold for any theory if those predic-
tions are realized in the laboratory. (This is unlike the theorem of 
ref. 16, which is a statement about the standard theory of quantum 
mechanics.) Note also that, unlike in Brukner’s theorem, all three 
assumptions going into LF are essential for the theorem, and so are 
the friends’ observations.

For the specific EWFS Brukner considered—involving two 
binary-outcome measurement choices per superobserver—the set 

of correlations allowed by our LF assumption is identical to the 
set allowed by the assumptions of Bell’s theorem, commonly referred 
to as the local hidden variable (LHV) correlations. However, in gen-
eral, LF and LHV do not give identical constraints. Indeed, already 
for a slightly more complicated EWFS with three binary-outcome 
measurement choices per superobserver, we show that the set of 
LF correlations is a strict superset of the set of LHV correlations. 
Moreover, it is possible for quantum correlations to violate a Bell 
inequality (an inequality bounding the set of LHV correlations) 
while satisfying all of the LF inequalities. We also prove that the new 
LF inequalities we derive can nevertheless be violated by quantum 
correlations. We demonstrate these facts in an experimental simula-
tion where the friends are represented by photon paths.

We now proceed to explain the EWFS in more detail, before pre-
senting our results and discussing their implications.

The extended Wigner’s friend scenario. Let us consider the bipar-
tite version of the Wigner’s friend experiment that was introduced 

I’m Alice

x a

c

d

by

I’m Charlie

I’m Debbie

I’m Bob

Fig. 1 | Concept of the extended Wigner’s friend scenario. The friends, 
Charlie and Debbie, measure a pair of particles prepared in an entangled 
state, producing the outcomes labelled c and d, respectively (from their 
perspective). The superobservers, Alice and Bob, perform space-like 
separated measurements labelled x and y, with outcomes labelled a and b, 
on the entire contents of the laboratories containing Charlie and Debbie, 
respectively. Credit: Icons of people, Eucalyp Studio under a Creative 
Commons licence (https://creativecommons.org/licenses/by/3.0/).
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FIG. 2. Sketch of Thought experiment 1; inside the
lab, Freya interacts with some system, causing her
to be duplicated into two identical copies. Wigner
asks her which side of the room she finds herself in,
whereupon the slower copy to respond is destroyed,
leaving just one copy of Freya left in the lab.

of absoluteness for this scenario, without an account of personal
identity that elucidates a real, singular, persisting referent.

We can adopt strategies from philosophers, as discussed in Ap-
pendix VB, in order to make sense of the situation. For example,
by Parfit’s anti-realist account of personal identity [29], Wigner’s
statement may be interpreted along the lines of “The Freya who
matters to me was absolutely on the right side of the room”. Al-
ternatively, Lewis [31] (whose ontology of persons resembles four-
dimensional, potentially overlapping spacetime “worms”) might in-
terpret Wigner’s claim to say something like “The Freya who in-
formed me that she was on the right side of the room was absolutely
on the right of the room”. Or Sider [32] (with a person ontology
composed of three-dimensional “person-stages”) may instead argue
“The Freya who existed instantaneously at the completion of the
experiment was absolutely on the right side of the room”. How-
ever, a statement that just refers to “Freya” without a specific
account of identity, is ambiguous in its referent, and provides an
incomplete description of the experiment. Moreover, the possibil-
ity for two Freyas may even constitute a loophole in the LF no-go
theorem, as suggested by Kent [25].

Let us argue slightly more formally. Consider the physicist
Wigner who believes that Ego Absolutism is true, and who ob-
serves that Freya is being prepared for an experiment (which will
turn out to implement Thought Experiment 1). Wigner, however,
is not aware of all the details of the experiment; in particular, the
closed laboratory is to some extent a “black box” for him, so that
he does not have a complete description of what goes on in it. In
particular, he may not know about the duplication process. Then,
formally, Wigner will think that there is a variable (perhaps called
c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.
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c) which will describe Freya’s thoughts (and observations) during
the experiment. His subjective uncertainty about the outcome will
lead Wigner to treat this as random variable, which will take ei-
ther one value or another, c = cL or c = cR, because this is what
variables do in probability theory and hence in classical physics.
Moreover, the value of this variable is absolute in the sense that we
can think of it as belonging to a larger set of facts of the physical
world, described e.g. by a collection of random variables that have a joint distribution in Kolmogorov’s sense. How-
ever, this description is not valid in Thought Experiment 1: there is no random variable c of this kind. The particular
intervention that occurs in the black box disrupts the usual notion of probability space that Wigner assumes, rendering
statements like “the probability that c = cR is p” undefined, because c becomes undefined. Following Kent [25], we
might describe it as there being two random variables c1 and c2 instead, describing the thoughts of the two Freyas.

