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Abstract

We construct proper microscopic propositions to consistently explain the interfer-
ence patterns obtained for electrons and photons in well-defined one- and two-slit ex-
periments. Our propositions are also made explicit on the basis of quantum mechanics
with proper quantitative analysis to support the correctness of the physical mechanisms
proposed herein, which obey the wave-particle duality. In particular, our propositions
and theoretical analysis demonstrate that for single-photon detection (after time inte-
gration), we cannot produce interference pattern if the usual diffraction slits are replaced
with slit holes such that the non-transparent slit material does not permit photons to
transmit, reflect internally or refract. However, the said non-transparent slit material
with slit holes can produce the usual interference pattern with electromagnetic waves.

Keywords: One and two-slit experiments; Slit material; Diffraction slits and slit holes;
Particle-slit interaction; Single-particle detection.
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1 Introduction

The core mystery of quantum mechanics (wave-particle duality) can be nicely and properly
captured by the two-slit experiment [1]. In particular, an electron or a photon is both
particle- and wave-like, which has been experimentally observed using the one- and two-
slit-type experiments by Taylor [2] (first Young’s experiment using weak light source
with few photons), Möllenstedt and Düker [3] (first electron diffraction measurement),
Jönsson [4] (first electron diffraction for up to five slits), Merli et al. [5] (first single-
electron interference pattern) and recently Bach et al. [6] (one- and two-slit single-electron
diffraction), Frabboni et al. [7, 8] and Halder et al. [9]. However, the two-slit experiment
or any variants of it does not give out the necessary clues to understand why and how
an electron behaves like a particle, and a wave, regardless of whether the electron is
measured one-at-a-time or all-at-once, or if the electron is measured near the slit or on
the screen away from the slit. Therefore, it remains a mystery. Detecting light or photons
on the screen away from the slit means that the screen is placed at a distance, D, much
larger than the separation between the slits such that the interference pattern is clearly
observable.

Any interpretation presented on this wave-particle duality thus far remains a mystery
because photons (a quantum particle with mass mph = 0 and charge q = 0) should
not behave like a wave by producing interference pattern in a two-slit experiment [1].
Moreover, electrons passing through the slits (even when released one-at-a-time) generate
the interference pattern such that each electron (me ̸= 0, q = −e) is also detected as
a particle on the screen away from the slit [4, 6]. Here, we construct the proper and
consistent propositions for photons and electrons within the one- and two-slit experiments
without violating the well-established rules of quantum theory. Subsequently, we exploit
these propositions to consistently explain the fringes in the above experiments for electrons
and photons. Our propositions constructed herein are microscopically well-defined, and
are based on quantum theory. The propositions constructed herein rely on physico-logical
analysis. What this means is that our physical mechanisms are constructed on the basis
of physical and logical arguments. We then provide consistent quantitative analysis for
the constructed physical mechanisms. We shall first focus on the underlying physical
mechanisms that are responsible for the formation of interference patterns for both single-
and multi-particle detections.

The only way to settle the said problems once and for all is to run the experiment(s)
as proposed here, and not by repeating the standard experiments with standard condi-
tions [10]. Here, we reconstruct the two-slit interference patterns produced by photons
and electrons from scratch. Our primary aims are to provide the propositions and the sup-
porting quantitative analysis to explain the interference patterns produced by individual
detections, without violating the standard interference patterns obtained with electro-
magnetic wave as well as for single photon [11] and single electron detections [6]. We
shall also expose the direct role played by the slit materials and slit types (slit-hole or
diffraction-slit). Note this, the spin of a quantum particle is assumed to be irrelevant

2



here because the spin (no matter how they interact) cannot switch-on or -off the fringes.
In particular, interference fringes can be obtained for both unpolarized or polarized light
(spin-one particles) and also for an electron beam (spin-half particles).

It should be straightforward to realize that the interpretation of the experimental re-
sults are the ones that are claimed to be false here, not the experimental results. The
problems with alternative interpretations derived from theoretical calculations have been
commented in Ref. [10]. For example, none of these previous interpretations have pre-
dicted new observations or changes to the interference pattern with single photons, single
electrons, electron beam nor with electromagnetic waves. Even the interaction between
quantum particles (electrons or photons) and slits (diffraction slits or slit holes and trans-
parent or non-transparent slit materials) were never discussed or even taken into consid-
eration in any of the previous interpretation [10]. This is a fact. For example, Ref. [11]
simply stated that the slits were diffraction slits without saying the slits are not slit holes,
and the slit material is transparent to photons or light. The importance of noting this
missing detail is that when one uses diffraction slits (not slit holes) made from opti-
cally transparent material that permits single photons and/or light to reflect and refract
internally, then the question, ‘which slit?’ is ambiguous, if not meaningless.

To have an idea about the new physics presented in this article, we briefly elaborate
the results obtained by Aspden et al. [11]. Even though Ref. [11] used the diffraction slits
(made from the materials that allow photons to transmit, reflect internally and refract)
for single photon detection, but we also need to experiment with different slit materials.
For example, the diffraction slits need to be replaced with slit holes (made from the
materials that do not permit photons to transmit, reflect internally or refract). This
is to check whether there is any difference in the interference pattern between the two
different slit materials and slit types, which have been ignored thus far. We identify and
address this difference unambiguously with our newly constructed propositions, which
can be readily tested with experiments. However, we stress that the said difference was
actually first hinted in Refs. [5, 12] much earlier where the hint reads—photons or electrons
will have to interact with the slits to produce the interference pattern. This should
not be surprising because we always need slits (diffraction slits or slit holes) to produce
interference patterns. Therefore, we cannot solely rely on the properties of photons and
electrons or the properties of the field such as the electromagnetic field for photons, or
electric (and/or magnetic) field from the moving electrons to construct the mechanisms
responsible for the observed interference patterns.

The formalism based on wave function is not adopted here simply because the wave
function is a guessed function and therefore, the deduced physics are also guessed and
thus ambiguous. Secondly, the wave function collapse notion has remained an assumption
with no proper physical mechanism attached to it and there is no proper experimental
support for the said collapse. Thirdly, the wave function formalism does not give any
new experimental predictions on the formation of interference pattern. The above reasons
expose why our technical arguments are new and unique because the physical mechanisms
highlighted here provide new experimental predictions. Apart from that, the presented
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arguments, propositions and quantitative analysis do not violate the known physics of the
standard interference patterns.

2 Propositions

We now state (without any supporting arguments) all the relevant propositions for pho-
tons and electrons required to understand the formation of interference pattern within the
new one- and two-slit experimental set-ups. The proposals are also valid for individual
particle detections. We shall provide the physical arguments in support of the proposi-
tions in the section after this, and prior to conclusions, we shall elaborate on the new
experimental set-ups for the proposed new observations as well as quantitative analysis
for all our propositions.

