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Abstract
Herewe present a non-Hermitian framework formodeling state-vector collapse under unified
dynamics described by Schrödinger’s equation.Under the premise of non-HermitianHamiltonian
dynamics, we argue that collapse has to occurwhen theHamiltonian completes a closed loop in the
parameter space encoding the interactionwith themeter. For two-level systems, we put forward the
phenomenon of chiral state conversion as amechanism for effectively eliminating superpositions.
This perspective opens away to simulate quantummeasurements in classical systems that up to now
were restricted to the Schrödinger part of the quantumdynamics.

1. Introduction

One century after its inception, quantummechanics stands as one of humanity’smost rigorously tested theories,
yet it still keeps a foundational challenge known as themeasurement problem [1, 2, 80]. The crux of the
measurement problem lies in explaining ormaking sense of thewave function collapse. The postulates of
quantummechanics state that during ameasurement, the Schrödinger equation, which ordinarily governs
quantumdynamics, ismomentarily suspended to allow thewave function to collapse (see, for example, [3, 4]).
This split description of the quantumdynamics is introduced to bridge the complexworld of quantum
superpositionswith the familiar classical reality, where those superpositions have vanished. The incompatibility
between the two descriptions for the dynamics entails a ‘cut’ between the quantumand classical realms (as
WernerHeisenberg called it in a posthumously published letter [5] in response to the EPRpaper [6]). Indeed, the
collapse is essentially a non-unitary, irreversible operationwith loss of information and eventual energy and
momentum exchange [7], or as JohnWheeler put it ‘an irreversible act of amplification such as the blackening of a
grain of silver bromide emulsion’ [8].4

Despite advances in understanding the quantum–classical transition [10, 11], themeasurement problem
remains amystery formany of us [12, 13] 5. Two proposals to address the conventional view ofmeasurements
are theGhirardi-Rimini-Weber (GRW) [16, 17] and theContinuous Spontaneous Localization (CSL)models
[18]. Both introduce stochastic elements to the Schrödinger’s equation, suggesting thatwave function collapse
can occur spontaneously [19] (there are also other proposals using stochastic elements such as [20]). Although
GRWmodels do not rely on the concept of an apparatus to induce collapse, they still lack amicroscopic
explanation for how collapse occurs. Other proposals, inspired byGRW, are due toDiósi [21, 22] and Penrose
[23] linking thewave function collapse to gravity.More recently, different authors (see [24–26] and also [27–29])
proposed using a non-HermitianHamiltonian tomodel a quantummeasurement (earlier proposals also
include dissipativemodifications of the Schrödinger equation [30]). Thesemodels are steps inmaking sense of
quantum collapse [1], yet they also underscore its complexity [31] and the need for further experiments.

In a parallel and unfolding story, over recent years, we have seen a rise in research fronts using photonics
[32, 33], metamaterials [34], acoustics [35], mechanical systems [36] and circuits [37] as classical analogs for
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Wheelermentions that the term irreversible amplificationwas used by Bohr, see chapter 1 of [9], whichwas published in 1958.
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There are also notable opinions against thinking of themeasurement problem as such, see for example [14].We also refer to [15] for a

broader overview of the different positions
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quantum systems.Notably, in photonic lattices, the paraxial Helmholtz equation for the electromagnetic waves
maps to the Schrödinger equation [38] thus allowing to simulate quantum systems. Similarly, in electrical
circuits, the correspondence between the circuit Laplacian and the tight-bindingHamiltonian have been
extensively used to investigate topological states [37].Moreover, it has been demonstrated that these circuits can
alsomimic Schrödinger dynamics [39]. Collectively, these examples illustrate the availability of a classical toolkit
for simulation of quantum systems.However, a critical limitation remains: while a few noteworthy exceptions
offer solutions for specific cases [40, 41], classical simulators generally lack a broadly applicable counterpart to
quantummeasurements, thereby preventing the exploration of a wealth of phenomena such asmeasurement-
enriched phases.