Next, let us consider another, similar thought experiment, now including “merging” (c.f. [28]) to explore an analo-
gous operation to the unitary reversal posited by LF experiments. This time, we consider just Freya and her thoughts
and beliefs around an experiment.

Thought Experiment 2. We now imagine a second experiment that we could in principle perform classically
on an initial observer, Freya. We refer to Freya at the start of the experiment as Freya0 in order to distinguish
her from subsequent versions of herself. Freya0 is duplicated, after which one copy (FreyaB) will wake up in a
blue room, and the other (FreyaG) in a green room. Upon awakening, each copy observes which colour room they
find themselves in. Then, the two copies are put back to sleep and the memories of their respective experiences
erased. They are then merged back together into a singular Freya, who wakes up again in the starting lab, with
no recollection of being in either colour room.

As in Thought Experiment 1, the interventions in the experiment run us into problems concerning personal identity.
Freya, reflecting on the experiment, would surely believe herself to be the same person that arrived at the lab to be
duplicated, since she has su�cient physical and psychological continuity with Freya0. However, she has no recollection
of waking in either blue or green rooms, therefore she cannot identify herself solely with either FreyaB or FreyaG.

• Classical	fission&fusion:	n=1.	
Our	physical	theories	have	
nothing	at	all	to	say	about	
what	Freya	should	believe	about	
the	color	of	room	she	will	see.
RestricCon	A	applies	here	to	all	current	physical	theories.
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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future	observaCons	—	i.e.,	to	n=1	observer).	Moreover,	even	if	we	
supplement	classical	physics	with	any	probability	rule	whatsoever	(not	
necessarily	Elga’s	Principle	of	Indifference),	which	informs	Freya	about	
what	she	should	believe	about	her	future	observaCons	in	a	way	that	is	
not	completely	ignoring	her	subsequent	mul@plicity	M,	then	the	
resulCng	theory	will	be	subject	to	RestricCon	A	for	2≤n	agents.
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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of Charlie’s outcomes  !c that lets them play the role of a set of hidden variables. For details, please see the proof
of [67]. In the terminology we introduce here: if Alice’s subsystem is an instance of Restriction P (as witnessed by
the violation of Bell-type inequalities when considered together with Bob’s subsystem), then it can also be used to
observe an instance of Restriction A (i.e. a LF violation).

The equivalence expressed by equation (2) demonstrates that all Bell violations can be lifted to some kind of LF
violation. In other words, all instances of Restriction P arising from Bell violations can be modified to also yield
demonstrations of Restriction A for quantum theory via an EWF scenario, when one assumes Local Agency. It is
also interesting to note that, whilst the quantum thought experiments above all involve instances of violations of
Bell-type inequalities, one could also begin with contextuality as an example of Restriction P, and lift this to examples
of Restriction A. This is done, for example, in Refs. [69, 70].

C. Restriction A beyond quantum foundations: should you believe you are a Boltzmann brain?

We contend that further puzzles in physics and philosophy concerning identity and first-person experience can be
reduced to Restriction A. In this subsection, we discuss one such example for which we argue that this is the case:
the Boltzmann brain (BB) problem. For a brief introduction to this problem, see Appendix VE. Here, we will be
even more brief, and discuss only a schematic version ignoring all details that are irrelevant for our discussion. Our
exposition will mainly follow Carroll’s work [71].

Imagine that Freya lives in a universe that is, in the language of cosmologists, “dominated by Boltzmann brains”.
That is, somewhere there is an actual planet Earth containing a human called Freya (F0), but there are a large
number of copies out there in the universe that are locally indistinguishable from Freya (denote these by F1, . . . , FN ,
where N is large). We assume that these Fi have come into existence by thermal fluctuations: that is, the universe
is so large such that we will find enough regions where random processes have led to duplicates of F0 (among many
other things that have randomly fluctuated into existence somewhere). Almost all of these Fi will be surrounded by
high-temperature thermal fluctuations. Using an illustration from [71], if F0-Freya will look at the sky through her
telescope in a few minutes from now, she will see the usual microwave background, whereas all the Fi-Freyas will
see that the microwave background has been replaced by some high-entropy radiation. Note that this observation in
itself cannot falsify the possibility for F0-Freya that she is a BB, since a BB-dominated universe predicts that even
observers who believe they have made (multiple) corroborating observations are more probably BBs, complete with
illusory memories of an imagined, consistent past.

