
 

Physicists extract proton mass radius from
experimental data
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Fig. 1. Vector meson near threshold photoproduction process on the proton
target. Credit: KOU Wei

Researchers have recently extracted the proton mass radius from
experimental data. A research group at the Institute of Modern Physics
(IMP) of the Chinese Academy of Sciences (CAS) presented an analysis
of the proton mass radius in Physical Review D on May 11. The proton
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mass radius is determined to be 0.67 ± 0.03 femtometers, which is
obviously smaller than the charge radius of the proton.

In the Standard Model, the proton is a composite particle made of quarks
and gluons and it has a non-zero size. The radius of the proton is a global
and fundamental property of the proton. It is related to the color
confinement radius—a property governed by quantum chromodynamics
(QCD).

The radius of the proton is approximately 100,000 times smaller than
that of the atom, and the sizes of the quark and gluon are several orders
smaller than the proton radius. Scientists use various distributions to
describe the shape of the proton, such as charge distribution and mass
distribution.

The charge radius of the proton has been precisely measured by
scientists via Lamb shift of the muonic hydrogen or the high energy
electron-proton elastic scattering, with the average value of 0.8409 ±
0.0004 femtometers provided by the Particle Data Group. Nevertheless,
knowledge of proton gravitational properties such as proton mass radius
has still been very limited.

"According to recent theoretical studies by Dmitri Kharzeev, the proton
mass radius is related to the scalar gravitational form factor of the
proton," said Dr. Wang Rong, first author of the paper. By investigating
the vector meson photoproduction data for omega, phi and J/psi from
the SAPHIR (Spectrometer Arrangement for PHoton Induced
Reactions) experiment at Bonn University, the LEPS (Laser Electron
Photons) experiment at SPring-8 facility, and the GlueX experiment at
Jefferson Lab, the researchers determined the scalar gravitational form
factor and the proton mass radius.
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Fig. 2. Proton mass radius extracted from experimental data. Credit: Physical
Review D

Meanwhile, Prof. Dmitri Kharzeev, a theoretical physicist at Stony
Brook University, obtained a similar result by using GlueX J/psi data.
The proton mass radius was estimated to be 0.55 ± 0.03 femtometers.

"Both results might be the first-ever values of the proton mass radius
with experimental evidence," said Wang. "The determination of the
proton mass radius will improve our understanding of the origins of
proton mass and the color confinement mechanism of strong
interaction."
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A lot of questions still remain. "The smaller mass radius implies that the 
mass distribution is significantly different from the charge distribution
of the proton," said Prof. Chen Xurong, a researcher at IMP.

Scientists are now trying to get a clearer picture of the proton mass
radius and the proton structure. The GlueX experiment at Jefferson Lab
will provide more data in the near future. Even more exciting, future
electron-ion colliders both in the United States and in China will provide
Upsilon vector meson electroproduction data for researchers to better
understand these questions.

  More information: Rong Wang et al, Extraction of the proton mass
radius from the vector meson photoproductions near thresholds, Physical
Review D (2021). DOI: 10.1103/PhysRevD.103.L091501
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