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In this article, we have considered the system of Dirac
equations describing the dynamics of quarksin hadrons
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In certain models, lattice quantum chromodynamics (LQCD) is used mainly
flat metric [1-6]. In [7] formulated a model of hadrons metric satisfying the basic

requirements of particle physics and cosmology. In this paper the dynamics of

quarks in the metric [7] has been simulated. The results obtained on the magnetic

moments of baryons can explain some of the paradoxes of the theory of quarks.

The basic equations of the model metrics hadrons

In [8] had all the solutions of the Yang-Mills equations in the case of a

centrally symmetric metric. A particular case of the centrally symmetric metric is

Y =h,w'w’ =-dt? +e”dr? +dg?* +s *(q)dj

2
d<s — ks

wh =dt,w? =&'dr,w?

http://e] . kubagro.ru/2013/01/pdf/42.pdf

D)

=dqg,w* =sdj


http://ej.kubagro.ru/2013/01/pdf/42.pdf

Hayunsiit xypaan KyoI'AY, Ne85(01), 2013 roaa 2

Hereh; =h " is the metric tensor of the Minkowski space of signature (- + +

+), K =const s Gaussian curvature of the quadratic form dg”+s *(q)dj *,

function N =N (r,t) isdetermined by solving the Yang-Mills equations. Wherever
not specified, the system of unitsinwhich h=c =1,

Among all the solutions of the Y ang-Mills theory, obtained in [8] in the case
of the metric (1), there is, which is expressed in terms of Weierstrass elliptic

function. In this case, the model equations have the form:

A, :%(Az-kz),é” =A, t =txr+t,

A=312A(t 1312;9,,9,), 2
1 k 1 k
b11='b22 =§A' E1b33=b44 =EA' E’blz =b21=0-

It is indicated: 9.,9z are invariants of the Welerstrass function, and
g, =k2§/E; ty, is a free parameter related to the choice of origin,
b, +b; - 2(n ! b;)h; =T, isthe energy-momentum tensor of matter. Note that in

this notation, the Einstein equations have the form
by +Dby +bhy =R, 3)

b=h"b; R - Ricci tensor.

Suppose 9, = 312, 0; =1, then the half-periods of the Weierstrass function
defined asW, =1.33003, w, = 0.66501 +1.61260i . Calculation of half-and the

construction of appropriate 3D image of the Weierstrass function and its first

derivative module carried out using the Wolfram Mathematica 9.0 [9].

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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In the metric (2) can be defined lattice defect such as a bubble. In the bubble
we put A*> =k 2, while in the outer region the decision given in the form (2),
therefore we have
AZ=k? & =0, ’t\<t0
A=¥12A (¢ /1312,9,,0,), € = A, | >t, )

On the borders of the bubble are continuous function Aand its first

derivative,
k =312 (t,/312,9,,9,), A =0.|t|=t, (5)
In the particular case of a lattice with the invariants given in the

formQ, = 12, 0; =1, we find the first zero and the corresponding value of the

metric as follows: t, =3.0449983, k =2.1038034 . Note that the metric in the

inner region of the bubble is athree-dimensional since it does not contain the radial
coordinate. Indeed, using equation (1) and (4), we find
Y =-dt? +dq? +cos?(vkq +q,)dj 2 (6)

Similarly, the solution is constructed for the other roots of the second
equation (5). All of these solutions are differ by the size of the bubble only,
whereas the value K does not change.

Any bubble can be turned inside out, just reversed inequality (4). In this case,
we can extend the definition of the metric in the outer region bubble, using the
solution of the first equation (2), so that the external space metric coincides with
the metric of the universe [7]. Finaly, the third type of particles can be formed as a
combination of the first two and the result is a bubble which looks like a restricted
shell of finite thickness - Fig. 1.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Figure 1: Bubblein the plane (1, t) calculated for g, = ¥/12, g, =1.

