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Young's double slit experiment revived the wave theory of the light. The standard interpretation is that the light behaves as waves before and after passing through the diaphragm of the double slit. Feynman called the double slit experiment the only mystery in quantum mechanics. Recently, the photon chamber has been proposed and utilized to study the behavior of photons near the detecting screen. The experiments show that the light, near the screen, behaves as photons propagating along the straight-line trajectories, and the trajectories distribute as waves. Furthermore, the photon chamber experiments show that, withing a macroscopic distance from the double slit, the pattern is noninterference, which indicates that the standard double slit experiments violate the standard wave interpretations in the area near the diaphragm. In this article, we utilize two new methods to study how the non-interference pattern (near the double slit) evolving to the interference pattern (far from it). The experiments show, the first time, that (1) the shape of the pattern are distance-dependent, when the distance increases, the non-interference pattern evolves to the interference pattern, which indicates that the non-wave nature and the wave distribution coexist in the same wave experiment; (2) the light beams behave as photons near the double slit. The experiments: (1) provide novel phenomena/data for further theoretical development of the established optics and for understanding the nature of the light; (2) show the Feynman's mystery in the different perspectives; (3) provide three methods that show the non-wave pattern in standard wave experiments and can be utilized to develop the classical optics further.

Introduction

Historically, the study of the nature of light reached basically two concepts: wave and particle.

Year 1690, Christiaan Huygens established the wave theory of light [START_REF] Huygens | Traité de la Lumière[END_REF], which is considered the backbones of optics Year 1704, Newton established the particle theory [START_REF] Newton | Opticks: or, a treatise of the reflexions, refractions, inflexions and colours of light[END_REF] that states that light is made up of small discrete particles which travel in a straight line with a finite velocity. This concept was dominant.

Year 1801, 100 yeas later, Young's double slit experiment [START_REF] Young | The Bakerian lecture. Experiments and calculation relative to physical optics[END_REF], which is considered the fundamental experiment of optics, revived Huygens' wave theory. Then wave concept is dominant.

Year 1905, 100 yeas later, Einstein's photon theory [START_REF] Einstein | On a Heuristic Point of View Concerning the Production and Transformation of Light[END_REF] revived, in some sense, the particle theory.

Year 1927, Bohr proposed complementarity principle [START_REF] Bohr | The Quantum Postulate and the Recent Development of Atomic Theory[END_REF] that states that it is impossible to observe both the wave and particle aspects simultaneously in the same experiment. Namely, either [START_REF] Huygens | Traité de la Lumière[END_REF] these two phenomena cannot be observed simultaneously in the same experiment; or (2) if these two phenomena can be observed simultaneously in the same experiment, then, the interpretations of the phenomena given by the wave theories are not complete. Since it is impossible to observe the wave and particle phenomena in the same experiment, the wave-particle duality emerged.

Year 1950s, the wave-particle duality still puzzles physicist. Einstein (1951) [START_REF] Rashkovskiy | Is a rational explanation of wave-particle duality possible?[END_REF] wrote to M. Besso: "All these 50 years of conscious brooding have brought me no nearer to the answer to the question: What are light quanta?". Feynman (1956) [START_REF] Feynman | The Feynman Lectures on Physics[END_REF] called the interference pattern of the double slit experiment "a phenomenon which is impossible […] to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery [of quantum mechanics]."

The wave particle duality is dominant until now.

