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I. The QCD Problema 

QCD haa ariaen/1/ and haa become fruitfully developad/2/ aa a 

field theory veraion of the quark-parton model/3 , 4/ after the diaco

very of aaymptotic freedom phenomenon/5/ with tha help of renormali

zation group method/6/ . 

QCD has been constructed by analogy with QED, all phyaical con
sequences of ~hich c~ be got from the first principles of symmetry 
and quantization. The main task for QCD up to. now was foundation of 
its working hypotheses from the first principles. One can roughly ee

• fJ 

parate these bypotheaes into two parts related to regions of the low 

(I) and high (II).,~n~r.~ir~~: 

I. The hypothesis of the short-distanoe action of gluon forces, 
that concerns the PCAC (F7f ) and hadron spectra (0('). 

rr. The principle of the local quark-hadron duality (LQUD) and 

its modifications. 

QCD inherits the 'principle LQHb trom the Feynman naive parton 
model/3/ . Feynman justified this principle with tha help of tha unita

ry conditionSS+ = 1 ( S = 1 +"T ) 

E .<iiT'~><~ IT')(IJ> == 2Im.<C:JTIJ>- (1) 
~ 

In the left-hand sido of eq.(1) there is sum over the complata set 
of hadron physical states. For the calculation of the right-hand Bid~ 

of eq.(1) Feynman propoaed that there is a quantum field theory for 
partons whieh do not contribute to the physical states on the left 
hand sido and for which the usual free propagators of perturbation 
theory are valide This asàumption allows intarpretation of the inclu7 
siva-processes cross-aections in terms of the imaginary parta of the 
quark-parton diagrama and hence determination of the qunrk quantum 

numbers/3/ (wh1ch are now the basis for the construction ot unifica~ 

~ion theory ~.~ 

~
 

Now the principle LQHD is the basis of the QCD-phenomelology/2,7/. 
The experimental momentum distributions of hadrons in the left-hand 
side of eq.(1) entirely reproduce the diatributions of partons 
(quarks, antiquarks, gluons), who~~ dynamics is completely control
led by the right-hand side of eq.(1) (i.e. QCD-perturbation theory). 
Hera tha following paradox arises: in the right-hand side of eq.(1) 
one uses the free state of quarks and gluons in the mass shall regi
me and simultaneously one proposes that the quarks and gluons do not 
contribute to the obaervable physieal states of the left-hand side 
of eq.(1). Just the absence of the quark an~ gluon sta~es in the left 
hand side of eq.(1) is ealled the confinement hypothesis. 

The proof of con~inement has to satisfy the pDinciple of accor
dance with the perton modele (Any attempts to support the confine~ 

ment with the help.of guark propagator modifieation by removing their 
poles in the sealing region, simultaneously removes the very possibi
lities of the quark-parton interpretation of deep-ineIastic proces
ses). 

The QCD hypotheses now are expIained by the asymptotic freedom
 
phenomenon/ 51 '
 

1 --2; , 1 ( 2 )
ol('1.1) "'.fi4 /-.L ) .J3 ;: ~I J; 11.- I hf ' (2 ) 

where ~f is the number of flavoura of quarks, A is the dimensik 
onal parameter arising from the °infrared boundary ~onditions for 80

lutions of the renormalizable equation. This formula of asymptotic 
freedom defines the ranges of vaIidity of perturbation theory as at 
~ =~ the coupling constant is infinite. Attempts are made to 

bind A with the seaIe of the PCAC and hadron maS8 spectra. 

At this stage the ideology of potential coninement arises. Its
 
esaence consista in the aspiration to get the' confinement gluon;pro

pagator (or quark-quark potential) by àn approximate summation of
 
the Feynman diagrams by means of renormgroup equations or the
 
Schwinger-D,yson ones/8/ .
 

As a model of such a confinement one proposes the following 
gluon propagator: 

J .9 t 2
M1 

M2 S'J(~) ( V (~)-:: d't: ) ~ ) • 

~'; 
Further calculations on the basis of such a propagator are founded 

--3.. 

