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Mechanism of Confinement of Quarks

Zygmunt Morawski

ABSTRACT: Fram Londons* equation the patential
arising expenentially has been intre-
duced. whiech is responsible for the
canfiment of quarks, It has been proved
that quark-gluen seup presents super-
fluidity; using the cenceptian of. lat-
tices and vwery deep homelegy between
phenemena:superfluidity and supercon~
ductivity, has been proved, It permits
te use Londens' equation for the dese
criptien quark~-gluen soups Next the
steucture and dynamies of lattice has
been analysed and the pessibility of
the existence of sublattices has been
provedes

Tha Londons' equatien

Lately a few conceptions of confinement of quarks

have appeared. The cenceptien eof fibres is speecially
interesting, The gluon~electris field flux fibres expands
betweaen quarks and theirs antiparticles. This fibre has
finite energy for tha unit of lenght. In sa way we ob~
tain the interquark patential arising linearly with the
distance [1] .

The other coneeptien is the sack medal. The quarks are
free. Lnside sack hadrens but they can not abanden thems
Trying te obtain the single quark frem hadron, we take
out leng, thia sack with gluesleetriec field between quarcks
and the rest of components of hadran [2].

The teory of strong interactions with nonabelian calib-
ratien has been formulated on space-time lattice [3] .

This attitudae has inspirated this article, two lattices
has been introduced: 3-dimentienal - whele analegy of
cristal lattice and 4~dimentional one with generalization
te 8 dimention, taking under cansideration v>e [4] .
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1.2 Let's analyse Londons' equationm [5]
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me 2
V°H = H (1)
AﬂTniE
se AV2H
Particularly one of its solutions is:
’ kx
H= Re (2)

We will prove that the solution with shape (2), generally

- rejected,can be used to the explanation ef the confimement
of quarks,

1.3, At the beginning we have to see, im what way the magne-
tie field intensity is connected with beund- potential,

o = _[oa, aa 2A,  2a 24, oA
Vxa = ai 3 - 2 + E'é 1 B - E; 2 - 1
) 332 a 13 3‘:1 ‘EI . EI.

1 1 9%y

Let's analyse the case:
Ay = A (y)

AR = A?(EJ

Aa = A, (x) (4.)

B = -'\T'f"r-.: (5).

Fram (3) and (5) we obtain:

EA“

B_: = E;r—- ﬂ: = _[Bxd..?

Hﬁz
- — A = - ; d
E'f ox 2 IB"' 3

2A
2z Y
T - pi
The formula (2) may be written far each coordinate:

ky _ kz lex

(3)
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Let’s analyse the hamiltonian in .the shape [6]

H=cdkp + fim:z ¥y V
V—interaction petential.

The first term obtains the faorm. K kP 2nd Lin the case of
mamentum it can be written Py —™ Py = %At; and this way

vecter potential Ag is added te the interaction potential,

1.4 The integral (2) may be created im the farm of series. The
integral of exponence is expenence, too:
[ ="

(kx)"
A = A
(2,

n=0
and we may cut on the linear terms, which can be made for

the distances cemparable with the size of hadraen. The linear
bounding potential arises and is caleulated here fram the
centre of the coerdinate system and not frem the other quark.

1.5 An equation (1) has next.solutiaons (besides solution (2) =
H o= B sinkx  and H = H ceskx ; <0

‘= % a - constant lattice
H
\ \)/\ NN\
d i 1 1 Fi —
\VARVARV, x
figure 1,

It means the existence of periodic patential beceuse af. (6la
The periodie patential means that quarks exist in this pe-
riedic potential created by the lattice and tunnel through
maxima of petential, sa they are quasi - free like commen
electrons in solid body.
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The..confinement of them is connected with petential (2]).

The quarks with H > H, are bound. toe, but they don*t  tuanel
inside the quark. They ecan®t tunnel from the quark. The centre
of ceerdinate system is free and it.can meve, This maovement
corresponds with the movement of quark as the whele.The la-
ttice, besides the periodie potential, creates the expanensce
patential. Far x negative, the  bounding patential is

A = Aﬂn'k“'" arising te ~0 at -92 ,.The quanta of ascilation

of this lattiee are quarks.

