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Introduction 

New accelerators of hadrona are oriented, in general, to expe
rimental investigation of heavy quarkonia, in particular, their de
cays into light mesons. As is known, the phenomenology of heavy quar
konia is baaed on nonrelativiatic potential quark modela/11, while 
light mesons are described by the chiral phenomenological Lagran
giana/21. 

Our work is devoted to unifying the potential model with the 
chiral Lagrangian approach. 

Since a heavy quarkonium can be represented as a hydrogen-like 
atom, it is natural to use the analogy with QED to construct the S
matrix of the interaction. In QED, the spectrum of an atom is calcu
lated only in the radiative gauge, in the rest frame. As fermions in 
au a i.uw an• uii ~i,.,.i.L· weaaaitt!:i..la, 10ne oo10a~neu reau.l ts ~nCleeo. are ~n
variant only with respect to both gauge and relativistic unified tran
sformations, but no separately (this fact has been noted in ref.IJ/ 
by Heisenberg and Pauli). 

The diagrammatic technique of the radiative gauge with the 
Heisenberg-Pauli transformation group is found, in refa./4 •5/, in the 
framework of the so-called "minimal" quantization method of gauge the
ories with the explicit solution of the Gauss equation (the equation 
to a temporal component of the gauge field, Ao = '1: A , where "l. is 
the time-like vector - the quantization axis, 11.'• 1 ). 

In the "minimal" quantization (unlike the Dirac one) the con
cepts of both gauge invariance and relativistic covariance have to 
be changed. The requirement of gauge invariance should be imposed not 
on the matrix element but on the very physical variables (which depend 
on the initial fields as functionals) /4,5/. The usual Lor~ntz trans
formations for the initial fields correspond just to the Heisenberg
-Pauli ones for the physical variables with the gauge rotation. As 
is shown in refs./4 •51, taking into account this rotation one resto
res relativistic covariance of the radiative gauge. Relativistic co-
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variance, in its manifest form, can be achieved only by a special 
choice of the quantization axis ( '1. ) dependint~; on boundary condi
tions of s physical problem. Particularly, for a bound state, atom, 
the axis is to be chosen so that the Coulomb field, linking the fer
mions in the atom, moves together with the atom (otherwise, the re
lativistic dispersion law !P~= M~ would not be valid /G/ where tj) 
and M H are the 4-raomen tum and mass of the a tom). 

For interacting atoms, which are described by the bilocal 
fields 111(x,~) the relativistic covariance can be achieved if one 
chooses the quantization axis ( '1. ) parallel to the operator of dif
ferentiation of the fields with respect to the total coordinate 

(X= i (X.+~) ) • i.e. 

7~ ""' _ i "d/ "dXJA-

As is known, all conventional quantization methods for gauge 
theories are oriented to description of S-matrix with asymptotical 
states of free particles. Generalization of these methods to bound 
states in QED requires introduction of the above pointed additional 
principles, namely, the "minimal" quantization/4,5/ and choice of 
the quantization axis/4,5,7/. 

We shall use just these principles to generalize the potential 
~""'""" mnnPl in nrrlPr to rlP.Rr.Y'i hP. intel"actiona of mesons. In this 
model a bound state is formed due to the Coulomb and "confinement" 

potentials. 
The paper is organized as follows. In Section 1 we obtain the 

effective bilocal Lagrangians. In Section 2 the quark spectrum in a 
hadron is considered, and for the meson spectrum, in Section 3, the 
three-dimensional relativistic equation is obtained. Sections 4-6 
deal with quantization of the bilocal fields, their normalization 

and the S-matrix elements. 

1. From Quarks to Mesons 

We start with the following effective action having the four
-quark interaction/6 ,B/ 

Seu= Sd'':x:{9<X)l G-~o(:X:.)+ltx.19t:x:)- (1) 

- i S d'l~ 9m (~) 9~~(:x:.) \ K\~-~)] . 9 tx) q (~) · 
~-z .n ol, .f>p olz. r.:t. o~, ~.:t. 

2 

-~ y A 

Here G;no = -i.p+m0 is the Dirac operator for free quarks with the 

bare masses . TYt0 ..:. diag (m0
,, ••• 'mc;_f) ' o( or , are the short symbols 

for the Dirac and flavour indices, l \.X.) is the external local opera
tor (for example, the leptonic current),\(, is the instantaneous 
interaction (kernel) with the defined quantization axis fl , 

K~ ~ ."" 8 t:t) =- K_," ·c< s (:t.
11
,Xl.) = 'J(Vc:x:.J..)!(_<b' , (2) 

1,r1' "'Z.r.t "'I J 1 I ,t _r2. (6) ~ 

( 
II l. ll ) 

X)" :: 7 + XJ' • X)' = 7t ( t X ' 
rr=,i)lfJJ', rzz.=l, (a) =(ol,p,) (b)=("'~ .. ,~ 
/{~) ~} ,, J r-V) 

Where Vex.) is the sum of the Coulomb and "confinement" (for 
e~ample, the oscillator) potentials, i.e., 

\J ( r) = ~ \- ;.s + Yo r~) r =-I :x:.l.\ , (3) 

ol.. $ and \10 are the parame ters/6/. For our purpose it is enough to 
consider only the colour-singlet part of K '1 (for this reason the 
factor 1 1-v! A~ A~) is included in (3)). 