The aforementioned limitation of classical simulators in handling quantummeasurement shows the need
for a deeper understanding of themeasurement process itself, whichmight then inspire new simulation
approaches. Focusing on recent proposalsmodeling collapse using non-HermitianHamiltonians, challenges
remain. Althoughmodels like our prior work [24] showhownon-Hermitian dynamics can amplify a chosen
state, the need to construct the interaction specifically to favor a predetermined outcome perhaps offers less
insight into themeasurement process itself.Moreover, such approaches do not necessarily provide a dynamical
explanation forwhy the possible outcomes of an energymeasurement correspond specifically to the eigenstates
of the system’s original Hamiltonian (0). Onemight desire amechanismwhere both the preference for
eigenstates and the selection among them emerge dynamically from the system’s response to control or
interaction. Thismotivates our exploration of an alternative framework centered on dynamically induced
collapse via parameter loops around exceptional points, aiming to demonstrate how such dynamics can
naturally establish the initial eigenstates as the unique stable outcomes and provide a topologicalmechanism for
selecting one.

The alternative frameworkwe propose leverages key features of non-HermitianHamiltonians [42–44],
systemswhose unique properties offer a potential pathway to address the limitations discussed above. Non-
HermitianHamiltonians exhibit phenomena absent in theirHermitian counterparts,most notably non-
Hermitian degeneracies known as exceptional points (EPs) [42, 45], where both eigenvalues and eigenvectors
coalesce. These EPs are central tomany counterintuitive phenomena [46–48] and useful effects, including
sensitivity enhancements relevant for novel sensors [49–53]. Crucially for our goal of dynamically explaining
state selection, the behavior near EPs, particularly the state evolution during parameter loops encircling them
[54], forms the core of our proposed collapsemechanism. Furthermore, the physics of non-Hermitian systems
and EPs can be readily explored in various experimental platforms, includingmetamaterials [34], photonics
[55–58], acoustics [35], and circuits [59, 60]. This experimental accessibility offers a unique opportunity not only
to test the fundamental dynamics we propose but also potentially to simulate aspects of quantum collapse, as
modeled here, within controllable classical systems.

To set the stage, we first revisit the postulates of quantummechanics, laying the groundwork for our
discussion. Subsequently, we discuss a set of physicallymotivated assumptions and their consequences. The
main outcome of this part is that if a quantummeasurement is to bemodeled as a process that occurs in time and
which is described by the Schrödinger equationwith a non-HermitianHamiltonian encoding the effect of the
meter (orwhatever interaction leading to collapse), then theHamiltonian should describe a closed loop in
parameter space (returning to its initialHermitian form). Interestingly, we are able to readily link this discovery
with the phenomenon called state exchange or chiral state conversion [54]: For the 2× 2 case, whenmoving
along a closed contour in the space of theHamiltonian parameters, and under certain conditions for the speed
withwhich the loop is completed, the initial state undergoes a conversion to a preferred state, which is
determined by the sense of rotation in the space of parameters [54]. Thus, chiral state conversion breaks the
superpositions andmodels quantum collapse under a single dynamic equation.However, there is a twist to
consider: the sense of the loop is a property of the interaction itself rather than the initialHermitian
Hamiltonian. In otherwords, it is an additional variable, and compatibility with standard quantummechanics
requires that its valuemust be set to satisfy Born’s rule.We close by discussing the implications of our results on
the path to simulating quantummeasurement in classical systems.

2. Split procedures for the quantumdynamics

Quantummechanics is traditionally based on four key postulates, as outlined in textbooks [3, 4]. Two of these
postulates specifically address the theory’s dynamics. One of thempertains to the standard,measurement-free
behavior governed by the Schrödinger equation, highlighting how systems evolve when not beingmeasured.
The other postulate introduces the concept ofmeasurement as a distinct phenomenon, where the act of
measuring disrupts the usual dynamics, causing the system’s state vector to collapse into one of the observable’s
eigenstates. This collapse results in the system adopting a state that corresponds to one of the observable’s
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eigenvalues, rendering themeasurement as an exceptional process within quantummechanics, described by a
different antagonistic procedure.

Themeasurement postulate in quantummechanics, in its conventional form, can be broken down into
three key questions: (1)What are the possible outcomes of ameasurement? (2)What happens to the system’s
state after ameasurement (state-vector collapse)? and (3)What are the probabilities of obtaining each outcome
(Born’s rule)?Here, we primarily address the first and second question, offering amodel for the dynamics of the
collapse itself.

