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Introduction 

It is well-known that hadron low-energy interactions are quite 
well described by the effective chiral Lagrangians (ICL)111. The ECL 
represent the Lagrange form of an approximate chiral-symmetry rea­
li&at1on which is also the case for quantum chromodynamics (QCD). 
the ECL aethod allows a deeper insight into the current algebra re­
salts, the low energy theorems as well as the hypotheses of the vec­
tor dominance (VD) and partial conservation of axial current (PCAC). 
The attractive peculiarity of the ECL formalism is the possibility 
to work directly with observable (physical) particles and describe 
observable quantities. The study of the ECL properties is an impor­
tant aad urgent problem. 

The derivation of ECL from •the first principles• in QCD is a 
problem not solved so far. Its solution needs joint description of 
such effects as bosonizaticn, spontaneous chiral symmetry breaking 
(SCSB) and confinement. Unfortunately at the contemporary level of 
development of quantum field theory the joint ~ascription •froa first 
urinciples• of these complicated nonperturbative effects has not be 
achieved. That is why for the study of the ECL properties one 
frequently uses the effective quark model based on QCD. 

One of these aodels is the quark model of superconductivit7 
type (QMST) /2/ which is a quark version of the modified laaba -
Jona - Lasinio model/J/ with the effective four-quark interaction. 
The QllST describes the bosonization effects ·and SCSB but it does not 
describe the quark confinement. the requirement of confinement 1n the 
QKST is an external condition. Limitation arising as a result of 
this requ1r81118nt is in agreement with the PCAC and VD hypotheses 

supposing the weak depeQdence of matrix elements on the aeson maases 
/4/ up to their aero values • 

In the present paper we consider ECL with the SU(J) x SU(J) 
ohiral group describing low-energy interactions of four nonets of 
mesons (scalar - r, , pseudoscalar - .:P , vector - V and axial-vec­
tor - A ) composed from light (u,d, s) quarks. 

The purpose of this work is,first,to anal7se the problem of 
appearance of nonphysical vertices of the low energy meson interaction 
1n ICL which arise as a result of SCSB and P-A d1agonalisation and second 
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to discuss possible solution of this problem in the framework of 
the QUST. First, let us remind the standard procedure of the ECL 
construction for the system of four meson nonets Ill. 

The effective Lagrangian of the meson system in question can be 
given in the following form 

.:e ~n =. )! d, + :t Uli- -t ::t IVW l:. 
(~) 

The Lagrangian ;;t!. cl., includes meson kinetic terms and local inte­
raction vertices connected wtth each other by chiral and vector 
transformations of the SU(J)xSU(3) group. The whole information 
about SCSB and the origin of nondiagonal P-A transitions caused by 
SCSB and leading to necessity of P-A diagonalization, is contained 
only in);fc...l,..• The Lagrangians £w-t and ;(IVW~ describe the strong 
low-energy meson interaction vertices caused by chiral anomalies 
(quark loop anomalies). The quark loop anomalips with an odd number 
of r'-vertices (Adler-Bell-Tackiw anomalies 151) reproduc' all the 
vertices of the effective Wess-Zumino Lagrangian ~ w 1: 61, e. g. 
PVV, APP, VPPP, etc. The Lagrangian rX- IVWl: is defined by quark 
loop &llOIIalies With an even nUIIber Of (3 -vertices. The Lagrangian 
i1£ ._,\lll~ describes effective vertices with higher derivatives of the 

111 1) ' non-Wess-Z1111ino t;ype , e.g., VPP, ::r.vv, etc. 

For description of SCSB and P-A diagonalization it is necessary 
to know the exnlici t 1'o'l"'ll ni' .:t'- • - TJ,.,_il .. :o:- ":!!.e e!::.::.::!:.::-:! ::::::~~~.:;~:!..:;;:. 

