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I. The QCD Froblems

QCD has a.risenh/ and has become fruitfully developedlz/ as a
field theory version of the quark-parton model/3'4 after the disco-
very of asymptotic freedom phenomenon with the help of renormali-
zation group method .

QCD has been constructed by analogy with QED, all physical con-
sequences of yhich can be got from the firat principles of symmetry
and quantization. The main task for QCD up to now was foundation of
ita working hypotheses from the first principles. One can roughly se-
parate these hypotheses into two parts related to regiofzs of the low
(I) and high (II) energles:

I. The hypothesis of the short-distance action of gluon forces,
that concerns the PCAC ( f» ) and hadron apectra ('),

II., The principle of the local quark-hadron duality (LQUD) and
its modifications.

QCD inherits the principle LQHD from the Feynman naive parton
model/3/. Feynman justified this principle with the help of the unita-
ry conditionSS = 1 ( I = 1 +:T )

ST T > = 2D AT Hj2> ()
h

In the left-hand side of eq.{1) there is sum over the complete set
of hadron physical states. For the celculation of the right-hand side
of eq.{1) Feynman proposed that there is a quantum field theory for
partons which do not contribute to the physical states on the lefi-
hand side and for which the usual free propagators of perturbation
theory are valid. This assumption allows interpretation of the inclu-
sive~pr cro tions in terms of the imaginary parts of the
quark-parton diegrams and hence determination of the quark gquantum
numbers 3 (which are uow the basis for the construction of unifica-

tion theory).




Now the principle LQHD is the basle of the QCD-phenomelology/ 2,7/ .
The experimental momentum distributions of hadrons in the left=hand
side of eq.(1)} entirely reproduce the distributions of partons
(quarks, antiquarks, gluons), whose dynamice is completely control-
led by the right-hend side of eq.{1) (i.e. QCD-perturbation theory),
Here the following paradox arises: in the right-hand side of eq.(1)
one uses the free state of quarks and gluons in the mass shell regi-
me and simultaneously one propofes that the quarks and gluons do not
oontribute to the obaservable physical states of the left-hand side
of eq.(1). Juast the absence of the quark end gluon states in the left-
hand side of eq.(1) is called the confinement hypothesis,

The proof of confinement has to satisfy the principle of accor-
dance with the parton model. (Any attempts to support the confine-
ment with the help of quark propagator modification by removing their
poles in the scaling region, simultecneously removes the very possibi-
lities of the quark-parton interpretation of deep-inelastic procea-
ses}.

The QCD hypotheses now amre explained by the amaymptotic freedom
phenocmenon

ol (9%) =/3_44’7;g";—)' ‘ =iy / 1~ = H;) (2)

where "4 18 the number of flavoura of quarka, A is the dimensi~

onal parameter arising from the infrared boundary conditiona for so-~

lutiona of the renormalizable equation, This formule of asymptotic

freedom defines the ranges of validity of perturbation theory as at
q = A the coupling constant is infinite. Attempts are made to

bind A with the scale of the PCAC and hadron mass gpectra.

At this stage the ideology of potential coninement arisea., Its
egasence consists in the mspiration to get the confinement gluon pro=-
pagator (or quark-quark potential) by an approximate summation of
the Peynman diagrams by means of renormgroup equations or the
Schwinger-Dyacn ones

As & wodel of such a confinement one proposes the following
gluon propagator:
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Purther calculations on the basis of such a propagator are fcnded




in the main on solutiona of the Schwinger-Dyson or tine Bethe~Salpe-
ter equations of the type

Z(P)-( s Ja"' ()45 b5 m-Z/pq)X" 3

and the results of the calculations are the hadron mass spectrum,
8
condensates, /_;'_ , ete,/"?

2. A New View on QCD

Remarkable success in conatructing the consistent quantum gravi-
ty theory (superstring E'g Xé} )/10/ gives reagons to recomprehend
anew both solved and unsolved 4QCD problema. In particular, now one
undertakes construction of a finite unification field theory (witho-~
ut d:'woa):'gem:es)/11 containing QCD as a part. It should be noted, in
the theory without ultraviolet divergences the renormalization group
equations turn into identitlies and have no any physical information
including the asymptotic freedom.

The asymptotic freedom phenomenon in such theory may be only a
consequence of the trivial summation of the Feynman disgrams in the
‘bne—log' approximation

- /
A(g) = S = T
1+ po(mp) dog(h) A gk
where Ms is the scale of the supersymmetry breeking in the ultra-
relativistic reglon of the asymptotic "desert" (MJ A 10150‘1,’ ) The
parameter A
{
2 2 f —
= Rx A e
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here really does not concern the infrared gluon interaction (as one
proposes in the renormalization group version of the dimensional
transmutation).

