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Theoretical and experimental background

Paul Dirac's anticipation of the existence of antimatter is a monument of theoretical physics. In 1926, in trying to understand the quantum dynamics of hydrogen's emission spectra, he derived mathematically a model of electron behavior that corresponded to the observed specta. [START_REF] Dirac | On the theory of quantum mechanics[END_REF] He also noted that a positively charged electron would result in the same mathematical results. [START_REF] Dirac | Quantized singularities in the electromagnetic field[END_REF] Shortly thereafter, the positive electron was discovered experimentally by Carl Anderson and Seth Neddermeyer (which Anderson called a "positron") in their cloud chamber from cosmic rays at high altitudes. [START_REF] Anderson | The positive electron[END_REF] Figure 1. Positron cloud track. [START_REF] Anderson | Science Photo Library[END_REF] Dirac received the Nobel Prize in Physics in 1933 for his work related to atomic theory, 11 and Anderson won the prize, along with Victor Hess, in 1936 for his discovery of the positron. [START_REF] Nobelprize | Nobel Prize Outreach AB[END_REF] Dirac also theorized that electron/positron pairs could spontaneously arise out of the "Dirac sea." [START_REF] Dirac | A theory of electrons and protons[END_REF] Following on Dirac's work, Hans Bette and Walter Heitler theorized that electron/positron pairs could be generated by high energies of electromagnetism interacting with a nucleus. [START_REF] Bethe | On the stopping of fast particles and on the creation of positive electrons[END_REF] The process of electron/positron generation near nuclei is usually called the Bethe-Heitler Process.

Heitler theorized that electron/positron pairs were generated out of the "quantum vacuum," akin to the "Dirac sea." [START_REF] Heitler | The Quantum Theory of Radiation[END_REF] Other antimatter components were discovered at the Lawrence Radiation Laboratory at the University of California in the 1950s. In 1955, using the "Bevatron" (a high-energy particle accelerator) to accelerate protons to strike a beryllium target, Owen Chamberlain and Emilio Segrè, along with Clyde Wiegand and Thomas Ypsilantis, demonstrated the existence of the antiproton. [START_REF] Chamberlain | Observation of antiprotons[END_REF] Chamberlain and Segrè received the 1959 Nobel Prize in Physics for this discovery. [START_REF] Nobelprize | Nobel Prize Outreach AB[END_REF] In 1956, also at the Lawrence Radiation Laboratory, Bruce Cork, Glen Lambertson, Oreste Piccioni, and William Wenzel discovered the antineutron. [START_REF] Cork | Antineutrons produced from antiprotons in charge-exchange collisions[END_REF] As our understanding of antimatter developed, our understanding of matter also deepened.

In 1964, Murray Gell-Mann theorized that protons and neutrons were composed of subcomponents, [START_REF] Gell-Mann | A schematic model of baryons and mesons[END_REF] which he ultimately called "quarks" in 1972. [START_REF] Gell-Mann | Elementary Particle Physics[END_REF] Gell-Mann received the Nobel Prize in Physics in 1969 for his theoretical contribution regarding elementary particles and their interactions, as quark theory had not yet become fully accepted. [START_REF] Gell-Mann | for the Nobel Prize in Physics for their contributions to quark theory. Zweig, G. Memories of Murray and the quark model[END_REF] In Gell-Mann's quark model, "up quarks" have an electric charge of +⅔, and "down quarks" have an electric charge of -⅓. Hadrons are composed of quark triads: two up quarks and one down quark for a proton, and two down quarks and one up quark for a neutron.

With the quark model in place, prior experimental results demonstrating the existence of pi mesons [START_REF] Lattes | Processes involving charges mesons[END_REF][START_REF] Gardner | Production of mesons by the 184-inch Berkeley cyclotron[END_REF] were understood to be a combination of quark and antiquark pairs. [START_REF] Zyla | Review of particle physics[END_REF] The idea that antiquarks could be present, in some way, in nuclei (and not just in cosmic rays) was advanced first in this way.

