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Introduction

At present a lot of diverse opinions exist about confinement.
In recent years the idea of separation of effects of hadronization
and confinement has got popular. By this idea, the confinement is
nonessential for the hadronization dynamics. However, from a
phenomenological point of view, the confinement problem has to
explain why we cannot observe quarks as leptons, and to substan-
tiate the experimental method of measurement of quark quantum
numbers,

In this paper, we discusé phenomenological and theoretical
arguments of the separation of the hadronization dynamics from

confinement and the idea of the "kinematic" confinement.

1. Phenomenology

Quarks were proposed as elements of the unitary classification

"/

of hadrons and in the first static models it was not clear
whether the quark is a physicel reality or a mathematical tool/Z/.

The first results confirming the reality of quarks as dynamical
consistents of hadrons have béen obtained in deep-inelastic scattering
experiménts/B/.

The observation of quarks and measurement of their quantum
number in theée experiments are.essentia%ly based on the unitary

relation for the S-matrix. _
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{where l";;k are all physical hadron states;
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411 cross-sections of measurable processes (like erevi* had-
rons, €7¢ P & hadrons, etc.) behave as if ﬁhey are imaginary
parts of the quark-gluon diagrams. The experimental momentum dist-
ributions of hadrons in the left~hand side of eq.(1) well reproduce
the distributions of quarks, antiquarks, and gluons whose dynamics
is completely controlled by the right-hand side of eq.(1) (i.e.,
by QCD-perturbation theory). In this way the quark and gluon spins,
their charges and number of colors have been meaaured/4’5/.

However, unlike leptons quantum numbers of which are measured
in elastic processes, the "observation®" of quarks with the help of
the inelastic hadron reactions (1) has somewhat a paradoxal character-

On the one hend, the complete set of physical states Ik%hgh,
in eq.(1) does not contain quarks and gluons as if their production
amplitudes are equal to zero(or the residues of the color Green

functions are equal to zero) . .
. : V(CJ_O')
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where ‘C;> is a quark or a gluon physical state
Pk

Really, nobody has observed the quark production and eq.(2)
is a”phenomenological criterioélof confinement,

On the other hand, for the measurement of quark quantum number
in the phenomenology one essentially uses the fact that the ima-
ginary part of hadron amplitudes in the energy region far from
resonancea is factorized: it is expressed by a product of the
quérk—parton creation amplitudes
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That is the "“observation" of quarks is based on the analytical
properties of the "élastic" hadron amplitude, which in the usual
quantum field theory would be interpreted as & nonzero probability

of creation of quarks as partons

LHT I, 0 o

It should be noted that for leptons in perturbative QED the
physical and "parton" states coincide IZ)PA = { p>part’,
which signifies that the "nonobservability" (2) and "observability"
(3) takes place in the safme energy region of the Minkowski space.

Thus, the high-energies phenomenoilogy widely uses imaginary
parts of quark diagrams and the restriction of all physical states
only to hadron states.

An analogous situation can be observed now in the low-energies
quark phenomenology, where for the construction of the chiral
effective meson Lagrangian from QCD one uses the real part of
onefloop quark diagrams, and at the same time, the quarks are
removed from the unitarity relation (see Pefe./e/ and references
therein)., The hypothesis of hadron physical states (2) is not
accompanied by the consideration of dynamics that underlines that
hypothesis. Thus the confinement process is separated frouw the
quark hadronization process. Analogous conclusion is made in the
phenomenology of the sum-rule method/7/ where the confinement
effects do not influence the description of experimental data.

Thus, in the recent quark phenomenology these is a tendency
to separate the hadronization process from the confinement one,

and to consider the latter as a purely “"kinematic" effect.

2. Theory

In QCD the equality (1)'is called the principle of  quark-hadron
duality (QHD): the global one (if eq.(1) is used in the sense of
averaging over energy) and the local one (if eq.(1) is used without

averaging).
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The "“observation" of quarks in Q€D is explained by the asymp-
totic freedom phenomenon/s/, 1.€. by an effective decrease of
the coupling constant in the deep-Euclidean region. The QCD-per-
turbation theory is valid only in the Buclidean space, where all
diagrams are calculated. Then, dispersion relations (i.e. the’
integration over energy) are used to establish the relation of
theoretical values with the realistic experimentally measurable
croass-sections in the Minkowski space/7/. However, in this way,
one can explain only the global QHD (where the averaging over
energy represents & dispersion integral), but cannot explain the