~.. 11 
of £ c..h there exist essential arbitrariness I . However, for 
discussion of the SCSB and P-A diagonalization problems, it is 
enough to consider the "minimal" expression for Jl ~h Ill 

£c..h= trF(D,.,._H+.D~"'H) + trF(("-~ H+H) 

- t r (c/ ( M + H )
2

) - t r-- ( f\A- ( H+ + M)) 
F d~ F l 0 

(2) 

- j trF ('f." F~"-}1+ Gr\1 c: .... ") + h·f Cr~ (v
1 

vt+A
1 

At-)). 

Here X= t~ X o..., where X-== M (M+), V, A ,f or G and 

t ~ = } >-.'-F are the generators of the flavour group SU(J)f 
Fuether, .D,..._ K = '61"- M - t ~ 2. [ VI"', M 1_-+ l ~ z. f At'- , t1 ~ .... 
is the covariant derivation of the field K-= .L, + t p , where L 
and 'P are nonets of scalar and pseudoscalar fields, respectively; 

1) 

The vertex VPP with first derivative is contained in L
0
h. 
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1:1 

Fe--u -= ';)r v"- d., vr- - ~~2. [ vt" I V11 ]_- ~~2. [ArIA)_ 

Gt'" = ar-Ay-'"OliAt-- ~~ 2 [ Vi""' Ay)_ + ~~ 1 [ Vv,Ar]_ 

are the strength tensors of nonets ·of· the vector V and axial vector A 
fields, ~,.,~2 1("'-o, t'--1 and tA2. are the model parameters, the 
numericruvalues of which in the standard EeL construction can be 
obtained only from comparison of the calculated results with 

2. experimental data. At t'--1 > 0 vacuum expectation va'l.ues of the 
scalar fields (diagonal nonet component) differ from zero: 
< ~) = £,

0 
,P. 0 ) which leads to SCSB. In consequence of sCSB the 

term -trF ( Df" M+ D~"' M) in (2) results in the following 
interaction: 

2. ~r F ( 12 D~'"f [ Ac-- 1Lo ~) (J) 

that leads to nondiagonal P-A transitions. The appearance of interac­
tion (J) means that P- and A-states in (2) are nonphysical. jhe 
transition to the physical states E carried out by the shift l/ l) 

( Af'L)tj = (A~)'j + ~i.) (DFt>)~j (4) 

where Dt" :p = at'" l' - ~ c;J 2. [ v t" It>)_ is covariant derivation 
of the p -7i7ld with respect to local vector transformations of the 
SU(J) group 1 • The parameters ~ i.j are determined from the con- • 
dition of .lack of direct P-A transitions. The exclus:ion of P-A 
transitions leads to: 1) change of a coefficient at the kinetic 
term of the P -fields, 2) appearance of new vertices of strong 
low-energy meson interaction. These vertices can be divided into 
physical and nonphysical ones. The latter do not influence the 
amplitudes of physical prooesses, which will be discussed later. 

2) Indices i and j denot~ the quark structure of mesons 
( 1. {j) = u., c!, S ) 

1
] there is no summation over C.. 1 j indices. 

The use of quark indices simplifies the presentation of problems 
of unitary symmetry breaking. Let us note that the standard ECL 
construction does not take 1nto account the quark structure of 
mesons. 
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The change of the coefficients of the kinetio term of th? 
P-fields leads to the complementary P-field renormalization/1 

4h_ I 

~- . =. ~ • p. . (5) 
L~ '- ... A \ 

where Z~j is the renormalization constant (no summation over quark 
structure indices). There exists the following relation between 
the }: .. and l.i parameters Ill: 

( ·~ '., 
-1ft 

( ~z. Lj ~l~ 2,; = -f 
'F.p 

( " __ 4 )· z .. 
'J 

where ~~ is the pCAC P -meson constant Ce.g., PCAC 1r-meson 
constant FT a 9J MeV). 

(6) 

Now let us pass to the problem of appearance of new npnphysical 
vertices of the low-energy interaction caused by shift (4). As an 
example, we consider the contact GU37r vertex /Sf , The effective 
Lagrangian describing the contact ~31r interact7o7 is caused by the 
corresponding chiral anomaly and it gets the form 9 

( ) 
)f.WJJI /W"j 

,.o..be ~~'-'"'oi.fl 
(.. c. 