Paired-particle generation by high-energy lasers

In 2009, Hui Chen and others on her team at Lawrence Livermore National Laboratory, along with others from Rice University and the University of Rochester, demonstrated that large quantities of electron/positron pairs are generated when a high-energy laser strikes a gold target and can be separated magnetically. [START_REF] Chen | Relativistic positron creation using ultraintense short pulse lasers[END_REF] It has been understood, in agreement with Bethe & Heitler's theoretical understanding, that the positrons generated in high-energy laser experiments arise from the quantum vacuum. [START_REF] Hill | Probing the quantum vacuum with petawatt lasers[END_REF] 

Hypothesis of composite hadron structure

In 2021, the assumption that the positrons generated in Chen's experiments arise from the quantum vacuum was questioned. [START_REF] Pickrell | Hypothesis for a universal matter/anti-matter hadron structure, with resulting cosmology[END_REF] Rather than arising from the quantum vacuum, it was theorized that the positrons generated when petawatt lasers strike gold targets are pre-existing within the gold targets. Assuming that positrons have already existed within the gold target's nuclei, it was theorized that antiquark triads can pair with positrons to form neutrons and protons (as we understand them). The resulting structures of protons would be: 

Transmutation of gold to platinum by high-energy laser

If electron/positron pairs generated when high-energy lasers strike a gold target arise from the quantum vacuum, then the target itself should remain unchanged. If, however, the generation of positrons by a high-energy laser consists of stripping positrons from the nuclei of a gold target, then the gold target should transmutate to platinum (one element below gold in the periodic table ).

The transmutation of gold to platinum when a high-energy laser strikes a gold target was demonstrated in 2015 by Alexander Henderson at Rice University working at the Texas Petawatt Laser Facility (located at the University of Texas in Austin, Texas). [START_REF] Henderson | Monte-Carlo simulation and measurements of electrons, positrons, and gamma-rays generated by laser-solid interactions[END_REF] As part of his doctoral research into electron/positron pair production when a petawatt laser strikes various targets, Dr.

Henderson observed the transmutation of gold to platinum. He described this observation in his doctoral dissertation, in Section 5.4, but this observation was not published until now.

Dr. Henderson's observation of transmutation of gold to platinum confirms the hypothesized matter/antimatter hadron structure in the Symmetry Model. The high-energy laser ejects positrons from the protons in the gold target's nuclei, thereby transmutating the gold to platinum. The electrons that are observed as "pair production" in high-energy laser experiments are simply being freed from the gold atoms in the target when positrons in the gold nuclei are ejected and the gold is transmutated to platinum, because platinum requires one fewer electron than gold for each atom.

In the Symmetry Model, positrons are also likely ejected from antiquark and quark neutrons. Further experiments will need to be developed and conducted to evaluate that potential mechanism of transmutation. (For further consideration of this topic, see discussion below regarding beta decay.)

Implications of the Symmetry Model

The implications of the Symmetry Model, if accepted by the physics community, are profound. Our understanding of the formation of the Universe, its evolution, and its eventual demise/rebirth are likely to be impacted by the basic matter/antimatter composite hadron structure in the Symmetry Model.

Cosmology -initial atomic state of the Universe

For the sake of simplicity, assume that, at the moment of the creation of the Universe, there were equal amounts of up quarks, down quarks, up antiquarks, down antiquarks, electrons, and positrons. If positrons can be added to quark and antiquark triads, then a "Universe" that starts as six up quarks, six down quarks, six up antiquarks, six down antiquarks, six electrons, and six positrons would exist, in nuclear format as: The first triad (two up quarks and one down quark) cannot accept a positron, because the charge would be greater than 1. Similarly, the second triad (two up anti-quarks and one down antiquark) must accept a positron, because the charge otherwise would be -1.