fact that the cross-section of the process e'e”~ into hadrons

in the energy region far from resonances pointwise coincides
with the imaginary part of a quark loop (i.e., Cannot explain the
principle of the local QHD based on the QCD-perturbation theory in
the Minkowski space.) In the case of local QHD we are forced to
admit that the imaginary parts of quark loops are not equal to
zero, and the quarks manifested as analytical properties of the
“elastic" hadron amplitudes that are calculated by the QCD-perthr—
bation theory in the Minkowski space, But the question arises why
we do not observe quarks as physical states in the same energy region.
We see that the "asymptotical freedom"™ is not sufficient
for explaining all the phenomenology of the observation of quarks
and gluons and for a complete understanding of this phenomenology
it is desirable to explain confinement.
The explanation of confinement is usually connected in QCD
with the proof of the Wilson criterion/9/ or with a 1linear-rising
quark-quark potential that is found by a computer calculation/10/.
Historically, the Wilson criterion was inspired by the Schwinger
mod91/11/ (QED ;44 ) with a linear-rising Coulomb potentiél.
Recently it has been established/12/ that the version of the
Schwinger model - quantization does not lead to confinement in the

sense of disappearance of the quark Green function residue (2).

It ie well known/13/ that the linear-rising vector potential
also does not lead to confinement (the Klein paradox).

The relativistic version of the linear-rising potential
is well studied in the 2& -approximation in refs./14/ where it is
shown that this version explains the hadronization process rather
than confinement., In the last years the confinement potentials
have been successfully used as the potentials of hadronization
and of spontaneous breaking of chiral symmetry/14’15/. We see that
in QCD-theory these is a tendency to consider the dynamicse, which
is traditionally connected with confinement, as only the dynamics
of hadronization ., (From this point of view, it is useful to congi-~
der the Wilson criterion and the confinement potentials as a crite-
rion of hadronization and as potentials of hadronization), In the
theory, like in the phenomenology, the dynamies hadronizetion is
separated from confinement. The latter means only the restriction
of the physical states (or of the Green functions) only to colorless

(colorscalar)sector (2). Here two questions arise:
1) How to "restrict™ the physical sector, so that this restriction
(2) does not influence the hadronization dynamics?
2) Why analytical properties of "elastic" colorless amplitudes
(for example, the color scalar current correlators) are reprodu-
ced by the bare quark diagrams,or why the sum over hadrons states
forgets about hadronization potential in the energy far from
resonances, or in the sense of the energy averaging?

There are a lot of theoretical/16“19/ and phenomenological/6’7/
arguments pointing out that if we answer the first question, the
unitary relation (1) will answer the second question auéomatically.
In the presence of bound states (hadrons)} the unitary relation '
should be understood as one of the self-consistency conditions of
the theory used for normalizing the bound-state wave functions and
their interaction constants/zo/. If for some reasons the probability

of the color channels disappeérs, the probability of other hadron



channels increases so that the total probability is equal to unity.
In this context the "parton™ states (3) are manifestation of the
analytical properties of hadron amplitudes, which follows from

the unitary and do not contradict the confinement (2). Thus, for
proving the QHD formulae (1) which contains only hadron amplitudes
and which is used for the measurement of quark quantum number it

is sufficient to prove only the "kinematic™ confinement forbidding

the color particle production.,

3."Kinematic" confinement

The confinement mechanism which does influence the hadroniza-
tion dynamics has been proposed in ref./21’22/. The main idea
consists in the explicit solution of constraints (i.e.,the Gauss
equation and the gauge condition) and in the explicit construction
of physical variables as unlocal gauge invariant functionals of

the initial fields. For QED such variables are the nonlocal trans-
verse ones -
e AT = U(H) (LeAJJJ)Z(/A)I' o /?"4)7
ce A . ;y(ﬂ)_exp{w?—z A
Y= UMY (4)
The gauge of these variables is not fixed under the relativistic
transformation. Due to the nonlocality in the new Lorentz reference
frame the fields (4) become transverse with respect to the new time
axis, In terms of the variables (4) one can solve the old problem
of the completely relativistic covariant construction pf the path
integral that does not depend on a gauge choice even for a one-
-particle fermion Greenfhnction/21/.

The quantization with the explicit constraint solution contains

. also the new physicel information that is usually omitted in the

ordinary methods, Nonlocal variables of the type of (4) are defined

up to stationary gauge factors Z}(fv with the phase being solu-~

tions of the Gauss equation in the "empty space™ ( A =0 ,¥=0 )

v('g’): QX[D{LS‘(XA)g ; (l)_i_l) )\{X—»:O

(5)

which are zeroes of the operator i in eq.(4).

In the general case the gauge factors Zf(kﬁ) should
describe smooth nonsingular maps of the (D-1)-dimensional space
onto the gauge group G. If these maps exist, the physical fields
(4) are degenerated: the same physical state corresponds to the

fields ¥ and UV®Y .