2.1 Propositions for individual photons and light

Proposition 1P: The massless and chargeless photons do not interact with each other,
however, one waving group of photons can interfere (destructively or constructively) with
another waving group of photons (after exiting the slits) to produce interference pattern.
Here, this waving groups of photons are nothing but the electromagnetic wave or light.

Note: The properties of light (electromagnetic waves) are not included in this proposition
because it is well defined based on wave equation. In this proposition, we do not need to
invoke the notion that a photon interferes with itself as proposed by Dirac. Apparently,
this notion is irrelevant because the waving property of photons, the slit material and the
slit type are the ones that decide whether interference pattern can be observed or not.
The collective waving property of photons (or a group of waving photons) should define
the electromagnetic waves. It is unfortunate that we cannot define any given individual
photon in any ‘deeper’ sense than this.

Proposition 2P: The new experimental set-up and the photon energy is chosen in such a
way that individual photons do not interact with the electrons at the edges of a slit. The
energy of the waving groups of photons should be low enough so as not to interact with
electrons from the slit material or the material with embedded slits. This material should
never let the photons to pass through (via transmission and/or reflection or by any other
process) in regions other than the opening (the slits). If individual photons are allowed
to pass through (via reflection and transmission), one-at-a-time, through the slit material
between the slits (not through the slit opening), then one should be able to observe the
interference pattern from the time-integrated intensity. This proposition strictly denies
the notion that any one photon has the supernatural ability to pass through both slits
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(in a two-slit experiment) simultaneously to produce interference pattern.

Proposition 3P: Two photons, or two groups of waving photons can never be exactly
identical because they are produced by microscopically interacting physical processes.
Any interacting physical process, when evaluated microscopically, can never be made ex-
actly identical in every aspect, and even in this case, photons always obey the Heisenberg’s
uncertainty principle. If the two photons or two groups of waving photons have the same
energy and the same Pancharatnam phase [14], then they have got to be exactly the same.
However, the Heisenberg’s uncertainty principle is valid for photons regardless of whether
a photon’s energy and Pancharatnam phase are identical or not, with another photon.

Proposition 4P: Waving groups of photons, p1 that enters s1 only without interact-
ing with s2 (even if it is opened) do not generate any interference pattern because Ip1
−→ (Ip′ ,Ip′′ ,Ip′′′)s1 ̸= 0 and Ip1 −→ (Ip′ ,Ip′′ ,Ip′′′)s2 = 0. If pnew1 is composed of p1 and p2,
then pnew1 can interact with both s1 and s2 to give pnew1 −→ (p′,p′′,p′′′)s1 ∗ (p′,p′′,p′′′)s2
such that Ipnew1 −→ (Ip′ ,Ip′′ ,Ip′′′)s1 ∗ (Ip′ ,Ip′′ ,Ip′′′)s2. Here, ∗ denotes (p′,p′′,p′′′)s1 interferes
constructively (in-phase) and destructively (out-of-phase) with (p′,p′′,p′′′)s2. Here, p1 and
p2 denote the waving groups of photons before entering the slits, the labels, s1 and s2 refer
to the slit-1 and slit-2, respectively, p′, p′′ and p′′′ are the waving groups of photons after
passing through or after interacting with s1 or s2. In addition, Ip1 is the intensity of the
waving groups of photons prior to entering any of the slit, while, Ip′ , Ip′′ and Ip′′′ are the
possible intensities of the waving groups of photons after passing through or interacting
with a particular slit (s1 or s2). Obviously, p′, p′′ and p′′′ are possible groups of photons
exiting the slit such that only one of the groups of waving photons, namely, p′, p′′ or p′′′

is formed at a given time, regardless of whether the experiment is for a single photon or
for groups of photons. Therefore it is technically incorrect to treat p′, p′′ or p′′′ with a
single wave function due to the different probability to form p′, p′′ or p′′′.

The above waving property (for groups of photons or for a single photon) obey Maxwell
equations. There is no such thing as single photons do not wave, while only light (that
is composed of groups of photons) has a wave property. This means that, the waving
property for photons is due to waving photons or a waving single-photon, which gives
meaning to the notion of frequency of light. The photon itself is a waving entity with
proper frequency subject to maxwell’s equation. In other words, the above definition of
waving groups of photons (or a waving single-photon) supports the fact that the energy of
photons (or a single-photon) comes from this waving property, and the energy is entirely
kinetic in nature. This waving property also implies that even a waving single-photon
is not a point-like particle. On the other hand, the electrons are not point-like particles
not because we have to represent them with wave functions subject to the Schrödinger
equation, but because each electron’s wave-like property is confined by the charge and
mass distribution of the electron. Therefore, the electron’s wave function is not and
cannot be subject to Maxwell’s wave equation. This means that, there is no such thing
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as waving electrons like the waving photons defined above for photons. Hence, the total
energy of an electron is composed of kinetic and potential (due to its charge and mass)
energies. These unique definitions (for photons and electrons) support the fact that the
photons have got to be massless, while electrons should be massive.

2.2 Propositions for individual electrons and electron beam

Proposition 5E: Individual electrons or an electron beam do interact with each other
and also with other electrons in material with embedded slits. This material should never
let the electrons to pass through (via tunneling or conduction or by any other process) in
regions other than the opening (the slits).

Proposition 6E: Two or more electrons from the source, after passing through the slits
s1 (one-half of the electrons) and s2 (the other half), do interact with each other prior to
detection by s′′′. But such interaction is not the cause for the interference pattern depicted
in Fig. 2(c). Here, s′′′ is the screen at an appropriate distance from the slits, s1 and s2,
whereas, s′ and s′′ refer to the screens that are placed just before the slits and just after
the slits, respectively. The interaction between electrons in an electron beam is a function
of x (the distance from the source to the slit and from the slit to the screen) as it should.
It is a function of x with different interaction strengths before and after exiting the slit.
Nevertheless, the said electron-electron interaction does not and cannot cause interference
patterns. The interference patterns are actually caused by the interaction between the
electrons from the source (electron beam) and the electrons from the slit material.

