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Exploring Phonon Interference: Insights From a Nano-Scale

Silicon Double Slit Atomistic Simulation

Efstratios Nikidis, Paul Desmarchelier, Yoshiaki Nakamura, Anne Tanguy,

Konstantinos Termentzidis, and Joseph Kioseoglou™

In this study, the classic double-slit experiment, originally developed for light
waves is successfully adapted, to investigate the behavior of phonons in
crystalline silicon. Through molecular dynamics (MD) simulations, how
phonons can exhibit wave-like interference patterns when passing through
two slits in a silicon block is explored. The results indicate that phonon waves
behave similarly to photons, with slit distinct interference patterns. By
manipulating geometric parameters such as slit width, distance, and length,
in fringe distances that align with Young’s double slit formula is observed to
change. Key findings include the observation of phonon interference and the
sensitivity of fringe distances to geometric configurations. Although some
discrepancies with theory arose due to noise in the MD simulations, these
results underscore the complexity of simulating phonon behavior in
nanostructures. This study demonstrates that phonon behavior at the
nanoscale can mirror classical wave interference phenomena, paving the way
for future work that includes conducting physical experiments for validation
and ultimately aiming to engineer devices that harness phononic interference
for innovative applications in thermal management, microelectronics, and

a need to study, monitor, and understand
their transport properties in depth. Di-
rect or indirect control of energy flow
has long been essential, even for what,
by today’s standards, are simple appli-
cations. Over the past century electron
steering was discovered by manipulat-
ing their natural pathways,/!l laying the
foundation for computer sciencel?l later
that control was extended to light**! and
more recently to phonons®®! leading in
an era of nano-engineered materials ca-
pable of controlling heat dissipation. In
parallel, several intriguing heat-transport
phenomenal®%l which lie beyond the clas-
sical Fourier law!'»!2] of conduction, have
been observed or proposed, including ther-
mal rectification!"*~ phonon filtering! ¢!}
and phonon diffraction.!8]

Innovative heat-transport phenomena
therefore form the cutting-edge frontier of

quantum computing.

1. Introduction

To exploit heat-transfer mechanisms and engineer efficient
nanocomposites or other nanostructured materials, first there is

thermal management and energy-efficiency
research. Wave-based phonon effects, in
particular, stand out for their potential to
revolutionize applications ranging from
solid-state devices to high-temperature industrial processes.
Among these effects, diffraction and rectification are fundamen-
tal to the transport of phonons, photons, and electrons. Diffrac-
tion arises when an energy carrier encounters an obstacle or aper-
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Table 1. Phonon coherent and incoherent transport mechanisms.

www.advtheorysimul.com

Property Coherent Phonon Trasport

Incoherent Phonon Transport

Phase Information Preserved.

Transport Type Ballistic, wave-like (non-diffusive)
Scattering Events
Wave-like Phenomena Diffraction, interference, tunnelling, thermal bandgaps.

Regimes

Rare, and when they do occur, preserve phase information.

Occurs at small scales, low temperatures, or very clean materials.

Lost due to scattering.

Diffusive (random, governed by classical laws like Fourier’s)
Frequent, random scattering events (impurities, boundaries, etc.).
No wave-like behaviors, phonons behave like particles.

Occurs at larger scales or higher temperatures.

ture, causing it to bend and interfere, thereby shaping its flow
and effective transport properties. Rectification, by contrast, de-
notes an asymmetric energy flux — transport that is more efficient
in one direction than the other. This behavior appears in thermal
systems, where phonons can sustain directional heat flow, and in
electronic circuits, where diodes enforce unidirectional current.
Both phenomena leverage the wave-like nature of their carriers
to control and manipulate transport in engineered materials.

In nanostructures, heat transport is commonly tuned through
atomic-scale interfaces,?! pores,!2*2!l dopants,!??] and similar
features. When the characteristic dimensions of these phonon-
scattering centres are smaller than the phonon mean free path,
transport falls into the classical diffusive regime: Fourier’s law
applies, and phase information is lost through diffuse bound-
ary scattering and internal processes such as Umklapp phonon-—
phonon and phonon — impurity interactions.!?3!