A new point of view forced us to find another infrared mechanism
for jJustifying the QCD working hypotheses (I, II),

A8 hes been shown in ref./ 12/ y for the confinement of colour

fields the infrared topological degeneration of the gauge (phase)
factors are sufficient: due to the destructive interference of these

factors the amplitudes with colour particles disappear and do not
contribute to the left-hand side of eq.(1),



Here, we consider the dynamics of the infrared fields 3.1)4) (‘;&0
that 1s omitted in the canonical relativistic covariant method of
quantigation of gauge fielda/13-15/. It is well~known that this me-
thod is based on the transverse commutation relation 4

(JET GO AT 0] = 8T8 8y

(4)
\a 10 - 79 4% 2
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that 1s given on the function class
T i — .
DL-ZA& o ; Jdk 14:) G2) =0 5)
The infrared dynamical fields
Q
9,2{;- rt)=0 (6)

are omlitted by the commutation relations (4), In QED this omission is
physically justified, a&s these quentum fields are unobservable due to
the finite emergy arrangement resolution .

In QCD we have no such a justification. Moreover, the including
of tue gluon flelds (6) may be justified by the nonlinearity of the
theory and the strong coupling of fields in the infrared limit (that
leads as a rale to collective excitation of infrared gluons correla-
ted in the whole volume of the space they occupy, V= J‘ﬂ"{k )
There ia a trivial generaligatior of the commutation relations (4)
with the aspace-constant fields {;.“ included

— b ab T aL oy

[EE) Al )] = 8787 6y + ST

where ﬂ‘-aﬁ,z‘) = Arq X,I‘) /{,'qﬂ)'

The most conslstent canonical quantization of the theory

L=-LED+ Vel gy-mP¥ ; =ty

(m
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with the constreint equstion S444,%= 0O has been made in

ref,




According to thig paper the quantization of only the transverse
fields AT and the fields ¥ leads to the effective potential
for the fields

Z(4 [0,0)= [d*42 av «F S(0AY 4t (V.14 4)2 ] 7
7 exip i (Ao, A r()-hfd"x()*ffq)‘)}/ -erp/ vfrd £% ,a/ﬂ]f‘”

where
Vflﬁ?/{) :—fd‘xl’i(ffd‘q///jz - ¢'1.‘r40,, pé;([p{/#.,g‘jajy-., (10

is the potential of the infrared fields (6), induced by ell interac-
tiona in the whole volume V .

The quantization of the infrared fields in the 1limit of the infi-
nite volume v can be reduced to the stochastization of the

Green function generating functionael

20¢/p,57)
Z('?,'?)zzxp{%Mlé%ﬁ)y[z(/é/::) ]/g . (1)

where M 1s the infrared dimensional transmutation parameter -
the analog of the arrangement energy resolution in QED. (Recall that
the old renormelization-group QCD parameter A was also defined by
a nonperturbative interaction in the infrared reglon where the re-

normalization group method was invalid).

The relativietic covariant version of eq.(11) has the form’ =/

Z (wz) W/ (;))7[ Z(Z:,/:Z))]/ L, o

2lhy) - ooy dgr 5(2M4 A2 07):
K@){P! f[lq ] +c f‘“‘x(i‘f"'z%)}

(13)

8L B.- 408,07 ; BEIEMAT P

where L« = La™ Tau
-g.. is the time axis of quantization.
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The possibilities of such & stochastization and 1ts physical
meaning can be seen on the simplest example of the Abelian theory
given on the function class (6)

L [ax[-+ES ()~ 547 +4. ) 0] =
= V[ 4743+ 4 (3 o

we introduced here the ma.ss_/‘1 for the infrared regularization of
the propagator of the quantum field

P*-—-' = V4, ; ‘TG)AJ: ‘%L' ; /l[{; !L]: —J\:/J—) (%)

(14)

’ e ¥ o Tidl
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We see that there 1s & 1limit of the infinite volume
-2
V'->°0)/‘4-¢0 ; 2/V=M #0 (17)
with the nonzero propagator (16)
. 2 B
dn D, 00 = cMPEO (165
M0

The evolution operator for the theory (14) has the form

o <@ 4 ag)fe ”u RANZIRE

V-
~ g
It is clear that in the 1imit (17) the propagator of the total field
A=AT+€ has the form of the sum of the usual transver-
ge propagator and expression (18)
A S=D7, pgd
DU = :"(l [_'4. /"‘)Aj(“)]> ‘DLd (‘V) M (19)

or in the momentum representation:
) 0500 Ag2
,‘LD‘J' "(3-)' ‘9~%¢9J') * '(2‘—) § é}M :

2 .
9.+t (20)
So, we have got one of the versions of the confinement propagatorlg/
that reflects the collective excitation of the infrared fields (6)
in the whole apace they occupy. In the light of this fact the attempts




to get the confinement propagator by analytical calculation in the
framework of the convention perturbation theory given only in the
function class (5)/8'9/ look very doubtful.