Note that the particles of the type shown in Figure 1 can be expanded at any
rate, since this rate depends on the speed of the outer boundary, which can choose,
including equal to the rate of expansion of the surrounding space. Hence, we find
that there may be a spherical particle, which expand in sync with the space of the
universe. Therefore, they appear to the outside observer static entities having
spherical symmetry, such as protons.

Dynamics of quarks

Transform the metric (6) to standard form. To do this, multiply both sides of

(6) on aconstant- K and introduce new variables that differ from the old variables
by a constant factor vk , asaresult wefind

Y ® Y,=dt’- dg®- sin®qdj * (7

The dynamics of the quarksin the inner region of the bubble with a metric of

the form (7) we consder the system of Dirac equations in an external Yang-Mills

field [10-11]. Regarding the Yang-Mills theory, we assume that the field in the

inner region of the bubble is reduced to a set of constants. This model uses only

two constants and the field itself is described by the vector potential

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Am = (F .00, A).

Note that according to (2) in the metric (7) energy-momentum tensor is
constant. In addition, we consider the electromagnetic field, which generate quarks.
Using the results of the paper [12], we transform the Dirac equation to the

curvilinear coordinates (7). So we have system of equations
igm(Nm +iqabA?1)y a = aty a (8)
Here indicated 9™ Uu: ALY 2vMy - Dirac matrices, the interaction

parameters, the vector potential, the wave function, and mass of quark “a” whichis

part of the particle“ b” , respectively. Dirac matricesin the metric (7) have the form

gé. 0 0 0% 0 0 0 - e’ 0
0.¢c0 1 0 0=+ g 0 0 gl 0 =
g _C L g = _
0 0 -1 0 0 ie” 0 0

9 0 0 -15 é i/ 0 0 g

ge 0 0 -sing € cosq0

g _¢ O 0 e cosq sinq -

¢ sing - e cosq 0 0

é— el cosq - sing 0 0 5

In this notation, the Dirac operator in the metric (7) can be written as
g

sing

Since quarks have an electric charge, they generate an electromagnetic field

g"™N, =g°f, +g1, + T,

through which interact with each other. To describe this interaction using the

eguations of quantum el ectrodynamics in the form of

ady 9% .= (17 - N®)A" 9)

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Here a =e®/hc is the fine structure constant, Y, =Y .9°y . is
conjugated (by Hermit) vector. Thus, we assume that the currents and charges of
the quarks are added, creating a collective field that quarks interact in accordance
with equations (8).

The system of equations (8) - (9) was used to ssimulate the dynamics of
guarks in the case of baryons, having the composition (uud), (udd), (sdu) - proton,
neutron and baryon, respectively. In the smplest case, which takes into account
only one eectromagnetic field, the model contains 15 non-linear partial differential
equations. To lower the order of the system we represent the solution of equations
(8) - (9) intheform

2 L) o
_ oy G 12@€ = AT=(F.(@).00 A @)
PTG T A=A AT -
éih(q)e” &

Here L,W - the projection of the angular momentum on the selected axis
and energy respectively. The system of the Dirac equations in the case of
representation of the solution in the form (10), reduced to the form

f(=(L+0q,A sing)(f cotg + f,) + f, +
(my, +w- q,F,)(f;sing - f,cosq)
fo=(L+0,A sing)(f, - f,cotq)- f,cotq -
(my, +w- quF,)(f;cosq + f,sinq)
fg=(m,, - w+q,F,)(f,sing - f,cosq) +
(L+9,A snqg)(f;cotg + f,) + f,

fg=-(my, - w+aq,F,)(f cosq + f,snq) +
(L+0a,A sing)(f, - f,cotq)- f,cotq

(11)

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Here we assume that A = Ao+ Ay F, =F . +F . Thus, the fractional
electric charge of a quark (but not its value, expressed in the electron charge!) isa
measure of the interaction of quarks with the static Yang-Mills field. This
hypothesis is not essential, since the introduction of a separate charge for
describing the interaction of quarks with the Yang-Mills field reduces to a
renormalization of the fields themselves.