Let us begin by listing the kinds of questions that we will deliberately ignore in this paper: how does quantum theory
modify our intuition about thermal fluctuations? Should we think of the local reduced state of the universe’s vacuum
state as “actually fluctuating” in some sense, or is it ontologically stationary, given one or another interpretation of
quantum theory? Do we have evidence from cosmological observations that supports a picture of the universe that
renders it large enough to contain (many) BBs? How should we count the number of BBs at a fixed time, given
that General Relativity does not give us an absolute frame of simultaneity? These questions are best tackled by
cosmologists, and some of them are discussed in [71]. For our purpose, let us simply argue under the condition that
those questions can be considered settled, and ask a di↵erent, methodological question: Is it rational to abandon
cosmological models that predict a BB-dominated universe? That is, are cosmologists correct if they claim that such
models are probably false because of one of the following two argumentations:

(S) The “standard argument”: “[...] in such a universe, I would probably be a Boltzmann Brain, and I’m not,
therefore that’s not the universe in which we live.” [71]

(C) Cognitive instability: “On the one hand, we use our reasoning skills and knowledge of physics to deduce that in
such a cosmos we are probably randomly-fluctuated observers, even after conditioning on our local data. On the
other hand, we should deduce that we then have no reason to trust those reasoning skills or that knowledge of
physics – thus undermining the basis of our argument.” [71]

Both (S) and (C) may motivate us to believe that cosmological models which are BB-dominated are false; however,
both (S) and (C) rely on the following crucial assumption:

If Freya lives in a BB-dominated universe, she will probably be a BB.

In this paper, we have carefully avoided discussing situations in which agents wonder who or where they are, and
we have defined the notion of Restriction A in terms of an agent’s observations. To connect the BB discussion to the
one in earlier sections, let us therefore reformulate this statement in a way that makes it more operational:
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where N is large). We assume that these Fi have come into existence by thermal fluctuations: that is, the universe
is so large such that we will find enough regions where random processes have led to duplicates of F0 (among many
other things that have randomly fluctuated into existence somewhere). Almost all of these Fi will be surrounded by
high-temperature thermal fluctuations. Using an illustration from [71], if F0-Freya will look at the sky through her
telescope in a few minutes from now, she will see the usual microwave background, whereas all the Fi-Freyas will
see that the microwave background has been replaced by some high-entropy radiation. Note that this observation in
itself cannot falsify the possibility for F0-Freya that she is a BB, since a BB-dominated universe predicts that even
observers who believe they have made (multiple) corroborating observations are more probably BBs, complete with
illusory memories of an imagined, consistent past.

Let us begin by listing the kinds of questions that we will deliberately ignore in this paper: how does quantum theory
modify our intuition about thermal fluctuations? Should we think of the local reduced state of the universe’s vacuum
state as “actually fluctuating” in some sense, or is it ontologically stationary, given one or another interpretation of
quantum theory? Do we have evidence from cosmological observations that supports a picture of the universe that
renders it large enough to contain (many) BBs? How should we count the number of BBs at a fixed time, given
that General Relativity does not give us an absolute frame of simultaneity? These questions are best tackled by
cosmologists, and some of them are discussed in [71]. For our purpose, let us simply argue under the condition that
those questions can be considered settled, and ask a di↵erent, methodological question: Is it rational to abandon
cosmological models that predict a BB-dominated universe? That is, are cosmologists correct if they claim that such
models are probably false because of one of the following two argumentations:

(S) The “standard argument”: “[...] in such a universe, I would probably be a Boltzmann Brain, and I’m not,
therefore that’s not the universe in which we live.” [71]

(C) Cognitive instability: “On the one hand, we use our reasoning skills and knowledge of physics to deduce that in
such a cosmos we are probably randomly-fluctuated observers, even after conditioning on our local data. On the
other hand, we should deduce that we then have no reason to trust those reasoning skills or that knowledge of
physics – thus undermining the basis of our argument.” [71]

Both (S) and (C) may motivate us to believe that cosmological models which are BB-dominated are false; however,
both (S) and (C) rely on the following crucial assumption:

If Freya lives in a BB-dominated universe, she will probably be a BB.