For the generation funztional of the Green functions for the
Abelian theory with the commutation relations like (7) i1n the limit
(17), we get the expression of the type of (11)

Z (i) = e {4-(ig) " F 2(41n7) a0
Z(b17)=Jet divety 5094 exefi .5 [Ag de 1] *‘j”;’/‘r? o

where A(V[A/.J is the usual QED action., As has been shown in rei’./13/,

the correct transformation properties of the operator formalism

can be restored in terms of the furctional integral if in it one ex~
plicitly takes into account the time dependent axis ./ of quenti-
2ation 27 -~

2, 2) o)L (Ge) | [haids §QA7) 5
' 4, e

fex,ﬂ{" ﬁ[ﬂ,-f-éf] o Jotix (0¥ “'5"?)]/6:0 ,

where ’4/‘!; ,4/ - {" //:,,4‘9

If we neglect the interaction with the transverse fields, we can
exactly calculate the fermion Green function and the correlator of

iwo currents 4
2l peo)- o] LG ) el = B {- 2+

Y - . _ mi_pl x e
+y§$ e [1 P(/Z’)]], J‘mz ; Bx) % afr/e'f
(221

Ci) 65> =eme ) T It by [+ FebumTi, [t a3

A oA . -1 (23)
= §d'p br  [P-f-uT 0, [F-m]

In the Abelian veraion of the collective excitation the mnalytical
properties of the correlator (28) do not change but the Green func-
tion (22) loses its pole. Note that in the potential version of con-
finement the physicel consequences of tihe propagator J ’/f/ /% gre
obtained with the help of the Schwinger-Dyson equation of the type of

eq. (3) = (p) = ~PAPY) + 8PV
-7

Blp?) - B A[p) = Jermi[P(144) +Gnr2)] .
8
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It 1s easy to convince oneself that the solution of this equation
does not concern the exact expression (22)., In QCD the Bxpression
(12) leads to the infinitc power series in momenta /L’J/f? , that
disappears in limit M?20  or §°»0 . In this limit we get
the usual QCD. The constant fields g‘ ( €% = 0) take part only
in hadrontzaetion of the colour flelds in the low=energy region.

Conclusion

From 1974 till 1984 the renormalization group idea of asymptotic
freedom dominates in QCD. Constructively this 1dea consists in the in-
troduction of the QCD parameter A as the infrared boundary condi-
tion of the renormalization group equation in the region where this
equation is in valid. (In this sense the parameter A reflects the
result of an infrared nonperturbative interaction denoted by dimen-
sional transmutation).

The 1984 theoretical revolution led to consistent unification
theories without ultraviolet divergences 10,11 where the renormali-
zation group equations became identities and lost thelr physical mean-
ing. We can see in such a theory that the mysterious infrared di-
mensional transmitation is absent end the parameter A sooner ref-
lects the ultraviolet scmle of the supersymmetry breaking in the
asymptotio desert region than the infrared nonperturbative interac-
tion.

We sBuggented here the new infrared mechanism of dimensional

transmutetion thet is omitted in the conventional approach and leads
effectively to the stochastigation of the Faddeev-Popov functiohnal.

We have proved the possibilitlies of such a stochastization in the
Abelian version of the collective excitation and showed that the
quantization of infrared fields ( E? a 0) leads to one of the ver-
sions of the "confinement propagator”.
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Kanunosckwii 0.J1., NMepeywwH B.H. E2-86-316
KXA: HoBHH B3rnAa Ha cTapwe npoGnemu

KX paccmaTpuRaeTCA B XOHTEKCTe NOCTPOEHMA CAMOCOrNACOBAHHON eauHOoM
Teopuu nonA 6e3 pacxoAMMOCTEH, B KOTOPOW DEHOOM~IPYNNOBWE METOAW HE HeCcyT
HMKaKON (M3nuecwoi mndopmaumm. B kauecTee aneTepHATUBM ABNEHUO ACUMNTOTH=
yeckoli cpob6oan OGCYXARETCA MEXAHWMAM WHOPAXPACHOR PAIMEPHON TPaHCMyTauwmn,
KOTOpuli AONYCKaeT raMuNbTOHOBA (GOPMYNHPOBKA KBAHTOBAHMA xXanWGPOBOUHMX Te-
Opui C ABHLIM PEWEeHWeM YPaBHEHWA CBA3M. [ONa3aHO, YTO HAMOHUYECKAA HEOQHO-
3HAYHOCTh KBAHTOBAHMA BEAET K NPONaratopy KOHPANHMEHTa U NMOCNEAHWN HEBO3=
MOKHO OBGOCHOBaTb B Knacce QyHKumi OGHUHON Teopun BOSMYIEHWI .

PaGoTa sunonHewa B NlaGopaTopnmy TeopeTudeckon Puankn OHAKM.

ITpenpHHT OGREAHNEHHOTO HHCTHTYTA SRCPHARIX HCCNEnoBAHKE. IlyGra 1986

Kalinovski Yu.L., Pervushin V.N. Ez-86-316
QCD: a Mew View on an 0Oid Problem

Durii, the 13st ten years the renormalization group idea of asympto-
tic freedom has been dominating in QCD. The 1984 - theoretical revolution
led to consistent unification theorles without ultraviolet divergences
where the renormalization equations became identities and lost their phy-
sical meaning. Here we consider QCD as a part of such a consistent theory
and propose a new mechanism of the dimensional transmutation based on the
collective excitation of Infrared fields (K2 = 0) that are usually omit-
ted in the canonical quantlzation. We show that the quantization of the
infrared fields leads to one of the versions of the '‘conflnement propaga-
tor'.

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR.
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