Recently, we conduct the double slit experiments with shields and blockers, which show, the first time, that, even in double slit experiments, the light behaves as particle [START_REF] Peng | Comprehensive Double Slit Experiments---Exploring Experimentally Mystery of Double Slit[END_REF][START_REF] Peng | Double Slit to Cross Double Slit to Comprehensive Double Slit Experiments[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (4): New Double Slit Experiments Violating Wave Description[END_REF]. Then, the photon chamber was proposed and applied, the first time, to the typical wave experiments, such as, the double slit, 1D grating and 2D grating experiments [START_REF] Peng | Photon Chamber ---Showing Particle Nature of Light in 1D-Grating Experiments[END_REF][START_REF] Peng | Photon chamber ---Showing Particle Nature of Light in 2D-Grating Wave Experiments[END_REF][START_REF] Peng | Experiments Exploring Mystery of Double Slit ---Utilizing Photon Chamber[END_REF][START_REF] Peng | Incompleteness of Wave Interpretations of Double Slit and Grating Experiments[END_REF]. The photon chamber has been used to study the photons' behavior near the detecting screen. Both the particle nature and the wave-like distribution of light are observed simultaneously in the same wave experiment. The photons propagate along the straight-line trajectories and the trajectories distribute as wave.

Then, we proposed and utilized three methods (including the photon chamber) to study the photons' behavior near the double slit/cross double slit [START_REF] Peng | Non-Wave Pattern Near Double Slit (1) ---Standard Double Slit Experiment Violating Wave Interpretations[END_REF][START_REF] Peng | Pattern Having Two Equal Maximum Intensities Near Double Slit[END_REF][START_REF] Peng | Non-Interference Patten Near Double Slit -Violates Wave Interpretations[END_REF]. Experiments show, the first time, that within the certain macroscopic distance from the double slit/cross double slit, the pattern is noninterference, which indicates that, by definition, the photons behave as particles near the double slit.

The experimental phenomena are visually observed without ambiguity.

We raise the question: how the non-interference pattern near the double slit evolves to the interference pattern near the far away detecting screen.

In this article, we show that when the distance increases, the non-interference gradually evolves to the interference patten. The non-interference and the interference patten coexist in the same "wave" experiment. Namely, the particle nature and the wave distribution coexist and thus, the standard wave interpretations, the wave particle duality and the Bohr's complementarity principle are violated.

Interference pattern: standard description of Double Slit Experiments

First, let us briefly review the standard description of the double slit experiments. The standard interpretation is that, before and after passing through the double slit, the light propagates as waves and interferes after passing through the double slit. When Fraunhofer diffraction is valid, the interference pattern is formed on the detecting screen (Figure 1).

To describe the pattern, the standard formular is, for 𝐿 ≫ 𝑑,
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Where "d" is the spacing of the double slit, "L" is the distance between the double slit and the screen, and "𝑦 𝑚 " is the distance of the m th fringe from the position of the primary maximum. The intensity 𝐼 is proportional to the time average of the square of the total electric field 𝐸. For the small angle 𝜃, the intensity is
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Thus, according to the standard wave descriptions, there is the interference pattern with one maximum intensity when 𝐿 ≫ 𝑑. In this article, we start from 𝐿 ≥ 50 𝑑.

Non-interference pattern of double slit experiments: photon chamber near double slit

In this section, let us briefly review the phenomena of the non-interference pattern near the double slit [START_REF] Peng | Non-Interference Patten Near Double Slit -Violates Wave Interpretations[END_REF]. The photon chamber has been placed near the detecting screen in the double slit experiments.

We utilize the photon chamber to study the mystery of the double slit experiment near the double slit.

In the experiments, the photon chamber is placed near the double slit (Figure 2(a)). The dimension of the photon chamber is 60 x 60 mm (Figure 2(b)). The photon chamber is filled with the mixture of water and fine powder. We refer the side of the photon chamber facing the screen as the far-side, and the side facing the double slit as the near-side. The screen is 5000 mm away. The characteristics of the interference pattern do not change, but dimmer due to the photon chamber.
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Experiment-2 (Figure 4): placing the photon chamber with the far-side at 100 mm from the diaphragm of the double slit. We observed two photon tracks (Figure 4(a)), which indicates that from the diaphragm to the far-side of the photon chamber, the light propagates as photons, not as waves. The pattern is non-interference. Experiment-3 (Figure 5): placing the photon chamber with the far-side at 150 mm from the diaphragm of the double slit. 

