
Vol.:(0123456789)

Foundations of Physics (2022) 52: 91
https://doi.org/10.1007/s10701-022-00606-5

1 3

Presentist Fragmentalism and Quantum Mechanics

Paul Merriam1 

Received: 25 October 2021 / Accepted: 11 July 2022 / Published online: 11 August 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 
2022

Abstract
This paper states and gives three applications of a novel ‘Presentist Fragmentalist’ 
interpretation of quantum mechanics. In a cognate paper it was explicitly shown this 
kind of presentism is consistent with special relativity and that it has implications 
for how to understand time as it relates to the Big Bang (Merriam in Axiomathes, 
https:// doi. org/ 10. 1007/ s10516- 022- 09623-5, 2021). In this paper we narrowly focus 
on three applications. These are surely the most important conundrums for any pro-
posed interpretation of quantum mechanics: Schrodinger’s Cat, Bell non-locality, 
and the Born rule. It will be shown that these can be handled in a consistent and 
intuitive way.

Keywords Quantum mechanics · Time · Fragmental · Schrodinger’s cat · 
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1 Introduction

This paper gives the beginnings of a ‘Presentist Fragmentalist’ interpretation of 
quantum mechanics. Many aspects of the interpretation, including the philosophical 
arguments recommending it, must be left for cognate papers. This ambition of this 
paper is to merely state the interpretation and apply it to what are surely the most 
important conundrums for any interpretation: Schrodinger’s Cat, Bell non-locality, 
and the Born rule. It is shown these can be handled in a consistent and intuitive way.

Two of the main ideas (to be explained below) might be stated: (1). one dimen-
sion of time in each quantum system is characterized by McTaggart’s two differ-
ent series: the A-series (future-present-past) and the B-series (earlier-times to later-
times) [1] and (2) reality is fragmented [2] in that each quantum system does not 
contain the information of another system’s A-series and thereby delineates a frag-
ment. Reality is broken up into fragments in this way.
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In a cognate paper it was explicitly shown how this interpretation is consistent 
with special relativity [3].

2  The Interpretation

This section will only state the interpretation. Many aspects must be left for cognate 
papers. But it will be clarified by applications in subsequent sections.

(1) One dimension of time is characterized by two series: an A-series (future-pre-
sent-past) and a B-series (earlier-times to later-times) [1]. The A-series is not 
derivable from the B-series in any way. This is called an A-theory of time (see 
also [4]).

In this particular presentist A-theory we will assume the B-series ‘goes past’ (see 
Fig. 1 and Sect. 2.6) the A-series present. As later and later times ‘become’ from 
the future into the present and then into the past, time goes on. This accords with 
experience.

(2) Each quantum system has a total of five parameters: the A-series τ, the B-series t, 
and the three spatial parameters xa. This is in contrast to Minkowski space which 
has the four parameters: the B-series t, and the three spatial parameters xa.

(3) Each quantum system can serve as a reference system from which one describes 
another quantum system in the sense of quantum reference frames. There has 
been somewhat of a convergence to this idea; see [5–7].

 If q1 is a reference quantum system from which there is another system q2 in a quan-
tum state, then q2 can be taken to be a reference quantum system from which the 
system q1 is in a quantum state. This is analogous to (but not identical with) how dif-
ferent frames of reference work in relativity: any frame can be taken to be the ‘rest 
frame’ from which the other frames are given by the Lorentz transformations.

Fig. 1  This figure is borrowed from “A Theory of the Big Bang in McTaggart’s Time,” which has been 
accepted for publication
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(4) Each quantum system, no matter how small, simple, or non-local,1 forms an 
ontological fragment. In a fragment there is no fact-of-the-matter about the value 
of the relevant parameter in another fragment. In this interpretation the relevant 
parameter is the A-series.

(5) In each fragment there is no fact-of-the-matter about the A-series of another 
fragment. This is the crucial point. An A-series delineates each fragment. Reality 
is not a cohesive whole but is ‘fragmented’ in this way.

 The A-series contains the information of (1) the future, (2) the present moment or 
‘now,’ (3) the past, and (4) the notion of ‘becoming’ (see also [8]) for each quantum 
system individually. But there is no fact-of-the-matter about the A-series of two differ-
ent fragments taken together. The upshot is that there is no fact-of-the-matter about a 
present moment in two different fragments taken together. If we have information about 
the present moment of one fragment f1, then we do not have information about the pre-
sent moment of another fragment f2, and vice versa.

It is worth very briefly touching on the powerful argument recommending this inter-
pretation. My subjective phenomenal experience is not accessible to you, and vice 
versa. There is no (ontological) fact-of-the-matter about whether our experiences of the 
color green (for example) are qualitatively the same or not. What I call ‘green’ is what 
you might call ‘blue’. Meanwhile, the A-series is usually argued to also be phenomenal. 
So there is no (ontological) fact-of-the matter about the A-series of two distinct frag-
ments taken together.