Although incoherent scattering dominates the diffusive
regime, coherent effects re-emerge at the nanoscale and at
low temperatures. The wave-like nature of phonons then gives
rise to coherence, band-gap formation, diffraction, interference,
and even a coherent thermal-hydrodynamic regime.**! Unlike
photons—whose coherence properties were established a cen-
tury ago—and electrons, whose wave character has long been ex-
ploited, our understanding of phonon coherence remains incom-
plete. Yet phonons are equally fundamental carriers of energy and
information, and uncovering how coherence shapes thermal con-
duction will be crucial for the next generation of heat-control and
management technologies.?’]

Coherence effects (Table 1) concerning phonons were proved
mostly either theoretically or numerically and less experimentally
and they were oriented in meta structures like superlattices or
periodic perforated or with pillars membranes and nanowires.
The coherency is expressed by the energy gap opening, the mod-
ification of the phonon velocity, the suppression of the effective
thermal conductivity, the appearance of non-diffusive transport
regimes like ballistic and hydrodynamic, or the appearance of
phonon tunnelling and phonon diffraction and interference.

Manipulating phonon paths can control heat transfer. For
instance, Dai et al.?®! showed that applying external stress or
strain tunes thermal conductivity by changing the density of twin
boundaries, creating a mechanically controlled thermal switch
with hysteresis. Maldovan(?’! discusses creating forbidden en-
ergy bandgaps for thermal phonons through wave interference,
thereby manipulating heat transport. Seif et al.’! proposed an
engineered nanostructure with tunable, non-reciprocal phonon
transport achieved via optomechanical coupling, useful for an
acoustic isolator or thermal diode. Molecular-dynamics (MD)
simulations remain a powerful tool for studying phonon behav-

Adv. Theory Simul. 2025, 8, e00504 €00504 (2 of 10)

ior. Although real systems include uncertainties such as tem-
perature fluctuations, crystal disorder, and quantum effects, MD
still provides a valuable window into the fundamental nature of
phonons and their interactions in nanomaterials.

Thomas Young’s double-slit experiment, conducted in the
early 1800s, demonstrated the wave nature of light and laid the
foundation for quantum mechanics.!*! By passing light through
two closely spaced slits, Young observed an interference pat-
tern, indicating that light behaves as a wave. This experiment
challenged the prevailing particle view of light and contributed
to the concept of wave-particle duality.l?”! The notion of coher-
ence originated with Young’s work: interference fringes appear
only when photons remain phase-correlated. Interferometers
have since demonstrated coherence in wave fields ranging from
light3%] to acoustics.3!! The first clear evidence of phonon inter-
ference, a high-frequency propagating-wave analogue, appeared
much later; Anderson and Sabisky’s study!*?! is widely cited as
one of the earliest accounts.

In our earlier research,!®! we demonstrated how voids and
amorphous patches create diffraction and interference patterns
consistent with the Fresnel-Kirchhoff equation, emphasizing the
significance of these patterns for understanding phonon behav-
ior in crystalline silicon (Si). In this context, the "double slit
experiment"?° pioneered by Tomas Young in the field of op-
tics serves as an intriguing analogy for studying the behavior of
phonons. We aim to transition from the general framework of
the Fresnel-Kirchhoff diffraction theory to the more specific case
of Young’s double-slit experiment, focusing on the nuanced be-
havior of phonon. The double-slit experiment by Thomas Young
demonstrated the wave nature of light. In the experiment, light
passes through two closely spaced slits, creating an interference
pattern of bright and dark fringes two slits overlap, producing
constructive and destructive on a screen. This pattern occurs be-
cause light waves from the interference. The positions of bright
fringes (constructive interference) are given by the equation:

dsin (6) = m4 (1)
where:

® d: Distance between the slits

® 0: Angle of the fringe from the central axis

® m: Fringe order (an integer, m = 0, +1, +2, ...)

L)

A: Wavelength of the light
For dark fringes (destructive interference), the equation is:

dsin(@) =(m+1/2)4 (2)
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Figure 1. A simple schematic of the geometry that was used for the MD
simulations. Slit length (A, red). Slit distance (d, yellow), Slit width (c,
blue).