When these initial hadrons are arranged in ordinary atomic structure (where protons can exist alone as hydrogen nuclei, but neutrons must exist bound with protons) the building blocks for the two main ingredients of the Universe, hydrogen and helium, are readily apparent. Two of the protons (probably the first and third triads, each composed of two up quarks and one down quark) would combine with the two neutrons, resulting in one helium atom. The lower four triads would constitute four hydrogen nuclei. In this way, the Symmetry Model anticipates an initial atomic "Universe" of 4 hydrogen atoms and one helium atom, all resulting from a combination of twelve quarks, twelve anti-quarks, six electrons, and six positrons. This likely initial atomic state of the Universe preserves matter/antimatter symmetry, conserves mass (no fundamental particle is transformed), conserves energy (the charge of each fundamental particle is preserved), and the net of the charges in the Universe is 0. Furthermore, the Symmetry Model looks like the Standard Model of our observed Universe, with protons, neutrons, and electrons readily apparent. This model is consistent with the observed helium/hydrogen ratios in stars. [START_REF] Chaisson | Astronomy Today[END_REF] 

Proton-proton chain reactions in stars

By removing a positron from one of the two protons types that contain a positron, a proton can be converted to a neutron. For example, Figure 5. Conversion of quark proton to quark neutron.

Similarly, an antiquark proton can be converted to an antiquark neutron by ejecting a positron. In this way, the Symmetry Model explains the proton-proton chain reaction in stars, in which the protons in stars are fused to form deuterons (composed of a proton and neutron), and then deuterons are fused to form helium nuclei. [START_REF] Salaris | Evolution of Stars and Stellar Populations[END_REF] As stars fuse hydrogen nuclei to create helium, the hydrogen/helium ratio will continue to decline below the original ratio of 4:1. Similarly, the proton/neutron ratio (starting out at 3:1) will also decline over the life of the Universe, as protons are converted to neutrons to form highercomplexity atoms. Again, however, the overall charge of the Universe will remain at 0 throughout this process.

Cosmology -expansion of the Universe

Every time that a positron is ejected from a proton to form a neutron/deuteron, the positron is available to strike a nearby electron and annihilate. When it does, the electron and positron are annihilated, resulting in two 511-keV gamma rays and at least one neutrino (and possibly two, likely depending on the actual mass of neutrinos). In this way, most of the light in the Universe starts as gamma rays generated in the core of stars. In addition, the neutrinos generated in protonproton chain reactions are accelerated to nearly the speed of light. [START_REF] Brumfiel | Neutrinos not faster than light[END_REF] Because neutrinos possess some mass, though extremely small, [START_REF] Mertens | Direct neutrino mass experiments[END_REF] the effect of their acceleration likely causes the observed expansion [START_REF] Hubble | A relation between distance and radial velocity among extra-galactic nebulae[END_REF] (and increasing rate of expansion) [START_REF] Goldhaber | The acceleration of the expansion of the Universe: a brief early history of the Suprenova Cosmology Project (SCP)[END_REF] of the Universe under Einstein's General Theory.

Beta decay

With the proton-proton chain reaction as the basic mechanism of element creation in stars, protons are converted to neutrons, form a deuteron, and then fuse to form helium and heavier elements. In supernovae, even heavier elements are created, including radioactive elements. One feature of radioactivity is beta decay, in which radioactive elements decay into other elements. The Symmetry Model should help to explain the basic mechanism of beta decay, in a way that is different from the existing Standard Model.

In the Standard Model, beta decay involves an alteration of the number of protons (either +1 or -1) in a radioactive isotope without changing the number of leptons. [START_REF] Konya | Nuclear and radio-chemistry[END_REF] There are two kinds of beta-decay reactions, β-and β+.

