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I. I n t r o d u c t i o n  

A t  p r e s e n t  a  g r e a t  number of p n e n o m e n o l o ~ l c a l  moaels  f o r  had- 
r o n s  e x i s t s .  A l l  o f  them i n  a  way a r e  uased on ttie QCD but each  o f  
them is n o t  connec ted  w i t h  t h e  o t h e r s .  F o r  exaniple, t h e  n o d e l  most 
f r u i t f u l  f o r  t h e  d e s c r i p t i o n  of t h e  spectroscop:f  o f  (heavy and l i g h t )  

q u a r k o n i a  i s  t h e  n o n r e l a t i v i s t i c  p o t e n t i a l  one whicn c a n n o t  be 
used  t o  d e s c r i b e  t h e  hadron  i n t e r a c t i o n s .  

I n  t h i s  paper  we propose a  phenoceno log ica l  node1 baaed on 4CU 
c o n t a i n i n g  t h e  n o n r e l a t i v i s t i c  hadron s p e c t r o s c o p y ,  dua l - re sonance  

a m p l i t u d e s ,  c h i r a l  Lagrang ians  and i n  t h e  l i m i t  of h i g h  e n e r ~ i e s  
t u r n i n g  i n t o  t h e  quark -pa r ton  phenomenol0~3.  A model of t h a t  type 
is u s e f u l  n o t  on ly  f o r  t h e  i n v e s t i g a t i o n  o f  d i f f e r e n t  t r a n s i t i o n a l  

r e g i o n s  o f  ene rgy  but can  be used a s  a p r o t o t y p e  of t h e  f u t u r e  theo- 
r y  i n  which a n  a r b i t r a r y  hadron p r o c e s s  may be c a l c u l a t e d  wi t t i in  a  
g i v e n  accuracy  ( i n  t o t a l  a n a l o ~  wit r l ,dElJ) .  

The main i d e a  of t h e  p r e s e n t  paper  c o n s i s t s  i n  t h e  a p p l i c a t i o n  
w i t h i n  t tLe QCD of  t h e  e x p e r i e n c e  o f  iE3 t o  the bound s t a t e  problem. 
R e c a l l  t h a t  i n  yED the  bound s t a t e s  a r e  c o n s t r u c t e d  by t h e  expans ion  
of t h e  t h e o r y  on t h e  s p a t i a l  componento ot' trie ,>ail&e f i e l d  o v e r  t h e  

e x a c t  s o l u t i o n  d e f i n e d  by t h e  t empora l  one ,  i . e .  by t h e  Coulornb 
f i e l d .  Le t  us  c a l l  t h i s  p e r t u r b a t i o n  theory  " p h y s i c a l N  (PPT). The 

PPT eupposes  t h e  q u a n t i z a t i o n  on ly  o f  the  p h y s i c a l  d e g r e e s  of f r e e -  
dom ( i n  c o n t r a s t  t o  t h e  D i r a c  n e t h o a  wrlere e l l  corcponents o f  t h e  
f i e l d  a r e  q u a n t i z e d ) .  

U s u a l l y ,  one t n i n k s  t h a t  f o r  t h e  r e s t o r a t i o n  o f  t h e  r e l a t i v i s -  
t i c - c o v a r i a n c e  o f  t h e  bound s t a t e s  i t  i s  n e c e s s a r y  t o  b r i n g  a l l  eom- 
ponen t s  (A , ,A , )o f  the  f i e l d  i n  e q u a l  c o n d i t i o n s .  There  a r e  two ways 
t o  do t h i s :  u s i n g  t n e  r e l a t i v i s t i c  gauge o r  sunmini; up t h e  whole 
p e r t u r b a t i o n  theory .  But t h e  l a t t e r  canno t  be accomplished a n d . e a c h  
t r a n s i t i o n  t o  a n o t h e r  r e l a t i v i s t i c  gauge mixes n o n p e r t u r b a t i v e  bound 
e f f e c t s  w i t h  t h o s e  coming from t h e  p e r t u r b a t i v e  r a d i a t i v e  c o r r e c -  
t i o n s  and t h l s  i s  n o n c a l c u l a b l e ,  t o o  12/ ( i n s t e a d  o f  a  f i n i t e  number 
of d iagrams one h a s  a n  i n f i n i t e  number of d iagrams even i n  t h e  l o w e s t  