Building on this foundation, the present study adapts the clas-
sic double-slit experiment to investigate phononic wave interfer-
ence directly, revealing that phonons can display interference pat-
terns akin to light waves. This exploration not only reinforces the
importance of geometric configuration in shaping phonon be-
havior but also pinpoints a specific propagation frequency that
maximizes coherence and interference. Phonons can be con-
ceptualized as waves travelling through the crystal lattice, carry-
ing energy, momentum, and information. Their dispersion re-
lations, group velocities, and wavelengths depend on the crystal
structure and elastic properties of the host material. Taken to-
gether, these considerations underline the critical role of phonon-
interference phenomena in advancing our understanding of ther-
mal transport and in designing materials for phononic devices
and thermal-management technologies.

Recent reviews underscore the importance of phonons’ wave-
like attributes** and when interference patterns are controlled,
offer spatial control over energy transfer. Because terahertz exci-
tations can be generated and propagated in crystalline or amor-
phous silicon!**! it is natural to recreate a double-slit experiment
in molecular-dynamics (MD) form. Analogously to Young’s op-
tical setup, our nano-scale silicon sample with two slits (Figure
1) allows us to examine the interference fringes formed by
diffracted phonons. The propagating lattice excitation is mod-
elled as a Gaussian-ramped sinusoidal drive,*®! producing a de-
terministic evolution in the MD simulation. In the simulation
box generated by LAMMPS, every atom’s coordinates are prede-
fined for each time-step after relaxation. The paper is organized
as follows: first, we detail the quasi-monochromatic wave-packet
methodology and the nanostructure models (a flow chart is pro-
vided in Figure S2, Supporting Information). We then present the
frequency-dependent simulation results and compare them with
Young’s equation. Finally, the main findings are summarized in
the conclusions.

2. Methodology

Various silicon crystal blocks with systematically varied geome-
tries were generated. Each sample is based on diamond-cubic Si
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Table 2. The different geometrical cases tested.

Case No Purpose of the study A [nm] d [nm] c [nm]
1 Study of the effect of thickness 4 nm 8.6 nm 3 nm
2 of barrier (A). 8 nm 8.6 nm 3nm
3 12 nm 8.6 nm 3nm
4 Study of the effect of the two 4 nm 4 nm 3 nm
5 slits distance (d) A i 20 nm 3
6 Study of the effect of the slits 4 nm 8.6 nm 1nm
7 thickness (c). 4 nm 8.6 nm 5 nm

and replicates the key elements of Thomas Young’s double-slit
experiment: the silicon lattice provides the propagation medium,
while two void regions act as slits. In blocks oriented with the
(100) axis along z, a slice of thickness A is removed, leaving two
open channels (Figure 1). To map the resulting interference, we
vary three geometric parameters (Table 1):

We Slit length, A

e Slit spacing, d

o Slit width, ¢

After construction, each configuration (Table 2) is annealed in
an isothermal — isobaric (NPT) ensemble. The simulations are
run in LAMMPS[®’] at 100K and ambient pressure, with temper-
ature and pressure controlled by the Nosé — Hoover thermostat
— barostat pair. Interatomic forces are described by the modified
Stillinger- Weber potential for crystalline Si.*®! For the faces per-
pendicular to the wave-propagation direction we tested both pe-
riodic and free (non-periodic) boundary conditions, while the re-
maining faces were kept periodic.

Once relaxation is complete, we identify the source frequency
that yields the clearest interference. A sweep from 1 THz to
6 THz is performed on the reference geometry (Geometry 1 :
A=4nm,d=28.6nm,c=3nm).

These preliminary tests (see Figure 2) allow us to observe how
each frequency interacts with the material’s structure and iden-
tify the frequency that leads to the most effective propagation.
The geometry chosen for the frequency study is Geometry 1 and
it was chosen due to the least extreme geometrical characteris-
tics. Once the optimal frequency is established, the next step is
to proceed and explore the influence of different geometric con-
figurations on the propagation dynamics. In this case this opti-
mal frequency is 6THz producing the clearer phonon interfer-
ence pattern. This simulation was down at 0 K (initially) with no
thermosetting, the only source of energy is the forced imposed
to excite atom.