I
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in the main on solutions of the Schwinger-Dyson OI' the Bethe-Salpe

ter equations of the type 

. e:z. J' ~ J) / ·V_1_........--~ (J)
L (p) = (-21i)-'t" cI ~ ?v(9)~ p.-f-m-I-Ip-'i) v 

and the results of the calculations are the hadron mass spectrum,
/8,9/

condensates, r;. ,etc. • 

.j
2. A New View on QCD 

Remarkable succeSS in constructing the consistent quantum gravi
ty theory (superstring t:g xtã )/10/ gives reasons to recomprehend 
anew both solved and unsolved QCD problems. In particular, now one 
undertakes construction of a finite unification field theory (witho
ut divergences)/11/ containing QCD as apart. It should be noted, in 
the theory without ultraviolet divergences the renormalization group 
equations turn into identities 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 diagrams in the 
;~ne-Iog· approximation 

. (' 2 \ .:' d. (Ms2.) 1 
d 1, / . 2 

::= 
.fi tog('?%f})1 f fi eX (Mf) loa ( q,;1V/l~) 

where Ms is the scale of the supersymmetry breaking in the u Ltra
relativistic region of the aaymptotic "desert" (Ms,"\.. 1015mfJ). The 

parameter /\ 

2. 2.. (_ I )
1\ :: MoS R..~p ..fi o«MJ.~) 

here really does not concern the infrared gluon interactiQn (as one 
proposes in the renormalization group version of the dimensi'onal 
transmutation). 

A neW point of view forced us to find another infrared mechanism
 
for justifying the QCD working hypotheses (1, 11).
 

As haa been shown in ref./12/, for the c~nfinement 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).
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Here, we consider the dynamica of the infrared fields ''J...~ (~t~o 
that ia omitted in the canonical relativistic covariant method of 
quantization of gauge fields/ 13-15/. It ia well-known that this me
thod ia based on the transver~e commutation relation/ 15,16/ 

i [ E;q(x,t)J Aib(~f)] '" S·J, S,; SJ(x-!f) 

(4) 
Y. 1 _ -I {) 

( d(" == d{, - 'êJt-~ 9\ = (-, + -;;- r.'\v- f tli? êJ )
J J 'I: v Q 77; 'vr,: 7x'-"l1 0Xi 

that is given on the function clasa 

'r q.'l flT q 

o~'dr; " f O ,JcI.1x 4 ~ t) = (5)
j J 

The infrared dynamical fields 

9/~ CI(xJ f ) ,':: O (6) 

are omitted by the commutation relationa (4). In QED this omission ia 
physically justified, as these quantum fialds are unobservable d~e to • 
the finita energy arrangement resolution/ 12/. 

In,QCD we have no such a juatification. Moreover, the including 
of the gluon fields (6) may be juatified by the nonl1nearity of the 
theory and the strong coupling of ~ields in the infrared 11mit (that 
leada as a rule to collective excitation of 1nfrared gluons correla

r .1ted in the who~e volume of the space they occupy, V=- Jd)(' ) 

There ia a trivial generalization of the commutation relations (4) 
with the apace-constant fields 1.,

( 
q included 

- /. k J tt6[ 'V.1~ . J>']i LE/t
( )(/~) :J Aj (>;t) ;;= S ~j' d (X-:;) + ~ • 

(7) 
where fI/~t) x: 11~ q~t) l-~,Q~). 
The moat conaiatent c.anonical quantization pf the theory 

-I __ :!.. !F Of) 2 -f' 7ft'r. LZ}t'-- mPJP . .JJI.~ Jc/icr 
()l.. - LI (r.A () z« ~ ~ 

~ A C\QA'i "" -"\ A '.'t -1 (8)

~=j.r1- ; ~:c 3~ ;5~I::fl4v-Pv4.+í1,AJ 

wi1ih the constraint equation S~t1A/'::: O has been made in 
ref.'13/•. 
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According to this paper the quantization of only the transverse 
fields,4T and the ffelds 1J;' leads to the effective potential 

for the fields 

Z (/;( lo) O)=-JcI~~q d1j/ «'li J~',f,'~ defr~·IA; f~)~'] i' 

Fexp{tl(Ao,A.. tI;) + ..j éJC(i~t';f)]~"ii:f)'~{ vf41 i~ so!liJj.(9l 
~:where 

VJdt<fft) ;::-Icl f)( f (r:-;/ YI))2. - l·trlcfj c&frç;·(Af6)t?·J"f-'u (10) 

\. 

