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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
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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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Glossary
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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.
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