Note that the action (1) with only the Coulomb (colour~ess) 
potential, i.e., when Vo-= 0 , is derived in QCD (as well as in QED) 
~Z" ~ _J._1-- ---- .! .~!'" .l-1- ., '--'- i_ \CO.! ... ,.,-- , _____ ., (/11, -
.L.t. .LU ll.t...I.CO C.A!JO.LJ.O.VU V.J. UU.C fS..LlA.VU \}J.i.J.V..,VU/ .L.LC:..J.U VY't:OJ.. I.ICJJJ.j.IV.LCI.L. \f""\o-

= 1· A ) and transversal (A. l.) components one uses the classical 
solution to the Gauss equation instead of Ao , and takes A~ 0 / 4/. 

More thoroughly, the four-quark interaction with increasing 
(confinement) potential for~~= (1,0,0,0) has been considered in ref. 
161, where the spectra of lig~t mesons and quarks with zero bare mass 
( mo = 0) are obtained. However, the authors could not solve correct
ly the problem of relativisation of bound state wave functions. 

For relativistic description of the spectrum of mesons and 
their interactions we apply to a bound-state wave function the prin
ciple of choosing the quantization axis, as has been stated in the 
Introduction, i.e. 

1 0 
~r"' r' oX! XJI- •t )A )A) = I\ x., .. , + x<b> , 

(where ~(a) is the coordinate of the quark (a)). 

(4) 

Using the identical Legandre transformation for the bilocal 
field 11llxJ~)(that linearizes the four-fermion term) and after quan
tization of the fermion f~lds the action (1) takes the form /9/ 
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S.H(m] = Net i (m,, tK't1-
1m)- i Trln.[:G~+ m ~ L)}, c5 > 

where lir means both the integration over·continuous variables and 
the trace over discrete indices, and rvc is the colour number: 

Extremum condition for the action <5 >, S s.n/S'tTt = o , coin
cides with the Dyson-Schwinger equation for the quark mass operator 
L. (when m =-L. ) 

(~) "l 2. t:x:.-~> -= mo ~ t~-~)- i K tx.-~) Gl". ('x:-)1) • <6 > 

-1 0('1) 
where Gz. t=c)-=- ip t:x:.) + L l~) • This equation defines a spect-
rum of quarks and, in particular, the spontaneous generation of the 
dYnamical quark mass 161. 

Expansion of the action (5) around the classical solution (6) 
over fluctuation m' ==- m- 'L gives the free part of the action 

5 rm:] =- Nc{lm.',(K'rm')-+ i 1r(G1 llt)2.} , <7 > 
:t-teel 2. 

(where we put Ll:~t)=O), and one obtains the other term describing the 
;~T~~~~t;0~ ~f ~h~ ~i!~~~l fi~ld~ 

00 

Sint l'rrt] = iNc 2 -· 
n.:3 n. 

00 

Tr(G1 m')'\= i~ L ~ Tr <pn. 
ftc3 (8) 

where the field 

<p t:x:, ~) = 5 d "'~ G~ tx~ "i.) m 't"f~~) 
is introduced for convenience, andTr~~is to be understood as 

Tr <p \:d:"" J l':x:1 l:x::t ... d~,._ ~ (':lt;:c.t) ~ (x.~:x:.a) ... ~ (~1'\x;). (9 > 

I 

Variation of (7) over 111 leads to the homogeneous Bethe-Salpe-
ter equation in the ladder approximation to the vertex function 

~ab) ('X:, :1-) of the bound state 
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~ab) (=c,'t) = -i K\x-u)Jd"i!.,d\.~ G.., tx-z,)t;b)t~,,"l~)G..., tzz.-~) (10) 
~ '~) 'l~ 

that must be considered with equation (6). 

2. Quark Spectrum in a Meson 

Let us consider the Dyson-Schwinger equation (6) for a quark 
(a) in the momentum space 

where 

'2.(a.)(k:'-)=m(,>-iJd
1

q "'\j(k.~..-ct)Jt4,Gz <.9)Jlt•> (1
1) 

~1i) ... (a) 

Goz. ttt) = Jd1~ exp(-icp:.) Gl:tx.) , 

YCk ... )= 5a"':x:. exp(-i.kx.)V(:x.4
) b(:x. 11

). 

Separating the integration variable in (11) into longitudinal 
and transversal components 9r= (~~ '\J.) and carrying out integration 
over 9 'P with 

d"q - d 9~ d&9l. 
(2. 'Jt)"' - 231" (2 'I)! 