The molecular-dynamics simulations reported in this work all
start from an equilibrated 0 K lattice. To monitor any subsequent
heating, we record at every time step the instantaneous kinetic
temperature:

_ 2

T 3k
B

g, (1) )

where E;, is the total kinetic energy and kj is Boltzmann’s con-
stant, for each atomistic configuration. The Gaussian-ramped si-
nusoidal drive has a peak force of F, = 6.05x 107 N, which,
through Hooke’s law with k, = 60.9 N m~!, produces a maxi-
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Figure 2. Frequency analysis scatter plots of fringe distance versus propagation distance. a): Analytical solution of Young’s equation for m = 1. b):
Molecular dynamics results for m = 1. c): Analytical solution of young equation for m = 2. d): Molecular dynamics results for m = 2.

mum displacement x,,. = 9.9 x 107 V (strain 1.8 X 107°). This
is ~ 300x below the lowest reported anharmonic threshold for
Si (e > 0.5%),*! ensuring purely harmonic response. The har-
monic driving variable "amp" in our LAMMPS script is defined
as:

amp (t) = Aysin (o (t—1t)))

2
(t=1)
X @(to—t) exp(—T>+®(t—t0) (4)
where A, =3.773 x 10~* (amplitude coefficient), w = v,, (pulse
angular frequency), t, = 3v, (Gaussian center time), and 7 = v,

(Gaussian width parameter).
with

ot ={y 70 g

For our 0 K, non-thermostatted runs at 6 THz over 100 ps
(=600 drive cycles), the instantaneous kinetic temperature, ex-
hibits brief spikes no larger than 107°-10~* K at the start of each
half-cycle (see Figure 3). Consequently, the system remains ef-
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x10-s Transient temperature during phonon excitation - all cases
1.4}

1.2

1.0r

0.8

0.6

0.4r

Kinetic temperature T (K)

0.2

0.0

Time (ps)

Figure 3. Transient kinetic temperature for cases 1-7. Each trace corre-
sponds to the temp column extracted from LAMMPS logs. The envelope
saturates below 2 x 107 K, indicating negligible heating.

fectively cryogenic, anharmonic scattering is suppressed, and
the clear phonon double-slit fringes we observe must arise from
purely coherent, linear phonon propagation rather than any ther-
mal artifact.
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Figure 4. Time-averaged kinetic-energy map for Case 4 (slit spacing d = 4 nm, slit width ¢ = 3 nm, slit length A =4 nm). a) Colors indicate atomic kinetic
energy on from 0 — 6 x 10~°¢V. The white vertical line marks the probe plane located D = 20.27nm downstream of the slits. b) Scatter plot of atomic
kinetic energy on that probe plane as a function of (y) position. Red guide lines highlight three constructive-interference peaks at x1 = 103.1 nm, x2 =

138.5 nm, and x3 = 179.1 nm.

This allows to observe the interference and to study the effect
of scattering only. With the frequency defined, the next step is
adjusting the slit parameters and structural dimensions, aiming
to investigate how the geometry can be manipulated to control
and enhance the phononic wave behavior, potentially observing
interference patterns akin to those in a double slit experiment.
To provide context, it’s important to note that the wavelength as-
sociated with longitudinal phonons in the (100) direction within
crystalline silicon at a frequency of 6 THz is ~1.2 nm. This spe-
cific value has been derived from the dispersion relation of the
potential used, employing the dynamical structure factor, as de-
scribed in a prior research article.*"! Seven different geometric
cases were studied (see Table 2) and for each there a continuous
wave propagation happening. By systematically varying the slit
length (A), the centre-to-centre slit distance (d), and the slit width
(c), we correlate subtle geometric changes with their impact on
phonon propagation and test whether a double-slit kind of inter-
ference emerges. The excitation is purely longitudinal, transverse
modes did not produce a resolvable fringe pattern under identi-
cal conditions. Two of the three geometric parameters, (d) and
(c), enter directly into the classical Young’s fringe- spacing rela-
tion. Defining an effective slit distance (same as Young’s case)
as:

d=d+c (6)

the distance between adjacent "bright" fringes on a detection
plane a distance D downstream is

_ AmaD

e(D)
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where 4 is the phonon wavelength and as discussed previously its
always A = 1.2 nm. Here Am = 1,2, 3,4 but for this experiment
is expected to reach up to 2 since further away fringes might not
be measurable.