Proposition 7E: The electron wavefunction transformation is due to electron(from the
source)-electron(from the material with embedded slits) interaction, which is asymmetric
because s2 still exists, even though it is blocked. This asymmetric effect will be stronger
if there is any potential difference between the slit material and source or between the
source and the screens. For example, the electric field distribution near the slits will be
asymmetric (if s2 is blocked). Therefore, the electrons are assumed to have the following
transformation probabilities, qp1 −→ p′′ > qp1 −→ p′′′ > qp1 −→ p′ (see Fig. 2(a)). If
there is only one slit (s2 is not blocked, but does not exist) as sketched in Fig. 2(b), then
the transformation probabilities is given by qp1 −→ p′′ > qp1 −→ p′′′ = qp1 −→ p′. Note
this, each electron is denoted by qp such that for two electrons, we denote them as qp1
and qp2, respectively, and so on for more electrons.

Proposition 8E: On the basis of Proposition 7E, the overlapping of intensity peaks
from s1 (with s2 closed) and s2 (with s1 closed) can generate the interference pattern
observed with both s1 and s2 opened. In particular, we strictly require,

(Ip′ , Ip′′ , Ip′′′)s1 ◦ (Ip′ , Ip′′ , Ip′′′)s2
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= (Ip′ , Ip′′ , Ip′′′)s1 ⊕ (Ip′ , Ip′′ , Ip′′′)s2, (1)

where ⊕ denotes the total accumulation of detected electrons on s′′′ due to both s1 and
s2 opened. Here, the intensities in Eq. (1) refer to electrons or produced by electrons (an
electron beam or accumulated electrons, if detected individually). Recall that Iqp1 −→
(Ip′ ,Ip′′ ,Ip′′′)s2 where Iqp1 is the intensity of the electron prior to entering any of the slit,
while, Ip′ , Ip′′ and Ip′′′ are the possible intensities of the electron after passing through a
particular slit (s1 or s2).

3 Physical mechanisms and experimental Predictions

3.1 One- and two-slit experiments using photons or light

Let us first re-construct the standard two-slit experiment and its interpretation for photons
(light) as depicted in Fig. 1(a), (b) and (c). The probability for multiple photons to enter
or diffracted by both slits simultaneously is maximum for light, hence we can suppose
p1 and p2, p3 and p4, and p5 and p6 are groups of waving photons in pairs entering
slits, s1 and s2 such that p1 and p2, and so on enter their respective slits simultaneously.
These groups of waving photons (not an individual photon) can behave like a ‘proper
wave’ (p = h/λ; de Broglie formula), and therefore, one obtains the interference pattern
sketched on the screen (see Fig. 1(a)). This pattern (due to photons) originated from
the constructive (in-phase) and destructive (out-of-phase) interference. The constructive
interference is indicated with solid circles (•) between the slits and the screen, which occur
if two groups of waving photons are in phase (see Fig. 1(a)).

However, if p(1,3,5) and p(2,4,6) are pairs of individual photons (six photons, instead
of six groups of waving photons), then interference pattern will not be observed because
photons do not interact with each other to generate constructive or destructive inter-
ference. As such, interference pattern depicted in Fig. 1(a) is produced by two groups
of waving photons (p1 and p2, p3 and p4, and p5 and p6 and so on) that give rise to
constructive and destructive interference. Here, p1 denotes one group of waving photons,
and so on. The sketched interference patterns in all figures reported here are not to scale,
for example, some of their peak-intensities are exaggerated for visual effect. Based on the
above arguments, we can construct the first two propositions, namely, Proposition 1P
and Proposition 2P.

Before we proceed further, let us first point out that our waving-group-of-photons as-
sumption is physically acceptable. let us elaborate the above propositions (Proposition 1P
and Proposition 2P), which are unique for photons compared to electrons. In particular,
massless photons cannot obey the Schrödinger equation,

− ℏ2

2me

d2Ψ(x)

dx2
+ V (x)Ψ(x) = EΨ(x), (2)
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Figure 1: (a), (b) and (c) depict the two-slit experiments for photons or light. (a) p1, p2,
· · ·, p6 denote six groups of waving photons approaching slits, s1 and s2. The dots (after
the slit) in (a) represent the points where constructive interference occur. (b): Interference
pattern for two groups of waving photons approaching the slits simultaneously. (c): One-
photon-at-a-time intensity pattern with s2 closed (after time integration). In (c) s′, s′′ and
s′′′ denote the screens (follow the appropriate arrows) that detect the groups of waving
photons, placed just before the slits (s′), just after the slits (s′′), and at a distance, D,
which is much greater than the separation between the slits (s′′′). Here, p′, p′′ and p′′′

each represents one waving group of photons after interacting with the slit.
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which is for massive and charged electrons because me ̸= 0 where ℏ is the Planck constant
divided by 2π, E is the energy eigenvalue, Ψ(x) is the wavefunction, and V (x) is the
potential that bounds the electrons. Instead, we should be using the proper Maxwell’s
‘wave equation’,

∂2E

∂t2
= c2

∂2E

∂x2
, (3)

for photons where c is the speed of light and E = E0 sin (kx− ωt), which is the electric
field component of the electromagnetic wave. These equations are one-dimensional, and
are sufficient for our purposes. Apparently, electrons do not obey the Maxwell’s wave
equation. Now, if we define Ψ(x) as a plane wave (from Eq. (2)),

Ψ(x) = A(x) exp [iϕ(x)], (4)

which is a proper wave anyway, then both light (that satisfies Eq. (3)) and electron beam
(that satisfies Eq. (2) with a range of energies and speeds and a wave packet property)
can be regarded as proper waves, and therefore, they shall always produce the fringes in
any two- or multiple-slit experiments (due to constructive and destructive interference),
provided that the screen (or detector) is placed at s′′′. A proper wave here satisfies Eq. (3)
(for light) and Eq. (2) (for a free electron beam) such that the photon’s or the electron’s
position is infinitely undefined. Here, a wavefunction that represents an electron from an
electron beam cannot satisfy Eq. (3) nor Eq. (4) because me ̸= 0 and q = −e.

Even the paraxial equation that is usually exploited to study laser beams cannot be
made to satisfy the Schrödinger equation [15]. Here, A(x) and ϕ(x) denote the amplitude
and phase, respectively. However, unlike light, an electron beam is not an electromagnetic
wave, which means, by definition, photons and electrons are different types of particles,
and should be treated as such. Even though this difference is not responsible for the
appearance and disappearance of fringes, but it determines the different physical mecha-
nisms required by photons and electrons to produce their respective interference patterns.
Our propositions claim that this difference is intrinsic due to Eqs. (2) and (3), which is
valid for both single-particle and many-particle diffractions. However, the said difference
has been anticipated much earlier by comparing the many-photon interference pattern
obtained from the Young’s experiment (constructive and destructive interference are re-
sponsible for the fringes using light [16]) and the single electrons experiment performed
in Ref. [5] as pointed out by Rosa [12]. Merli, Missiroli and Pozzi were the first to claim
(based on their single-electron measurements [5]) that each electron interacts within the
apparatus to produce the fringes after time integration.