1.6 Let's analyse the general potential of lattige:

H = Hmaink: + Hmcnub:

2 2 2
V= -k Hmsmh - k HjDE caskx

A = kl-&cmn-.nlk-: - ““ua%“‘""

We have next:
n‘.’?zﬂ = H
oA (-k2)H = H

1
o = = sa o(< Q
P

but o =—2C _ esam<Q

m < 0 correspands with the positien below energetic gap.
In analogy with supereonductiwvity and Oirae's unempty
vacuum it Corresponds with carriers with negative mass
placed below energetie .gap.

m < Q refers only te these objects, which are responsable

for creation of periodic patential,.
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For the saelution A = Awa.h” d >0 and.-m > Q cseur.

It may be thought that.the objees creating an infinite pe-
tentdal exists ever ensrgetiec gap. In the case of confine~
ment of quark A —+>0 but A - >0 and A = A is an indeter~
minate symbol which may achieve any value sa different from
zare teo.

Lt may be assumed that mass of quarks is bigger than zero
altheugh they are confined but.aren't respensible for PO~
tential and in their case the quetient .-fE- is impentant [7],

1.7 We have twe solutiens deseceibing potential:

boxe
Ay = Ae (8)

05 () ¢ e (2

Nym
Let's arialyse the region x >0.
Ay = max '["‘n.? ""m}' Xy 1s the mest distant common point of

Ay and A, = exponense cuts every trigonometric function
with the exeption of solutiom when it starts belaow and A. <0
Fer & >A; hadren is in excited state. For every x such, that
E > A; nusleen is persistently excited altheough the quark
cantt tunnel in excited state,

The escilating petential with periad equal te multiplication
factor of constant lattise are added inside the hadrons till
the point at whieh they cut an arising exponence.

Naturally the confinement in theee dimensions means that
potentials (8) and (3) exist in the case of any coordinate,
So&

Ay = Agx t Ay + Al

Ag = Agy + Agy +45,
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IE The loop mechanism of superconductivity,

2.1 The superconductivity effect of Hall's quantum. phenamenon Dﬂ
leading te fraetiomal .charges, . testimenies that quark~gluon
soup ( in which .the quarks have fractional charges, toa )
superssndusts, too. The superconductiuwity of.nucleons is
characterised by an infinite energetie gap. In nueleons
theee quarks have half spin sa they ean not .be subject te
Bese~-Einstein. condensation, Fhe superconductivity of quarke
gluon soup is created.by 3-and 8-dimensional lattices.

The 3-dimensienal lattice cerresponds with .3 sorts of quarks
and. 8-dimensional lattice cerresponds with 8 sorts of gluons,

2.2 The lattiese may be made of deformed. te quasi square laap
ceeating the wall of cube. Thsee groups of such .loops in
the planes xy, yz, xz ereate the lattice made of cubes,
LIt 1s easy seen that square loop superconducts

e~

&n\
g—‘r" R =V2r

Figure 2

1f the cirele loop superconduets circle loop circumscribed
abeut a square and circle loop insccibed of . a square super-
conduct te0s If r—» R — O which is fulfilled in the mic—-
rowosld the square loop must superconduct,

2+3 The unempty vaccum superconducts [9] , becouse it.is wo-
ven from Ashtekar's. loop whieh .are the subject of the supers
fluidity, analogisally te. notons loop in Landau's super-
fluidity theorye The rotons loops are necessary te. explain
the phenomenon of superfluidity, ( The reotons in. salid
phase are subjeets te loop metion),
Similarly in superconductivity the loop exist, around which
an electric field is quanted. An integral around the circle
in superfluidity describes roton tos.
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Ar existense of whiels of electris field im supercenduc~
tivity

Sidi = canst

corresponds with existence of rcetens im superfluidity and
this similarity is a proof of affinity of these phenemena -
the bridge binding these beth phenomena.

We inteeduce field of reton and the principle of conser-
vation of reton for retens ereating layer (plane) of ecri-
stal lattice.