is the potential of the infrared fields (6), indueed by alI interac

tions in the whole volume V 
The quantization of the infrared fields in the lim1t of the infi 

nite volume V ean be reduced to the stoehastization of the
 

Green function generating funetional
 

. ,I":} 1.1[ 2. ( t / I( J i ) ]') ( 11)
? ('7, fj):= R.,xpU M'l~6,J J 2(il o, ,,) /lr:o' 

where f1 is the infrared dimensional transmutation parameter 
the	 analog of the arrangement energy resolution in QED. (Recall that 
the	 old renormalization-group QCD parameter A was also defined by 
a nonperturbative interaction in the infrared region where the re

normalization group method was invalid). 
13/

The	 relativistic covariant version of eq.(11) has the form/

t ( 112 (j.J J'll( 21,1/1 if) ] / "2	 (I?, V:::~fP '- T l~.~ql) J 2 t(t'f)0j o) ÍJ/~O (12) 

2-?lh/d JcN <1'1' d"tj.e, .d(?,/JJ ': elel(?- t {} Ir) /z 

I 

S eXp I~' s[1,.. +-( /'] + " JcI•.x{V'l t f )I)J. (1) ~ 
J

.. ~! = ~ _ ~ (B I ~J . B~ ('.,/1'»" ;)"1' p/J/.1. and .I
J j) ~ 

? 
where v
 

ia the time azia of quantization.
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The possibilities of such a stochastization and its phyaieal 
meaning can be aeen on the simplest example of the Abelian theory 

given on the function elass (6)' [1 .z ('P' 1 ;M2. J~ J ~ ]L= d 3x -<;F;.fJ 11/'- .2{;'" +vc:J.·(X;I) =J 
(14 ) 

:; ~ 'v [ i/-/,2~t<] + ,,- f ti; j,' (x~f) 

we Lntroduced here the maas../'1 for the infrared regularization of 

the propagator of the quantum field {. 
4 

p _ ~L ._ V.J [p J] o . (o[ J' I] fi )
- -

.' ==i.	 --:. J' V (.' ) i j D,;
 
(J o( o )
 

. r S" 
Di	 (t)·-=·1;-('t!. (f) I. {c)]):::~ 

J ~ c a 21fV 

r) u , l 1.; • o; i: ._'_v (15 ) 
o ti) V . 

( i' fio t i~ /t I 
J"rc e -=:,' ,e . (16) 

%~-:}?t'·f .2/1 V 

We aea that there is a limit of the infinite volume 

:z/ V = M -2 1: O	 (17 )V-!> 00 ) /"1 -? O 

with the nonzero propagator (16) 

J. <f\ (/) ._ ..' M z, -L O • .{..( ~ .vi' 't .- t.. -r (18 ) 
V-.;>ca d 

r-O 
The	 evolution operator for the theory (14) has the form 

tJ. . -T 1-1 . I M 2/'2 ):<1 ;.' t. J. r J'''' 
-'Ú »'J <e '-l >::: 12,x'P \- T (~)t. J e I. ; 

•J. = d} JI.' • 
V->oO	 (t=v 

..M -;> o 
1t is clear that in the l1mit (11) the propagator of the total field 
4 -;;- fi 'r "f -t haa the form of the sum of the usual transver

se propagator and expression (18) 

lt'\ . :::: 1- <T r,4 (x) A· ((;J.1>.::: D, r(x) -r l -,M 2 . (19)
JJ..d • c () o 

or in the momentum representation: 

I + ~'(2;;-)Y ;'10) H:2..
f?lj =(3:; - 'I. f 9j ) q~ ~-rt'f	 

(20) 
/ 

So, we have got one of the versions of the eonfinement propagator/9/ 

that refleets the collective exeitation of the infrared fields (6) 
in the whole space they occupy. In the light of this fact ,the attempts 
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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 functional ~f the Green functions for the
 
Abelian theory with the commutation relations like (7) in the limit
 
(17), we get the expression of the type of (11)
 

Z (1, 'ij) = ~)lp [ 'i.~(&-):l} Z(t I J1}1) ls-» 

Z(tJYJI~)= J«t4 dy;cI't S('J,'AcjRXr:/"'SjiJ", ~'I"'] +JclÍ~7 +f'f]] , (21) 

where ~y[~"] ia the uaual QED action. As has been shown in ref•.113/ , 
the correct transformation properties of the operator formalism/15/ 
canbe restored in terms of the tunctional integral if in it one ex
plicitly takes into account the time dependent axis ~ of quanti 
zation , » 

I. J ~2!.} )2( J ~ÁcI-'; C' rseAiA J ,...
2 ( 1. I '1) -= ~,Xp Z- T t:F-t/ J tI fl 'I-- tr'f' o (.fJ, n/:! 

g flXP{, ,fi[A...+t}J ::. J.t+x (fof .,.y:;'lJ] h~o · 
where ~f ;: ~ .- ~ (/vll'). .
 