Note that the mass and charge are individual for each quark, and the energy
of the system are chosen to get standing waves aong the meridian coordinate. The
very existence of this type of solution is not obvious, since, for example, a similar
three-body problem in classical mechanics with a pair interaction between particles
leads to very complex solutions (so-called deterministic chaos). Calculating the
current in the left-hand side of equation (9) and the del-operator in the right-hand
side, wefind

_ 3 & ,,0 _
ad.y .9 . —aqabga f, ;a =-F¢- F¢cotq, (12)
i=1

A

San y

aqy .0’y . = 2aq,(f,f, - f,f,), =- A®- Agcotq +

y 9% .=0.
Here, with theindex “a” is summation on all the quarks in the system. Note
that the real charge density and the azimuthal component of the current rise to
electric and magnetic fields, while the meridian component of the current vanishes
on the solutions (10). Thus, in the case of baryons, the problem is reduced to
solving a system of 14 ordinary differential equations. The boundary conditions for
(11) - (12) we state asfollows:

f,(0)= f_, f,(0)=f,(0)=f,(0)=0]a=u,d,s

F$(0) =0, F.(0) =0, AX0) =0, A,(0) = 0.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Note that the boundary conditions (13) alow us to identify regular solution
and eliminate the logarithmic singularity at the poles.

As is known, the electromagnetic properties of elementary particles are
characterized by electric charge and magnetic moment. Therefore, the parameters
of the Yang-Millsfield, appearing in (11), should be related to the magnitude of the

charge and magnetic moment of the quarks, which for the system are defined as

follows
PI2 & .,0
Q =Vay .9V . =4 ¢¥q sﬁnqqabga ff;a (14)
0 i=1

1. . piz .
m, =2 QVIr” il, = 2m, (fasin®ag.y .g'y . =
0
p/2

4pm, ¢Fg Sn®qQ u(f.f, - T, 1),
0 a

We take 1 MeV as unit of mass, and then the parameters of the Yang-Mills
field, the vector potential and the energy of the system will be expressed in units of

MeV. The unit of the magnetic moment in thiscaseis

rrq =eh/MeV = 2merrB » 1.0219978 n‘B’ where Mg is the Bohr

magneton. Here is a numerical factor equal to twice electron mass, expressed in the
unit of mass. Consequently, the unit of the magnetic moment in this system is the
Bohr magneton, and not nuclear magneton, as proposed in the first papers on the
theory of the magnetic moments of baryons composed of quarks [10, 13-14].

Note that the prediction of the anomalous magnetic moments of baryons was
a great success of the theory of SU (6), which is an indirect confirmation of the
hypothesis of the existence of quarks, as components of hadrons [10]. To calculate

the magnetic moments the non-reativistic theory and the hypothesis of a large

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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mass of free quarks My » 4G€V  peen used. Later, however, it turned out that the

mass of the quarks that make up the nucleons of a few MeV, which baffled al the
original theory. At present, the calculations of the magnetic moments of baryons
are made on the basis of highly complex numerical models LQCD [4-6].

L et determine the distribution of the current density and magnetic moment
i@ =8 220,(f.f, - f,1,), (15)

q
m(@) = 4pm, ¢fa Sn?qQ du (f.f, - f,,),
0 a

The wave functions of the quarks can be normalized in the standard way as.

Pr2 & .,0
1= dW 0%y . =4p (dgsingeq f*+ (16)
0 ei=1 gazu,d.s

With this method of normalization quarks are considered as real particles
that are present in the other particle in a given proportion. Since free quarks are not
observed, the question of the validity of the normalization (16) remains open.

We can assume that a complete model of baryons contain, along with the
spin, electric charge and magnetic moment, mass and lifetime of the particles, and a
description of the excited states, which in this model corresponds to the spectrum
of the energy of the quarks.