The problem here is that electrons or photons are not entirely waves in a real physical
sense, meaning, these photons and electrons satisfy the wave-particle duality, which cannot
be correctly represented by pure waves as required by Eq. (3) for photons, or by Eq. (4) for
electrons. For example, neither Eqs. (3) and (4) can be used to explain the formation of
interference pattern produced when the photons or electrons are detected one-at-a-time on
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s′′′. Thus, we have no other choice but to properly construct the relevant postulates from
scratch such that, these postulates could be used to explain both situations consistently;
for many photons and electrons, as well as for photons and electrons released one-at-a-
time. As a matter of fact, these two contradicting situations are the ones responsible for
the mystery of quantum mechanics as pointed out by Feynman.

In other words, our objective stated in the abstract can be readily met if and only
if we could come up with proper propositions to address these observations; (a) the
intensity in one-slit type experiments, (b) the fringes in two-slit experiments using light
and an electron beam, (c) the time-integrated intensity obtained from the two-slit type
experiments using photons and electrons released one-at-a-time. As for the question,
‘which slit?’, one can only obtain such information from s′′ (there is no other way because
we have to detect the particles at the slits). The detection on s′′ means that some photons
do pass through a particular slit, and some through the slit material (as postulated in
Proposition 2P) to produce the interference pattern.

It is unfortunate that we cannot detect the same particle twice (on s′′ and again
on s′′′). Moreover, in all our analysis presented here, we will not invoke the concepts
of superposition, localization and delocalization (explicitly nor implicitly) to address the
formation of interference pattern. For example, when we consider an electron as a particle,
it does not imply that the electron now is a localized entity. In fact, we will not use these
three terms or concepts anywhere in our analysis. In Fig. 1(b), we only allow two groups
of waving photons, p1 and p2 to pass through the slits s1 and s2, respectively, followed
by p3 and p4, and so on. Having said that, we can now construct Proposition 3P.

Similar to the set-up depicted in Fig. 1(b), if we now close s2 as shown in Fig. 1(c),
one can then observe the intensity peaks without interference as sketched on screen s′′′.
Therefore, the pattern on s′′′ (see Fig. 1(c)) differs from Fig. 1(a) and (b) as it should be.
Moreover, note the additional weak intensity peaks at the edge on s′′′ (Fig. 1(c)) due to the
above stated differences or fluctuation (indicated with p′, p′′ and p′′′). For example, each
time p1 passes through s1, p1 transforms into one of these three extreme cases (possible
waving group of photons), p′ or p′′ or p′′′ where p1 ̸= p′ ̸= p′′ ̸= p′′′, and p1 −→ p′′ is
assumed to have the highest intensity, while p1 −→ p′ and p1 −→ p′′′ are assumed to have
identical intensities, but much lower than p1 −→ p′′. These different intensities arise from
different transformation probabilities, in particular, p1 −→ p′′ has the highest probability,
while p1 −→ p′ and p1 −→ p′′′ are equally probable, but much smaller (because the above
stated fluctuation is smaller) than p1 −→ p′′. For the different-intensity assumptions to
be valid, we also require this condition—the photons are not to be perturbed between the
source and the slits such that the intensity peak is as depicted on s′ (see Fig. 1(c)).

Apart from that, if we place additional screens s′ and s′′ near the slits, one is just
before the slits, and the other just after the slits, then the expected peak in each case
are also sketched in Fig. 1(c)—follow the arrows, s′ and s′′. Obviously, the fluctuation is
negligible to be significantly detected on s′′ because the screen is too close to the slits,
while s′ does not record the stated fluctuation because such fluctuation does not exist for
the photons have not entered s1. Here, s′ detects both p1 and p2. With this additional
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information, we can write down our final proposition for photons (detected individually
or otherwise), Proposition 4P.

Now, by referring to Proposition 4P, it is easy to note that it satisfies Young’s and
Taylor’s [2] double-slit experiments. The interaction between an electron and the slit
does not have to be a ‘mechanical’ type as proven in Ref. [5]. Here and elsewhere, the
phrase ‘interact mechanically’ means it is induced by Coulomb interaction or negligible
photon(source)-electron(slit) interaction such that the quantum mechanical part of the
interaction is fortunately not needed (for Coulomb-like electrostatic interaction) or neg-
ligible (for photon(source)-electron(slit) interaction). The said interactions (the photons
with the slit, and the electron-electron) are respectively responsible for the probability
transformation (for photons) and wavefunction transformation (for electrons).

In summary, the intensity peaks on s′ and s′′ should be identical if we add those screens
in the experimental set-up shown in Fig. 1(a) and (b). However, instead of one peak, there
should be two identical peaks on s′′ in Fig. 1(a) and (b) because both s1 and s2 are opened
(we did not show this for it is obvious). In addition, the interference pattern will not be
observed whether one or many waving group(s) of photons are allowed to pass through
s1 only (with s2 closed) because each waving group of photons that enter s1 does not
interact with s2. Even if they do interact, for example if we have pnew1 instead of p1,
the interference pattern still will not be observed because s2 is closed. In this case, even
if pnew1 had interacted with s2, the intensity peak(s) are still entirely determined by s1
alone because s2 is closed.

The relevant interaction here is between a waving group of photons (p1) and s1 (or
both s1 and s2), which is not identical to the interaction between another waving group
of photons (p2) and s1 (or both s1 and s2). Hence, this interaction is also responsible
for the fluctuation (p′, p′′ and p′′′) stated earlier. The interference pattern observed on
s′′′ is entirely due to interaction between two waving groups of photons, (p′,p′′,p′′′)s1 and
(p′,p′′,p′′′)s2. Recall that p′ or p′′ or p′′′ is a group of photons that have passed through
the slit such that p1 −→ (p′,p′′,p′′′). Therefore, the overlapping of intensity peaks from s1
(with s2 closed) and s2 (with s1 closed) cannot generate the interference pattern observed
with both s1 and s2 opened. In other words,

(Ip′ , Ip′′ , Ip′′′)s1 ◦ (Ip′ , Ip′′ , Ip′′′)s2
̸= (Ip′ , Ip′′ , Ip′′′)s1 ∗ (Ip′ , Ip′′ , Ip′′′)s2. (5)

Apparently, ◦ denotes the overlapping of (Ip′ ,Ip′′ ,Ip′′′)s1 with (Ip′ ,Ip′′ ,Ip′′′)s2.

