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论质子精确的电荷半径与实验测量误差的计算
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摘  要

里德伯常量（原子物理学中的基本物理常量之一）是基于现有质子的大小进行计算和使用的基本物理常量，然而，最近物理学家的测量结果表明，质子的电荷半径比以前认为的要小4%，如果这一结论获得进一步证实，那意味着阐释光和物质相互作用的量子力学理论本身有问题，又或许是基于现有质子大小计算和使用的里德伯常量是错误的，不论哪种情况都将需要重写基础物理理论。

本文的目的是给出质子电荷半径的精确数据，并指出实验测量误差的来源。
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一、实验数据
一直来，物理学所采用的质子的电荷半径为 0.8768飞米，误差 +/- 0.0069飞米，然而，电子一直来被认为是“无大小的”粒子，直到现在，只有二种方法已经用来测量质子的电荷半径。基于在一个质子和一个电子之间的交互作用的研究：在电子和质子之间的碰撞，或氢原子上（电子和质子构成）获得数据。

在新的实验中，科学家使用μ介子取代氢原子中的电子。μ介子是一种带负电、质量为电子207倍的基本粒子，最新实验将精确度提高了10多倍，同样地他们没有考虑“μ介子的大小”，测量出来的数据是0.8418飞米，误差 +/- 0.0007飞米。

二、误差分析

科学家的实验将精确度提高了10多倍，而测量出来的质子的电荷半径比以前所采用的质子的电荷半径要小4%，这使现在的物理学面临一个困难的问题：要么阐释光和物质相互作用的量子力学理论本身有问题，要么基于现有质子大小计算和使用的里德伯常量是错误的。另外，一个重要的科学家们所没有考虑到的问题，就是现在的物理学忽略了“电子的大小”和“μ介子的大小”。

三、质子的电荷半径

根据我们的计算方法，通过精确的计算获得：质子的电荷半径为1.1128643531125×10^-15 / 2^(1/3) = 0.8832810224飞米，新的实验测量出来的质子的电荷半径为 0.8418飞米，μ介子的质量是电子质量的207倍，由此，采用μ介子的实验数据偏差是采用电子的实验数据偏差的 5.9154816997 倍，（0.8832810224－0.8418）/ 5.9154816997 = 0.00701228142，这正好是电子的实验数据偏差的数值。由此证明，质子电荷半径的精确数据为：0.8832810224飞米。

结束语

质子电荷半径的精确数据为：0.8832810224飞米，与0.8768的误差为0.0064810224飞米，小于0.0069飞米，是合理的。采用新的质子电荷半径可以提高里德伯常量的精确度，并证明量子力学是正确的。
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One, An unexpected value for the radius of the proton

In order to determine the charge radius of protons more accurately, the physicists used “muonic hydrogen” in which the electron is replaced by a muon, a negatively charged elementary particle. The researchers obtained an unexpected value for the charge radius of the proton, this result differs from that obtained using electrons. It amounts to 0.8418 femtometers (+/- 0.0007) instead of 0.8768 femtometers (+/- 0.007) for measurements using electrons. This difference is far too big to be put down to measurement inaccuracies and the team of scientists is currently attempting to explain this discrepancy. It could call into question the most accurately tested theory in physics, namely the theory of quantum electrodynamics, which is one of the cornerstones of modern physics. Another possibility is that the current value of the Rydberg constant, the physical constant determined with the greatest accuracy so far, could need to be revised. 

Two, The accurate charge radius of the proton

The nuclei of atoms are made up of protons and neutrons, around which electrons orbit. These three elements (protons, neutrons and electrons) constitute practically all of the Earth's matter. Whereas the electron is considered as a “sizeless” particle, the proton is an extended object. In the new experiments , the physicists used “muonic hydrogen” in which the electron is replaced by a muon, a negatively charged elementary particle, the muon is also considered as a “sizeless” particle.

We knew that a muon is 207 times heavier than an electron. Therefore, the radius of the muon should be 5.9154816997 times than an electron, the error margin of the experiment measures using the muon also should be 5.9154816997 times than using an electron.

According to our calculation methods, we obtained the accurate charge radius of the proton is 1.1128643531125×10^-15 / 2^(1/3) = 0.8832810224 femtometers, the charge radius of the proton that new experiment measure out to 0.8418 femtometers using the muon, from these we can obtain that: 

（0.8832810224 － 0.8418）/ 5.9154816997 = 0.00701228142
This error margin is average error margin that equals the error margin of the experiment measures using an electron. 

0.8768 ＋ 0.007 － 0.8832810224 ＝ 0.0005189776 ＜ 0.0007

From these we can know that the accurate charge radius of the proton is 0.8832810224 femtometers.
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