The magnetic moments of baryons

In model (7) - (14) the calculation of the magnetic moments is reduced, as
shown above, the definition of the two parameters characterizing the Yang-Mills
field in the inner region of the bubble, with a given total energy of the system. This

task was computed as the numerica model, implemented in the Wolfram

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Mathematica 9.0 [9]. It was found that the scale of parameters of the Yang-Mills

field is less than 1 MeV. Hence, one of the model parameters, for example, F

can be excluded from consideration, since this parameter involved in a linear
combination with the quark masses, which are defined around with such precision.
On the other hand, the energy of a single quark can be set equal to, for example, the
mass of the neutral pi meson, i.e. put

w=m, »134.9766MeV (17)

In this case, there is a clear relationship between the magnitude of the
potential of the Yang-Mills field in the inner region of the bubble, and the

magnetic moment of the particle.

Genera properties of the studied baryons and quarks are presented in Tables

1-2.
Table 1: Properties of baryons
Svmbol | Spin (Chargs | Mesz | Barvonliumber GFactor Hyperchares Izoepin QuerkContent
P : 1 [e3za7a03 1 3 5E5604713 1 : DownGuark, UpQuark, UpQuark]]
P : -1 |s3ma7i03 =il 5585604713 = : HDownuarkBar, UpQuarkBar, UpQuarkBar]}
P : o |e3ssasas 1 -3 BIE08545 1 : HDownCuark, DownGuark, UpQuerk]]
T 0 [93956536 -1 -3 B2608545 -1 [DownQuariBar, DownQuarkBar, UpQuarkBar]]
: 1115.683 1 -1326 ] ] {StrengeCuark, DownCuark, UpQuark]]
K ] 1115.683 -1 -1326 o ] [{Strang={uarBar, Down{uarkBar, Up(uerBar]}

In Figure 2 shows the results of modeling the structure of the proton - the
current, distributed parameters of the magnetic moment and the wave functions.
For the parameters of the quarks, shown in Table 2, the following values

w =134.9766MeV, A,, =-0.617MeV,F, =0,

L, =- % f,,(0) = 22.9395, L, = % f,.(0) = 0.3077 (18)

Thus, the proton potential of the Yang-Mills field in a bubble is indeed
relatively small. The totad energy of the quarks in this sae is

3w =3m, » 404.93MeV | the total momentum of the system is equa to the

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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proton spin and magnetic moment equal to the magnetic moment of the proton with
the experimental accuracy. Under the conditions (18) is also vaid the
normalization condition (16), so that the total charge of the quark equal to the
proton charge.

Table 2: Properties of quarks

Symbol | Spin (Charge | Mass |BaryvonMumber |Bottomness |Charm |Hypercharge |[sospin | Strangeness | Topness
u : : 22 : 0 0 : z 0 0
a 1 £ 22 —-§ 0 0 . L 1 0 0
d - 1 50 1 0 0 1 E 0 0
d L 1 5.0 - 1 0 0 - 1 2 0 0
s 2 - 1 5. 1 0 0 -2 0 -1 0
s | : | 3 9. -1 0 0 0 1 0
c N ) : 0 1 : 0 0 0
T |z | - 1250. -1 0 -1 -2 0 0 0
b 2| -1 | 4200 : -1 0 : 0 0 0
B | 2| 1 | 4w -1 1 0 - 0 0 0
t | 2| 2 [174200 : 0 0 : 0 0 1
t 2| -3 [1m200 -1 0 0 - 0 0 —1

Note that in this model the magnetic moment is calculated by the standard
formulas of electrodynamics (14), and not as a quantum value. Therefore the
magnetic moment of the proton is determined not magneton of quarks, as suggested
in the models [10, 13-14], but it depending on the current, which add up to the
observed value of the anomalous magnetic moment. Visualizing of the proton

structure carried by using a density of the quarks wave functions, see Figure 3.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Figure 2. The magnetic moment of the quark (uud) normalized to the
magnetic moment of the proton, the electromagnetic current in the system and the

wave functions of the quarks.

