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Today the proton radius is measured via three methods that is, the spectroscopy, nuclear scattering and muonic hydrogen (2010 experiment) methods. 
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The spectroscopy method uses the energy levels of electrons orbiting the nucleus. This method produces a proton radius of about 8.768×10−16 m, with approximately 1% relative uncertainty. 

The nuclear method is similar to Rutherford’s scattering experiments that established the existence of the nucleus. Small particles such as electrons can be fired at a proton, and by measuring how the electrons are scattered, the size of the proton can be inferred. Consistent with the spectroscopy method, this produces a proton radius of about 8.775×10−16 m.
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The muonic hydrogen 2010 method by Pohl et al. is similar to the spectroscopy method. However, the much higher mass of a muon causes it to orbit 207 times closer than an electron to the hydrogen nucleus, where it is consequently much more sensitive to the size of the proton. The resulting radius was recorded as 8.42×10−16 m. This newly measured radius is 4% smaller than the prior measurements, which were believed to be accurate within 1%. 
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The discrepancy between the measured values of the proton radius by the methods given above is what is called the proton radius puzzle and the discrepancy might be due to new physics, or the explanation may be an ordinary physics effect that has been missed.

In what follows, I deduce the radius of the proton from first principles using  a new approach.

Consider two protons of mass [image: image] at a distance R apart in an antiprotonic hydroden atom . Let the protons be circular with area A. 

To measure the radius of the proton, we consider a protonium, also known as antiprotonic hydroden, in which a proton and an antiproton orbit each other.  

According to the Heisenberg uncertainty principle, the space between the protons is not empty. Therefore the calculated energy density contained in the vacuum between the protons is then related to the Casimir force as 
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Where A is the area of the proton, [image: image] is the reduced Planck constant and c is the constant speed of light.

However, from general assumptions not given here, the observed/experimental vacuum energy density is proportional to the square of the force in any given interaction as,
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Where [image: image] is the coupling constant ( which determines the strength of the force in any given interaction)

At a point where the calculated vacuum energy density due to the Casimir effect is equal to the observed vacuum energy density due to the known fundamental force between the protons, the proton will move in a circular orbit around the other proton. The force of attraction between the two protons will then be deduced ( by equating (1) to (2) )
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As the proton orbits closer to the other proton, its speed increases until it comes into contact with the other proton. Suppose the proton is moving at a constant speed of light c in its orbit, then the centripetal force that keeps it in orbit is equal to the force of attraction between them.
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Arranging and cancelling like terms, we get the formula for the area of the proton as

[image: image]

Inserting, [image: image], where [image: image] is the proton radius
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The force required to separate two protons apart is indeed the strong nuclear force whose strength is determined by the strong coupling constant [image: image], from which we calculate the proton radius as,
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This value is very close to the 2010 Pohl result of an experiment relying on muonic hydrogen, practically from first principles! See Paul Scherrer institute in Switzerland (CREMA-Charge Radius Experiment with Muonic Atoms) vol466/8 july2010/doi:10.1038/nature09250
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Absolute space and time—the Newtonian concepts of space and time, in which space is independent of the material bodies within it, and time flows at the same rate throughout the universe without regard to the locations of different observers and their experience of “now.”

Acceleration—the rate at which the speed or velocity of a body changes.

Accelerating universe—the discovery in 1998, through data from very distant supernovae, that the expansion of the universe in the wake of the big bang is not slowing down, but is actually speeding up at this point in its history; groups of astronomers in California and Australia independently discovered that the light from the supernovae appears dimmer than would be expected if the universe were slowing down.

Action—the mathematical expression used to describe a physical system by requiring only the knowledge of the initial and final states of the system; the values of the physical variables at all intermediate states are determined by minimizing the action.

Anthropic principle—the idea that our existence in the universe imposes constraints on its properties; an extreme version claims that we owe our existence to this principle.

Asymptotic freedom (or safety)—a property of quantum field theory in which the strength of the coupling between elementary particles vanishes with increasing energy and/or decreasing distance, such that the elementary particles approach free particles with no external forces acting on them; moreover for decreasing energy and/or increasing distance between the particles, the strength of the particle force increases indefinitely.

Baryon—a subatomic particle composed of three quarks, such as the proton and neutron.

Big bang theory—the theory that the universe began with a violent explosion of spacetime, and that matter and energy originated from an infinitely small and dense point.

Big crunch—similar to the big bang, this idea postulates an end to the universe in a singularity.

Binary stars—a common astrophysical system in which two stars rotate around each other; also called a “double star.”

Blackbody—a physical system that absorbs all radiation that hits it, and emits characteristic radiation energy depending upon temperature; the concept of blackbodies is useful, among other things, in learning the temperature of stars.