,_ ( r \ 
~ '""w )Wl 

f..7J 

• w""- 'dv 1r o.. c 1r b (J 1r c 
I ~ '.fl> 

Here ( ~w)w,t: = - N ~ f / 4 ?r F: , where N is the number 
of colour degrees of freedom of quarks (real NaJ), ~ f' is the 
r-.2.'11" decay constant • The constant (C. ..... ~determines the 
contribution of the contact w 3-rr interaction to thew-Jtr decay 
amplitude 191, 

The vertices c..Atrtr', UlAA"Jf and wAAA possess the structure 
analogous to that given in (7). Under the shift (4) the vertices 
(,.)A 'll'"ll" , wAA1r and w AAA produce the vertex GJ 311 • As a re­
sult, the effective Lagrangian describing the w 311 vertex 
takes the following form: 

4 

II 

., . 

t 

(.!ewltr\~t = (ot<..>~1r)wz [ ~-3(-1- ~) + 

+ 3(-1- ~)2_- c~- ~f1 = ~!(£CA;~11)w~· 

Hence we get 

( Gw)eH : ~3 ( Gw )\XI~ · 
Thus the contribution of the contact w311 interaction to the 
w~3'1r amplitude decreases c3 

- times ( ~= fi' > /IO/ and t-
3 
~ 

which is in contradiction with experimental data. This is easily 
seen by studying the amplitude of the process y-311. 

In the framework of the current algebra and PCAC hypothesis 
the following low-energy theorem has been proven /ll/ 

~ ACr~37i) = ~ 1 A (-rr
0 -rf) ,. 

e.'L_,i_) 
( C)(. : i0r - AH 

1-.JO(. 
--~1 

3n- F '~~' 

(a) 

(g) 

2,8), 

(IO) 

where A(y--ltr) and ACrro-rrJ are the invariant amplitudes of 
the processes (- lu and lf.- .rY , respect! vely, calculated at 
zero 4-momenta of interacting particles. The theoretical value 
A((--;ol'fi"L ~ ~.5 (GeV)-3 calculated by formula (IO) at N=J 

'UI .. ,. 

is in agreement with the experimental one A(f~lT).e..lCf',. 
,. 12.9+0.9 (GeV)J /l 2/ , 

A~cording to 191, in the low-energy limit A C;r- 3 lt') 
can be expressed through the coupling constant of the contact ~3tr 

interaction 

e-At(-3tr) ~ 
4
;: G..,1rr ( ~...,-= 3~r) . Cn) 

At Gw 311 : ( G'w) UCI r ( 7) we have agreement with the low-energy 
theorem (IO) fg/, whereas at G..,1 r =- ( G"")tl! (8) the theoretical 
valu' A ( 0 - lT)~he.r is almost 4 times lower than the experimental 
one 121 • Thus, in describing the c.u3 tr interaction vertex the 
inclusion of new interaction vertices caused by P-A diagonalization 
leads to evident contradiction with experimental data. 
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We can give other examples of the 1discr_epancy 
between theoretical and experimental results caused by P-A diagona­
lization (4). Nevertheless, there exist a sufficient number of 
counter examples demonstrating the necessity of taking account 
of local interaction vertices caused by shift (4). For example, in 
the decays a.~-.11f and o..~ --rrr supplementary contributions from 
v- CL-t transitions allow one to get the gauge illY'ariant expres-

s ion for the decay amplitudes. The inclusion of P-A transitions 
plays a very important role also in calculating the axial form­
factors of the processes 1r---. e v.,_ '( and K- ~ VL '1 /lJ< etc. 

Then, for the description of strong low-energy interactions 
in weakkaon decays the inclusion of local vertices at a low-energy 
interaction caused by P-A diagonalization (4), allows one to get 
agreement between theoretical and experimental results/141. 

Thus, the problem is :Why in P-A diagonalization (4harising 
as a consequence of SCSB, there appear both physically justified 
local interaction vertices necessary for correct description of low­
energy meson interaction processes and nonphysical vertices whose 
inclusion contradicts the experimental data? What is the reason for 
appearance of the latter and how to get rid of them? 