orders) .  To descr ibe  the  i n t e r ac t ions  p r a c t i c a l l y ,  i t  is d e s i r a b l e  
t o  understand how one can g e t  r e l a t i v i s t i c - c o v a r i a n t  bound-etate 
wave funct ions  i n  each o rde r  of the per turba t ion  theory. A t  preeent  
t he re  is no c l e a r  understanding of t h i s  problem even i n  QED /3/ 

Concrete ca l cu l a t i ons  have shown 14/ t h a t  the covs r i an t  and 
se l f - cone i s t en t  desc r ip t ion  of bound e t a t e s  i n  t he  PPT a r e  achieved 
by an appropr ia te  choice of the  time-like quan t i za t ion  vector.  The 
vec to r  is f i x e d  by the  fol lowing phys ica l  reason: i t  must be such a  
v e c t o r  t h a t  the  Coulomb f ield(Ao= yt$,)moves t oge the r  wi th  the bound 
s t a t e  forming by i t  (9 11 ? ) . ( I n  e l l  o t h e r  caees the  r e l a t i -  
v i s t i c  d i spe r s ion  law Pa= Ppr, where r( i e  the  mass of the  
bound s t a t e ,  i s  breaking 15/) .  In  t h i s  way the  r e l a t i v i s t i c - c o v a r i -  
ance i e  formally re-es tabl i shed .  On the  o t h e r  hand, t he  covariance 
a s  a  t ransformation property is achieved by tak ing  account of addi- 
t i o n a l  diagrams induced by nonlocal  Lorentz t ransformat ions  of t he  
f i e l d s  i n  the  "minimal" quan t i za t ion  scheme t h a t  is  equiva lent  t o  
the  PPT 14/. 

Another cons t ruc t ive  idea t o  confine the  phenomenology i s  t o  
use nonnomalized so lu t ione  f o r  the  time component A, which i n  the  
given quant iza t ion  scheme is no t  quantum and is not  l im i t ed  by the  
normalizat ion condit ion.  Such so lu t ions  produce changes i n  the Cou- 
lomb p o t e n t i a l  i n  the  i n f i n i t e s i m a l  v i c i n i t y  of the zero  t r a n s f e r  
momentum and the phenomenologicel parameters of t h a t  modif ica t ion  

a r e  defined by the  quarkonia epectroscopy which plays the r o l e  of 
t he  Coulomb experiment f o r  t h i s  case. It is n a t u r a l  t o  name such an 
i n f r a r e d  modif ica t ion  of the  Coulomb law the  phenomenological chro- 
moetst ics.  

To show the se l f -cons is tency of t h a t  approach, i t  i s  necessary 
t o  f i n d  out  (by d i r e c t  and exact  ca l cu l a t i ons  f o r  t he  propagators of 
quarks and gluons which i n t e r a c t  by the  i n f r a r e d  p o t e n t i a l )  t h a t  t h e  
phenomenological chromostat ics removes a l l  i n f r a r e d  divergences of 
the  per turba t ion  theory w r i t t e n  i n  terms of q u a s i p a r t i c l e e  and t h a t  
the  coupling cons tant  is  small  enough i n  the  whole transfer-momentum 

region. Addi t ional ly ,  i t  is use fu l  t o  v e r i f y  t h a t  t he  lowest o rde r  
of PPT conta ina  d i f f e r e n t  phenomenological models of hadron in t e r ac -  
t i o n s  st low-energies and the re  is a  continuous t r a n s i t i o n  t o  the  

par ton  model and the QCD phenomenology of amell  d i s t ances  wi th  t he  
formula of asymptotic freedom. 