Double slit

We observed two photon tracks, which indicates that from the diaphragm to the far-side of the photon chamber, up to 150 mm, the light propagates as photons, not as waves. The pattern is not interference pattern. Two photon tracks represent two primary maximum fringes. Equation 1 and Equation 2 are not suitable for describing the behavior of the photons up to this distance from the double slit.

While on the screen, we observe the standard interference pattern simultaneously. The interference pattern has no change, as shown in Figure 3 When placing the photon chamber near the screen in the double slit, 1D-grating and 2D grating experiments, the photon tracks distribute as interference patterns [START_REF] Young | The Bakerian lecture. Experiments and calculation relative to physical optics[END_REF][START_REF] Einstein | On a Heuristic Point of View Concerning the Production and Transformation of Light[END_REF][START_REF] Bohr | The Quantum Postulate and the Recent Development of Atomic Theory[END_REF][START_REF] Rashkovskiy | Is a rational explanation of wave-particle duality possible?[END_REF]. Experiment-4 (Figure 7): evolution

Discussion

(1) placing the BS-system 50 mm away from the double slit, the non-interference pattern with two maximum intensities (two photon tracks) is shown on screen-2 clearly (Figure 7a). Figure 7 shows how the shape and nature of the pattern is distance-dependent and evolves from non-interference to interference. Namely the non-interference pattern and interference pattern coexist in the same standard wave experiment.

Double slit experiments with convex lens

The experiments utilize convex lens (Figure 8). 

Postulate: precise rule of convex lens

The above experiments indicate that the light pattern arriving the input surface of the convex lens is not the same as the pattern immediately comes out from the double slit. But, for the experiments, when the convex lens near the double slit, for example 50 mm from the double slit, the characteristics and natures of the pattern immediately coming out the slits of the double slit and of the pattern 50 mm away from the double slit are the same.

Based on above experiments, we suggest a postulate.

Postulate: the convex lens enlarges the input image that arrives at the input surface of the convex lens (Figure 12).

Example-1: for a regular object, the shape of the image of the object does not change. Thus, the input image, that arrives at the input surface of the convex lens, is the same image of the object.

Example-2: for the double slit experiment, the input image that arrives at the input surface of the convex lens is the pattern that is distance-dependent and thus, the input image does change.

Experiments in Section 4.2 are based on this postulate and confirm it.

Experiment-8 consistent with Experiment-4, which indicates that two methods are equivalent. 

Cross double slit experiments with convex lens

The double slit has been extended to the cross double slit, i.e., multi double slits cross to each other at the same point [START_REF] Peng | Cross-double slit experiment and extended Mach-Zehnder interferometer[END_REF][START_REF] Peng | Observations of Cross-Double-Slit Experiments[END_REF][START_REF] Peng | Double Slit to Cross Double Slit to Comprehensive Double Slit Experiments[END_REF]. The interference pattern is complex than that of the double slit. Now let us to show that the cross double slit experiment has the same phenomenon of the non-interference pattern (near the cross double slit) evolves to the interference pattern (far from the cross double slit).

Figure 12 Cross double slit Experiment-7 (Figure 13):

Experimental setup: the setup is the same as that in Figure 8, except using cross double slit.

Observation:

Figure 13(a) shows the non-interference pattern when the convex lens is 10 mm from the cross double slit. This phenomenon is new and is different from that of the double slit experiment (Figure 11). The pattern has upper-arm, down-arm, left-arm and right-arm. Note that the shape and nature of the pattern are distance-dependent, where the distance is depended on the spacing between the slits and the dimension of the slit. 

Discussion and summary

Experiment-1, -2 and -3 can be schematically shown by Figure 14. The photon chamber shows the non-interference pattern with two maximum intensities near double slit (Figure 3 to Figure 5). We show, the first time, the peculiar behavior of photons in the standard double slit experiments:

(1) within certain macroscopic distance from the diaphragm of the double slit/cross double slit, the light behaves as photons and produces non-interference pattern;

(2) the characteristics of the patterns are distance-dependent; the nature of light is photons in the double slit wave experiments, although distribute as waves. (4) It is a challenge to find the mechanism/physical interpretation of this phenomenon.

