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The Origin of the M easured Proton-Electromagnetic-Structure Anomaly

Sylwester Kornowski

Abstract: Theoretical results obtained in this paper are perfectly consistent with the
Jefferson Lab experimental data presented by R. Li, et a. (2022). Here we have linked the
definitions of electric and magnetic polarizabilities to the internal structure of the proton
described in the Scale-Symmetric Theory (SST). We then showed that we should observe a
local enhancement of the polarizabilities (an anomaly) for the squared four-momentum
transfer from 0.31 up to 0.42 squared giga-electron volts — it follows from the interna
dynamics of the proton. We calculated also the proton polarizability radii and the maximum
polarizability for the anomalous region.

1. The SST definitions of the electric and magnetic generalized polarizabilities and the
proton polarizability radii

Electric and magnetic polarizabilities determine the dynamical response of a bound system
to externa fields. In such a way we can decode the proton structure. There is an anomaly to
the behaviour of the proton’s electric generalized polarizability so it suggests a new
dynamical mechanism in the proton that does not appear in the mainstream nuclear theory.
Moreover, the measured mean square electric polarizability radius is much larger than the
mean square charge radius of the proton.

The electric polarizability, og, in isotropic media is defined as the ratio of the induced
dipole moment p = q r (where r is the distance between electric charges Q) to the electric
field E

oag=Qr/E. (D

In the Lorentz-force formula, a force, F, in the direction of the electric field E, is
proportional to the magnitude of the field and the quantity of charge Q*

F=Q*E. (2
The Coulomb force in CGS system, Fcgs, is defined as follows

Feas=q Q* /17, (3)

whereas the quantum force from exchanges of masses/energies is defined as follows



Fees = Gees I\/Isource,i Mearrier,i / r2 . (4)

From formulae (1)-(4) we have

Ogccs — [Msource,l mcarrier,1/ (Msource,Z rncarrier,2)] r3 . (5)

The external electric field (it isin the denominator) produces the virtual particle-antiparticle
pairs so we can assume that there is satisfied following formula

Msource,Z rncarrier,2 = Zi Qi2 = Q2 + Qinternal2 ) (6)

where Q2 is the four-momentum transfer squared, while Qintemajz defines the internal four-
momentum transfer squared in the proton caused by the virtual field composed of the

W(+),d:4W(_),d:4 pairs, where W(+_),d:4 = 0.16201257 GeV are the virtua relativistic
bosons[1]. It leads to following invariant value

Qinterna” = (2 Wisy 4=2) = 0.104992 GeV?. 7)

Emphasize that we already used the virtual field composed of the W/4) 4=4W() g=4 pairsto
explain the frequency of the hydrogen spin-flip transition (see Section A3 in [1]). Range is
inversely proportional to mass of particle so we should take into account the lightest
electrically charged boson — from Table 2 in [1] follows that it is the boson W(;y g=4 =
162.01257 MeV.

According to SST, there are two states of the proton: H"W/g) g=1 and HW . ¢=1, where
H* = 0.72743922 GeV and H° denote the core of baryons and their masses [1]. We see that
the mean distance between the charged centre of the core of proton and the charged W 4 g=1
boson isRg=;1 = A + B = 1.19928 fm [1] and it is the SST proton electric polarizability
radius = Ry=1 = I'ye) = A + B in formula (5). We obtain the following SST value for the
squared electric polarizability radius (the virtual photons are scattered on H* and W(4),d=1)

<rye)>sst = (A + B)? = 1.438 fm? . (8)
We can compare this value with the experimental data[2]
<Iok) >exp = 1.36(29) fm?. 9

We see that our theoretical result is consistent with experimental data.

Emphasize that initially the electric virtual field isa disc in the plane of the equator of
the core of baryonswith aradius equal to A + B. But the surface tension on the surface
of such virtual field causes this field to have spherical symmetry with a radius of the
electric sphereequal to A + B.

The virtual weak mass of the charged core of the proton is aupH', where awgp) =
0.0187229 isthe coupling constant for the nuclear weak interactions [1]. On the other hand,
the virtual electromagnetic mass of the core is aemHJ“, where Olam IS the fine structure



constant [1]. Since owmH" > aemH" so the electromagnetic mass can be emitted and
absorbed by the weak mass, so we assume that in (5) we have

M source1 = OwpH" (10)
M carrier1 = OtemH" (11)

The above remarks lead to our definition of the electric generalized polarizability
oe ss7(Q%) = { dwptemH >/ (Q° + 0.104992)} (A + B)°. (12)

For Q2 = 0 we obtain ocE,CGS(Q2 =0) = 11.88-107* fm? (the experimental result is
11.2(4)-107*m3[3)).

For Q2 = 0.31 GeV? weobtain ocE,ch(Q2 =0.31) = 3.00-10*fm?.