Direct comparison of the simulation data and the analyti-
cal solution of this formula solved for specific wavelength, slit
distance and slit width, is the only possible way to compare
the phenomenon with that of the equivalent case of light. For
the frequency analysis wavelength was modified in each case
(1THz — 6THz) and geometry was constant and for the geomet-
ric analysis wavelength was constant (6THZ ~ 1.2 nm) and ge-
ometry varied slightly in each case (Table 1). Kinetic energy maps
were extracted for the experimental process to be pre-evaluated,
whether the interference phenomenon appears at all. From these
3D kinetic energy maps 2D slices of the material were generated
as a scatter plot of kinetic energy versus the sliced dimension (y).
The interference peaks expected are easily spotted on the scatter
plot which was used to measure the distance between fringes.
The sampling distances (12.27, 14.27, 16.27, 18.27, 20.27, 22.27,
24.27, 25.27 nm) were determined by the system geometry, with
propagation distances spanning 37 nm to 50 nm with a step of
2 nm. For each sampling distance, the corresponding distance
from the fixed slit position (24.73 nm) to the slab edge was cal-
culated by converting the total slab dimensions and subtracting
the slit position. This process was repeated for two distinct fringe
orders (m values). Essentially the sampling distances correspond
to 37.00, 39.00, 41.00, 43.00, 45.00, 47.00, 49.00, 50.00 nm at di-
rection x (see Figure 4).

To assess the similarity between the phenomenon observed in
silicon and the interference fringe distances in the double-slit
photon experiment, they can be directly compared to theoreti-
cal predictions derived from Young’s formula, focusing on the

© 2025 The Author(s). Advanced Theory and Simulations published by Wiley-VCH GmbH
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Figure 5. Direct comparison between the fringe spacing predicted by
Young's double-slit formula (dotted lines) and that measured in the MD
simulations of Case 4 (d = 4 nm, ¢ = 3 nm). Black squares/red circles cor-
respond to first-order (m = 1) and second-order (m = 2) fringes, respec-
tively. The m = 1 data follow the linear Young’s trend closely, whereas the
m = 2 data deviate progressively with distance, reflecting the larger phase-
noise sensitivity of higher-order fringes.

common variables d (center-to-center slit distance) and 4 (wave-
length). The evaluation draws on two complementary data sets
(Figure 5). Simulation data consist of fringe spacings measured
directly from the kinetic-energy maps produced by the MD runs
(Figure 4a). Analytical data are the corresponding fringe spacings
calculated from Young’s relation (Equation (3), using the same
detection-plane distance (D) and identical geometric parameters.
Comparing these two sets quantifies how closely the simulated
phonon patterns follow classical double-slit theory. The d’ param-
eter which is effective slit distance from Young’s formula include
the other two investigated parameters d and c. In the optical ana-
logue, slit length (A) is effectively not defined and thus absent
from the classical analysis. Here we vary (A) just enough to check
whether fringe formation is affected, rather than treating it as a
primary comparative parameter.

Additionally, a direct comparison of the total kinetic energy
transmitted through the system using configurations with identi-
cal aperture areas but different slit separations, specifically, Case
1 (d = 8.6 nm) and Case 4 (d = 4.0 nm) was conducted. The ki-
netic energy from MD trajectories at the previously mentioned
distances (12.27-25.27 nm) were extracted and integrated the to-
tal vibrational energy across each slice. This comparison was con-
ducted in an effort to confirm that coherent phonon interference
modulates energy transport beyond geometry.