~ -J II)" II ' II Q ~·q 9 = 9 9 r , C\r = :r -2 . g> 
(12) 

one can easily see that the mass operator depends only on the trans
versal momentum (k.a.) in the form 

L. (l,(k 4 ) :. E (a.) ( 'k .1.) l &in ':9l&) (\h -y cos ':9(&) (k. ... )) +)<'J. ( 13 ) 

A. .L 

where k is the unit vector ( k ~ ~ = o) . Then, the Green function 
, after substituting (13), takes the form G 

~(ol) 

.. 
G 't~~~.l)= -

~(4) Ji' 
"\ 

L(.a)tq.L> 

"'j) 
= 

{ 
/\~ -+ 

S<&> ( 9l E Ia> l q"")- <('- i e. E,.,tq~•q"-~~ 1 S00 (q') 

5 
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Here we have introduced the operator of the Foldy-Wouthuysen matrix 
/10/ type, 

2 .1. f."' .1.[ .1. ~ 1} S(a)<q ): exp(% ~(a:)tq )- 2 (15) 

ojectors fJf ) 
and the pr p - i. ll ± ~ 

1\ ± =- 2. y.r· (16) 

satisfying the relations 

Sta> ;g5 = :1 s~:> . (11) 

'? :P 
!\+ + !\_ = 1' 

p ~ '? 
A± 1\~ = !\~ , 

p :? 
/\± /\"+ -= 0 (18) 

As a result of such a procedure for (;~,equation (11) splits 
into two-couple equations for ~(a)\\.l.) and Ela)( k.l.) 

r ~ .1. 

Ela)( kJ.) sin ':Y<c1>( 'kl.) = m~4> - ~ J ~t Y (kL-ql.) sin ':9lcl)<.q.l.) , ( 19) 

Ec.nCkJ.)c.os ~<a>CkJ.) = \1<.L.\ + ~ ~~2~~?> '{Ck:.ql.)(k"'=9)c.o.s'fc.)(qJ.). 
(20) 

In the rest frame, where ~r= (1,0,0,0), these equations coin
cide with ones of ref./61. In that work the numerical solutions, in 
the case of the oscillator potential and rn~)=O, yielding the spon
taneous quark mass have been obtained. Equations (19) and (20) for 
the oscillator potential with m(4)'1': 0 have been solved numerically 
in ref./111 where it is shown that th1 effect of the spontaneous 
breakdown vanishes when m(4.) ~( 4 Yo Y 3z )00 MeV (see Fig. 1 ). (Note 
that the Coulomb potential should yield renormalization of the bare 
mass, nn~~ ). It should be noted that the chiral symmetry breakdown 
has been essentially substantiated in ref./121 where the authors 
have discovered this phenomenon instead of the confinement suggested 
due to an increasing potential. 
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Fig. 1. The numerical solution, E{p) , to the Dyson-Schwinger 
equation ((19),(20)) for different bare quark masses 
m0 

, in units of ( i. V. }1/J = 300 MeV (from ref. /12/). 
Here E0 {p) =[lmo)z.! p:]1/2· • 

~ ~h~Dn-n;mp~~innRl RPlRt.ivi~t.i~ r.nvA~iRn~P 

Equation for a Quarkonium 

Let us consider the Bethe-Salpeter equation (10) that in the 
momentum space is written as 

~&.b)(ki!P)= -is~::)~ Y<Kl.-ql.) (21) 

· tt' f G~ (~+i) ~ab><9 ~)G~ (-9+~)l !z L '~ w J I 

The special feature of this form of the equation is that it contains 
the choice of the quantization axis (4). Carrying out integration 
o~er qP, the expfession in the square brackets of the equation can 
be written as 

iJd9P(G .... \q+l) ~a.b>Cq\~) G, (-9+~)) = 
2~ 'W 00 

7 



= S<a.> < 9J.) l PS .Lr .1. -:P !\... ca.>( 9 ) '<ab)(9 IP) S<b>(ql.) A_ 
ET (ell.)-~- iE. + 

+ 
1\IJ_ Sca.>Cq.L) ~ab)(q.l.\P) S!b><q.l.>A! 1 S (

9
.1.) _ 

.!A;';' m 
E T l9.l.) + v 'jl- -it 

J:)(ab) (9.L\~) ® rca.bl (cfa.\P) 
1 

(22) 

where E,. -= E (a.)+ E<b) , E ta..>,lb) being the solutions of equa-
tions (19) and (20) for quarks (a) and (b). 