Sﬁdf = gahst

These beth equations unify supergonductivity and superf-
fluidity,

24 The quark~gluen soup is in .the state being superposition
af supersonductivity and superfluidity,
8 .gluons in different charge state. create clusters called
rotons.
The quarks are in superconductivity potential A = Aﬂah:.
Tha superconductivity is a result of existence of lattige
which shields like in cristal.
8 charges of gluons correspond with 8 corners of cube.
In each corcner there is different charge of gluon. Such
cubes strech lattice., This lattice makes the superconduc~
tivity possible. Each wall of the cube is one loop and
each cube is one generalized three-dimensional loop.
There are two kinds of lattices in hadrons. The quanta
of oscillations of the second lattice are 8 kinds of
gluens. Quark is quantum of oseilatiom of three-dimen—
sional lattice. ( Three dimensions - three quarks, quark
as the wave ),
Aleng each dimension there are condensed supercondueting
loops. Additionally the condensation of 8 such perpendi-
cular systems of supersonducting loops exists.
The supereonducting system composed of 8 systems of super-
conducting loops exists,
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2.5 From the preceding consideration we hawe:

v ={vix)dx
W = V(x) + canst

Let's analyse a few casest
1) eonst is real - the constant compenent of patential
2) const = complex = ¢, dessribes the leep structure

- 1
(<2 .-‘.lﬂ-

3) const = quaternion = @

iy
_ 3 1 8¢,
8 = Gp*Cng® + 952 " + 0z® i
4} const .= A
a8

A n-r_—1 &Lvi

J=1

8-dimensienal loop in 8~dimensional space~time,

LIE Structure and dynamies of lattice

The fellowing cercespondense exists: 8 charges of gluons,
8seacners of cube of elementary cell of supeefluid lattiece
and & pelativistic dimendions., The gluons cpeating 3-di-~
mensienal lattice correspond with standing wave of 8-di-
mensional lattice.

The gluons exchanged in interactions of quarks correspond
with mewing wave of 8 dimensional lattiece. The gluons

of 3-dimensional lattice exist in common part of 3=dimenw
sional and B-dimensional space. .

One gluon is comnecked.with oscilation along each dimen-
sions but disturbance cennected with each single gluon

is propagating by right of conjunction in eristal lat-

tice with each of the remaining 7 dimensions.



*>C, — the primary function of i-gluen propagating in i-di-

mension
- the disturbances propagating im remaining directions

cannected with i-gluon.

Twa gluons af selfinteraetion are time-like gluans.
The time-~like gluons have the shape:

X0 8=t ) =0 (=t ) + 6, ( 1t,-it )

xﬂ-{ ti-—t } = El { t*.-t } - EE- ‘ it—, -it]

xp, X, — the propagation forewardsand backwards the time,.

3.2

Jed

the mixing of effects arisings from the real and
complex time.

8 dimensions may be connected with 8=dimensional Einsten's
equatian [?] g which ean be done, becouse in the case of
small distances in. the case of hadraons, gravitation

plays great role, Becouse of electomagnetic interaction
the generalized Dicac .-~ Einstein. equation ought to be

used, too.

Quarks exchange phenaons of oscillation of lattice. The
lattice creats superceonducting potential confining

quarkse The line of lattise cerresponds with created fi-
bres. The line ef lattice creats potential which generates
fibres. The strueture of fibres recreats the structure

of lattice,
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Figure 3

The fibres are so dense, that the fibre lying nearest
the line binding twe quarks is intreduced inte energe-
state, when the second quark appears, which is correla-
ted with exchange of phonon of lattice conjucted with
fibres,

The interquark potential is described by the farmula

Vy = ax + b . Potential of the second quark is
given by the formula V, = ax' + b = ald-x) + b ,

The tatal potential V¥ =.v1 + Uz = ad + 2b

Figure 4

It is seen that the fibres are filled with energy in
the hemegeneous way and that this energy depends
linearly on the interquarks distance in accordance
with tha shape of potential.,

The problem is open if the constant lattice is small
but different from zero or it tends to zero.

The lattice has many levels with sublattices d =—=— [9]
(n €Nl. Each such sublattice manifests the su-

perfluidity.
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