In the framework of the standard ECL construction these 
questions cannot be answered. Therefore, we analrse the nature 
of nonphysical interaction vertices in the QMST. 

This article is further organized as follows: in section 1 

we give basic assumptions of QMST. In section 2, using the w y '!r 
vertex as an example (or, which is the same rr" 'r r ) we analyse 
in the QMST the origin of nonphysical strong low-energy interac­
tion vertices caused by P-A diagonalization (4) • It is shown that 
in the QMST the appearance of nonphysical vertices is connected with 
the ambiguity of calculation of integrals over virtual momenta of 
2-quark loops describing the interaction vertices. The recipe is 
proposed to exclude nonphysical interaction vertices caused by 
shift (4)1 which is based on the use of the Pauli -Villars regula­
rization procedure. In conclusion, the discussion of the obtained 
results is given. 

1. Quark model of the superconductivity type 

The QIIST is a quark version of the Nambu - Jona - Lasinio model 
/ 2,J/ with the effective four-quark interaction. The strong ~2 
attraction caused by the effective four-quark interaction leads 
to appearance of {~ -collective excitations(CE) with meson quantum 
numbers. The presence in the model of CE of certain type is defi­
ned by the initial four-quark interaction structure. For example, 

6 

to describe strong low-energy interactions of four nonetsof low­
lying mesons of the scalar, pseudoscalar, vector and axial vector 
types, the initial four-quark interaction should be 

121 

J I_ n~ ( :J_ ) -= L C, S ( ~ t e>. _t ) 2. + 2 G P ( ~>-!' t a.~ ) 
2
-

- 2 ~v C "f-'[rlc0-2/- .2 ~ ( ~t~""Xr -r·-£./) 
(12) 

where (,.( (i..S,P,vand A) are some positive constants, 2..= (u,ol,.s') 
are the quark fieldswith N degrees of freedom; t."'--= ~ ~~~ Ic' 
where A~ are the Gell-Mann matrices of the quark flavour group 
SU(J)F (a•~1 l, ••• s), and Ic is the unit NxN matrix. Tte interac­
tion (12) is invariant with respect to the chiral U(J)x U(J) 

group transformation if Gs: = G.p = G1 and GA = Gv = G2.. 

l~ ... -t (~) = 2 G~ l Ci-\:c...2.. t + C~>g-'-to.i /· J -
(lJ) 

-2 G2.[ Cir'-tc...2.{"+ Czr~"'rs-t:c...9-lJ · 
,.. I' . 

"J:he constants 1.:1
1 

ana u :2.. can oe ae1:erm~nea I rom 1:1111 pseuaosca.J.ar 
/2 IO/ ( -2 G 

and vector meson mass spectrum ' G..{ = 4 19 GeV) and 2. .. 

= 16(Ge v)-2 • 
The total quark Lagrangian with the effective interaction 

(lJ) has the form 

~(~) := ~(\~-mJ~ +~~nt- (~), 
(14) 

where ~-a= it"F'dt" , m
0 

= m
0

F Ic is the quark mass matrix, 
and ""oF = .,l,.:.c...:!- ( n'lo ... , n, 0 .,~. ; rYio.t ) with current quark masses. The 
mass term ~ m

0 
ll- breaks "softly" the chiral symmetry. In the limit 

rno.: - o ( i•u,d,s) chiral symmetry becomes exact. 
The theory with the four-quark interaction (lJ) is not 

renormalizablel T,nerefore
1
it ~s reasonable to use only the one-loop 

approximation Jl •1 It means that constituent quark masses, meson 
masses and th~ corresponding phenomenological coupling constants are 
defined only by one-loop quark diagrams/2 • 3~For description of quan­
tum corrections in the one-loop approximation it is sufficient to 
take ultraviolet out-off parameter Jl , ,~;Jh oan be identified 
with the scale of chiral symmetry breaking • The restriction to 

7 
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one-loop quark diagrams provides a simple calculation of strong 
low-energy meson interaction characteristics with a small number of 
parameters.It should be noted that the one-loop approximation is in 
agreement with selection rules over 1/N expansion in QCD (large 
number of colours) with the gauge group SU(N)c as N _ oo 116/ 