Let us introduce the three-dimensional covariant Salpeter 
wave function 

~ ~ (91..) = :D(ab) ( 9.1.\t.P)® rtab)(q.L..\t.P) 
(23) 

where ® means the matrix multiplication. Applying the "undressing" 
procedure (by means of the operator (15)) one can write (23) as 

\fcpC(\l.)= Sla)C9"l q>~ \9~ s(b)(91..) 
(24) 

where 'Pij) is the "undressed" function (as we shall see, such a pro
cedure yields much simplicities). Substitution of (22)-(24) into (21) 
gives the three-dimensional relativistic covariant equation to ~~ 

8 
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[E"t cqa.) -v'¥] 1\~ ~~<'\l.)J\~-\- [ E"tc91.) +@] ~ '\>s>c9~/\~ = 

=- I~l. { S~)CqJ.) S<a)tkl.) ~p<kl.) S<b)tk.L) S~;)c91.)} 
where l\c.l. is the integration operator _ 

I".L{ ft1<.~9.L>J= j d;L~a \l <.k:ql.) fck'".91.). 

(2?) 

(This equation differs from the known quasipotential equations 113/ 
in particular, by the condition (4)). It is easily seen that the 
eigenvalues of equation (25) (the quarkonium spectrum) do not violate 
the dispersion law t3' 2: M ~ • 

The function 'f'.P , by virtue of (17), (18) and (23)-(25), sa
tisfies the identity 

/\: ~ ~ t~l.) K~ = o ~ ;t 4>'fc9.1.) =- '\>~ tq.l..) ;1 (26) 

and it can be decomposed over the r -matrices as follows 

_, r . . (if . • 1 a'S l L'\ 1..9 ) + .@ L2.\..Cr)j + 
~\> , _l., 
ltp '-"'\ ) : (27) 

-v l" ,JA .1.) ff NJ4 .t.l ;. c1 J" I'll 1 ( 9 + ~ 2. l '\ ) j 

where in the rest frame , rt.r = ( 1 ! 0, 0, 0), l 1 t1l is the pseudoscalar, a.na 
N1fz.J consists of the vector V 1 

, axial a and scalar S compo
nents, i.e. 

N 1. l. (~ "'.l. " l. j • . " l. n. • ... .1.. • 
1[2.] C'k.) = oij- 'k.i 'kj) v (k: )+l.Eijn. Kj a ('K) + 'ki st'\0. 

It should be noted that such a decomposition for the "dressed" func
tio~ ~Q is rathertcomplicatea, and one should not be surprised 
that in ;ef.l~ the following errors have been done i) the structu~ 
res of l 1 , N1 and Lz., N2.i are confused, ii) the equation for N1~1 
is not true. 

In the rest frame~= ( M", O,O,O) equation (25) by substitu
tion of (27) turns into the following coupled equations: 

9 



MLLzl1l(9j~-[ETtc:(hir.o~.\Ata/'-t~>>+C~>C~11)+t-l B~) B~~)) L1~{kJ.), (28a) 

k { ... " [ i i i i ) c- 'kl MNN2{1](9..,=- ET(CJ)t-1~ ... (Ala)Alb)-C{a.)C(b)+t-J B(a)Blb) 0 + 

'k 1 1 k 'k 1 1. '\t (28 
+ C<a.>C<b>+Ct .. >Ctb) -t+l Bta>Btb)-t+l Bta.lB<b> 7 b) 

"kli i i )1} + i E: ( Ctb> Ata.> + Cta.> Atb> • 

Here we use the notation 

A - ( 1-J.. l. " .1. ".1. J.) 1 .1.) 1'\ta> = Ct•>'"' )C<a.>(9) + "k ·'I 5ta.>(.1:. 5la>'9 , 

B1 - ... .1. .1. J. ~... .1. .1.) 
(a.) = 9 i S<4l{9 ) Cta>t''K)- "i Sta.)t ~ ) Cta.>C..q , 

.... 

cl~) = fij"k 9Z "kj S(a) (. "k.L) S(a)C..q.L) ' 

st._,<.q.l.):. ~inl ~ta.>Cq.l.)/2] 

Cla) (_ 9.1.) :. c.os [~(a) C. q.L) /21 , 

,...., .1. .1. 5i 
...gla) C..q) = ~(a)<q )- 2 

(analogously, one can write for the index (b)), for which the follow
ing identities hold 

.L.,' i ~, - i &.)\ = 0 
A(a),(.b) ('k} KJ.=9.1. ': 1 ' B(a),C.b)(_k) 11..1.•<{0' c(.),(b)(_lc: 11. .... <( • 

It is easy to see that equation (28) in the limit of a small 
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bare quark mass m0 
.... 0 has~ the eigenvalue M L = 0 since in this 

case equation(28a) coincides with the Dyson-Schwinger equation (18). 

The function l 1 describes the Goldstone boson 

l, C..q.L) ,.. lo1 (q.L) = i &in. '9 <.q.L) 
m0 -+0 

(29) 

where F is the energy dimension constant defined by the normaliza
tion condition (34). (It should be noted that the meson spectrum ob
tained in ref./G/ can be true only for the pion and its radial exci
tations because of the above-mentioned errors). 