For Q2 = 1 GeV? weobtain ocE,ch(Q2 =1)= 1.13-10*fm?.

The SST proton magnetic polarizability radius, I, is the equatorial radius of the

spinning torus/electric-charge in the core of the proton, rgpy = A = 0.6974425 fm [1], (it
also, due to the surface tension of the virtual magnetic field, has spherical symmetry), i.e. we
have

<rgon >sst = A% = 0.4864 fm? . (13)
We can compare this value with the experimental data[2]
<rpo >exp = 0.63(31) fm?. (14)

We see that our theoretical result is consistent with experimental data.
From (5), (12) and (13) we obtain our definition of the magnetic generalized polarizability

Bm.ssr(Q°) = aessr(Q) [A/ (A +B)]°. (15)

The factor of proportionality of the electric and magnetic polarizabilitiesis

f= aesst(Q%) / Busst(Q?) = [(A + B) / A]* = 5.084. (16)

For Q2 = 0 we obtain [3M,CGS(Q2 =0) = 2.34-10* fm3 (the experimental result is
2.5(4)-10*fm? [3]).

For Q% = 0.31 GeV? we obtain Py ces(Q” = 0.31) = 0.59:10™* fm?.

For Q? = 1 GeV? we obtain Py cas(Q? = 1) = 0.22:10* fm®.

2. The proton-electromagnetic-structure anomaly

The SST dynamics of the proton leads to the local enhancement of the electric and
magnetic polarizabilities (an anomaly). The SST structure of the proton shows that the virtual
field in the proton is composed of the virtual W +) g=4W ) d=4 dipoles [1]. Due to the lowest
relativistic mass of such charged bosons, such field is the ground state of the proton virtual



field. Due to the four-particle symmetry, such virtual dipoles are created as the pairs of
dipoles. Such virtual fields, due to the surface tension, have spherical symmetry. As the
response of such a system to an external electromagnetic field (in [2] it isthe virtual Compton
scattering (VCS)) density of the virtual dipoles in the virtual fields increases. When the four-

momentum transfer Q is equal to mass of four charged pions, i.e. Q = 41" = 0.5583 Gev
(e Q° = (4n%)% = 0.3117 Gevz), then in the virtual fields dominate the virtual '~
dipoles (they are created as the T quadrupoles) because the|r absolute mass is lower
than mass of the relativistic W(+) 4= 4W( )d=4 dipoles. For Q > 0.3117 GeV?, with
increasing Q7 densty of the virtual m'm dipoles decreases and for Q = 4W(yg4=q =

0.6480 GeV (i.e. Q° = (AW (4y,0= _1)? = 0.4200 GeV?) the system returns to the “normal
state”. We see that the anomal ous region has the lower and upper limits:

0.3117 GeV? < Q%momalous < 0.4200 GeV?. (17)

The virtual @7~ pairs can interact with the charged core H™. It increases the electric and
magnetic polarizabilities. The factor of proportionality is

= [(H" + 27"/ H']? = 1.9147 . (18)

The maximum anomal ous polarizabilities are for Q? = 0.31 GeV2 and are as follows.
e ces(Q” = 0.31) momaous = F - 3.00-107 fm® = 5.74.10* fm®.
Bum.cas(Q” = 0.31)aomaious = F - 0.59:10* fm® = 1.13-10* fm®.

The SST results are collected in Fig.1.
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Dependence of the electric and magnetic polarizabilities on the squared
four-momentun transfer for the proton.




3. Summary

Here we showed that the anomaly in the electromagnetic structure of the proton concerns
both the electric and magnetic structures but the maximum enhancement of the magnetic
polarizability is only 0.54-107* fm® in comparison with the 2.74-107* fm? for the electric
polarizability — it causes that it is very difficult to detect the magnetic anhomaly. Just we need
more precise experiments.

Our perfect results, impossible to achieve with the mainstream theory, suggest that the
Scale-Symmetric Theory is indeed the lacking part of the Theory of Everything.

References

[1] Sylwester Kornowski (7 October 2022). “ Particles, Cosmology and Applications: Scale-
Symmetric Theory (SST)”
http://vixra.org/abs/2110.0171v2

[2] R. Li, et d. (19 October 2022). “Measured proton electromagnetic structure deviates
from theoretical predictions’
Nature, https://doi.org/10.1038/s41586-022-05248- 1
arXiv:2210.11461 [nucl-ex] (20 October 2022)

[3] R. L. Workman, et al. (Particle Data Group)
Prog. Theor. Exp. Phys. 2022, 083C01 (2022)

Sylwester Kornowski

| am a physicist.

| graduated in physics at the Poznan University (UAM) 1971, Poland.
E-mail: sylwester.kornowski @gmail.com