We suggest that a complete theory should be able to interpret the non-interference pattern, the interference pattern, and the evolution from one pattern to other.

The three methods provide experimentally profound phenomena/data in optics/physics for developing a complete wave theory, for exploring the mystery of the double slit, and for exploring the nature of the light.

Historically, the study of the nature of the light reached basically two concepts: wave and particle.

Year 1678, Huygens proposed the wave theory of light.

Year 1704, Newton's published the book "Optics".

Year 1801, 100 yeas later, Young's double slit experiment revived Huygens' wave theory.

Year 1905, 100 yeas later, Einstein's photon theory revived, in some sense, the particle theory. Year 1950s, 50 yeas later, the wave and particle duality still puzzles physicist (including Einstein and Feynman).

Year 2019-2022, we show experimentally that, even in Young's double slit wave experiments, the photons behave as photons and photons distribute as wave. The non-interference and the interference pattens coexist in the same "wave" experiment.

It is really a mystery that, light behave as photons either near the double slit [START_REF] Peng | Non-Wave Pattern Near Double Slit (1) ---Standard Double Slit Experiment Violating Wave Interpretations[END_REF][START_REF] Peng | Pattern Having Two Equal Maximum Intensities Near Double Slit[END_REF][START_REF] Peng | Non-Interference Patten Near Double Slit -Violates Wave Interpretations[END_REF] or far from the double slit [START_REF] Peng | Comprehensive Double Slit Experiments---Exploring Experimentally Mystery of Double Slit[END_REF][START_REF] Peng | Double Slit to Cross Double Slit to Comprehensive Double Slit Experiments[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (4): New Double Slit Experiments Violating Wave Description[END_REF], what is the physical mechanism of photons distributing as waves?
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 1 Figure 1. Standard Interference Pattern of Double Slit Experiment
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 2 Figure 2. Schematics of Double Slit Experiment with Photon Chamber

Figure 3 .

 3 Figure 3. Non-interference pattern: 65 mm away from double slit Figure 3(a)) shows two photon tracks in the photon chamber, which indicates that from the diaphragm to the far-side of the photon chamber, the light propagates as photons along the straight-line photon tracks (trajectories). The pattern is non-interference pattern. Two photon tracks represent two primary maximum density fringes. Therefore Equation 1 and Equation 2 of the wave theories are not suitable for describing the behavior of the photons near the double slit up to this distance, 65 mm. While, on the screen, we observe the standard interference pattern simultaneously (Figure 3(b)).

  Photon chamber

Figure 4 .

 4 Figure 4. Non-interference pattern: 100 mm Away from Double Slit Note that Figure 4(a) also shows the two light spots at the two slits of the double slit, the two light spots corresponding to two photon tracks.

Figure 5 .

 5 Figure 5. Non-interference pattern: 150 mm Away from Double Slit

  (b) and Figure 4(b).

:Figure 6 .

 6 Figure 6. Schematics of Experimental SetupThe experimental setup is shown in Figure6. The apparatus consists of laser, double slit, screen-1, beam splitter (BS), double convex lens and screen-2. The screen-2, double convex lens and BS (all in the dotted rectangular box, hereafter referred it as "BS-system") move up and down along the normal of the double slit together, which shows the distance-dependence of the patterns, namely the evolution of the patterns. While the interference pattern on the screen-1 does not change.

Figure 7 .

 7 Figure 7. Non-Interference Pattern: BS-system is 50 mm from Double Slit (2) placing the BS-system 100 mm away from the double slit, the non-interference pattern is shown clearly. The two maximum intensities getting wider and the edges getting closer.(3) placing the BS-system at 150 mm away from the double slit, the non-interference pattern shows clearly.