The aim of the  present  paper is t o  g ive  a  symmery of t i l l s  prog- 
ram. In  s e c t i o n  2 t he  PPT and the bas i c  hypothesis  of t he  ckromoeta- 
t i c s  a r e  described.  In  s e c t i o n  3 ca l cu l a t ed  a r e  the  Green funct ions  

of the q u a s i p a r t i c l e s  and t h e  e f f e c t i v e  coupling constant .  In  sec- 

t i on  4  the  spectrum of mesons and t r ~ e i r  i n t e r a c t i o n s  are  considered. 

2. Pnysical  per turba t ion  theoqy 

The fo rnu la t ion  of the per turoa t lon  tneory i n  QCU ( a s  the  expan- 
s ion  on the  s p a t i a l  components of the gauge (gluon) f i e l d  over tne 

exact  so lu t ion  of the equation f o r  the  temporal component) is con- 
nected wi th  the  quant iza t ion  method i n  whicn only physical  degrees 

of freedom a re  quantized. A s t ra ight forward  account of t h i s  quanti-  

l e t i o n  method, namely of the  "minimal" one was done i n  r e f .  14'. This 

method was formulated s t a r t i n g  with the requirement t ha t  the  r e l a -  
t i v i s t i c  t ransformation p rope r t i e s  of c l a s s i c a l  and quantum f i e l d s  

coincide.  
As the Hamiltonian of the theory,  the  gauge-invariant Belinfante 

tenaor  is taken 

which on the so lu t ions  of the Gauss equation may be expressed only T 

i n  t e m a  of phyaical  v a r i a b l e s  a s  gauge-invariant funct ionala  ( A , 
qT ) of , the i n i t i a l  f i e l d e  ( A , ? )  . I n  the lowest o rde r  of the per- 

t u rba t ion  theory HQeD has the form 

where 



a r e  f u n c t i o n a l s  of the  i n i t i a l  f i e l d s :  

Exac t ly  these  f u n c t i o n a l s  due t o  t h e i r  Lorentz- t ransformation pro- 
-'r p e r t i e s  a r e  compared t o  quantum f i e l d s  A and qT . Note, t h a t  

t h e  f u n c t i o n a l s  ( 2 )  d i f f e r  from the  t r a n s v e r s a l  v a r i a b l e s  (ai A i  = 0) 
i n  t h e  Di rac  method i n  t h e i r  t rans format ion  p r o p e r t i e s  under  Lorentz  
t r a n s f o r m a t i o n s  and i n  c o n t a i n i n g  an e x t r a  p h y s i c a l  in format ion  14/. 
For  example, i n  QCD, where the  s t a t i o n a r y  gauge t r a n s f o r m a t i o n s  ( a s  

t h e  mapping of  a  3-dimensional space R j  i n t o  SU(3)-group) have non- 
t r i v i a l  t o p o l o g i c a l  p r o p e r t i e s ,  t h e  f u n c t i o n a l s  i n  ( 1 )  a r e  d e f i n e d  
up t o  a  phase f a c t o r  degenera ted  i n  t h e  t o p o l o g i c a l  index of t h e  map- 
ping. A s  a  r e s u l t  of  t h e  degeneracy t h e  p h y s i c a l  f i e l d s  a s  f a c t o r s  
of  t h e  s o u r c e s  i n  t h e  g e n e r a t i n g  f u n c t i o n a l  d i f f e r  from t h e  "undres- 
eed" f i e l d  used i n  t h e  diagrams of t h e  p e r t u r b a t i o n  theory.  The r e -  
moval o f  the  degenera t ion  f o r  t h e  p h y s i c a l  f i e l d s  makes a l l  c o l o u r  
Green f u n c t i o n s  and t h e  c r e a t i o n  ampl i tudes  v a n i s h  f o r  c o l o u r  par- 
t i c l e s  due t o  t h e  d e s t r u c t i v e  i n t e r f e r e n c e  of t h e  phase f a c t o r s  of 
t h a t  degenera t ion  /6*7/.  Therefore we s h a l l  only c o n s i d e r  lpbarel* pro- 
paga tors  of t h e  p e r t u r b a t i o n  theory and c o l o u r l e e e  bound s t a t e s .  