4. Quantization of the Bilocal Fields 

Description of any particles is realized in the frame of the 
S-matrix formalism 1141. In quantum theory consistence can be deter
mined for the construction of the S-matrix elements: at first, one 
calculates the spectrum of asymptotical stable states and then the 
transition matrix elements between these states considering an inte
raction as "a small perturbation". . 

The S-matrix exists if the asymptotical states are stable, i.e. 
they do not decay without "perturbation". As we have seen above, the 
-~-~~,~4 .. ~-~ -~1~+~~r~"+~~ ~~,rQ~iQn~P n¥ thP AAVmntnti~&} Bt&te9 8re 
OVQU.J.,..t...t.VJ ........ _ .._...,_..,.,..._ ..... ....,w .... - --·-----·- .., -

provided by the definite choice of the quantization axis ( rt_) • For 
free fields the axis is parallel to their ~otal momenta (otherwise 
the "atom" and the potential forming the "atom" move in different 
directions). For the interacting bilocal fields m (.x.,~) the S
matrix is stable and relativistic covariant if only the quantization 
axis ~ is set parallel to the vector of differentiation with res
pect to the total coordinate X:. i lX.+~) (i.e., rt"'"" -i CJ/ ~XI' ) • 

In accordance with this statement, the quantized bilocal field 
is presented in the following form of its expansion over the crea
tion ct-::tf) and annihilation a.~> ( P) operators: 

I I s 5d"'q m (:X,~):. m ('!.,X) = L l sttt - .. exp (i9 ~). 
I t;l (22t) (30) 

-( exp(i c:PX) rK ( qJ.I!P) ct~(~)+exp{-i~X) f.t (9.1.\'.P) OC~ t9)] 

Here 

II 



,/ z--T 
' Wti=v~+M · H ' rH c 9.1. \ P) 

is the solution to (21) for an "atom" with the quantum number H 
The operators Q(;t) satisfy the relations 

r t-> .... ~+) tt:~1 c- <:- ;n e5') 
l Q.l-l ( 9>), Q.li, U ) = OHH' 0 (. .S - :S , 

[ 
(;t) iO (;1:) :A! l 

QH (~), Q.H•(Y) :.0. 
(31) 

The state of an "atom" (1-1) or a system of "atoms" (Hp ••• ,HI'I.) is de
fined, as usually, by the operators Q.~) and vacuum .state ·I 0) as 
follows: 

.... l+) 
IH;'P) = a.H (P)\0)' 

(32) 

I ~ a; 1.+) -+ l~) ;;t \ ;-.,. 
Hp•••, Hl'l.; "J;, ... , J"')= Q.H1{~) ••• QH"-\"Yn,) 0/. 

5. Normalization of Wave Functions 

We shall define the relativistic covariant normalization of 
the bound-state wave functions as ones of a local meson field ~(+). 
The corresponding free action is 

Sfree l ¢] -=- ~ J l':x:. { ( ~ ¢(xr- M
2 ¢cx:l} = 

= :!.. Jl
1

P <I ¢CP) D-\'P) c:?CP) 
2. (2. 'f) ..... .... 

where 

t (P) = J d4X exp(-i lJ>X) c:?CX), D-\t.P):: :92
- t'\2

• 

For the field ¢(X) expansion over the creation and annihilation 
operators is given by 

¢eX)= J t:~&/1 JR~l: I) { exp(i~X) a.l+\~) + exp(-i PX) Q~-\~)} 

12 

where 

Res!>= li.mLVP.,-tU)D(.Pc,)] = 
~o-.W 

w =V ifl'-+ Ma. • 

1 
2.W ' 

Substituting the expansion {31) into the action (7) and using 
formulas {22)-{24), (26) and (27), we arrive.at the following condi

tions for the wave functions '\' , L
1
l1l and N,'u,l: 

Nc ftq.l.~ trf "~ '\>H<.q~/\: ~;cqi-1\~ '\>H <CJ.L)I\~ '\>H\ql.l) = 1 ~ 03> 
4M" J {2:iiJ l 

~: J ~:t~' l L,tq.L) L: Cq.L) + Lz. <.qJ.) L·t, lql.) 1 = 1 , (34) 

N J 3 .1. t · ·.., i i+ ] _s.. ~ N\a,_) N
2
\91.).., N c qJ.) N, cq.L) = 1. 