DynamicalModel of aQuantumMeasurement.–Ourmodel for a dynamical description of quantum
measurement using non-HermitianHamiltonians rests on three key assumptions:

1. Finite-Time Evolution: The measurement occurs over a finite time interval. The system’s state vector,
denoted as |Ψ(t)〉, evolves according to the standard linear time-dependent Schrödinger equation:

∣ ( ) ( )∣ ( )¶ Y ñ
¶

= Y ñ i
t

t
t t ,

where ( ) t is the (generally non-Hermitian)Hamiltonian encoding the system and its interactionwith the
measurement apparatus. The resulting state vector |Ψ(t)〉 is not necessarily normalized to unity; its
components (i.e., projections onto a basis, such as 〈outcome|Ψ(t)〉) are interpreted as relative probability
amplitudes. To obtain physical probabilities for specific outcomes at any given time t, the squaredmagnitudes
of these relative probability amplitudes (yielding relative probabilities) are subsequently normalized by the
total instantaneous norm squared 〈Ψ(t)|Ψ(t)〉 (i.e., Poutcome(t)= |〈outcome|Ψ(t)〉|2/〈Ψ(t)|Ψ(t)〉).We note
that alternative theoretical approaches exist where normpreservation is enforced continuously via non-linear
modifications to the Schrödinger equation (see, e.g., [61]).

2. Closed Loop in Parameter Space: The Hamiltonian ( ( )) tX traces a closed loop in parameter space
X(t)= {X1(t),X2(t), . . . } during themeasurement, ensuring that it returns to its initial form0 by the end of
the process (figure 1(a)). This can be represented as:

( ( )) ( ( )) ( )= = = =  t T tX X 0 10

3. Non-Hermitian term: The interaction with the measurement apparatus is modeled by a time-dependent
non-Hermitian term in theHamiltonian. This term also describes a loop in parameter space, potentially
dependent on the initial state of the system.

These assumptions ensure that the system returns to its original form after themeasurement apparatus is
removed. The non-Hermitian term serves as aminimalmodel for the apparatus’s influence, avoiding the need to
explicitly include the apparatus’s degrees of freedom in theHilbert space, whichwould lead to amore complex
many-body problem, and is readily implemented in quantum simulators such as photonic lattices [55–57] and
electrical circuits [59, 60]. The case of [24], where collapse is obtained in a Stern–Gerlach setup including both
spin and position variables does not include an implicit change in time.However, it can be viewed as a particular
case where the particle’s passage through themagnetic field region effectively introduces the time dependence
when viewed on the spin variable.

In essence, ourmodel describes themeasurement-induced collapse as resulting from a continuous (and not
instantaneous) process, driven by a non-Hermitian perturbation on the initial HermitianHamiltonian, which
could bemapped to a close loop dynamics in parameter space, dictated by the variables of theHamiltonian,
some ofwhichmay be influenced by the initial state.

3. Possiblemechanisms

Let us now turn to the discussion of the possiblemechanisms. There are different ways where a non-Hermitian
term could lead to a collapse of a superposition state on one of its components. A very simple waywould be just
to add gains and losses to amplify a target state and reduce the others. A typical case is shown infigure 1(b), where
a superposition state is collapsed onto one of its components. In this case, we take for illustration purposes:

( )l= +   . 20 1

where:

( ) ( )g= 0 1
1 0

, 30 0
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The time dependence is embedded in the parameterλwhich is taken as a normalizedGaussian centered at the
measurement time (t= 5 in units of ÿ/γ0, representedwith a vertical dashed line infigure 1(b)) andwith a
standard deviationσ= 1. Specifically, we take ( ) ( ( ) ( )) ( )/ /l s s p= - -t t texp 2 20

2 2 . The state vector |Ψ(t)〉
evolves under according to the linear Schrödinger equation as outlined in section II. The probabilities
displayed infigure 1(b) for having spin up (blue continuous line) and spin down (orange dashed line) as a
function of time (the initial state is a spin down state) are then calculated from the components of |Ψ(t)〉—whose
projections onto the spin basis states are treated as relative probability amplitudes—by squaring their
magnitudes and normalizing by the total instantaneous norm 〈Ψ(t)|Ψ(t)〉. Themeter acts around t= 5
amplifying the spin up and reducing the spin down components leading to a situationwhere the superposition
vanishes, the collapse. After the interactionwith themeter vanishes the usual time-evolution leads again to a
superposition state.

Although thesemodels showhownon-HermitianHamiltonians can amplify a chosen state, the need to
construct the interaction specifically to favor a predetermined outcome perhaps offers less insight into the
measurement process itself. Onemight desire amechanismwhere state selection emergesmore dynamically
from the system’s response to control or interaction. Thismotivates our exploration of an alternative framework
centered on dynamically induced collapse.