Spontaneous chiral symmetry breaking. In the description of 
strong low-energy hadron interactions the essential role is played 
by SCSB. The mechanism of SCSB in a quark system with a four-quark 
interaction (lJ) is analogous to the mechanism of 7me7gence of an 
energy gap in a superconductor at low temperatures l7 • In conse­
quence of SCSB, the current quarks turn into the constituent ones. 
In this case the increase in quark masses (m i ~ o. J Ge V) and 

reconstruction of low-energy vacuum take_ p;t,a.atl 12,_3/ • 
In the one-loop approximation, constituent and current quark 

masses satisfy the equations12,J/ 

mo-L =mil 1 - 8G1 I 1 (rnz)] , (15) 

where rn ~ is the mass of constituent i-Juark (i=u
1
d

1
s) and I.1. (mJ 

is the quadratically divergent integral 2• 3/ 

-i.N I1(mJ = lvr)lt 
( !\ cALt k _ -~ r 2 2 ( j\_2. ) 1 ) ml- k2. - ~blf2 A- rni. (f) ~-+ -._ • 

- '(Tl,,_, 
"' 

(16) 

The parameters A and m· (i"''l 1 d1·s) are the basic parameters of 
the QMST. We give their n~erioal values 12,IOf 

A = 1.25 GeV, rn .... =0.28 GeV, rnd .. 0.284 GeV 
m.s = 0.46 Gev. (17) 

These quantities are obtained by taking into account both the 
isotopic and unitary symmetry breaking. 7rom equation (15) we can 
find the values of current quark masses corresponding to consti­
tuent quark masses (17) 

rn = J MeV, rn_~ = 4 MeV, m .. sO MeV (18) 
O\A. """ ot • 

Although current quark masses C1a) are smaller than the generally 
accepted values /l9

/: m ..... -4 MeV, mocl •7 Mev, mc.s .. 150 Mev, 
there is no contraction with the Dashen mass formulae for 
pseudoscalar mesons 1201 . 

2. ~ . 
rnr : f=2 ( 111cu. + rn oJ) 0 

r 

2. --\ ( 
rYl (<. :: -~_ m.,.,., + I'Y'Ics) o, 

f; 

8 

(19) 

where 6"" = -< LA.u.) = -(J ~> = - (.Ss> = (0.25 Gev) 3 is 
quark condensate in zero order with respect to current quark masses, 
i.e • at m -= m

0 
~ "' m.,s -= 0 1191. The point is that in the QMST 

ou "' l /-ft/ 
the quark condensate ~MST' = m ..... /zc,~ -= (o,:?. Ge.V) 

is larger than the generally accepted V' •(0.25 Gev) 3 • Therefore, 
the product of current masses (18) on G'tpMH correctly describes 
the pseudoscalar meson massesl m1r • 0.15 GeV, rn ~ .o. 51 Gevf181. 
These quantities are in satisfactory agreement with exp~rimental 
values. 

Bozonization. The bosonization procedure, i.e., the introduction of 
local meson fields into consideration and elimination of quark 
degrees of freedom, can be fulfilled in the QMST by the integral 
transformation method in the continual integral defined/by the 
generating functional of the quark Green funotions/2• 21 

1 

W['(,"l] == W~~~OISi~~ 4f <-)d~x [~lJ>-)+1:~ +~(] 

where We is the vacuum functional 

\VI - ( _f"A;: '"X- ... -·r .~~ .. 'l'r _, 
•• 0 .\v-7-""7.,.. ""'"'t"'\...,.. "" V' '~I 

and ~ and ~ are external sources of quark fields. 
As a result of the standard transformations, the generating 

functional (20) can be expressed through the local meson fields 

(20) 

W L i• iii:] "' Wo-~ \ 'l>(" <.'/Cf -1. \ ct."x d.~~ 1 Cx) . (21) 