Taking i n t o  account  the  f a c t  t h a t  t h e  Hamil tonian (2)  is d e f i n e d  
by t h e  exac t  s o l u t i o n  of t h e  equa t ion  f o r  t h e  time component and 
t h e  e o l u t i o n  does n o t  obey the  normal iza t ion  c o n d i t i o n ,  we can rede-  
f i n e  t h e  express ions  (ii J:) Cx) i n  ( 2 )  w i t h i n  the  s o l u t i o n s  of t h e  

eque t ione  a: J:)Q= TO%) s o  t h a t  t h e  e f f e c t i v e  Hamil tonian a, 
should  remain t r a n s l a t i o n - i n v a r i a n t .  

One can s e e  t h a t  t h e  above r e d e f i n i t i o n  of  (2: JT)C~I is 
g iven  by 

t h e  second term d i s a p p e a r s  under  t h e  a c t i o n  of t h e  Laplace o p e r a t o r  
and t h e  e u b e t i t u t i o n  o f  the  e x p r e s s i o n  i n t o  t h e  Hamil tonian ( 1 )  l e a d s  
t o  a  t r a n e l a t i o n - i n v a r i a n t  p o t e n t i a l  (owing t o  t h e  i n t e g r a t i o n  eym- 

9 
metry i n s ,  and $ 1: 

The parameters  of t h i s  p o t e n t i a l  w i l l  be f i x e d  from t h e  spectroscopy 
of mesons / I  951 

4/3 V, = 250 Ns6 ; @ Z' O I L .  
( 6 )  

3. Green f u n c t i o n s  f o r  quarks  and gluons and t h e  
c o u p l i n g  c o n s t a n t  

v j  
For l i g h t  quarks  ( m, (< Vc ) and maeeless  gluons t h e i r  i n f r a -  

r e d  behaviour  must only be d e f i n e d  by t h e  chromos ta t ic  Hamiltonian 
w i t h  t h e  o s c i l l a t o r  p o t e n t i a l :  

' T Q  
H o , S [ q l = J d 3 x  qT(i&ai +m,)$- % J d t d 3 3  z J . ~ ~ , C ~ I ( ~ - $ J ~ J ~ ~ ( $ )  

(7 ) 

The Green f u n c t i o n  f o r  t h e  quark was found i n  re f . /5 /  

where 

A ,  (PA= i 2 scp i ,  [ -i + r0] scPi,- ' ,  

a r e  t h e  p r o j e c t i v e  o p e r a t o r s  on s t a t e s  w i t h  p o s i t i v e  and n e g a t i v e  
e n e r g i e s ,  ZCpi) is t h e  s e l f  -energy o p e r a t o r  obeying t h e  Schwinger- 
-Dyeon e q u a t i o n  



t h a t  a f t e r  t h e  s u b s t i t u t i o n  ( 1 0 )  reduces  t o  a  d i f f e r e n t i a l  e q u a t i o n  
f o r  t h e  f u n c t i o n  9cp) of t h e  sine-Gordon type 

In  re f . l5 /  f o r  mass less  quarks i t  was shown t h a t  s o l u t i o n s  w i t h  spon- 
taneous c h i r a l  symmetry break ing  

a r e  e n e r g e t i c a l l y  p r e f e r a b l e  a s  compared w i t h  the  t r i v i a l  s o l u t i o n  

z, o . I n  the  same way we c o n s i d e r  t h e  gluon propaga tor  

w i t h  t h e  o n e - p a r t i c l e  energy WCP) d e f i n e d  by t h e  e q u a t i o n  

I n  d imens iona l lees  v a r i a b l e s  

we g e t  t h e  e q u a t i o n  

I 

I n  t h e  l i m i t  of  l a r g e  morner~ta ( F 9 c-c , i!>& i j we nave -. 

and we can s e e  t h a t  t h e  gluon n a s s  v a n i 6 r . e ~  ba t h e  quark maen, too. 
I n  the  l i m i t  of  s m a l l  momenta e q u a t ~ o r .  (1.3) cscoclew a  n o n l i n e a r  
f i r s t - o r d e r  e q u a t i o n  which can be so lveo  

end which needs n o n t r i v i a l  bour~dary condl t i o n s  while z e r o  boundary 
c o n d i t i o n s  l e a d  only t o  an energy CL)(p.) i d e n t i c a l l y  e q u a l  t o  zero.  