If we neglect the interaction with the transverse fields, we can
 
exactly calculate the fermion Green tunction and the correlator of
 
two currents " 1 '"
 . 11'12/ 8 )<'j ."\ J . - 1'+"" (G(;::')5=0)= ex» T C15lt [f> -e f)[r; -h?] = 'e"2 M2 - 1. + 

.L7" ..r[1 P('~\JJ· c ml._p2. e )( -t'<'+ V>fó e - V4J ) d:= - • fb(JC):- Jc/~ e 
f e2.J'12. ) v,;r [) 

2., -1 (22)2]'
<J' ('J,) j(-~»;: ~)lt"! ~ 6~.) Jd~:) ir~ [p'+- if-e~l: -fIt]ÓII[P-eJ,·t;-Ik]-j 

Sd + J Y L- A..... -1. ["\ J-1. (23) 
= P c r o/" f - q - "'"J o~ Í' - "" • 

In the Abelian version of the collective excitation the analytical 
properties of the correlator (28) do not change but the Green func
tion (22) loses i ts po l,a, Note' that in the potential version of con
finement the physical consequences of the propagator J' ~ffJ /9/ are 
obtained with the help of the Schw1nger-D,yson equation of the tyP& of 

aq, ~(J) Z (») = - Pf1(p~ -+ 8(pV; 

B(fJ~'- ;.,14/r 2) :; 3e</J12rp(17'A) +(n.,'l-ej] 
-1

• 

8 

It is easy to convince oneself that the solution of this equation 
does not concern the exact expression (22). In QCD the Expression 
(12) leada to the i.nfinite ppwer series in momenta /l1Yj ~l , that 
dãaappeaz-a in limit 1'1 2 ~ O or ~ 2-r O • In th'is limi t we get 
the usual QCD. The constant fields ~. ( /cY:2. = O) take part only 
in hadronization of the colour fields in the lo~energy region. 

1 c o n c 1 u s i o n 

From 1974 till 1984 the renormalization group id~a of asyn~totic 

freedom dominates in QCD. Constructively this idea 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 valido (In this sense the par~eter ~ 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 their physical mean
ing. We can aee in such a theory that the mysterious infrared di
mensional transmutation is absent and the parameter /\ sooner ref
lects the ultraviolet scale of the supersymmetry breaking in the 
asymptotic desert region than the infrar~d nonperturbative interac
tion• 

We suggested here the new infrared mechanism of dimensional 
transmutation that is omitted in the conventional approach and leads 
effectively to the stochaatization of the Faddeev-Popov functiohal. 
We have proved the possibilities of such a stochastization in the 
Abelian version of the collective excitation and showed that the 
quantization of infrared fields ( ;-2 = O) leads to one of the ver
aions of the "confinement propagator": 
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We are most grateful to B.M. Barbashov, A.V. Efremov, N.P. Ili 
eve, D.I. Kazakov, Nguen Suan Han, I.V. Polubarinov, D.V. Shirkov 
for discussions. 

9 



R e	 r e r e n c e s 

1.	 Fretzsch H., Gell-Mann M. and Leutwyler. Phys.Lett., 1973, B47, 
375. 

2.	 Efremov A.V., Radushkin A.V. Riv.Nuovo Cimento, 1980, 3, No.2. 
3.	 Feynman R.P. Photon Hadron Interaction. New-York, N.Y., 1972. 
4.	 Bogolubov N.N., Struminski B.V., Tavkhelidze A.N. JINR, D-1986,
 

Dubna , 1965.
 
5.	 Gross D., Wilezek F. Phys.Rev., 1973, D8, 13633. 
6.	 Bogolubov N.N., Shirkov D.V. Introduction to ~eory of Quantized
 

FieldslMoscow, 1976, Nauka.
 
7.	 Collins P.D.B., Martin A.D. Hadron Interactions. Adam Hilder Ltd., 

Bristol, 1984. 

8.	 AJIeltCeeB A.H., Ap6ysOB 6.A., BaJtKOB B.A. '1MClJ, 1982, 52, 187, 
Ba'Ul8,ltse JI.. r. H ,1JJ>. B KH.: Tpy,IUi paõoxero COBelJl8,HHJl no npo6.xeMe 
"HH4JpaxpacHoe nOBe,neHHe B RB81ITOBoA .x:poMO,mlH8MIIlte", TCiJLJIHCH, 
1985, C. 6, TI'Y. 

9.	 Stuller R.L. Phys.Rev., 1976, D13, 513; Pagels H. Phys.Rev. 1977,
 
D15, 2991.
 