· ,SF(x,ylr.,f'.V,A) 1(Y) t.xf!-L,S~~~[~,f.V,A) 1 

!here ~,P,V and
1
A are the fields of scalar, pseudoscalar 1 vector 

and axial vector nonets ( X = to. X <1. , where X = L, 1 f, V, A), 
~~ is the invariant measure of integration over meson fields, 
,Sf'(x,y IE ,f, V, A) is the Green function of quarks in the 
external z, P1 V and A fields, and finally ,s.,H [r,,~. V,A] 
is the effective action of strong low-energy meson interactions 
/2,21/ 
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Soro [~ 1' VAl - • 0 .De.\:-(i..~-m-t\-1) 
-..,~ 1 I I j - - \. "-Y\ + 

.De.A:. ( '-'b- m ) 
(22) 

r ~2. 2. 2. 2 ] 

-+ ) d"x r tt~~ -trF ( .L, + :P) + '1'3~2 -tr F (vr- Vt'-+ ArAt:-) 

( I - ) ("' '\ S) where +-\ = ~-< 'Z + 2 'f b ~ + '} 2 V +A Y ; moreover 
I 

"a A~ :; ca~ ~ - (>') o -+ l'n ) J Where ~ ~ and '12. are the quark-
meson interaction constants ) , and I'Y) ~ M F I c. , where 

()') F = diag ( m....._ 1 ""ol. 1 m.s) is the constituent quark mass matrix. 
The vacuum expectation value of scalar fields 1: is different 
from zero ( £) -fo 0 , while the fields 2: 1 are defined in such 
a wey that < E' > = 0 • 

From formula (22) we find the effective Lagrangian of strong 
low-energy meson interactions 

~eH (x) = 1_ en lx) 
2. 

~" I ( 2.. 2. 
.l(G~ -cr"' L. + -f ) + 

where 

"-

~e.H(x) 

2. 

--+ :~" f:rF(Vt"V
1 +A"r.A1

), 

--L<xiL, .De+ ( "l·$- M -t +I) I X > "" 
.De.{, ( 1.?) - m ) 

4) 
::: -~{x <x!~("-~H)lx) 

C-t-F-t-L t'Y)- LV 

(2J) 

(24) 

The effective Lagrangian 
series form 

~~Hlx) can be expressed in the infinite 

J)These constants ooincid~ with the constants 
in the effective Lagrangian (2). ~~ and ~ 2. 

4
)Indices C,F and L denote trace calculation over "colour", 

"flavour" and Lorentz indices, The wave functions J)<) are normali­
zed to the condition < l< 1 y) = cS '1 ("x -y) • 

HI 

o<> • ~ ..,. "- (n) 

~eH (x) = nf ~ t~+F+L( :X l (,Yl-i a +-( )x) = J;., ,£ eH- (x)' (25) 

each term of which being a one-loop quark diagram 

"'(n) ("-~ ol~ ~'k. . 
l._(,~(.x) = jfl ~ 1,e t.><p l-,: k,x,- .. -c k,x.,)· c26) 

~.,. t=~ '2.11" 

t-J ) ~ ,,i'"'k \ ,t A - !. -~ - t r +-\ ( )() ~ +-\ lx A) " " 
(nA."ll"2. lf"~<. F+L M-k. m-l.-1:.\ 

. +{ (xn_,) ,_ k.-~, _ .. kn-• 1 1 

where k • -+ · .. + k .., = 0 • Index n corresponds to the number of 
one-loop quark diagram vertices. The quark diagrams with two verti­
ces (n•2) define the kinetic terms in the effective Lagrangian, 
while the diagrams with n vertices (n a :>) describe in the 
QMST the n-meson vertex of the strong low-energy interaction. 

Confinement. We now turn to the discussion of the rules of one-loop 
quark diagram calculations determining the strong low-energy meson 
interaction vertices. It is quite clear that approximation of 
effective meson interactions by quark diagrams with constant virtual 
quark masses and constant quark-meson interaction vertices does not 
take into account the confinement. Therefore, the diagram on the 
whole ~ot correctly describe the strong low-energy meson 
interaction vertex. The question ooours& What parts of the quark 
diagrams ought to be 1aken into account for obtaining effective 
interaction vertices in ohiral Lagrangians? It is natural to assume 
that without knowledge of exact dynamics of quark confinement we 
oan attach the physical meaning only to those parts of quark 
diagrams which weakly depend on a concrete confinement mechanism. 
These parts of quarks diagrams are the divergent and anomalous 
parts. 