3.2 One- and two-slit experiments using electrons

We now repeat the experimental set-up given in Fig. 1(c) with electrons sent one-at-a-time
onto the screen s′ or s′′ or s′′′ where each case is treated separately (see Fig. 2(a)). Note
that slit s2 exists but blocked in Fig. 2(a), while in Fig. 2(b), s2 does not exist, and we
shall discuss this difference shortly. Anyway, unlike photons that need to be defined as
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waving groups of photons, electrons on the other hand, cannot be treated as such because
me ̸= 0 and q = −e. Consequently, each electron needs to be defined as individual
quantum particle (qp), that can only be represented by an appropriate wavefunction, and
electrons cannot form any waving groups of electrons due to repulsive interaction between
them, and with other quantum matter (the material with embedded slits). Earlier, the
material with embedded slits, and the photon energy are so chosen to avoid significant
interaction between individual photons and the electrons from the material with embedded
slits such that the waving group of photons (not individual photons) interact with the
slits edges (not with the electrons). For an obvious reason (stated above), we cannot
satisfy this requirement properly for electrons. Indeed, electrons and photons are two
different types of quantum particles. Hence, we can now construct Proposition 5E
and Proposition 6E. By sending one electron at-a-time through a single slit set-up (the
second slit is blocked: see Fig. 2(a)), and after sufficient number of electrons detected, one
obtains the pattern shown on s′′′, which is different from Fig. 1(c). However, the intensity
peaks on s′ and s′′ remain the same for both photons and electrons as it should be. Earlier,
we have proposed that one needs two waving groups of photons (p1 and p2) or one waving
group of photons (pnew1) to pass through both slits in order to produce the required
fringes. On the contrary, the mechanism for electrons to produce such fringes is due
to electron(from the source)-electron(from the material with embedded slits) interaction.
This interaction is different if the material has only one slit (not one slit is opened, while
the other is blocked). Material with one and two slits give rise to different interaction
strengths between electrons from the source and the electrons from slit material. For
example, for the case shown in Fig. 2(a), the transformation reads qp1 −→ (p′,p′′,p′′′)
where qp1 ̸= p′ ̸= p′′ ̸= p′′′, which indicate different possible transformations.

Each time an electron (qp) passes through s1 (s2 exists but blocked, see Fig. 2(a)), it
interacts with the electrons from the material with two embedded slits, and therefore, gets
its wavefunction transformed accordingly (due to its interaction with slit’s material in the
presence of blocked s2) into one of these three extreme cases (possible wavefunctions), p′

or p′′ or p′′′ where qp1 −→ p′′ is again assumed to have the highest probability, followed
by qp1 −→ p′′′, while qp1 −→ p′ is the least probable. In other words, electrons entering
s1 transform satisfying this inequality, qp1 −→ p′′ > qp1 −→ p′′′ > qp1 −→ p′. Therefore,
we can now construct Proposition 7E.

The potential difference stated in Proposition 7E do exist near the slit region or
a biprism to split the electron beam or to divert an electron to the left, or to the right
‘opening’, as required in Ref. [5]. Due to this Coulomb interaction induced mechanical
interaction and Proposition 7E, we can construct the final proposition for electrons
(detected individually) and for an electron beam, which is given in Proposition 8E.

In summary, comparing Eq. (5) for photons with Eq. (1) for electrons, one can conclude
that Eq. (5) negates Eq. (1) (or Eq. (5) = ¬Eq. (1)) due to sign-change from ‘=’ to ‘̸=’,
and Eq. (5) also counters Eq. (1) (or Eq. (5) = ⊥Eq. (1)) because Eqs. (5) and (1) refer
to two different physical mechanisms in order to reproduce the intensity peaks on s′ and
s′′, and the fringes on s′′′. The overlapping of intensity peaks from s1 (s2 does not exist)
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Figure 2: (a), (b) and (c) depict the one- and two-slit experiments for electrons. (a)
qp1 and qp2 are individual electrons approaching slits, s1 and s2 (blocked) one-at-a-
time and they produce one-half of the interference pattern (after time integration or after
accumulating enough individual electron detections). If we repeat (a) with s1 blocked and
s2 opened, one can overlap this result with (a) to produce the complete fringes, identical
to the one shown in (c). Here, similar to Fig. 1(c), s′, s′′ and s′′′ denote the screens (follow
the appropriate arrows) (b): The electrons (sent one-at-a-time and after time integration
or as an electron beam) do not produce any fringes because s2 does not exist. (c): If the
electron sent one-at-a-time (and after time integration) or as a beam, one obtains the full
interference pattern (provided s2 is also opened). For electrons, p′, p′′ and p′′′ represent
transformed electron wavefunctions after interacting with electrons from the slit-material.
Note that s2 is blocked in (a) in such a way that electrons cannot pass through the blocked
slit in any way.
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and s2 (s1 does not exist) do not generate the interference pattern observed with both s1
and s2 opened as depicted in Fig. 2(c) where Eq. (1) reads

(Ip′ , Ip′′ , Ip′′′)s1 ◦ (Ip′ , Ip′′ , Ip′′′)s2
̸= (Ip′ , Ip′′ , Ip′′′)s1 ⊕ (Ip′ , Ip′′ , Ip′′′)s2. (6)

Here, the experimental set-up shown in Fig. 2(b) gives rise to symmetric interaction
between the source electron and the electron from the material with embedded slit. In
this case, the electric field distribution near the slit due to potential difference stated
above (if it exists) is also symmetric.

4 Additional Notes

The propositions given above, especially the one for electrons (charged mass) can be
readily exploited to reproduce the interference pattern obtained from neutrons (neutral
mass) and molecules (massive and neutral with polarizable outer electrons). In partic-
ular, neutrons and molecules also have produced the interference pattern as reported in
Refs. [17, 18, 19]. This is not surprising because we can extend the following proposi-
tions, 5E, 6E, 7E and 8E to the above massive particles (neutrons and molecules). The
extension is straightforward because the Coulomb interaction between an electron(from
the source) and the electron(from the material with embedded slits) should be replaced
by the ‘mechanical’ interaction between a neutron(from the source) and the nucleus(from
the material with embedded slits).