In typical β+ reactions, a proton in the nucleus is converted into a neutron, and a positron and electron neutrino are emitted. It is understood that the conversion of the proton to a neutron is effected by a color change of one of the quarks in the neutron triad, transforming an up quark into a down quark. [START_REF] Basdevant | Fundamentals in nuclear physics[END_REF] In typical β-reactions, a neutron in the nucleus is converted into a proton, and an electron and an electron antineutrino are emitted. It is understood that the conversion of the neutron to a proton is effected by a color change of one of the quarks in the neutron triad, transforming a down quark to an up quark. 37 In the Symmetry Model, in contrast, the transformation of protons to neutrons simply involves the release of a positron. It likely does not involve alterations of quarks or antiquarks. β+ reactions are the easiest to imagine. As with a proton-proton chain reaction in a star, in a β+ reaction, removal of a positron from a proton results in a neutron quark or antiquark triad, and the positron is emitted.

Sometimes, the positron interacts with an electron within the atom, and the positron is not emitted from the atom. As with ordinary electron-positron annihilation, two 511-keV gamma rays are generated, along with a neutrino, but a proton in the nucleus is converted to a neutron -this is the mechanism of electron capture, at least when the positron does not leave the atom but instead annihilates one of the atom's own electrons. 38 A key question in the Symmetry Model is the initiating cause of the expulsion of the positron from the proton. It is likely that the initiating cause is an external neutrino striking a proton, ejecting the positron within. This explanation has an attractive feature, in light of the nature of the half-life of radioactive isotopes. If the Symmetry Model is correct, and, particularly, if the beta-decay model within the Symmetry Model is correct, then our understand of the Weak Force should be seriously re-examined. Instead of being an inherent, internal aspect of nuclear "decay," beta decay now appears to be an external, deterministic, physical phenomenon. As with the halflife of drugs within the human body, where metabolism/catabolism is a function of external chemical interactions with the drug (i.e., a second-order kinetic), [START_REF] Ward | Pharmacokinetics, pharmacodynamics, and pharmacogenetics. Avery's Diseases of the Newborn[END_REF] beta decay in the Symmetry Model is likely a function of interactions between radioactive nuclei and neutrinos. Hence, the non-linear half-life calculations of nuclear decay over time for each given radioactive isotope is a function of the probability of external interactions, rather than some internal-to-the-nucleus Weak Force process as currently understood. This possibility can easily be tested by examining the halflife of isotopes as the material moves away from the Sun. Based on the performance of the radioisotope thermoelectric generators on the Voyager spacecraft, it appears that radioactive decay of the isotopes in that craft have not been as fast as half-lives on Earth would indicate, [START_REF] Packard | Flight performance of the Voyager electrical power system[END_REF] The implications of the Symmetry Model, if accepted by the physics community, will affect a host of current topics in physics, including expansion (and the increasing rate of expansion) of the Universe, the Cosmological Constant, Dark Matter, Dark Energy, the mechanism of the Weak Force, Strong Force/gravity interchange in the nucleus, and many other key topics. This model is ripe for theoretical/mathematical reconsideration of the forces within nuclei. Further theoretical and experimental work, including retrospective analyses, to evaluate this model are impelled.
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 23 Figure 2. Matter/antimatter proton structure. Blue indicates matter; red indicates antimatter. A positron is indicated by e+.
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 4 Figure 4. Quark triads with positrons. Electrons are not shown. Blue indicates matter; red indicates antimatter.
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 6 Figure 6. Conversion of antiquark proton to antiquark neutron.

  consistent with the Symmetry Model. Conclusion Alexander Henderson's observation of transmutation of gold to platinum in his petawatt laser experiments indicates that the Symmetry Model of a composite matter/antimatter hadron structure is accurate. The model is consistent with astronomical observations regarding the helium/hydrogen compositions of stars, with electron capture in beta reactions, and with half-life observations in the Voyager spacecraft. To the extent that such things matter, the model also has a certain simplicity and elegance.
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End notes

The datasets generated and analyzed during the current study are available in the figshare depository, DOI//10.6084/m9.figshare.24319894, with permission of Dr. Alexander Henderson. In addition, the datasets for comparison of Pt spectra, used by Dr. Henderson in the current study, are located at https://www.nndc.bnl.gov/nudat3/getdataset.jsp?nucleus=196Pt&unc=nds.
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