A 8  a  r e s u l t ,  t h e  gluon and quark oecorne massive aria t h e i r  s t r u c -  
t u r e  maaees v a n i s h  a t  l a r g e  momenta. 

On t n e  o t h e r  hand, t h e  e x i s t e n c e  sf :tAe s t r u c t u r e  mass f o r  the  

g luoc  l e a d s  t o  t h e  i n f r a r e d  m o d i f i c a t i o n  o f  t s e  asympto t ic  freedow 
f  ormula 

To f i n d  a  rough e s t i m a t e  of t h i s  rncd i i i ca t loc  a t  s a a i l  enougli 

Q z ,  one can change 4t-1 Q ? ~ z  by t h e  e x p r t e s l ? r ~  f o r  a  la8aslve loop 

The asympto t ic  freedom formula t a k e s  the  form 

and, u n l l k e  (14). has  no s i n g u l a r i t i e o  i n  Q L  i n  t h e  whole Euc l i -  
dean r e g i o n ,  b u t  a t  d e f i n e s  t h e  e f f e c t i v e  coupl ing  c o n a t a n t  
of " q ~ a s i q u a r k s ~ ~  (9 )  and wquesigluons" ( 12). 

P o r  d i n f ( ~ )  -0.2 and /\ - 100 MeV we g e t  t h e  f o l l o w i n g  e s t i -  
mete f o r  t h e  g luon  maear p.2 700 MeV. Pormula ( 1 5 )  does n o t  cont-  
r a d i c t  t h e  a v a i l a b l e  exper imenta l  d a t a  and e x p l a i n s  t h e  tendency of  
tne  exper imenta l  change of  t h e  parameter  A ( t h e  l a r g e r  Qf t h e  
l a r g e r  /\ ) ( s e e  f i g .  1). 
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P ~ K .  1. The dependence of  t h e  s t r o n g  coupl ing  c o n s t a n t  on d . Given 
a r e  exper imenta l  and t h e o r e t i c a l  v a l u e s  ( t h i n  l i n e s )  ob ta ined  
by us ing  t h e  s tandard  asymptot ic  freedom formula. The th fck  
l i n e  corresponds t o  t h e  modif ied formula v a l u e s  wi th  d (  f? - 0 ) s  
~ 0 . 2 4  when FIJ =3, A = I  10 MeV and pa -700 MeV. (The au thors  
would l i k e  t o  thank A.Roussarie (Sac lay)  f o r  supply ing  w i t h  
the  d a t a  c o l l e c t e d  by him). 

A more p r e c i s e  paramet r iza t ion  i n  the  reg ion  of low e n e r g i e s  
s e e m  t o  be done no t  w i t h  t h e  parameter  A , but  w i t h  t h e  coupl ing  
c o n s t a n t ,  a s  i n  QED, and the  s t r u c t u r e  quark and gluon masses which 

e l i m i n a t e , a s  shown above, t h e  i n f r a r e d  c a t a s t r o p h e  of  t h e  PPT. 
Therefore one can expect  t h a t  t h e  r a d i a t i v e  c o r r e c t i o n s  t o  t h e  

spectrum o f  the bound s t a t e s  f o r  the  theory  (2) - (15)  w i l l  be s m a l l  
enough 

4. B i l o c a l  c h i r s l  Lajirangians 

A s  noted above, t h e  r e l a t i v i s t i c  d e s c r i p t i o n  of bound s t a t e s  is  
achieved i n  each o r d e r  of  PPT i n  t h e  QED not  by t h e  r e l a t i v i z a t i o n  of  
the  i n t e r a c t i o n  p o t e n t i a l  but by the  choice of  t h e  r e f e r e n c e  frame and 

boundary c o n d i t i o n s ,  The choice must be m d e  s o  t h a t  t h e  " n o n r e l a t i -  

v i s t i c "  p o t e n t i a l  should move t o g e t h e r  w i t h  t h e  p a r t i c l e s ,  a  bound 

s t a t e  of  which i t  forms. In f u l l  a n a l o f f ,  we g e t  t h e  fo l lowing  sys-  
tem of t h e  Schwinger-Dyson and Bethe-Ss lpe te r  e q u a t i o n s  

and 

s C q )  J 6'' ~ ~ + p p ) ~ , ( 4 ~ ~ ~ ' f ~ + p ~ ) =  ( 4 - q ~ )  qp -, 
zr - 