For simplicity, inwhat followswewill focus on energymeasurements. A hint for the search for other possible
mechanisms, is that the underlying phenomenon needs to bear an intrinsic asymmetry so that by changing a
variable in the ‘measurement apparatus’ one could obtain the different possible outcomes, it also needs to be a
formidable destroyer of superpositions. Furthermore, themathematical substrate for such phenomenon is likely
to breakmany of the usual rules to serve as a proper backdrop for the cut.Within the realmof non-Hermitian
systems, one of themost prominent sources of unusual and counter-intuitive physics are the so called
exceptional points [45, 48]. These are points in parameter spacewhere the eigenvalues and eigenvectors coalesce
(see the scheme infigure 1(c) illustrating the Riemann surfaces close to an exceptional point), and have been the
focus of intense research [47, 57, 62]. The coalescence at an exceptional point needs to be distinguished froma
usualHermitian degeneracy where a full set of eigenstates is kept. The key difference being the appearance of
defectiveness [63], the lack of a full set of eigenstates. The dependence of the eigenvalues on the parameters
around exceptional points is typically non-analytic [48].

Although for a 2× 2 systemnon-Hermitian system, the adiabatic solutions are expected to exchangewhen
encircling an exceptional point [46–48], this conversion has been predicted to occur in an asymmetric way

Figure 1. (a) Scheme showing a loop in amultidimensional parameter space defining theHamiltonian. 0 is the initial Hamiltonian
just before the interaction that leads to the collapse starts. (b)Time-evolution of the spin-up (blue, continous) and spin-down (orange,
dashed) relative probabilities for a system evolving under theHamiltonian of equation 2with γ0= 1 andΓ= 50. The state at t= 0
corresponds to a particle with spin down. A non-Hermitian term adding gains on the spin-up and loss on the spin-down is turned on
with a gaussian function centered at time t= 5 (standard deviation is 1). This pulsed perturbation leads to a collapse after which the
time-evolution restarts. (c) Scheme showing the Riemann surfaces of the real and imaginary part of the eigenvalues near an exceptional
point. (d)Because of the peculiar structure of the solutions in presence of an exceptional point, the phenomenon of chiral state
conversion leads to the asymmetric conversion of the initial eigenstates |ψ1〉 and |ψ2〉 after a closed loopwhich defies the adiabatic
intuition and destroys superposition states.
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[64, 65], the so called chiral state ormode conversion [54] because of non-adiabatic transitions. This phenomenon
manifests in a two-state systemduring the encirclement of an exceptional point within the parameter space. In
the realmofHermitian systems, the adiabatic theoremposits that if a system is initially prepared in one of its
eigenstates and theHamiltonian parameters are gradually altered along a closed trajectory, the systemwill revert
to its initial state, albeit with an additional geometric phase [66]. In contrast, in non-Hermitian systems, a
clockwise encirclement around an exceptional point invariably results in the system settling into one of the
eigenstates (deemed the preferred state). On the other hand, an anticlockwise journey consistently leads to the
emergence of the second eigenstate, as depicted infigure 1(d). This intriguing behavior has been observed across
various platforms, includingwaveguides [67], and optomechanical systems [68]. At a fundamental level, this
state conversion has been associatedwith the Stokes phenomenon of asymptotics [65] and the concept of
stability loss delay [69].

Remarkably, the dynamics of the instantaneous eigenstates’weights in non-Hermitian systems diverge
significantly from those inHermitian counterparts. Theweights can exhibit extreme fluctuations [65], and
transitions can occur even under slow dynamics, challenging the conventional understanding of adiabaticity
[65, 67]. [54]has presented analytical and numerical insights onwhy a preferred state gets amplified in a
dynamical setting. Recent papers indicate that chiral state conversion can occur evenwithout the need to
encircle the exceptional point [70, 71], thus broadening the phenomenon’s observed scope. But the
understanding of the phenomenon of state conversion is still far from complete, as recent studies indicate
[72–74]. Clearly,more research is needed to get a better picture of the time scales needed for it to happen and its
robustness.