Further, any quantum system should be just as good as any other quantum system, 
so arguably one may suppose a mild form of panpsychism (only to the extent that an 
A-series can be defined within each fragment). The interpretation of quantum mechan-
ics of this paper follows immediately. Of course, an adequate discussion of this philo-
sophical argument would take this paper too far afield, so this philosophical discussion 
will not be pursued further here.

(6) Two fragments become one fragment when and only when they (mutually) inter-
act in such a way that they become to share the same A-series, at which point 
they become one fragment.

 This interaction is described as usual by the collapse of the state-function in a Hilbert 
space as defined in the parameters of the reference fragments. This collapse is taken to 
be described by a projector irreducibly projecting. That is, in some sense, it is irreduc-
ibly a verb. This models the large arrow in the upper left of Fig. 1.

We need one more principle:

(7) An experimental outcome can be demonstrated/realized only in a fragment’s 
present moment (as opposed to a future or a past moment). An outcome in the 
future, or an outcome in the past, can be discussed and theorized about. But the 
result of an experiment can be demonstrated only in the present.

1 Non-local in the spatial coordinates of another fragment.
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3  Schrodinger’s Cat

This section explains how the Schrodinger’s Cat conundrum is handled in this 
interpretation.

Suppose the experimenter is Alice. The traditional paradox is that at some time 
during the experiment, Alice describes (so to speak) the Cat’s state as a super-
position, schematically as [psi >  = [alive >  + [dead > . Yet at that time the cat 
describes itself as being in one definite state, either ’alive’ or else ’dead’, and not 
in the superposition [psi > . What’s going on?

The problem from the perspective of the interpretation here is that we assumed 
the A-series values of the Cat are the same as the A-series values of Alice dur-
ing the experiment. This was sneaked in with “at that time”. But in this theory 
there is no fact-of-the-matter about both the A-series (and therefore the pre-
sent moment) of Alice on one hand, and the A-series (and therefore the present 
moment) of the Cat during the experiment on the other hand, considered together. 
During the experiment they are two different fragments.

But if, during the experiment, Alice and the Cat are never in a shared pre-
sent moment, or a shared ’now’, then there is never a time at which the cat gets 
ascribed different states, one by Alice and a different one by the Cat. That is the 
crucial point. And by (2.7) this means there is no fact-of-the-matter in reality 
about the relevant parameters of the state of the Cat in terms of the parameters of 
Alice, and vice versa, during the run of the experiment. That is how the paradox 
is resolved in this interpretation.

It is worth seeing in a little more detail how, if Alice can serve as a reference 
fragment in whose parameters the Cat can be described, then Cat can serve as a 
reference fragment in whose parameters Alice can be described.

Suppose that, in obvious notation, for Alice, Schrodinger’s Cat is in the state

in a Hilbert space  HAlice defined from Alice’s fragment. Then, for Cat, Alice is, 
in obvious notation, in the corresponding state

in a Hilbert space  HCat. Note (1) obtains in Alice’s fragment if and only if (2) 
obtains in Cat’s fragment.

The long-run statistics of the first and second terms in (1) and (2), respectively, 
must be the same, so in view of the Born rule we have

The state-vector [Ψ > collapses upon observation of Cat by Alice when and 
only when the state-vector [Ψ’ > ’ collapses upon observation of Alice by Cat.

(1)
[
psi >= c1

[
alive > +c2[dead >

(2)[psi� >�= c3[happy >
� +c4[sad >

�

(3)|
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4  Bell Pairs and Non‑locality

The explanation of non-locality is essentially the same as with Schrodinger’s Cat.
Suppose Alice and Bob are space-like separated fragments and a pair of entan-

gled electrons, a third fragment, goes out to them. Alice decides on the orientation 
of her detector and then measures the spin of a relevant electron. Suppose Bob then 
does the same at a sufficiently long time after Alice.

For Alice, the pair does not have particularized spins (and indeed the electrons do 
not have particularized identities) until measurement. In this interpretation, that is 
because of the simple fact that Alice’s fragment and the pair’s fragment do not have 
the same A-series, and therefore the same present moment, or ‘now’, until such a 
measurement. The pair can have particular spins only in the pair’s present moment. 
But in Alice’s fragment there is no fact-of-the-matter about when the pair’s present 
moment is. Alice’s fragment does not contain that information—that is, until meas-
urement. And vice versa.

The five coordinates of Alice’s fragment extend throughout space. It is irrelevant 
how far away something is.2 Thus, one wants to say that the non-local hidden vari-
able of this realist interpretation is a fragment’s A-series. But it should be noted that 
a present moment is actually not ‘hidden’ at all. It is one of the most fundamental 
empirical datum given (I am always in my present). Thus it would be more accurate 
to call each fragment’s A-series a non-local self-evident variable.