(17)  

where denotes  t h e  t o t a l  momentum of t h e  two-par t i c le  system, r, 
and 7, a r e  f a c t o r s  depending on the  masses m, and m, of the  par- 

t i c l e s  2, + f r  = 4 l o ,  P is t h e  p o t e n t i a l  d e f i n e d  by t h e  tempo- 
r a l  component of  the  f i e l d  

2 

For t h e  system (16) .  (17)  the  d i s p e r s i o n  law F~ PH is f u l f i l l e d  
and t h e  system is f r e e  f r o n  t h e  d e f e c t s  of the  r e l a t i v i s t i c  equa t ions  
used i n  re f . /5 / ,  where t h e  vvCoulomb" f i e l d  and t n e  bound s t a t e  move 
i n  d i f f e r e n t  d i r e c t i o n s .  In  t h e  r e s t  frame = (p*) 0/0/ O )  the  equa- l.' 
t i o n s  (16)  and (17)  co inc ide  wi th  t h e  equa t ions  i n  r e f .  15/, and f o r  

mass less  quarks ( f o r  which the  o s c i l l a t o r  p o t e n t i a l  dominates)  a l l  

r e s u l t s  of  t h e s e  works (where the  mass spectrum f o r  quarkonia w i t h  
t h e  pion a s  a  Coldstone p a r t i c l e  was found) remain c o r r e c t .  

The four-quark chromos ta t ics  ( 7 )  witn tne  o p e r a t o r  

l e a d s  no t  only t o  the bound s t a t e  spectrum but  t o  i t s  coherent  i n t e r -  

a c t i o n ,  too.  It is  u s e f u l  t o  fo rmula te  t h i s  i n t e r a c t i o n  i n  terme of 
b i l o c a l  meson f i e l d s  ( s e e ,  f o r  example , I8/) going from quark f i e l d s  

P t o  b i l o c a l  meson f i e l d s  w i t h  t h e  a c t i o n  
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where I r means t?.e t r ace  over a l l  d i s c r e t e  and continuoue va r i -  
ab lee  Tr M'= Id% dqy t i   MIX,^) MCy,x) ; M (r, y) descr i -  
bes the b i l o c a l  mesor, f i e l a  atlc M =  M4 is  the  corresponding met- 
r i x  wi th  f l avour  a a i  Lorsnte indices.  

In  terms of u i l oca l  va r i au l e s  the  Schwinker-Dyeon equation (16 )  

comes out  from ( 2 0 )  a s  a "s ta t ionary"  poin t  

the expansion arouno wnicn (fi l= m,  def ines  the  f r e e  a c t i o n  i n  
b i l o c a l  f i e l d s  and t n e  i r  Ir,~ctr.ections. 

The f r e e  a c t i o n  leaaa  t o  tr.5 >sthe-Salpeter  cqaa t ion  f o r  the vexrex 
funct ion  

/ I 

m = L k", r n  C;, , 
the s o l u t i o n  of whic:? can Le  txpanded over the e o l ~ t i o n s  (17) 

where 

In t h a t  l i m i t  the b i l o c a l  f i e l d  i n  terms of the  r e l a t i v e  coordinate 
behaves a e  a  -function (see (23))  

and (X + f f ) / 2  = X , 2 - y = Z a r e  the abeolu te  aad r e l a t i v e  coor- 
d ina tes .  AH i s  the normalization f a c t o r ,  Q; and Ow a r e ,  respec- 
t i v e l y ,  the c r ea t ion  and ann ih i l a t i on  ope ra to r s ,  3 ~ ;  ( q  means the 
s o l u t i o n  of the Bethe-Salpeter equation and p H  i s  the  hadron mase. 