Chiral state conversion provides a promisingmechanism formodeling the state vector collapse in a 2× 2
system. For this, the interactionwith themeter should lead to exceptional points in parameter space. The loop
starts (and ends)with theHamiltonian being0 which isHermitian. Right at the beginning of the loop, a crucial
decisionmust bemade regarding the direction inwhich the loopwill proceed. Switching between clockwise and
anticlockwise loops changes the outcome or the preferred state. Upon the loop’s completion, when the
interaction ceases and theHamiltonian reverts to its original form0, the initial superpositions thatmay have
been in the initial state disappear, ushering in a state of certainty. This transitionmarks a keymoment in the
dynamics of the system, where the ephemeral nature of quantum superpositions gives way to definitive
outcomes, encapsulating the essence of quantummeasurement and evolution.

Tomake the concept of forming a closed loop in parameter spacemore concrete, let us consider aminimal
examplewhich captures the essential physics of EP encirclement. A possibleHamiltonian can bewritten relative
to its parameters δ(t) and γ(t) as:

( ) ( ) ( )
( ) ( ) ( )d g

d g
=

+
- -

 t
t i t J

J t i t
5⎜ ⎟⎛

⎝
⎞
⎠

Here, J represents a real coupling strength, and δ(t) is a time-varying detuning. The term γ(t) represents half
the time-varying gain/loss difference between the two states. Its significance is central to the non-Hermitian
nature of theHamiltonian during themeasurement interaction; it explicitly introduces gain or loss,modeling
the strength and character of the system-apparatus coupling that drives the non-unitary evolution. The specific
choice and time-dependence of γ(t) alongwith δ(t)define the parametric loop in the non-Hermitian parameter
space, which is crucial for the proposed chiral state conversionmechanism. Themodel requires γ(t) to be non-
zero only during the transientmeasurement interaction, returning to zero (as does δ(t)) at the beginning (t= 0)
and end (t=T) of the loop, ensuring theHamiltonian reverts to theHermitian0. Let the initial and final
Hamiltonian be theHermitian0, corresponding to parameters δ= 0, and γ= 0:

( )=
J

J
0

0
. 60 ⎛

⎝
⎞
⎠

The EP occurs at (δEP, γEP)= (0, J) (assuming J> 0). A closed loop in the (δ, γ) parameter space that starts from
0 (i.e., starts at (δ= 0, γ= 0)), encircles this EP, and returns to0 at time t=T can be explicitly implemented.
For example, consider a circular path centered precisely at the EP (0, J)with radiusR= J. This path passes
through the origin and is parameterized during the interval 0� t� T by:

( ) ( ) ( )d = Wt J tsin 7

and

( ) ( ( )) ( )g = - Wt J t1 cos , 8

whereΩ= 2π/T determines the loop durationT. Note that at t= 0 and t=T, we have δ= 0 and γ= 0, ensuring
theHamiltonian starts and ends at0. The time evolution governed by this explicit ( ) t generates the
phenomenon of chiral state conversion [54].
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Crucially, the analysis of the non-Hermitian evolution induced by the parameter loop reveals that the
eigenstates of the initialHamiltonian0 are the only stable dynamical outcomes. The evolution eliminates
components orthogonal to these states, thus providing a dynamical basis forwhy these are the privileged
outcomes. Furthermore, the topology of the path (specifically, the loop direction/chirality) determines which of
these preferred states is ultimately selected.

To connect ourmodel to the probabilistic outcomes of quantummeasurements, wemust address how the
choice of loop direction (chirality) relates to Born’s rule. Our framework proposes that the non-Hermitian
interaction drives the system towards a specific eigenstate depending on the chirality (loop direction). However,
themodel in its current formdoes not inherently derive the probabilities associatedwith these outcomes. To
recover the predictions of conventional quantummechanics, wemust impose Born’s rule externally: the
probability of the interaction selecting a particular chirality (clockwise or anti-clockwise)must be explicitly set to
match the squared amplitude of the corresponding component in the system’s state vector just before the
measurement interaction begins. The precise physicalmechanism responsible for enforcing this probabilistic
choice based on the initial state remains an open question not solved by this dynamicalmodel. Requiring the
chirality selection probability to depend on the initial state amplitudes inherently introduces a non-linear
element into the overallmeasurement process description, distinguishing it from the purely linear Schrödinger
evolution betweenmeasurements. This alignswith arguments suggesting that a purely linear dynamics cannot
fully replicate Born’s rule [75]. Importantly, for a sufficiently slow variation of the parameters, encircling the
exceptional pointmight not be necessary, as the conversion has been signaled to occur anyway [70, 71]. This
robustnessmay simplify the experimental implementation of our proposedmechanism.