In this paper, we have carefully avoided discussing situations in which agents wonder who or where they are, and
we have defined the notion of Restriction A in terms of an agent’s observations. To connect the BB discussion to the
one in earlier sections, let us therefore reformulate this statement in a way that makes it more operational:

Both	(S)	and	(C)	moCvate	us	to	believe	that	BB-dominated	models	are	
false;	but	both	rely	on	the	following	crucial	assumpCon:
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The equivalence expressed by equation (2) demonstrates that all Bell violations can be lifted to some kind of LF
violation. In other words, all instances of Restriction P arising from Bell violations can be modified to also yield
demonstrations of Restriction A for quantum theory via an EWF scenario, when one assumes Local Agency. It is
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Is	it	raConal	to	abandon	BB-dominated	models?

If	there	are	N	copies	of	Freya	in	the	universe,	and	M	of	them	are	BBs,	
then	Freya	should	expect	with	a	probability	of	about	M/N	to	make	
some	strange	BB-type	observaCon	soon.
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SuggesCon	to	replace	it:	
Future	observaCons	are	more	likely	if	universal	inducEon	tells	us	so	
(not	if	they	are	more	mulCply	realized).	EssenCally,	use	an	algorithmic	
prior	to	predict	future	observaCons.
This	would	imply	that	Freya	will	probably	conCnue	seeing	“Earth-like	
business	as	usual”	even	if	Earth-Freya	was	hugely	outnumbered	by	BBs.
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To	make	sense	of	this	statement,	the	agent	“Freya”	would	not	be	defined	
by	a	localized	physical	system	on	which	she	supervenes,	but	by	her	
structural	properEes,	represented	both	on	Earth	and	in	the	BBs.
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hints	more	at	a	structuralist	/	idealist	/	fragmentalist	view.



1. Reproducing	WF	phenomenology	with	classical	
duplicaEon	(“thinking	twice	inside	the	box”)	
	
	
	
	
	

2. A	common	structural	core:	RestricEon	A	

3. RestricCon	A	elsewhere:	Boltzmann	brain	problem++	

4. Consequence:	Fragmentalism/idealism

Overview
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FIG. 3. Sketch of the setup of Thought Experiment 3; Freya agrees to an experiment in which she will be put to sleep and
multiplied into N copies, where N is large (here though, N = 2). For each copy, asleep in her own lab, a fair coin is tossed. If
the outcome is Heads, the copy of Freya in the corresponding lab is duplicated again. If the outcome is Tails, she is not.

our discussion in Subsection III C, where we will reevaluate this option more explicitly, and see Appendix VD for an
overview on Elga’s principle). Using the law of large numbers, there will almost surely be approximately N copies
of Freya who will experience a Heads-awakening, following the duplication process, whilst approximately N/2 will
experience a Tails-awakening (to first order in N). Hence, with high probability, approximately N/2 copies of Freya
will lose their wager of (2/3� ✏)$, whilst approximately N copies of Freya will have profited by (1/3 + ✏)$. The bet
is therefore rational for any copy of Freya to accept for any " > 0 (but not for negative ") – thus setting her credence
for Tails as 1/3. On the other hand, superobserving Wigner outside a given lab, in his conviction that a fair coin was
tossed, should place the probability of Tails as p = 1/2, which is the threshold price under which he wins on average.
Accordingly, we see a divergence, or an apparent inconsistency, in the credences that Freya and Wigner ought to
assign to the same event, despite both being ideally rational agents, and having the same objective knowledge about
the world.

As in the original Sleeping Beauty problem, the puzzle can be made more dramatic by imagining that Freya will
be multiplied into M copies if the outcome of the coin toss is Heads, where M is large (above, we have discussed the
case M = 2). In this case, Freya’s credence in the outcome Tails would accordingly be argued to be 1/(M +1), which
is vanishingly small, whilst Wigner would still surely assign probability 1/2.