( 4 )

 4 Placing the BS-system is 400 mm away from the double slit, the interference pattern shows clearly.

Figure 8 .

 8 Figure 8. Schematics of experimental setup
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 10 Figure 10(b) shows the non-interference pattern when the convex lens is placed at the distance 150 mm from the double slit. Two intensities become wider and closer. The characteristics of an interference pattern show clearly.

Figure 10 (

 10 Figure 10(c) shows the pattern that is in-between of a non-interference pattern and an interference pattern. The pattern is enlarged by the convex lens placed at the distance 200 mm from the double slit. Two intensities start to merge. Characteristics of an interference pattern become clearer.

Figure 10 (

 10 Figure 10(d) shows the interference pattern when place the convex lens at 400 mm from the double slit. Finally, the non-interference pattern evolves to the interference pattern.

Figure 10 .

 10 Figure 10. Non-interference pattern evolving to interference pattern Discussion: In the experiment, the double slit stays at the same location. The light coming out the slits of the double slit has the same pattern. But the convex lens moves and thus, the light pattern arriving at the input surface of the convex lens (Figure 11) is changed.

Figure 11 .

 11 Figure 11. Convex lens enlarges the image arriving at its "input surface"

Figure 13 (

 13 Figure 13(b) shows the non-interference pattern when the convex lens is 50 mm from the cross double slit. This pattern is equivalent to that of the double slit experiment (Figure 10(a)). The pattern has the upper-arm, down-arm, left-arm and right-arm, but the forms of the arms are different from that of Figure 13(a).

Figure 13 (

 13 Figure 13(c) shows the non-interference pattern when the convex lens is 100 mm from the cross double slit. This pattern is surprise and interesting that it is similar to Figure 13(a).

Figure 13 .

 13 Figure 13. Evolution of pattern of cross double slit experiments Figure 13(d) shows the non-interference pattern when the convex lens is 200 mm from the cross double slit. The pattern has no arms.

Figure 13 (

 13 Figure 13(e) shows the non-interference pattern when the convex lens is 300 mm from the cross double slit. The upper-arm, down-arm, left-arm and right-arm start to grow.

Figure 13 (

 13 Figure 13(f) shows the non-interference pattern when the convex lens is 400 mm from the cross double slit. The upper-arm, down-arm, left-arm and right-arm grow bigger.

Figure 13 (

 13 Figure 13(g) shows the non-interference pattern when the convex lens is 500 mm from the cross double slit. The upper-arm, down-arm, left-arm and right-arm continuously grow.

Figure 13 (

 13 Figure 13(h) shows the non-interference pattern when the convex lens is 600 mm from the cross double slit. The upper-arm, down-arm, left-arm and right-arm continuously grow. It is can be considered as an interference pattern.

Figure 13 (

 13 Figure 13(i) shows the interference pattern when the convex lens is 1000 mm from the cross double slit.

Figure 14 .

 14 Figure 14. Non-interference pattern: standard double slit experiments (near double slit)Comparing with the standard wave interpretations of the double slit experiment, which state that the interference pattern formed since the light beam left the double slit (Figure1).
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 1 Figure 1. Interference pattern: standard double slit experiment (near and far from double slit) Experiment-4/Figure 7, Experiment-6/Figure 10 and Experiment-7/Figure 13 show the evolution of the patterns of the double slit/cross double slit experiments: from non-interference pattern with two maximum intensities evolving to the interference pattern with one maximum intensity. After certain distance from the double slit, photons gradually form the standard interference pattern. Namely, the non-interference pattern gradually evolves to the interference pattern. Thus, Equation-1 and Equation-2 of the standard optical wave theory/EM wave theory cannot describe this phenomenon of the non-interference pattern withing the certain macroscopic distance from the double slit, although both equations can describe the interference patten on the screen far from the double slit. Namely the standard optical wave and the EM wave interpretations are incomplete. The observations and conclusions of all of the double slit/cross double slit experiments performed by three methods are consistent.
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 3 Photon track-1