Looking ahead, a crucial question is how the probabilistic nature of quantummeasurement emerges from
the seemingly deterministic chiral dynamics.We speculate that, as long as the environmental interactions (at the
origin of the non-Hermitian term) are randomand unbiased, theywill lead to a statistical distribution of
chirality choices thatmirrors the probabilities encoded in the quantum state, hence statistically aligningwith
Born’s rule and the predictions of conventional quantummechanics. Exploring this connection between
environmental interactions, non-Hermitian dynamics, and the emergence of Born’s rule is a promising
direction for future research.

Collapse when there is nomeasurement apparatus.–The collapse of thewave function can occur even in the
absence of a dedicatedmeasurement apparatus.While ourmodel focuses on the case where a non-Hermitian
term represents themeasurement interaction, extending it to other scenarios, such as those involvingmany-
body interactions, remains an open question. A possible path forward could involve exploring the proliferation
of exceptional points [76] or the phenomena reported in [77]. Importantly, any interaction that vanishes after a
finite time, leaving the system’sHamiltonian unchanged, automatically satisfies our assumption 2, allowing for
the possibility of spontaneous collapse driven by transient interactions represented as loops in parameter space.

4. Final remarks

Wehave discussed a framework for a dynamicalmodel of a quantummeasurement where collapse emerges
from an evolution dictated by the Schrödinger equation. A quantummeasurement is seen as resulting from the
interactionwith other degrees of freedom introducing a non-Hermitian term to an otherwiseHermitian
Hamiltonian. The nature of this interaction, having afinite lifespan,motivates using a time-dependent
Hamiltonianwhich, throughout the interaction, describes a closed loop in parameter space. As a possible
mechanism,we signal the phenomenon called chiral state conversion, which leads to the destruction of
superposition states in favor of one of the eigenstates of the initial Hamiltonian (which, for our purposes, is
Hermitian). For a 2× 2 system, the outcome can be switched by changing the encircling of the loop from
clockwise to anticlockwise. Crucially, to complywith experimental observations, the probability of the
interaction selecting a clockwise versus anti-clockwise loopmust be imposed according to Born’s rule,
determined by the amplitudes of the system’s state vector immediately prior to the interaction. As discussed,
incorporating this state-dependent probability selection introduces the necessary non-linearity into the
description of themeasurement process [75].

Conceptually, our analysis utilizing parameter loops around exceptional points offers insight into two key
aspects of quantummeasurement. Firstly, it provides a dynamicalmechanism for state selection based on path
topology (chirality). Secondly, and perhapsmore fundamentally, the dynamics inherent to the non-Hermitian
evolution during the loop naturally establish the eigenstates of the initial Hamiltonian0 as the unique stable
outcomes, offering a potentialmechanistic explanation for their privileged status in this context. By signaling
how the system is dynamically driven towards these states before one is selected, our framework provides amore
complete picture of the collapse process.
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Chiralmode conversion has been extensively studied for 2× 2 systems, but there is stillmuch to understand
for systemswithmore degrees of freedom,where othermechanisms such as the non-Hermitian skin effect
[78, 79] (see also [43, 44] and references therein)may come handy.

As a corollary and perhaps themost immediately useful outcome of our discussion, one can envision the
simulation of quantummeasurements using classical objects: photonic setupswith classical light, electrical
circuits, andmany others. For the case of photonicwaveguide arrays [55, 58], the direction of propagation z
naturally takes the role of time t [32], owing to the direct analogy between the paraxial wave equation for the light
envelope and the time-dependent Schrödinger equation. The effectiveHamiltonianmaps onto the structure’s
properties: coupling J(z) via waveguide spacing, detuning δ(z) via refractive index n(x, y, z), and non-Hermitian
terms γ(z) via engineered gain/loss (e.g., complex n or coupling to lossy elements). Since these parameters can be
preciselymodulated along z during fabrication (e.g., via laser writing), static waveguide circuits can be created to
implement specific time-dependentHamiltonians, including the parameter loops around exceptional points
central to ourmechanism. This allows for direct observation of the resulting dynamics, including testing the
chiral state selection by comparing structures fabricatedwith opposite loopwinding directions along z.

We hope that thismay trigger a fresh look at this enduring enigma. Perhaps the challenge ahead is to take the
measurement out of the quantum realm and down to an experiment with classical objects.
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