The expreesions (21)-(23) a r e  u se fu l  t o  i nves t iga t e  t h e  low- 
-energy i n t e r a c t i o n s  of hadrons, i.e. the l i m i t  y-3 -3 , f o r  which 
the  ware funct ion  of the  bound s t a t e  ae  a consequence of the normali- 

za t i on  condi t ion  reduces t o  a  8- funct ion .  For example, 

That l i m i t  can be got  from the  very beginning i f  the po ten t i a l  KC*) 
is i t s e l f  taken a s  a  -function. It i e  well-~nown t h a t  the four-  
- q u a r ~  i n t e r a c t i o n  with t h a t  s o r t  of a  p o t e n t i a l  was f i r s t  conside- 
r ed  ae a  s t a r t i n g  point  t o  formulate the spontaneoue c h i r a l  symmetry 
breaking. Now there  e x i s t s  a  l a r g e  number of papers / lO*l l /  showing 
the  transformation of a  b i l o c a l  Lagrangian with a  s - l i k e  p o t e n t i a l  
i n t o  a  c h i r a l  Lagran Ian. 

In ref .  18910*127 i t  has been shown t h a t  the pe r tu rba t iu s  theory 
over b i l o c a l  f i e l d s  with t he  propagator D ( ~ , , X ~ J X ~ ~ ~ ~ ) =  =rh'(r,,+) 
con ta in ing  an i n f i n i t e  number of resonances descr ibes  dual-resonance 
amplitudes. 

To suarmarise, i n  the approach above the c h i r a l  Lagrangian is a  
low-energy l i m i t  o f  a  genera t ing  func t iona l  f o r  se l f -dual  amplitudes 
(21) and (22) which deser ibe  the  coherent  i n t e r a c t i o n  of hadrons i n  
t h a t  region of smel l  momenta where t he  form f a c t o r e  of hadrons a r e  
large/15/. With decreaeing d is tancee  end i nc reas ing  momenta the  form 
f a c t o r s  (and toge the r  with them the  coherent i n t e r a c t i o n s )  vanish  and 

the  Green funct ions  of the  q u a s i p a r t i c l e s  become the  ueual  ones of 
"barev p a r t i c l e e  of the  standard QCD per turba t ion  theory used f o r  the  
desc r ip t ion  of the  quark-parton phenomenology of deep- ine las t ic  pro- 
cesses. 

The essence of t h i s  phenomenology cone i s t s  i n  t he  fol lowing:  
the sum over  a l l  p r o b a b i l i t i e s  of f i n a l  hadron s t a t e e  of processes 
et@; hadrons, e tc .  is descr ibed  a s  an Imaginary pa r t  of the  corres-  

ponding e l a s t i c  amplitude, cons t ruc ted  from quark-gluon d i a g r a m  of 
the QCD per turba t ion  theory 

This r e l a t i o n  is c a l l e d  t h e  quark-hadron dua l i t y  and is w e d  i n  the 
l o c a l  form t o  def ine  quantum numbere of t he  quarks and gluons. That 
d e f i n i t i o n  makes e s s e n t i a l l y  uee of t he  per turba t ion  theory i n  t he  
Minkowski space where t he  condi t ion  Jm xi # 0 f o r   IF^ Po -. 00 

con t r ad i c t e  the  experimental  nonobeervation of the  quarke I n  t h e  
same energy ntgion. 



In  the  considered PPT ( f o r  which, a s  s t r e s s e d  above, the  crea-  

t i o n  amplitudes of co lou r  p a r t i c l e s  (c) equal  z e ro )  t h i s  cont rad ic-  
t i o n  can be explained with the  he lp  of the  un i t a ry  r e l a t i o n  S S $ ~ ,  
S =  1 + i T  

In  QCU the  lef t-hand s i d e  of the  equa l i t y  is f u l l y  f i x e d  by t he  
hadron channels  (because Tic = 0 ), a t  the  same time, i n  QED the  main 

con t r i bu t ion  comes from the  second term ( H denotes t he  bound s t a -  
t e s  and now t -  descr ibes  charged p a r t i c l e s  and photons). 