For the molecules, the interaction is between a molecule(from the source) and an atom
or a molecule(from the material with embedded slits). Therefore, the mechanism to pro-
duce the interference pattern remains the same for electrons, neutrons and molecules,
which are captured by these propositions, 5E, 6E, 7E and 8E. In other words, neutrons
and molecules also obey the same physical mechanism (with different interactions) to ob-
tain the interference pattern depicted in Fig. 2. Dipole moments of molecules cannot cause
interference patterns. Dipole moments may influence the interaction between molecules
from the source, before and after exiting the slits, but the interacting dipole moments do
not and cannot cause the formation of interference patterns. To demonstrate the effect
of dipole moments causing the interference pattern, one has to produce the said pattern
exclusively with the slit material that is composed of dipole moments. Therefore, the
interacting dipole moments between molecules (from the source) do not play any role in
the formation of interference pattern because the interaction between the molecules outer
electrons and the outer electrons from the slit material is entirely responsible for the in-
terference pattern. If the slit material is also composed of dipole moments, apart from
its outer electrons, then we need to know whether the effect of the electron(molecule)-
electron(slit) interaction is reduced by the dipole moment(molecule)-dipole moment(slit)
interaction in order to deduce the quality of the formed interference pattern.
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In this work, our focus has been on photons and electrons because once their in-
terference pattern has been made explicit physically and consistently, then it is quite
straightforward to apply to other particles, namely, neutrons and molecules. The second
reason is that it is far more difficult to handle or evaluate the interference pattern obtained
from elementary particles such as photons and electrons consistently.

Ideally, it may seem elegant to unify the analysis by treating the photons and electrons
as quantum particles, and then within this analysis, we can set m = 0 for photons and
m > 0 for other massive particles. However, it is impossible to devise a single consistent
formalism to deal with such unification in the presence of wave-particle duality so as
to evaluate the interference pattern obtained from time-integrated individually-detected
quantum particles. For example, the wave-particle duality cannot be defined precisely
and uniformly for different types of quantum particles detected individually, which can be
anticipated from the fact why we need Eq. (2) for electrons and Eq. (3) for photons. Let
alone the complicated (due to wave-particle duality) and specific interactions experienced
by different types of quantum particles interacting with the particles in the slit material
(or at its edges). Despite this fact, we shall provide quantitative analysis for the photons
and electrons without violating quantum mechanics and wave theory in the last section
prior to conclusions.

5 Experiments with new proposed observations

To properly verify our propositions, we first have made our arguments to be logically
precise with appropriate physical mechanisms that consistently obey quantum mechanics
and experimental observations made thus far, as well as predict unique and novel ob-
servations. Subsequently, we shall provide the quantitative analysis required to capture
individual detections of photons and electrons for all our constructed propositions. The
propositions make explicit the differences in the interference pattern produced by photons
from that of the electrons in such a way that these propositions can be tested experimen-
tally with new proposed observations. In addition, we have also identified the roles played
by the slit-material and slit-type in producing the interference patterns for photons and
electrons, respectively. All our unique and newly predicted observations proposed here
(see below) are new and detailed enough that can be readily falsified with present-day
experiments.

5.1 Experiments for individual photons and for light

It is worth noting here that Aharonov et al. [20] had exploited the same interaction
proposed here (between electrons as source particles with slits), where our proposition is
already available since 2014 [13]. This proposition is also exposed and discussed again
in Ref. [22] by the author of this work much earlier than Ref. [20]. Apart from that,
our propositions constructed herewith are complete because we considered both electrons
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and photons in a technically consistent manner with respect to their interaction with the
material with slit(s).

To prove our propositions, we only need to carry out the one- and two-slit experi-
ments with photons ((a) for light and (b) for photons detected individually). The only
required changes to the usual experimental set-up using photons are (c) the type of slit
material that should be completely non-transparent, and (d) the slits should be the ac-
tual openings (not diffraction grating). With the above changes [(c) and (d)] made to
the experimental set-up, the new experimental results for a double-slit cannot produce
any interference pattern (on the screen, s′′′) for photons detected individually after time
accumulation. However, for a light beam, the same double-slit experimental set-up (with
the said changes) should produce interference pattern. These new predictions for photons
and light are not captured in the theories devised in Ref. [20].

5.2 Experiments for individual electrons and for electron beam

For additional supports, we can run the one- and two-slit experiments with electrons.
In this case, the electrons can be (e) an electron beam or (f) the electrons are detected
individually. The only change to the experimental set-up is (g) a proper electrically-
neutral and highly insulating slit material where (d) the slits should also be the actual
openings. With this new change, namely, (g), the experimental results for a double-slit
can produce interference pattern (on the screen, s′′′) for electrons detected individually
after time accumulation, and also for an electron beam (see Fig. 2(c)). On the other hand,
no interference pattern (partial nor full) should be observed for the experimental set-up
depicted in Fig. 2(b), and these two observations are not new.

The new observations can be measured if the experimental set-up follows Fig. 2(a)
such that the partial interference pattern should be obtained regardless of whether the
electrons are detected individually (after time integration) or not (for an electron beam).
The full interference pattern can be constructed by overlapping the partial interference
patterns measured from Fig. 2(a). For example, the first partial interference pattern can
be obtained for the set-up with s1 open and s2 closed (see Fig. 2(a)), while the second
partial interference pattern can be obtained for the same set-up but with s1 closed and
s2 open. These new predictions for electrons are also not captured in Ref. [20].

6 Theoretical details

The analysis given below is based on the experimental set-up discussed above. For exam-
ple, the interaction between quantum particles (electrons and photons) and the opening
in the slit materials is based on classical physics, which is similar to cathode-ray tubes
(CRTs) and is sufficient. In particular, the slit materials are selected in such a way that
individual electrons and photons interact mechanically with their respective slit material
(described above). Hence, our analysis implies that each quantum particle has a well-
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defined path from the source to the screen. The calculations that treat electrons and
photons as waves are well known [21]. Here, our theoretical analysis focus on individual
detections of photons and electrons.

6.1 Quantitative analysis for photons

We can evaluate the proposition of detecting photons and electrons individually by recon-
structing the diffraction based on wave theory. This reconstruction is necessary because
the interference pattern (maximum and minimum intensity) produced by a light beam
(composed of photons) is due to overlapping light waves that interferes constructively
(from two in-phase light waves) and destructively (from two out-of-phase light waves).
The mechanism for this well-known interference is completely different from the propo-
sitions listed in 1P to 4P. Let us work out the quantitative details. In a single-slit
experiment, the incident photon that eventually hit the screen actually got scattered at
the slit in such a way that its direction of propagation has changed (the same way as the
diffracted ray of a light beam [21]). In this case, the scattered photon by a narrow slit
with width, a shall satisfy this condition,∑

N

a

2
sin θN =

∑
N

ℓN
2
, (7)

to produce the regions of high and low concentrations of photons on the upper-half of the
screen, from 0 to ℓ/2 that correspond to high and low intensity. Here, θ is the angle of
deflection from the line normal to the slit, a/2 is the position of one of the slit’s edges
where the center of the slit is set at 0, thus the other edge is at −a/2. The positions for
the photons to hit the screen is along the length, from 0 to ℓ/2 on the screen, while N
counts each photon that hits the screen, N = 1, 2, · · ·.