Mw (2"):!1 1 1 

(35) 

These conditions are derived by using the following equation: 

(ET ±Mit)- (E'f ± MH)
2 I ( E'f ± -/¥) = 

= ~: (5!,-tJit) + 0 ((~-~.t) ' 

wt1 = V ~ '----; Mf: ' (.H=-L,W) 

6. S-Matrix Elements 

Matrix elements for the bilocal fields can be conveniently 
written in terms of the functions ~(x,~) {see (9)) for which the 
expansion over the annihilation and creation operators is 

13 



~ lx • ~p "' ~ U~, X) = 2_ s l stH 5 ~ exp \ i 9 l.) • 
H U31').q 06) 

·{ exp(i !JlX) a<~J lP) <gtt C9l.IP) + exp(-iPX) a.~>(~) ~H (-ql.\'J>)} • 

Here <pH and ~ M are the positive- and negative-frequency com
ponent;' of the f::'nction (l? corresponding to an "atom"(formed of 
the particles (a) and (b)): 

~ tt (9.LIP) = G~(a)C 9.~--+ 1) ft1 ( q.LI:P) = 

p .h .l. p 5' ,1\ l., p 
=- S l ,.L) l (ET- Mtt) 1\+ 't'li tq ) /\_ (ET+ Mtt)/\_ 'Ytt(9 J !\+) S -1 (al.) 

(d) 1 .1.. 10 M . + E ~ 5:1 M (b) I ' 
E(a)(q )- q~- ___!i -~f.. {a)l~ J+9 +-!l-iE. 

2. 2 07) 

~It(- 9.1..1 P) = G~ t9.1.-l- ~) fH l-9l.\ 5') = 
"" G. (.l) 

~ + .1.. p p ~ 

=-S,.,Cal.J(ET-MH);\_ 'Pttt-q )/\+ ... (E,.+Mtt)l\+ '\'1-1(-qlf\~ 1 c·1 fnJ.' 

,_, I- l Ela)lq"-)- 9P_ ~H-it . Eta)l9.L)+q~+ ~H- U. J -.~(b) "1 '· 

Recalline the definition of the bound-state system amplitude (33) 
and the expansion (37), it is easy to obtain the matrix element, for 
example, be tween vacuum and ttE state of n. "a toms" 

< 1-11! ~; ••• Hn., ?> ... \ i sin:t I o) = 
. 4 (4) n // (I'\.) ?,S .. 

=-1(2:n) 8 (? tp.) vt-(. (:J,, ... 5'~~.). 
1•1 1 ";!in.~~:::::;=:::::=:-.:.... n v~~~:ll)~ 2 t..:>J· • 

J•1 

where ()8) 

(rt.) .. ... • Jl'q . 1 ~{.a,a. .. ) .L 
J-l ( ~' ··· .1'~~.) = l. - "' L n H1 ( q l !P~) · 

(2li) .:y.:le . 
permitations{lk} 
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Cf? (.a .. aa)( J. 9· 9· \r.>) (f?(aaa.,.)( L r.> 5't Pi \tn) . 9 _ 11 1z :r: 9 _ ;p _ ::..:1 __ 3 3 . • 
H~o T - :r 1-z. H3 1 1 2. 2. 1 ?. 

{a,.at) ~- P.· 
tF. (aJ.- 1'· - - m. - 2.t _ _;,..J p. ) ':I:: H,.. ~ 1.2. ' '' -;,-1.1\-f 2. 2. 1.,.. • 

The expression for the Green function of bound states is defi
ned in ref./101. The result for the Green function of the bilocal 

fields m1(i.,X) and m'('!~ X') is as follows: 

I I ) I ') 1 J 4 4 4 I<! m l i!., x m t :r.', x .... - 16 d 1> d Q d P a 9 · 
(2.~) 

· exp(i(PX- QX'-+pi!-q!)) ~ Cp9l~Q) 

where 

:!} ( P91 c:PQ) = 

= ~ c">cP-Q) 2 J r~~ ( q.:.~J) f.t t- P~IY) _ r~~ t p""l~) fH c- q .. I'P) ... } • 
11 l2.wl1(:lo-w 11 -ie.) 21..V 11 (90 -+wt-~-ie) 

09) 

(40) 

The above expressions (36)-(40) represent the elements of diag-
rammatic technique for a field theory of bound states. 

Let us, as a simple example, define the pion leptonic decay 
constant F~ • The interaction of a meson with the leptonic current 
described through the local operator L \.X.) is defined by the sub
stitution m'....,m1+L into C7) 

{1) • N r " " ~~ 4 SL = 1. c. ·h· J d x:, d :t2. d ~1 d ~2. . 
(41) 

• I I . ~{4) 

· 'mtx:ux2.) Gl:~~l:2.-~1) ll~1) o t~1-';f2.) Gl:ll•>l~.z.-:x:1). 

Substituting this expression into the left-hand side of the following 
equation for the decay matrix element 
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lz.> if> t ("") F 
(tv I i SL \ H, 1 ) -=--i ~2:n) o tP-t.tD -"' ff14 t 

2 v.)tt '/" (42} 

{where e)M is the leptonic matrix element absorbing the factor 
GF COS~c./fi , GF is the Fermi constant, ~c.. is the Cabibbo 
angle), and recalling (39) we arrive at the result 

F =-2Nc ~ L <.~.l.)sin.':9tq). Jl.l. .l. 
" M"' (ZJr)a z. 