In both ( i n  QED and QCD) the  per turba t ion  theory f o r  the  r i g h t -  

-hand s i d e  is  co r r ec t  i n  the  energy reg ion  f a r  from resonances. Ju s t  
i n  t h i s  energy reg ion  of the  Minkowski space the  l o c a l  quark-hadron 

d u a l i t y  is used. 
Therefore,  the  PPT f o r  gauge f i e l d s  can exp l a in  why i n  QED and 

QCD d i f f e r e n t  experiments t o  def ine  the  quantum number of the  fundamen- 

t a l  p a r t i c l e s  a r e  used. 

Conclusion 

Pollowing the  QED we at tempted t o  answer the  fol lowing ques t ions .  

What i e  the per turba t ion  theory f o r  bound s t a t e s ?  What a r e  the  condi- 
t i o n s  f o r  p r a c t i c a l  c a l cu l a t i ons  wi th in  a given accuracy and f o r  

r e l a t i v i s t i c - cova r i ance  i n  each o rde r  of  the  pe r tu rba t i on  theory? 
How should one modify t h i s  pe r tu rba t i on  theory ,  s t ay ing  i n  i t s  frame- 
work, t o  reproduce c h a r a c t e r i s t i c  f e a t u r e s  of the  hadron physics8 

hadron spec t run ,  spontaneous c h i r a l  symmetry breaking,  dual-resonance 
ampli tudes,  parton model and confinement? 

To answer these  ques t ions ,  we t r e a t  quan t i za t i on  of gauge f i e l d s  
a s  a  physical  phenomenon needing a t h e o r e t i c a l  and phenomenological 
experiment but  not  a s  a  s t r i c t l y  def ined  and formulated mathematical 
ca lcu lus .  

We have seen  t h a t  the  s tandard  s t r i c t l y  formulated scheme of 
quan t i za t i on  of gauge t heo r i e s  based on the  Dirac method i s  not  ade- 

quate t o  the  r e l a t i v i s t i c  de sc r ip t i on  of  bound s t a t e s  even i n  QED. 
This  scheme is n e i t h e r  u se fu l  f o r  c a l cu l a t i ons  no r  r e l a t i v i s t i c -  
-covariant. 

The answers t o  the  above ques t ions  a r e  i n  some o r  o t h e r  way con- 
nected wi th  the  formulat ion of the  phys ica l  pe r tu rba t i on  theory (on 
s p a t i a l  components of the  gauge f i e l d ) .  That pe r tu rba t i on  theory goes 
out  of the  used s tandard  method of quan t i za t i on  and the  mechanism of 

dimensional t ransmutat ion a s soc i a t ed  w i th  the  asymptotic  freedom fo r -  
mula. We would remind t h a t  i n  the  reg ion  of  smal l  t r a n e f e r  momenta 

t h i s  formula t u r n s  i n t o  the  hypothesia of a  l a r g e  coupling cons tan t  

which no t  only e l im ina t e s  the  i n f r a r e d  divergences,  bu t  a l s o  l e ads  
t o  t h e o r e t i c a l  uncont ro l led  phenomenology. We have rep laced  t h i s  phe- 

nomenology by the  phenomenology of chromostet ica and have shown t h a t  
PPT based on the  chromostat ics  con t a in s  the  asymptotic  freedom formu- 

l a ,  too ( i n  t h a t  reg ion  where i t  was s t rong ly  der ived) .  
On the  o t h e r  hand, the  above-formulated PPT d i f f e r s  from the  

n o n r e l a t i v i s t i c  p o t e n t i a l  quarkonia model 15/ because i t  al lows st 
the  same time on equal  s t a t u s  t o  de sc r ibe  heavy quarks ( m, >> vOf4 ) 
and gluons,  g ive s  a  concrete way t o  c a l c u l a t e  r a d i a t i v e  co r r ec t i ons  

and desc r ibe s  the  r e l a t i v i s t i c  i n t e r a c t i o n s  of hadrons i n  agreement 

wi th  popular  phenomenological models. 
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