3. Results

Using the previously mentioned methodology, we visualize of the
data (Figure 6) for first order fringes (Am = 1) and second order
fringes (Am = 2). It can be observed that the molecular dynam-
ics fringe distance is consistently increasing with the propaga-
tion of the wave. Because the Gaussian-ramped drive produces
only 1.8 X 107> of strain, the lattice remains strictly harmonic.
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In parallel as mention in methodology the lattice remains effec-
tively cryogenic, suppressing anharmonic phonon scattering and
confirming that the observed interference patterns reflect purely
coherent, linear dynamics.

From the solution of Equation (3) we already know the linearity
between fringe distance and propagating distance with the gradi-
ent/slope being AmA/d’. For these measurements it appears that
the second half of the plots are more uniform regarding the gra-
dient of the phenomenon, on the other hand the closer the mea-
surement is to the slits (smaller D) the more inconsistent change
is observed to the fringe distance. This is predictable since the
slits continue to leak energy through their walls into the system,
thus creating more noise, preventing the measurement of the in-
ter fringe distance. The geometric variables for each case were
chosen in a way that always one of the three A, d, c variables are
constant (Table 2) and for each case, there are a first (m = 1) and
a second fringe (m = 2) distance.

In cases 1,2,3, d and c are kept constant with A taking the value
4,8,12nm. In cases 4 and 5, A and c are constant and for cases
6and 7, A and d, are constant. All the cases are displayed Figure
7 as graphs of the distance the wave travelled axis) and the fringe
distance (y axis). In Figure 7 are included both (MD) simulation
data and analytical solution data of to identify similarities and
patterns during the time progression of the phenomenon.

Increasing the slit width (c) from 1 to 5 nm decreases the dis-
tance of the fringes on every sampling step for first neighboring
fringes (Am = 1) and second neighboring fringes (Am = 2). This
is consistent with the analytical solution. The molecular dynam-
ics results are getting more consistent with the theoretical for dis-
tance greater than 22.27 nm for Am = 1 but for

Am = 2 theory reports greater distances. Indeed, the analytical
solution is given for an infinity small aperture. Increasing the slit
distance (d) from 4 to 20 nm decreases the distance of the fringes
on every sampling step for first neighboring fringes (Am = 1)
and second neighboring fringes (Am = 2). Also, the same pattern
is observed in the data extracted from the analytical solution. A
slight offset between experimental and theoretical data exists for
both the first and second neighboring fringes, that gets smaller
as the wave propagates.

For first neighboring fringes (Am = 1) at least based on these
three cases with slit length (A) 4, 8 , 12 nm respectfully, there
is no observable concrete evidence of an underlying pattern (see
Figure 8). For both small and large fringe distances, the fluctu-
ation of the fringe distance seems to be small and can probably
attributed to human measurement error. For second neighboring
fringes (Am = 2) close to the slits, it seems that the increase of
the slit length A is decreasing fringe distance. As the wave gets
further away from the slits the distance decrease gets smaller.

4, Conclusion

In this study, we successfully adapted the classic double-slit ex-
periment, originally developed for light waves, to investigate the
behavior of phonon waves in crystalline silicon. Through molec-
ular dynamics (MD) simulations, we explored how phonons, can
exhibit interference patterns when passing through two slits in a
silicon block.

The results indicate that longitudinal acoustic waves behave
similarly with photons, with distinct interference patterns emerg-

© 2025 The Author(s). Advanced Theory and Simulations published by Wiley-VCH GmbH
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Figure 6. Fringe spacing extracted from the molecular-dynamics simulations for all seven geometries (error bars show +1 SD over three independent
slices at each detection plane). Panels a and b plot first-order fringes (m = 1), panels ¢ and d plot second-order fringes (m = 2). Panels a and c share
Cases 1-3, where slit spacing is fixed at d = 8.6 nm while slit length A is varied, panels b and d show Cases 4-7, where either slit distance d or slit
width ¢ is varied while A =4 nm. In every case the fringe distance e increases approximately linearly with propagation distance D, consistent with
Young's relation. Smaller effective slit separation (Cases 4-7) produces a steeper slope, and second-order fringes are systematically wider than first-order

fringes.

ing from the simulations. The observed offset between the ex-
perimental and theoretical data diminishes as the wave propa-
gates because the localized noise and distortions near the slits
gradually dissipate, allowing the wavefront to stabilize and more
closely resemble the idealized conditions assumed in the analyt-
ical model. Additionally, the decrease in fringe distance becomes
smaller with increasing propagation distance due to the geomet-
ric spreading of the wavefront and the attenuation of energy den-
sity, which smooths out the interference pattern and reduces the
influence of higher-order effects. These results underscore the
dynamic interplay between real-world molecular dynamics sim-
ulations and theoretical predictions, highlighting how initial im-
perfections and finite aperture effects resolve over time to reveal
patterns that increasingly align with the idealized framework of
the Young’s equation.