In addition, we have the standard single-slit observation from Eq. (7)—for a given
screen length or size, ℓ, the narrower the slit (decreasing a), θ increases, which indicates
increasing scattering strength between a photon with the slit’s edges. Hence, θ is a
measure of this photon-slit scattering strength or magnitude. Next, we need to derive
the formula for intensity for the accumulated photons from each photon detected on the
screen. This is again similar to wave theory [21] where each ray is replaced by a waving
photon that propagates from the slit to the screen.

The photon is a proper waving entity due to electric and magnetic fields attached
to it (see Eq. (3)), and is subject to the Heisenberg uncertainty principle. Therefore,
each photon does wave with a wavelength, but this wavelength is not responsible for the
interference pattern when the photons are detected individually because the interference
pattern has got nothing to do with in-phase and out-of-phase interference of two waves.
As such, the electric field of the scattered photon can be found from,∑

N

E(θ)N = 2
∑
N

RN sin
1

2
ϕN , (8)

17



and after noting ϕ = E(0)/R for each photon, we can arrive at,∑
N

E(θ)N =
∑
N

(E(0)N
1
2
ϕN

)
sin

1

2
ϕN . (9)

The intensity for the photons can be calculated by squaring the electric field terms, and
the final intensity formula is readily obtained,∑

N

I(θ)N =
∑
N

I(0)N

(sinαN

αN

)2

, (10)

where I(0) is the intensity of the unscattered photon after crossing the single slit. The
new angle, ϕ = 2α is related to the scattering induced deflection to the incident photon
entering the slit, or the picked up phase by the photon after interacting with the slit.
This angle can be derived from Eq. (7) after multiplying the factor ϕ/2π where ϕ is the
change in the phase of the waving photon. In particular, larger ϕ implies larger θ or larger
scattering strength or magnitude. Therefore,∑

N

a sin θN =
∑
N

ℓN
ϕN

2π
, (11)

and the change in the phase is given by,∑
N

ϕN =
∑
N

2πa

ℓN
sin θN . (12)

Hence, we have proved the relative intensity for the single-slit diffraction from Eq. (10)
for photons detected individually where,∑

N

αN =
∑
N

mNπ =
∑
N

πa

ℓN
sin θN , (13)

and the respective intensity minima and maxima occur for,

m = 1, 2, 3, · · · , (14)

m =
3

2
,
5

2
, · · · . (15)

Here, smaller and smaller amount of photons (N ) correspond to larger and integer m, while
larger and larger amount of photons are associated to smaller and non-integer m (excluding
the center maximum). In addition, we cannot calculate θ nor ℓ for each photon. Now,
for the two-slit experiment with the slit material that does not let the photons to pass
through (via transmission and/or reflection or by any other process) in regions other
than the opening (the slits), then the interference pattern cannot be observed for photons
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accumulated after detecting them individually. In this case, each slit (from a two-slit
material) is subject to Eqs. (10), (13) and (14).

If the individual photons are allowed to pass through (via reflection and transmission),
one-at-a-time, through the slit material (also with two slits) between the slits (diffraction
grating), then one should be able to observe the interference pattern from the time-
integrated intensity. In this second case with two slits, the intensity for the interference
pattern is given by (following the same procedure given in Ref. [21]),∑

N

I(θ)N =
∑
N

I(0)N [ cos2 βN ]
(sinαN

αN

)2

, (16)

where, ∑
N

βN =
∑
N

πd

ℓN
sin θN . (17)

Both Eqs. (16) and (17) are sufficient to capture the formation of interference pattern
from the photons detected individually for the grating that contains two slits where d is
the spacing between the slits. Here, β is the additional phase picked up by each photon
that crosses the regions other than the two grooves. For each parameter that carries the
subscript, N , implies the parameter is not a constant even for each scattered photon or
electron (see below). The angles, α and β picked up by each photon due to scattering at
the slits refer to the change in the direction of the photon propagation.

Note this and note this carefully, individually detected photons can produce the inter-
ference pattern (after time integration) as sketched in Fig. 1(a) and (b) if and only if the
slits are diffraction slits and the slit material is optically transparent (that gives rise to in-
ternal reflection and refraction). If the slit material is optically non-transparent such that
it does not permit photons to pass through, then the slits have to be slit holes. In this case,
the interference patterns sketched in Fig. 1(a) and (b) are not observable for individually
detected photons. This new experimental set-up (using optically non-transparent material
with slit holes) can only produce interference pattern for electromagnetic waves, but not
for individually detected photons (after time integration). No single-photon experiments,
including the recent report [11], have used optically non-transparent slit material with
slit holes to detect single photons.

Note this, for a light beam, Proposition 2P is irrelevant because the material with
two slits or the transparent grating material with two grooves (two ‘slits’) can produce the
interference pattern from two waves due to their in-phase and out-of-phase interference.
It should be apparent that β = 0 because sin θ in Eq. (17) is zero for the first case with
two slits in a material that does not allow photons to exit the slit material in regions
other than the two slit openings. All the analysis presented here readily reduces to the
standard formalism given in Ref. [21] if one switches to diffracted light rays that interferes
destructively (out-of-phase) and constructively (in-phase).
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6.2 Quantitative analysis for electrons

Let us first consider a single-slit experiment with electrons detected individually (with one
electron at a time). Detecting each incident electron after it got scattered at the slit(s)
is similar to the formalism presented for photons that are also detected individually,
except in this case, the source of the scattering is the electron(incident)-electron(slit)
interaction. Hence, we can readily consider the step potential (provided by the slit)
as a simple example to capture the scattering of each incident electron. Letting the
potential, V experienced by an incident electron approaching the slit, one can construct
the one-dimensional Schrödinger equation (from Eq. (2)) for that scattered electron (after
interacting with the slit),∑

N

d2ΨN

dx2N
+
∑
N

2m(EN − V )

ℏ2
ΨN = 0, (18)

where the electron mass, me and V are constants for each incident electron, ℏ is the Planck
constant, E is the energy of the incident electron, which is obviously much larger than V
(or E > V ) so that the electron shall never be trapped by the slit. The wavenumber after
scattering by a single slit is,

∑
N

kN =
∑
N

√
2me(EN − V )

ℏ
, (19)

which is a real number as it should be, and the general solution for the stated Schrödinger
equation is trivial, ∑

N

ΨN =
∑
N

AN exp [ikNxN ], (20)

where each Ψ is the wavefunction for an electron that may or may not be scattered
and shall eventually hit the screen, A is the amplitude and the scattered momentum for
the electron is ℏk. We are not concerned with the physics prior to scattering because
they are controlled such that the electrons (or photons) have consistent energy and equal
probability along the width of one (a) or two (2a) slits.