The divergent1 parts of quark diagrams oan be expressed 
through quadratically and logarithmically divergent integrals 
regularized by using the out-off parameter A • !rbe quadratically 
divergent integrals are defined by formula (16) and the logarithmi­
cally divergent integrals have the form/2/ 

]] 



l 2 (mL.,mj) 
-.:1'-i (/\ cf'k -

J -----r- 2.)( t.- k.2.) (m, - k m.l ( 211 )~ 

N _, r 
-= ,fh·'- mz-""~ L m~ l., ( ,j + 1\tfr~~) -

2. 
y>'l' 

J 
tv, (A+ 1\l./m} )]. 

(27) 

The divergent parts of the quark diagrams depend essentially on the 
cut-off parameter J\ , i.e., on the scale of chiral symmetry 
breaking, and therefore, depend weakly on the confinement dynamics. 

The anomalous parts of the quark diagrams do not depend on 
virtual quark masses, Therefore, the contribution of the anomalous 
parts of the quark diagrams can formally be distinguished by calcula­
ting the quark diagrams in the limit of infinite masses of virtual 
quarks 17' 221 • 

The restriction to the divergent and anomalous parts of the quark 
diagrams corresponds to quark diagram extrapolation to the zero 
values of mass variables of interacting mesons, This approximation 
is the generalization of the PCAC and VD hypotheses to the quark 
level/l, 4/, Let us remind that in conformity with the PCAC and VD 
hypotheses the matrix elements of transition between hadron states, 
caused by strong low energy interactions, are the smooth functions of 
interacting meson mass variables up to zero values of the latter/41 • 

~.-.:.:, !:::;: .:. l'~""uvuu::au:iug~cal. caLculation of confinement in the 
QMST it is enough to complete the basic hypothesis of the QMST about 
the description of SCSB and bosonization by effective four-quark 
interaction (lJ) by the PCAC and VD hypotheses assuming the weak 
dependence of vertex functions of strong low-energy meson interactions 
on mass variables of interacting mesons. 

B1 keeping only the divergent and anomalous parts of the quark 
diagrams we can completely restore the structure of the effective 
Lagrangian (1). The divergent parts of the quark diagrams reproduce 
the minimal expression (2) of the effective Lagrangian i;{ d, , the 
paramet era :1, 1 ~ L 1 t'-. 1 ("'-A and f' 2.. being expressed in the 
QMST parameter language 121 

( l) 2. ( 2 ) -~ ~A ij -: .3 } 2 ~.} = Il. (me 1 ""~), 

( fJlj =- (~~ ){j ( mo'- + rn•j) I 8 G-i ' 
(28) 
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] 

~ 

I 

(f-~ )i; -
( ~ ~ )ij 

4- (,! 
t-1-+ ~G1LI 1 (m~.) + I 1 Crn;)+ 

+ (m~+mj)I~(m~,mj)JL 

-t 2.G2.lmtr1.(rn,: 1 m.:)+ ( ~ ~) Lj = ( ~;_ )~j \ 1 
Lt G2_ l 

-+mJii(rn_J 1mj)- (m~-tm~) I 2 (mL,n,cj)] \ · 

Moreover, the Goldberger - Treiman relation takes place: 

( 4'2-
(CJJij= m;_+rYJ~) +p2:~j , wherei(j)=u,d,s are 

the quark structure indices, The anomalous parts of the quark 
diagrams restore £ I)(J;e and ;;(_ 1-./Wt• Now we turn to discussion 
of the P-A diagonalization problem in the OMST, 

2. P-A diagonalization problem in a quark model of the superconducti­
vity type 

In the QMST the effective Lagrangian including all additional 
vertices of a strong low-energy interaction caused by P-A diagonali­
zation (4) and by renormalization of P- fields (5), can be given 
in the following form (prime over the fields is omitted) 

('\{) 
V""-o:.H 

where 

i~ 

• I I I / I ... I • 1 ~ 

'-''~tr '-"-l.l.n\1- · ~S+-l)lx> 
F+L m-\-1-cu I 

-~ (-l- 1jvr\rS l5 p 
Fr l o o [ 

-1-1 = ~ ~ ( E + { r 5' t -1/z p) + 12. ( v +A r r) . 