(43) 

By this expression one can calculate the leptonic decay constant for 
the pion with the solutions Lz. ( qJ.) and ~ ( q.l.) being known. 
If we use in (43) for the pion the solution of the Goldstone mode 
(29), s.in.':Y(q.l.):. F L~ (. q.l.) , then from the normalization con-
dition 04) we get != ... Fsr • 

0 
Substituting the Goldstone mode solution l

1 
= L

1 
(29) into 

the right-hand side of equation (28) 

-M"" Lz. tqJ.> = lz Etc(>+ I"' .. ) L
1

l'k. .. ) , l m~:¥ m: = m•-o) 

ann .,...oroa11;,..,,..,. +h ... n .... .,...,... ..... o ... l.-. ... ~---~~ -----.L.~ __ 
--------~o ~~-- -oJ ............ '-~ .................... 6 ... • ""'"i""'Q""•""'.L.tJ 

"' E tq.l.) s.in 'j l~.l.) : mo - i I"k..L s.in ':9 t "k..l.) 

we obtain the approximate solution for L2. , 

l (a.l.) 
2. , tn•-+ 0 

Lo = 
2. 

2 mo 

Mn F~ 

0 .. 
Then from (34), when l 1 -;>G. L

1 
and Lz. ~ lz. , we get 

2 Nc Jlq.L ~in ':9t<() ~ 
(znr 

2 z 
Fn M" 

2m 0 

(44) 

(45) 

It is easy to note that the left-hand side of (45) coincides (up to 
sign) with the vacuum condensate of light quarks 
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(q9)= iNc trJcl
4
q,.fG tq)-G l~)l ~ -2Nc f ~J..3 s.in.\j(q.l.). 

(2n) L % rn• J J lu) 

As a result, we obtain the following low-energy relation between 
Fa- and ( qq) 

- 2m0
( qq) z M; F; 

1. Low-Energy Limit of the Bilocal Lagrangians for Light 
Quarkonia and the Lagrangian for Heavy Quarkonia 

(46) 

As is shown, in the low-energy limit ( 9..L-+ 0 , with m•..., 0 
the solution to the Salpeter equation is defined by the Goldstone 
mode L~ .. ;, Sin '-B (q.a.) ). Since the solution to the Dyson-Schwin
ger equation has the asymptotics 161 ~ l(\ ... "" 0) .v tonst , it is easi
ly seen that the zero limit of the vertex function in the momentum 
space is a constant. Then, the corresponding bilocal field in this 
low-energy limit is the 8 -function, 

I C'- {1) 
'ITt t ~, ~) 'V 0 lx.-:t). (4 7) 

On the other hand, this limit can be obtained if one suggests 
that the Bethe-Salpeter kernel is a 0 -function, i.e., K (:x:-~) --.J 

E(1)(~-~). Just such a potential ~or the four-fermion interaction 
was an initial approximation in the original formulation of the spon
taneous breakdown of the chiral symmetry 1151. 

There is great number of literature (for example, see 116- 18/) 

where it is shown that the 0 -type potential (kernel) leads to the 
phenomenological chiral Lagrangians. (Light meeons in the framework 
of our approach but with the 0 -type potential is studied in 
re! /18/ ). I 

Thus, the limit (47) due to the asymptotics of a quarkonium 
wave function (but not the ~ -type potential) leads to the pheno
menological chiral Lagrangians too. 

As regards heavy quarkonia in the zero limit of the internal 
momentum (9L.,O), the coupled equations of the Dyson-schwinger (11) 
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and Bethe-Salpeter (21) for the spectra reduce to the Schrodinger equa

tion with the renormslized quark mass ( mr-en = k ) /19/ 

t9lf 1 ° Jd.1:..L 1 l Mtl- 2. mren- Ynren '¥11 tq.L) = o( tL~)3 "'it:i _.l.ll. ~:o .. .L) 

where, in accordance with equations (23) and (24), 

"¥: (~l.) = I~'io ~~(q.L) 11o 

Interactions of heavy quarkonia are described by the S-matrix 
just in the same way as an atom in QED because in this case the 
(colourless) Coulomb potential dominates. 

Conclusion 

The results of the paper are the relativization of the poten
tial model and the generalized description of the interactions of 
heavy and light mesons. 

For constructine the model eiving a unified description of 
the spectrum of quarkonia and their interactions, we started from 
"i'e <HIH.iugy oe"tween a neavy quarKonJ.um ano. a nyo.rogen-!J.ke atom des
cribed by QED. Definition of the relativistic covariant ~-matrix for 
asymptotical bound states in QED requires the use of the principles 
of the "minimal" quantization and the choice of the quantization 
axis. 