To calculate the intensity for the electrons detected individually in a single-slit exper-
iment, we need to recall Eq. (8) and rewrite it as follows,∑

N

ψ(θ)N = 2
∑
N

RN sin
1

2
ϕN , (21)

and ϕ = ψ(0)/R for each electron and after noting that the intensity is proportional
to |ψ(θ)|2, we can arrive at the same equation given in Eq. (10) for electron accumu-
lated one at a time. Here, we have invoked another wavefunction for the same electron,
ψ(θ) ̸= Ψ to capture the changes to the direction of each electron due to scattering at
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the slit. Note this, the magnitudes of all the variables in Eq. (10) for each electron are of
course different from those of each photon. Nevertheless, each electron and photon with
different magnitudes (for those parameters) accumulate to produce diffraction as defined
by Eq. (10). If we repeat the experiment with two open slits, the observed interference
pattern follow Eq. (16) where Eq. (16) remains exactly the same for electrons detected
individually, which of course can be derived directly from Eq. (21).

There is an interesting twist here for electrons hitting the screen one-by-one or one
at a time when one of the slits is open, while the other is closed (see Fig. 2(a)). This
situation is different from that of the experiment that contains only one slit (see Fig. 2(b))
as discussed qualitatively earlier and is captured by Eq. (10). In this case as depicted in
Fig. 2(a), Eq. (16) remains the same but Eq. (17) reads,∑

N

βN =
∑
N

π(d/y1)

ℓN
sin

θN
y2
. (22)

Here, d and θN have been replaced by d/y1 and θN/y2 where (y1, y2) > 1, which depend
on the type of slit material. For example, for the slit material that effectively minimizes
the electron(incident)-electron(slit-2) interaction gives (y1, y2) → ∞ so that β = 0.

Theoretical plots based on Eq. (16) for both electrons and photons follow exactly the
same plots given in Ref. [21]. The primary new results in this report are the construction
of the physical mechanisms that are responsible for the following two predicted obser-
vations, which are completely new (both the predicted observations and their physical
mechanisms).

(ai) The absence of interference pattern in a double-slit experiment for photons (detected
individually).
(bii) The formation of partial interference pattern for both individual electrons and
electron beam.

See the following explanations for these two [(ai) and (bii)] constructed physical mech-
anisms. For photons (see (ai) above), the double-slit experiment (using non-transparent
slit material with slit holes) cannot produce any interference pattern for photons detected
individually and after time integration. On the other hand, the changed experimental
set-up (using non-transparent slit material with slit holes) can produce the required in-
terference pattern if one uses electromagnetic waves. In other words, the interference
pattern produced using the transparent diffraction slits for both single photons and elec-
tromagnetic waves have the same mechanism, which is caused by photons transmission,
internal reflection and refraction. This means that, interference pattern cannot form for
single-photon detection (after time integration) if one uses non-transparent slit holes.
However, non-transparent slit holes can produce interference pattern for electromagnetic
waves due to this well-known classical mechanism—constructive and destructive interfer-
ence of waves.
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The physical mechanism to produce interference pattern for electrons is completely
different (see below) from that of single-photon detection and electromagnetic waves.
For electrons (see (bii) above), the double-slit experiment has to have slit holes (open-
ings) but the slit-material should be electrically neutral and insulating. Thus, the in-
terference pattern using electrons (massive and charged) is caused by mechanical-like
Coulomb interaction [electron(source)-electron(slit)] at the slit-hole’s edges. The inter-
action is mechanical-like because the electrons are relatively of low kinetic energies, and
the slit-material is electrically neutral and highly insulating. For electrons (either de-
tected individually or otherwise), one can obtain the partial interference pattern with
one slit closed (following Fig. 2(a)). The full interference pattern can be constructed by
overlapping the other partial interference pattern obtained from Fig. 2(a) after reversing
the open-close arrangement. We cannot prove the uniqueness of these differing mecha-
nisms (for electrons and photons) with equations nor calculations. For example, we can
reproduce all of the above results from Eq. (16) alone by activating and adjusting the
parameters where for pure waves, we just remove the summation sign and N , replace ℓ
with wavelength, λ and start adjusting α and β. For individual detections, we just need
to adjust α and β for each particle. Thus, we have no other choice but to rely on the
experimental proof.

7 Conclusions

We have attempted to explain the origin of interference patterns for photons and electrons
by constructing the appropriate propositions on the basis of well-known and existing
interactions. The propositions also contain information that can be used to properly
set-up the one- and two-slit experiments. Here, electrons are assumed to interact with
electrons from the slit-material. This interaction is symmetric if the slit-material has only
one embedded slit, whereas, an asymmetric interaction is expected if the material has
two slits (regardless of whether one of the slit is open or closed). Consequently, one can
obtain a partial interference pattern if s1 is opened while s2 is blocked. As such, we can
generate the complete fringes by overlapping the separate results after time integration (for
individual detections). These separate results refer to the partial interference pattern or
the partial intensity obtained from ‘s1 is opened while s2 is blocked’ and the other partial
intensity is obtained from ‘s2 is opened while s1 is blocked’, which are then overlapped to
form the complete fringes for electrons.

In contrast, two waving groups of photons (one group from s1, and the other from s2)
need to interfere constructively and destructively to produce the fringes on the screen.
Overlapping the intensity peaks from s1 (s2 blocked) and s2 (s1 blocked) does not gener-
ate the complete interference pattern for photons. However, the formation of interference
pattern from the time-integrated intensity of individual photons is similar to electrons.
In other words, it is postulated (see Proposition 2P) that the interaction between a
photon and both slits’ edges (due to reflection and transmission) give rise to the interfer-
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ence pattern for photons (detected individually or otherwise) such that the slit material
(optically transparent) allows the photon to exit the slit material in the region other than
the slit opening.

Apart from that, the material with embedded slit(s) also need to be experimented to
satisfy these requirements, (i) for electrons—the slit-material should stop the electrons
from passing through (via tunneling or conduction or by any other process) in regions other
than the opening (the slits), and (ii) for photons—the material should block all photons
from passing through (via transmission or reflection or by any other process) in regions
other than the slits. In other words, we have provided the proper and correct resolution
to the double- and single-slit experiments for both photons and electrons, either detected
individually or otherwise. In addition, our quantitative analysis did not violate the well-
established diffraction and interference pattern produced from interfering in-phase and
out-of-phase light waves.
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