5  Derivation of Part of the Born Rule

We’ll derive the Born rule for real numbers for two systems with two possible out-
comes of a mutual measurement and indicate how it is generalizable.

Let there be two quantum systems Alice and Bob (which as always could micro-
scopic, spatially extended, etc.). In fragmental quantum mechanics these systems 
form ontological fragments, and a measurement (collapse of the state-function) is a 
mutual measurement. Alice measures Bob if and only if Bob measures Alice.

Suppose the two systems interact—they perform a measurement on each other. 
Let there be two possible measurement outcomes,  m1 and  m2. In Alice’s fragment let 
 p1 be the ‘chance’ that the measurement outcome will be  m1, and  p2 be the ‘chance’ 
that the measurement outcome will be  m2. The measurement is explicitly not a 
measurement of Alice on herself. So the requirement that  p1 and  p2 sum to 1, as they 
would if they were normal or ‘objectival’ probabilities, would be unphysical.

Similarly, if  p3 and  p4 are the ‘chances’ that the measurement outcome is  m1 or 
 m2 respectively in Bob’s fragment, it would be unphysical to require that they sum 
to 1.

2 Note the relativity of simultaneity is a B-series feature. To incorporate the A-series of the reference 
system a generalization of the Lorentz transformations must be used [3].
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Instead, we can only require that the ‘chance’ that Alice’s gets an outcome and 
Bob’s gets an outcome, sum to 1. There is a measurement outcome if and only if 
both Alice gets an outcome and Bob gets an outcome.

This implies that—to model the physical situation—we can only require that 
the product

sums to 1.
This gives

Next, we cannot have inconsistent measurements from the two fragments. If 
Alice gets outcome  m1 then Bob must get outcome  m1 also, and Bob must not get 
outcome  m2. Similarly, if Alice gets outcome  m2 then Bob must get outcome  m2 
also, and Bob must not get outcome  m1. (And vice versa.) This implies that for 
the associated ‘chances’  p1,  p2,  p3,  p4,

as these would correspond to different outcomes for Alice and for Bob of the 
same (mutual) measurement.

Finally, Alice and Bob make use of the same theory in describing the oppos-
ing system (namely, quantum mechanics). So in the long-run statistics (i.e. tomo-
graphically) the outcome  m1 must have an equal chance of obtaining in both frag-
ments, and similarly for outcome  m2. Thus

Applying Eqs. (6) and (7) to Eq. (4) we get

for the ‘chances’  p1 and  p2 in Alice’s fragment, and we get the analogous equa-
tion for the ‘chances’  p3 and  p4 in Bob’s fragment:

This is how the Born probabilities for real numbers  pi can be derived in this 
interpretation. The coefficients have been restricted to ‘real’ numbers because we 
wanted to interpret the  pi as ‘chances’ in some relatively uncontroversial way for 
the sake of illustration.

It is clear that Alice and Bob must agree on the measurement outcome upon 
mutual observation. But the fact that this derivation uses that fact is a great vir-
tue: for something as fundamental as the Born rule we would hope to use some-
thing fundamental in the derivation. Further, it seems that in some sense (8) and 
(9) only constrain the  pi to be complex.

(4)
(
p1 + p2

)(
p3 + p4

)

(5)p1p3 + p1p4 + p2p3 + p2p4 = 1

(6)p1p4 = 0, p2p3 = 0

(7)p3 = p1, p4 = p2

(8)p2
1
+ p2

2
= 1

(9)p2
3
+ p2

4
= 1
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Equations (8) and (9) generalize to more than two possible outcomes of a measure-
ment interaction. They are generalizable to n possible outcomes, each with a ‘chance’ 
given in each fragment, provided there are only two fragments: the reference system A 
and the opposing system B (or reference system B and opposing system A).

5.1  Note

It has been verified that for 3 possible outcomes and for 4 possible outcomes, and 
assuming that if the ‘chance’ (a complex number) for an outcome is ci in Alice’s frag-
ment, and that the corresponding ‘chance’ for that outcome is ci-bar in Cat’s fragment, 
then the solutions to the corresponding derivation above are one-dimensional (one real 
parameter). It might be this can be interpreted as the phase. See associated pdf [9].

6  Conclusions

To summarize this realist interpretation, we have (1) for each system one dimension 
of time is characterized by the two McTaggertian series: the A-series and the B-series. 
(2) Each quantum system forms an ontological fragment: one system does not have the 
information about the A-series of an opposing system. (3) A (mutual) measurement 
happens when and only when the two systems come to have the same A-series.

A challenge for any proposed interpretation of quantum mechanics is to account for what 
are surely the three most fundamental conundrums: Schrodinger’s Cat, Bell non-locality, 
and the Born rule. The novel interpretation of this paper accounts for these conundrums in a 
consistent and intuitive way. This interpretation meets the challenge successfully.
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