Black hole—created when a dying star collapses to a singular point, concealed by an “event horizon;” the black hole is so dense and has such strong gravity that nothing, including light, can escape it; black holes are predicted by general relativity, and though they cannot be “seen,” several have been inferred from astronomical observations of binary stars and massive collapsed stars at the centers of galaxies.

Boson—a particle with integer spin, such as photons, mesons, and gravitons, which carries the forces between fermions.

Brane—shortened from “membrane,” a higher-dimensional extension of a onedimensional string.

Cassini spacecraft—NASA mission to Saturn, launched in 1997, that in addition to making detailed studies of Saturn and its moons, determined a bound on the variations of Newton’s gravitational constant with time.

Causality—the concept that every event has in its past events that caused it, but no event can play a role in causing events in its past.

Classical theory—a physical theory, such as Newton’s gravity theory or Einstein’s general relativity, that is concerned with the macroscopic universe, as opposed to theories concerning events at the submicroscopic level such as quantum mechanics and the standard model of particle physics.

Copernican revolution—the paradigm shift begun by Nicolaus Copernicus in the early sixteenth century, when he identified the sun, rather than the Earth, as the center of the known universe.

Cosmic microwave background (CMB)—the first significant evidence for the big bang theory; initially found in 1964 and studied further by NASA teams in 1989 and the early 2000s, the CMB is a smooth signature of microwaves everywhere in the sky, representing the “afterglow”of the big bang: Infrared light produced about 400,000 years after the big bang had redshifted through the stretching of spacetime during fourteen billion years of expansion to the microwave part of the electromagnetic spectrum, revealing a great deal of information about the early universe.

Cosmological constant—a mathematical term that Einstein inserted into his gravity field equations in 1917 to keep the universe static and eternal; although he later regretted this and called it his “biggest blunder,” cosmologists today still use the

cosmological constant, and some equate it with the mysterious dark energy.

Coupling constant—a term that indicates the strength of an interaction between particles or fields; electric charge and Newton’s gravitational constant are coupling constants.

Crystalline spheres—concentric transparent spheres in ancient Greek cosmology that held the moon, sun, planets, and stars in place and made them revolve around the Earth; they were part of the western conception of the universe until the Renaissance.

Curvature—the deviation from a Euclidean spacetime due to the warping of the geometry by massive bodies.

Dark energy—a mysterious form of energy that has been associated with negative pressure vacuum energy and Einstein’s cosmological constant; it is hypothesized to explain the data on the accelerating expansion of the universe; according to the standard model, the dark energy, which is spread uniformly

throughout the universe, makes up about 70 percent of the total mass and energy content of the universe.

Dark matter—invisible, not-yet-detected, unknown particles of matter, representing about 30 percent of the total mass of matter according to the standard model; its presence is necessary if Newton’s and Einstein’s gravity theories are to fit data from galaxies, clusters of galaxies, and cosmology; together, dark

matter and dark energy mean that 96 percent of the matter and energy in the universe is invisible.

Deferent—in the ancient Ptolemaic concept of the universe, a large circle representing the orbit of a planet around the Earth.

Doppler principle or Doppler effect—the discovery by the nineteenth-century Austrian scientist Christian Doppler that when sound or light waves are moving toward an observer, the apparent frequency of the waves will be shortened, while if they are moving away from an observer, they will be lengthened; in

astronomy this means that the light emitted by galaxies moving away from us is redshifted, and that from nearby galaxies moving toward us is blueshifted.

Dwarf galaxy—a small galaxy (containing several billion stars) orbiting a larger galaxy; the Milky Way has over a dozen dwarf galaxies as companions, including the Large Magellanic Cloud and Small Magellanic Cloud.

Dynamics—the physics of matter in motion.

Electromagnetism—the unified force of electricity and magnetism, discovered to be the same phenomenon by Michael Faraday and James Clerk Maxwell in the nineteenth century.

Electromagnetic radiation—a term for wave motion of electromagnetic fields which propagate with the speed of light—300,000 kilometers per second—and differ only in wavelength; this includes visible light, ultraviolet light, infrared radiation,

X-rays, gamma rays, and radio waves.

Electron—an elementary particle carrying negative charge that orbits the nucleus of an atom.

Eötvös experiments—torsion balance experiments performed by Hungarian Count Roland von Eötvös in the late nineteenth and early twentieth centuries that showed that inertial and gravitational mass were the same to one part in 1011; this was a more accurate determination of the equivalence principle than results achieved by Isaac Newton and, later, Friedrich Wilhelm Bessel.

Epicycle—in the Ptolemaic universe, a pattern of small circles traced out by a planet at the edge of its “deferent” as it orbited the Earth; this was how the Greeks accounted for the apparent retrograde motions of the planets.
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