The "minimal" quantization ~f a non-Abelian theory (QCDmin) 
has been formulated in refs,/4, 5/. QCDmin compared with the usual 
formulation in the radiative gauge (based on the Dirac method) con
tains additional physical information: i) the non-normalizable solu
tions of the Gauss equation (which lead to infrared redefinition of 
the Coulomb potential, i.e., to appearance of the increasing poten
tial): ii) the topological degeneration of the physical variables 
{which lead to the mechanism of confinement - as destructive inter
ference of the phase of the topological degeneration) /5, 201. 

In the present work we have in fact considered a lower order 

of QCDmin on the transversal gluon fields ( A .L) with the above sta
ted redefinition of the Coulomb potential in the infrared region. 

In ref./21 1, just the principles used for quarkonia have been 
applied to gluons and their bound states. It has been shown that the 
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explicit solution to the equation for the r;luon spectrum, in the inc
reasing potential, leads to the dynamical mass oi· 1;luons, and modj
fies the asymptotical freedom formula in the infrared region. fts a 
result, the effective quark-gluon coupling keeps its small value, 
and the vacuum is stable. These results allow one to hope that the 
radiative corrections eive a small contribution to the relativistic 

potential model considered in this work. 
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nepaywHH B.H. H AP· 
06DeAHHeHHe noTeHUHanbHOH MOAenH C KHpanbHWMH narpaH*HaHaMH 

E2-88-643 

npeAnaraeTCA HOBWH OOAXOA K penATHBH3aUHH nOTeHUHanbHOH MOAenH, 003BOnA~

~HH OnHCaTb cneKTPW nerKHX H TA*enwx Me30HOB H HX B3aHMOAeHCTBHA. 3TOT OOA
XOA OCHOBaH Ha npHMeHeHHH npHHUHOOB 11MHHHManbHOr011 KBaHTOBaHMA KaJUt6pOB04HWX 
TeOPHH /c ABHWM peweHHeM ypaaHeHHA raycca/ H aw6opa OCH KBaHTOBaHHA /napan
nenbHOH BeKTOpy onepaTopa AH~epeHUHPOBaHHA no nonHOH KOOPAHHaTe CBA3aHHOrO 
COCTOAHHA/, KOTopwe HCnonb3Y~TCA AnA penATHBHCTCKOrO OOHCaHHA aTOMOa B K3A. 
BwaeAeHo ypaaHeHHe AaHcoHa-WaHHrepa, onHcwaa~ee cneKTP KaapKoa H aosHHKHo
aeHHe HX AHHaMH4eCKOH MaCCW, a TaK*e nony4eHa HOBaA penATHBMCTCKH-KOBapHaHT
HaA ~OpMa ypa&HeHHA ConnHTepa Ha cneKTP nerKHX H TA*enwx Me30HOB. AnA OOHCa
HHA B3aHMOAeHCTBHA Me30HOB npeAnaraeTCA HCnonb30aaTb ~pManH3M 5-MaTpHUW 
C aCHMOTOTH4eCKMMH COCTOAHHAMH KBapKOHHeB, ABnA~HXCA peWeHHAMH ypa&HeHHA 
ConnHTepa. noKa3aHO, 4TO COOTaeTCTBY~HH 6HnOKanbHWH narpaH*HaH /a 6ecuaeT
HOM KaHane/ B3aHMOAeHCTBHA a npeAene Manwx nepeAaHHWX HMnynbCOB AnA nerKHX 
MesoHoa nepexOAHT a ~HoMeHonorH4eCKHe KHpanbHWe narpaH*HaHw, a AnA TA*enwx 
MesoHoa coanaAaeT c narpaH*HaHOM K3A AnA asaHMOAeHcTaHA aTOMOB. 

Pa6oTa awnonHeHa a na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

·npenpHHT 061.eJUIHeHHOro IUICTHTyTI RABPHhiX uccne.u;osiiHHA. Jly6Ha 1988 

Pervushln V.N. et al. · E2-88-643 
Unification of a Potential Model with Chlral Lagranglans 

A new approach to relatlvlzatlon of the potential model, which allows one 
to describe the spectra of light and heavy mesons and their Interaction, Is 
proposed. This approach Is ·based on application of the principles of "mini
mal" quantization of the gauge theories (with explicit solutions of cthe 
Gauss equation) and choice of the quantization axis (by setting one parallel 
to the vector of differential with respect to the total bound state coordi
nate) which are used In QED for describing the relativistic atoms. We have 
obtained the Dyson-Schwinger equation describing the spectrum of quarks and 
generation of their dynamical masses and derived a new relativistic covariant! 
formrfor the Salpeter 1 equatlon for I lght and heavy meson spectra. To descri
be the Interactions of mesons we have proposed to use the S-matrlx formalism 
with the. asymptotlcal states of quarkonla which are the solutions to the 
Sal peter equation. It Is shown that the relevant In the I lmlt of a small 
transfer momentum bllocal Lagrangian of the Interactions (In the colourless 
channel), for I lght mesons, tends to the phenomenological chlral Lagranglans, 
and, for heavy mesons, It corresponds to the QED Lagrangian for Interacting 
atoms. 

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