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Background: This paper examines the arrow of time within the context of
quantum mechanics focusing on Karl Popper’s propensity interpretation of
probability. Traditional accounts of temporal asymmetry often rely on
special boundary conditions such as the Past Hypothesis or on reductive
mechanisms like decoherence.

Objective: The aim is to show that objective propensities, understood as
intrinsic dispositional properties of quantum systems, can independently
ground temporal direction without appealing to external assumptions or
initial state asymmetries.

Methods: The analysis adopts Popper’s propensity framework, treating
probabilities as real, ontological features of physical systems. These
propensities are assumed to possess inherent asymmetry and directionality,
which guide quantum processes, including wave function collapse.
Results: The study argues that propensities not only determine the
likelihood of future events but also actively direct the evolution of
quantum states. This built in directionality generates an objective,
microscopic arrow of time. Unlike reductionist or decoherence based
accounts, this approach does not depend on supplementary postulates such
as the Past Hypothesis.

Conclusion: The paper concludes that temporal orientation arises
naturally from the intrinsic probabilistic structure and dynamics of
quantum systems. This propensity-based account is compatible with non-
reductive metaphysical models, including the Growing Block theory, and
provides a self-contained explanation of the direction of time.
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Extended Abstract

Introduction

The arrow of time remains one of the fundamental puzzles in physics. Unlike dynamical
equations,which are time symmetric, observable processes such as measurement and entropy
increase are irreversible and proceed from the past to the future (Albert, 2000, 123; Bacciagaluppi,
2007).

To explain this asymmetry and account for the arrow of time, several theoretical attempts have
been
.madeAmong them, explanations based on wave function collapse and decoherence attempt to
account for the asymmetry internally, relying on the structure of the theory itself. However, the
standard formalism of quantum mechanics faces challenges in explaining the arrow of time. Wave
function collapse is tied to measurement, preventing an account of the arrow of time that is based
solely on the theory itself and independent of the observer. Likewise, spontaneous collapse models
such as GRW attempt to overcome this limitation by introducing random collapses, but the
predicted collapse rates are too low in practice to account for macroscopic irreversibility Ghirardi)
(et al., Y3A7. Consequently, despite their modifications, GRW frameworks still rely on external
assumptions to explain the arrow of time (Dorato & Esfeld, Y+ +; Loewer, Y+ V).

Moreover, decoherence which arises from the interaction of a quantum system with its
environment and consequently leads to the loss of quantum superpositions can itself be regarded
as an asymmetric and time directed process. However, it can still be described within the unitary
and time symmetric evolution of the Schrodinger equation. Thus, decoherence alone yields no
definite outcomes and cannot be considered a complete explanation of temporal directionality.

Given the limitations of these approaches in incorporating asymmetry into the ontology of
quantum mechanics, many of them appeal to the Past Hypothesis, which assumes a low entropy
initial state (Albert, 2000, 162; Loewer, 2007). This reliance on external boundary conditions
,motivates the search for a fully internal, theorybased account of temporal direction. In this context
Popper’s propensity interpretation of probability offers a view of quantum mechanics that grounds
temporal orientation in objective propensities. Within this framework, time-asymmetric
propensities govern quantum phenomena.

1. Propensities as Temporally Asymmetric Features

The propensity interpretation regards probabilities as objective tendencies of physical systems
rather than as epistemic measures of ignorance (Gillies, 2012¢ Popper, 1959). Propensities
assign weights to possible outcomes prior to their realization and guide the transition from
superpositions to actualized events (Popper, 1982, 94,109,152,182,185). They are inherently
future-oriented, referring to unrealized possibilities (Belnap, 2007). The guidance of wave
function collapse by intrinsically time asymmetric propensities makes it possible to account
for the arrow of time without appealing to external assumptions.

Since time asymmetric propensities are expressed at the quantum level within the quantum
state itself (Popper, 1982, 203,204). They provide an internal basis for temporal direction. In
this view directionality arises from the propensities themselves, eliminating the need for
external assumptions.

To explain the intrinsic directionality at the quantum level, we examine the relationship between
quantum indeterminacy and the open future.
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2. Quantum Indeterminacy and the Growing Block Universe

Propensities are indeterminate and oriented toward the future. Accordingly, they align with the
intrinsic indeterminacy of quantum mechanics, where superpositions encompass a range of
probabilities. From this arises the openness and indeterminacy of the future ( ,Belnap2007; Miller
1995).

This view is consistent with the growing block model of the universe, in which the future
remains open and indeterminate. Within this framework, propensities function as causal
mechanisms through which possibilities are actualized, thereby expanding the block of reality
(Belnap et al., 2001, 181,182, 187).

Thus, the intrinsic indeterminacy of physical systems aligns with the openness of the future of
reality providing a mechanism for temporal growth. This perspective shows that propensities at
the quantum level not only offer an ontological basis for temporal asymmetry but also provide an
intra-theoretical explanation of the arrow of time. thereby expanding the block of reality (Belnap
etal.,, 2001, 170,177,185, 187).

3. Temporal Directionality in Light of Quantum Propensities

.The propensity interpretation framework provides an ontological basis for temporal asymmetry
In this framework, the arrow of time is not an emergent entropic feature but is embedded at the
quantum level within the ontological structure of quantum theory. Popper argued that the second
,Jaw of thermodynamics and the increase of entropy, although describing a statistical arrow of time
cannot by themselves account for the fundamental direction of time (Weinert, 2023). The
propensity interpretation can bridge this explanatory gap.

In the propensity view, the intrinsic tendencies of a system encompass the increase of entropy
from low probability possible states to higher probability ones, thereby providing a basis for
thermodynamic irreversibility. This perspective also redefines the very notion of probability. The
Born rule is not a predictive convention but a quantification of propensities within the quantum
state (Popper, 1982, 121,130,207). Consequently, the probabilistic structure of quantum
mechanics reflects objective indeterminacy and stands in contrast to the epistemic stance of the
Copenhagen interpretation.

Popper’s propensity interpretation, due to its affinity with the non-Humean view of laws and
its emphasis on time asymmetric tendencies, is capable of explaining the arrow of time within
quantum mechanics itself. Moreover, since propensities are present at all levels of reality and can
account for the increase of entropy, this interpretation can offer an objective and unified account
of temporal orientation across the quantum, thermodynamic, and macroscopic domains.

Conclusion

In the propensity view, temporal orientation at the quantum level is explained in terms of quantum
dynamics and the way processes are guided. In this manner, the need for external assumptions such
as the Past Hypothesis, the role of the observer, or environmental conditions is eliminated. By
situating temporal direction within the probabilistic and dispositional structure of quantum
mechanics, this framework establishes a connection between quantum indeterminacy, macroscopic
irreversibility, and the ontology of time. Consequently, in the propensity view, the arrow of time
is not something imposed from outside but an intrinsic feature arising from the dynamics of
quantum systems.
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