It is worth immediately noting that this is not related to Ego Absolutism, as the authors of [24] note that “a
thought can be absolutely real even if it corresponds to an incorrect statement”. In our example, whether Freya’s
probability assignments and beliefs are correct are tangential to whether they exist absolutely. However, the above
highlights another kind of inconsistency. Despite both being ideally rational, and despite both having precisely the
same knowledge about the world, Freya and Wigner assign di↵erent credences to the outcome of the coin toss – or at
least they should from the perspective of winning bets, following Elga’s principle. That is, Thirders would argue that
Freya’s knowledge that there are many more copies of herself who experience a “Heads-awakening” should increase
her credence about self-locating in one of these labs. Whereas Wigner, in his third-person perspective, should not
change his beliefs according to the possible existence of multiple copies of Freya. Here we see the first- or third-
person perspectives of agents play a fundamental role in their beliefs, despite both agents having the same absolute
knowledge.

An analogy can be drawn to the Frauchiger-Renner Gedankenexperiment. Consider the following probabilistic
generalisation of Frauchiger and Renner’s assumption (C):

Assumption (CP). Suppose that agent A has established that “I am certain that agent A0, upon reasoning within
the same theory as the one I am using, and having the exact same knowledge of the world as I, is pretty sure that
x = � at time t.” Then agent A can conclude that “I am pretty sure that x = � at time t.”

We argue that (CP) is violated for Thought Experiment 3. First, we have already argued that Freya ought to set
proportionately higher credence that the coin toss landed on Heads, given the context of her being awoken. Wigner, in
knowing the full setup of the experiment, and knowing Freya to be a rational gambler, can also reason that Freya will
set her credence to be pretty sure of the outcome Heads. Therefore, following (CP), he too should be pretty sure that
the outcome was Heads, and should be prepared to bet accordingly. Moreover, “pretty sure” can be made arbitrarily
close to “certain”, as in the original wording of the Assumption (C), by taking the number of Heads-duplications M
of Freya to be very large. However, as we have argued, Wigner’s credence that the coin toss landed on Heads ought
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What	about	our	to-be-simulated	friend	and	the	cosmologists?

For	every	single	agent,	there	should	be	a	mathemaCcal	expression	for	
what	they	should	believe	about	future	experiences,	in	all	circumstances.	
In	ordinary	physics,	this	is	exactly	the	quantum	state,	as	we	have	learned	
yesterday	from	Philipp	Berghofer.	Should	not	assume,	but	derive	this!



What	about	our	to-be-simulated	friend	and	the	cosmologists?

This	would	be	a	theory	that	explains,	starCng	with	private	probabiliCes,	
• how	a	noCon	of	“external	world”	emerges	for	N=1	agents,	and	
• how	an	approximate	noCon	of	objecCvity	emerges	for	N>1	agents.	
• Since	the	personalist	probabiliCes	do	not	typically	fit	together	into	

a	joint	distribuCon,	the	hope	is	that	aspects	of	quantum	theory	arise.	
• Then	we	can	tell	our	to-be-simulated	friend	&	…	what	to	expect.

For	every	single	agent,	there	should	be	a	mathemaCcal	expression	for	
what	they	should	believe	about	future	experiences,	in	all	circumstances.	
In	ordinary	physics,	this	is	exactly	the	quantum	state,	as	we	have	learned	
yesterday	from	Philipp	Berghofer.	Should	not	assume,	but	derive	this!



Algorithmic	idealism

An	approach	of	this	sort	already	exists,	and	is	under	further	construcCon.

If	you	are	interested:	mpmueller.net/ai

Soon	on	the	arXiv:	Adversarial	collaboraCon	with	Kelvin	McQueen.	
Paper	“Law	without	law:	…”,	Quantum	4,	301	(2020).



Conclusions

• Have	shown	how	to	reproduce	certain	structural	aspects	of	
Wigner’s	friend	scenarios	classically	via	duplicaEon.

• RestricEon	A	as	a	common	core:	physical	theories	do	not	always	
give	us	joint	probability	distribuCons	for	the	future	observaCons	
of	all	agents	(or	even	a	single	agent).	
Have	argued	that	this	is	what	Wigner’s	friend	is	ulCmately	about.

• This	is	at	the	core	of	several	other	puzzles	in	physics	and	philosophy,	
including	the	Boltzmann	brain	problem.

• Have	argued	that	this	moCvates	idealist/fragmentalist	approaches	
where	“reality”	is	a	mosaic	of	the	fundamental	first-person	pieces.

Caroline	Jones	and	MM,	arXiv:2402.08727	(and	mpmueller.net/ai)

Thank	you!

http://mpmueller.net/ai