Together, these insights translate phononic interference into a
concrete transport picture. By examining the kinetic-energy flux
downstream of the slits, we observe pronounced instantaneous

Adv. Theory Simul. 2025, 8, e00504 €00504 (7 of 10)

oscillations—alternating regions of high and low flux—that av-
erage out to a constant value under coherent drive. This demon-
strates that interference does not remove energy but rather re-
distributes it spatially into narrow high-flux lobes and adjacent
low-flux zones. Such controlled redistribution of vibrational en-
ergy highlights the potential to concentrate or divert heat at the
nanoscale without net loss.

By carefully manipulating geometric parameters such as slit
width, distance, and length, we were able to observe changes in
fringe distances that align with theoretical predictions. The key
findings include:

® Phonon Interference: We observed that phonons, much like
light, create distinct interference patterns when propagating
through nano-scale slits. These patterns can be manipulated
by altering the geometric parameters of the system, such as
slit width, distance, and length.
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Figure 7. Multivariate comparison of simulated fringe distance with the Young-equation prediction for four representative geometries in which a single
parameter is varied while the others are held fixed (A = 4 nm). Symbols with error bars are molecular-dynamics (MD) results and dotted lines are
the corresponding Young's values. Black squares/blue triangles vary the slit spacing (d = 4 nm and d = 20 nm, respectively); green circles/magenta
diamonds vary the slit width (¢ = 1 nm and ¢ = 5 nm, respectively). a) First-order fringes (m = 1). b) Second-order fringes (m = 2). In every case the
slope of (D) increases as the effective slit separation d’ = d + ¢ decreases, and the MD data track the Young’s prediction at each detection plane.
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Figure 8. Influence of slit length A on phonon-interference fringe spacing. The slit spacing and width are fixed at d = 8.6 nm and ¢ = 3 nm, while A is
varied among 4, 8, and 12 nm. Symbols show molecular-dynamics values, lines are guides to the eye. a) First-order fringes (m = 1). b) Second-order
fringes (m = 2). Fringe spacing e(D) is essentially unchanged with A, indicating that interference is governed primarily by the transverse geometry (d
and ¢), not by the slit length along the propagation direction.

® Geometric Influence: The distance between interference Although the results generally align with theoretical expecta-
fringes is sensitive to changes in the geometric configuration  tions, noise in the MD simulations, particularly near the slits,
of the slits. Specifically, increasing the slit width and distance  caused deviations from the predicted fringe distances. In con-
led to measurable changes in the fringe patterns, confirming  clusion, our study demonstrates that phonon behaviour at the
the theoretical predictions based on Young’s formula. nanoscale can indeed mirror classical wave interference phenom-
® Frequency Selection: The simulations identified an optimal  ena. From a practical standpoint, even single-frequency coherent
phonon propagation frequency (6 THz) at which the interfer-  interference offers a powerful tool to direct phonon energy dis-
ence patterns were most clearly defined. This suggests that  tributions, on par with modulation achieved by alloying or inter-
there is a specific phononic frequency range within silicon that ~ face roughness. In real devices with broadband phonon spectra,
maximizes wave coherence and interference. the aggregate effect will depend on coherence lengths and spec-
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tral composition, but our idealized double-slit simulations estab-
lish a clear upper bound and quantitative benchmark. Extending
these interference motifs into periodic or aperiodic multilayers
would allow the redistribution effects to accumulate, providing
a geometry-based complement to conventional scattering strate-
gies in applications such as phononic lenses, thermal diodes, and
guided-wave heat management.
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