In Figure 4 the results of modeling the structure of the neutron are shown,
which can be compared with similar data for the proton - Figure 2. Note that the
data for the distribution of the magnetic moment of the neutron and proton are
normalized to their experimental values given in Table 1 (note, there are g-factors
only in column “GFactor” which obvioudy connected to the nuclear magneton).
For the neutron, the following values of the model parameters found:

w =134.9/66MeV, A,, =-.0666MeV, F,, =0,

L= ha(@=03002, L, =- 2 f,(0) = 226882 7

Note that the potential of the Yang-Mills field in the case of the neutron is
negative, and by an order of magnitude less than that of the proton potential. The
http://el .kubagro.ru/2013/01/pdf/42.pdf
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total energy of the quarks in the neutron at the above vaues of the parameters is

3w =3m, » 404.93MeV | |f conditions (19) are true, the magnetic moment of the
quark system equal to magnetic moment of the neutron with the experimental
accuracy. Fulfilled the conditions for the normalization (16), so the charge of the
system is zero, and the spin system is Y. Visualization of the neutron structure
performed by using a density of the quarks wave functionsis shown in Figure 5.

Figure 3: Proton structure visualization using density of the wave functions

components of (uud) system.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Figure 4: The magnetic moment of quarks (udd) normalized to the magnetic
moment of the neutron, the electromagnetic current in the system and the wave

functions of the quarks.

In Figure 7 presents the modeling structure of the lambda baryon. In this

case, the following values of the model parameters are cal culated

w =134.9766MeV, A,, =-0.0425MeV , F ,,, =0,

1 1
L, =- > f,(0)=22938,L =L, = > (20)

f,(0) =0.28151, f,,(0) = 0.30632
For the parameters (20) the magnetic moment of the quark system (sdu) is

equal to the magnetic moment of the lambda baryon with experimental error. The
potentia of the Yang-Mills equations for a system of quarks (sdu) is negative and

smaller in magnitude than that of the neutron and the order of magnitude smaller

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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than that of the proton. For this system, the normalization conditions (16) are true,

the charge of the system is zero, and the spinis Y.

Figure 5: Neutron structure visudization using density of the wave functions

components of (udd) system.

In Figure 6 the 3D images of the north pole of the proton and the neutron are
shown. Visuaization was performed by using the magnitude of the normal
component of the magnetic induction. These data suggest that each pole contains a
singularity, so we can assume that there is the union of two bubbles through

singularities.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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AYM=-0.617 He¥

p= -1.91304272

_====::=—

L= 2.792847356

Figure 6: visualization of the north pole of the neutron (top left) and proton (top
right figure), and couple proton-neutron in femto scale box.

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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Figure 7: The magnetic moment of quarks (sdu) normalized to the magnetic
moment of the lambda baryon, the electromagnetic current in the system and the

wave functions of the quarks.

Thus, we have shown that the quarks in the metric system of hadrons can be
described on the basis of the Dirac equation and the equations of quantum
electrodynamics. The closed model (8) - (14) formulated and the magnetic
moments of hadrons (uud), (udd) and (sdu) at given energy and given electric
charge are calculated. The investigated region corresponds to the resonance energy
of the quarks system, in which, apparently, pi mesons can be generated.

Finally, we note that the above model of the dynamics of quarks in
hadrons metric (7) has an interesting property: the quarks do not leave the inner

region of the bubble, while the spherical symmetry is not broken. Indeed, the

http://e] . kubagro.ru/2013/01/pdf/42.pdf
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motion of the quarks is fully implemented in three-dimensional space of the metric
(7), it is necessary to transfer the radial momentum to force the quarks move
outside the bubble, but it isimpossiblein the metric (7). The change in the metricis

only possible with a significant perturbation of the main Yang-Millsfield.
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