This degeneration arises in the gauge theories in a finite
-y .
space X1 \(R

group of the stationary'gauge factors.

with the topologically nontrivial hototopy

3"[,,‘1 (G): Z ( 7 s the group of integers under addition)

6)
The condition (6) is satisfied for the Schwinger modell(fffj /(/{1))=Z)
and for QcD( &“3(5”/3)):2 ) » but not for @ED,, (% (vm)=0)

A nontrivial solution of eq.(5) for QCD is the matrix

Cxp¢ } ad (2 2 )\5~ s \?
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hzo x4 £2,
{where Aq are the Gell-Mann matrices, ¢ are the matrices

of the minimal \SLVQ)-subgnoup, where the <SC72)-fundamental

representation is irreducible under -YLQZ/—transformations).
This matrix describes a nonsigular map with the index /1 calcu-
lated by the formula

‘ 3 ‘ ey w7t
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The index ”‘ does not disappear even in the infinite-volume
limit. and represents an example of topological quantum anomaliea
of thie type of the axial current divergence: both these quantiti-
es (the index and divergence) after removing the regularization
are not equal to zeré'despite the disappearance of the initial
elements of their comstruction (the field bf y or the Pauli-~
~-Willars propagators).

Generally speaking, here we have also the degeneration of the

matrix fof)

ordinate

with respect to angles describing the color co-

. orientation with ggspect to space co-~ordinates.
Due to the degeneration the generéting function of the Green func-
tions should be averaged over all degeneration parameters, for

example (N).

N -4
. ' — [t L= (»} (. . 'h)'i
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(9)
is the usual Paddeev-Popov path integrel,

where Zp,— (’I,E,U)
sand h h ;U are the color field sources that have in eq.(9)
the degeneration gauge factor. As it has been shown in detail
in ref./22/ (p.p. 43-46), after averaging over the infrared degene-
ration parameters all the Green functions which are not scalar
under color gauge transformations disappear. But the colorlegs
Green functions of the type of correlators between electromagnetic
and weak currents coincide with the usual QCD perturbative Green
functions,

We would like to emphasize the noncomnutativity of the limit
procedures in (9) determined as in quantum statiatics/ZJ/.

Thus, all the color Green functions disappear by virtue of
the quantum interference of an infinite number of the gauge factors

of the topological degeneration, i.e, the confinement criterion is

fulfilled "kinematically", This is just the manifestation quantum

8

[

e, S

-
T

anomalies (8), So the following physical picture arises: In a
hadron lepton collision all particles are created (hadrons, quark,
gluons, etc.) however, due to the degeneration of color physical
states in experiment we can observe a superposition of the amplitu-
des with different topological numbers (8), therefore the total
probability of color particle productions happens to be equal to
zero., In accordance with the probability conservation law the pro-
babilities of the hadron channels incresses so that the unitarity
relation is fulfilled and just this relation allows us to observe
quarks and gluons by means of the imaginary parts of "elastic" hadron
amplitudes. A

The gquark hadronization goes independently of the confinement
process. The description of the hadronization dynamics as a rule
accomplished dividing the gluon propagator into two parts;

a perturbative and a nonperturbative part given in different func-

tion classes and dominating in different regions of interaction.

In ref./24/ it is shown that the appearance of the nonperturbative
hadronization propagator can be connected with the zero modes of

/257

gluon field of a finite energy density

Conclusion

History of the development of the quark theory of hadrons can
be expressed in three words: in the sixties dominated was the prob-
lem of quark "existence";in the seventies ,the "confinement" problem;
in the eighties the “hadronization" problem.

The statement of the problem of "confinement" of quarks is
dictated by experiments proving their "existence". The theore-
tical proof of confinement in QCD means to give answers to two
questions:

1) Why are physical states of the theory limited by & hadron

(coloreless) sector?



2) Why does the sum over finite hadron states reproduce the analyti-
cal properties of quark-gluon diagrams?

In the last years the phenomenological and theoretical facts
appear pointing out that the answer to the first question is also
the answer to the second question (through the unitary relation),

* and that the very "confinement" does not influence the hadronization
dynamics. From a phenomenological and theoretical point of view,

21t is useful to consider the "confinement" as a purely “kinematic®
effect, Just, this confinement is explained by the destructuve
interference of the gauge (phase) factor of the topological dege-
neration of the physical variables which takes place at the explicit

solution of the gauge theory constraint.

The main problem of the last years is %o find a theoretical
foundation of the "hadronization" dynamics and to explain the
appearance of dimensiongl QCPb~parameters.