E/IlIIMOB	 r .B. OHHH, P2-84-716, .IIy6Ha, 1984. 
Adler S.L., Davis A.C. Nucl.Phys., 1984, B224, 469. 
Le Yaounc A. et al. PhyavRev , , 1985, D31, 137. 
XU8DImIJIB A.A. B KH.: Tpy,D;H paõoxero COBelQ8.HHJ{ no rrpo6JIeMe "HHW
paKpacHoe IIoBe.neHBe B RBaB'I'OBOft xpoMOlllilH8MJIlte". T6BJIHCH, 1985, 
C.	 83, TI'Y. 

10.	 Witten E. Nucl.Pbys., 1985, B258, 75. 

11.	 Shirkov D.V. Foundation of Physics, 1986, 16, 27; JINR P2-85-6, 
Dubna, 1985.
 

Ermushev A.V., Kazakov D.I., Tarasov O.V., JINR, E2-85-794, Dubna,
 
1985; JINR, E2-86-017, Dubna, 1986.
 

12.	 Pervushin V.N. Riv.Nuovo Cimento, 1985, 8, No.10, 
13.	 1Iieva N.P., Nguyen Sua~ Han, Pervush1n V.N. J1NR, 

E2-86- 283, Dubna, 1986. 

14.	 CHaBHOB A.A., ~~eeB ].~. BBe~eHHe B ICBffi1TOBYID TeopHID KanHÔpO
BOtIHHX noneã, M., "HaYRa" , 1978. 

15.	 Schwinger J. Phys. Rev.', 1962, 127, 324. 

16.	 Aôepc E.C., ]H E.B. B cô. "KBaHTOBaJI TeopM RaJIHÓPOBOtIHblX rroJIeif, 
M., 1977, c. 241, "Il'1Hp". 

Received by Publishing Departmen~ 

on May 20, 1986. 

10 

Kan~HoBCK~~ ~.n., nepBywHH B.H. E2:86-316 
I<X.Q: HOObu::i B3rnRA Ha crapue np06neMbl 

KXA paCCMaTpHBaeTCR B KOHTeKCTe nOCTpoeHHR caMocornaCOBaHHO~ eA~Ho~ 

TeopHH nonR 6e3 pacxoAHMocTe~, B KOTOpO~ peHopM-rpynnoBble MeTOAbl He HeCYT 
HHKaKo~ ~H3H4ecKo~ ~H~opMa~~H. 'B Ka4eCTBe anbTepHaT~Bbl RBneH~~ aCHMnTOTH
4ecKo~ cB060Abl 06cY~AaeTCR MexaH~3M HH~paKpacHo~ pa3MepHoH TpaHcMYTaLI~H, 
KOTOPbl~ AonYCKaeT raMHnbTOHOBa $OpMynHpoBKa KBaHTOBaH~R Kan~6poB04HblX Te
OPH~ c RBHblM peweHHeM ypaBHeHH~ CBRa~. nOKaaaHo, 4TO KaHOH~4eCKaR HeOAHO
3Ha4HOCTb KBaHTOBaHHR BeAeT K nponaraTOpy KOH~a~HMeHTa ~ nocneAHH~ HeB03
MO~HO 060cHoBaTb B Knacce ~YHKLIH~ 06bl4HO~ TeopH~ B03~y~eHH~. 

Pa60Ta BblnonHeHa B na60paTop~H TeopeTH4ecKo~ ~~3HKH OH~H. 

Ilpenpmrr OÕhemmeHHoro HHcnnyra JUJ;epHhIX HccnenoBaHHií. Jly6Ha. 1986 

Kalinovskl Yu.L., Pervushin V.N. E2-86-316 
QCO: a New Vlew on an Dld Problem 
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Ourlng the last ten years the renormallzatipn group Idea of asympto

tic freedom has been domlnatlng in QCO. The 1984 - theoretlcal revolution
 
led to conslstent uniflcation theorles without ultravlolet dlvergences
 
where the renormal Ization equations be~ame identlties and 10st thelr phy


I
 
sical meanlng. Here we conslder QCO as a part of such a conslstent theory
 
and propase a new mechanlsm of the dimensi~nal transmutatlon based on the
 

.!
 
col1ectlve excltatlon of Infrared fields (K2 = O) that are usual1y omit

ted In the canonlcal quantlzation. We show that the quantlzatlon of the
 
infrared flelds leads to one of the versions of the "conflnement propaga

ror".
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