Up to now it has been assumed that all dimensional parameters
are connected with the only N -parameter appearing in the theory
as the infrared boundary condition for the renormalization group
equations (dimensional trensmutation phenomenon).

The very fact of existence of a finite theory without ultra-
violet divergences where the renormalization group equations become
simple identities permits another interpretation of thé A -parame-
ter.

If we shall consider QCD as a part of a unification theory wit-
hout ultraviolet divergences (i.e. with the physical Pauli-Villars
regularization with the mass of an order of the asymptotical desert)
then the A\ ~parameter can be calculated and expressed in terms
of the asymptotical desert parameters, i.s. the A -parameter is
the ultraviolet (but not infrared) one/21/.

From this point of view the question about the real infrared

dimensional tranemutation still remainsg open.
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Nepoywun B.H. E2-87~270

deHOMBMONOIMA M TeOpuA KOHpaNHMeHTa

B nocnegHee BpeMmAa cTanu ybewgaTtbCA, UTO ONUCAHME IKCNEPUMEHTANbHUX [aH-
HWX H@ 88BUCMT OT MexaHu3Ma KoHpalirMmeHTa. C TOUKM 3peHUA COBpeMeHHOW ¢eHOMe-
HONOrUU AMHAMMKA afpOHM3auuu OTAENeHa OT KOHDAMHMEHTa, KOTOpHW none3Ho pac-
cMaTpuBaTh Kak unucTo ''kuHeMaTuueckuit'' addexT. C ApyroM CTOPOHH B COBpPEMEHHOI
Teopun NOABMAMCL PE3YyNLTaTH, KOTOPHE YKaauBawT, UTO kpuTepui Bunwcowa u no-
TeHuuans KOHPAMHMEHTa He A[OCTaTOUHW ANA OGBACHEHMA (EHOMEHONOIUUECKOrO KOH=
datHMEHTa B CMHCNE HyNeBbX UBETHHX aMmnnuTyg W ¢yHkumi puna. OgHaxo, aTu no-
Tenyuans xopowo O6BLACHAKT CNeKTp aApOHOB M CNOHTAHHOE HapyuweHWe KUPpankHOW
MHBApUAHTHOCTH, T.e. AUMHaMUKY aapOHM3auun. KuHemaTnueckuit KOHOANHMEHT Mmowev
6LiTh OBbACHEH TOMONOrUHYECKUM BLIPOKAEHMEM BCEX UBETHBHIX COCTOAHWMIA. JTO BLIPOK-
Aenne BodHukaeT 8 KXA ecnu M BygeM KBaAHTOBATb TEOPUID fyTeM ABHOrO peuweHWA
YPABDHEHUA CDBA3M; TOr4a BCe YBETHbiE COCTOAHWA OnpegeneHsl C TOYHOCTLI A0 Kanu-
BpoBOuUHEX GAKTOPOB, OnuchBawwux oToGpawerue mg(8UB)) = Z. TMNonHaa BEpOATHOCTL
POMAOHWA UDBTHLIX BMNAWMTYAR pPaBHA HynK W3-3a AECTPYKTUBHON MHTepdepeHunn 3Tux
daxropon. B pesynstate B KX/l ocTaeTca TONbKO aAPOHHLIA CEKTOP, MCNONb3yeMbli
8 OOHOMOHONOIUK.,

PaButa omnonHoHd o NlaBopatopumu Teopetnueckon ¢uaukn OUAU.

Mpenpotr OGuenimianioro wicTHTyTa naeprbix siccnonosanui. [y6ua 1987
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Phenomonology and Theory of Confinement

In the recent phenomenology, the confinement effects are not essential
for tho dascription of experimental data. From a polnt of view of the pheno-

is useful to conslder as a purely "kinematic' effect. On the other hand,
the rocent theory contains results which point out that the Wilson criterion
and the confinemant potentials are not sufficient for explaining the pheno-
menological confinement in the sense of zero color amplitudes or Green func-
tions. However, these potentials well explain the hadron spectrum and spon-
taneous breaking of chiral symmetry, i.e., the hadronization dynamics.
The '"kinematic' confinement can be explained by the topological degeneration
of all color-partlcle physical states in QCD. This degeneration arises if
we quantize the theory by explicitly solving the gauge and dynamic con-
stralnts: all color states are defined up to the gauge (phase) factors des-
cribing the map of the thiee-dimensional space onto SU(3), ~group (mg(SU(3).
= Z). The total probability of the color particle generation is equal to
zero due to the destructive interference of these phase factors. As a result,
in QCD there remains only a hadron sector used in the phenomenology.

The Investigation has been performed at the Laboratory of Theoretical

Physics, JINR. . . .
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