(29) 

(JO) 

The effective Lagrangian (29) can be presented in the form. of 
infinite series, each term of which has the form of the one-loop 
quark diagram and defines the corresponding vertex of a strong 
law-energy meson interaction; These can be-both physical and non­
physical interaction vertices. The procedure of eliminating non­
physical vertices will be exemplified by calculating additional 
contribution from P-A diagonalizftion to theal~vertex/ 1 31. 

It is well known / 5, 221 that the ~p1r vertex possesses all 
the pr~erties of the norr vertex. The effective Lagrangian of the 
W0 (f interaction has the form 
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( ~ tr"¥tY"' )~~t = (c~ rrecrr- )wl- + (a£ tr .. rY" )eH ' (.n) 

where 

(,;errov-r)wt: = -.:NtrF+L(x\-l3-.o\C-1flf.s-1\~ (J2a) 

A A " A . e. rp A -----;: e. Q A -----.c \ X ) J 
m-~'b m-~u 

( r1..11 ) "'-'-N-t < \..L ( 'l-~) r '"" .A 0 
1)(.. rr~ f4 ~ H r %=" -t L X l=v ~ 0 D 0 1"" -rr m - .: ~ . (J2b) 

·' 1 "' ~ I e. 'f A --.-~ e. Q p.. • ..... X ) • 
m- ~" tYI-<.o 

Here A..., '{~""AI"" is the potential of the electromagnetic field, Q • 
= diag (a/J, -1/J, -1/J). In flg.l the quark diagrams defining 
the lf .. t ('- interaction vertex are depicted. The diagram depicted 
~~ .Pin 1 n .., ... ..,..,.,.,,.. ...... ~., tn tn<> Ai'i'10ntivP f,Alf"Y'AnViAn (1~R) While thA 
-- --g·-- ------.---- ..... -

second diagram (fig.lb) is caused by P-A diagonalization and 
corresponds to the effective Lagrangian (J2b). We write down the 
analytic expre~sion for the quark diagrams (fig.l)t 

?To --·-
-·-f, k.. 

+ 

-llo- - ...... k 
D 1 l 

P'ig.l 

'JTO 0 
Q.." 

-•- r, k., 

-·- k f, 2 

Quark diagrams describing in the QMST the ~·rr-interaction 
vertex with inclusion of the lT - a1 diagonalization • 
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( 0..) - - IV o'- t /,/z_ ( d 4 k -t I" \ .:. s ~X A • 

M("-"ll - Jf~11 ~~ ) rr 2 t. {l m-k+k
2 

Oy 

M lb) 
(Y = 

--.,..-a; ~ " + -i A ~ (~"~v) 
rn - k. !:"" rn- k- 1<. 4 k-1- k

1 
' 

/'.1<:>~. 

A'-11 Frr 
(~~~) )~:: {rt{(kA+k

2
)(s 

A A A 2 (ru-~v) 
~ h "" - 'I' r, rn- k. - k. 5 + k,.- k2 • 

(JJa) 

(JJb) 

The "naive" calculation of the integrals(JJ) leads to the result 

M to.) 
f'-V 

2.. 
Ncx ( f' ) OL .[!, --- ~+--+··· 31T fn. ..f2 IY\2. e F v <X fi k~ k 2. • 

M < b> = - ( :t; 1 ) M ~ Q.~ • 

- ' l 

(&4a) 

(~A\-.\ 

where .p= k-t+k 2 is the 1r
0

- meson four-momentum. The inclusion of 
the .p

2
/12 m 2 form is beyond the scope of the QMST approximation. 

We have calculated the p2-term merely to show that in calculating 
correctly the diag~am depicted in fig,lb its contribution is pro­
portional to the p -term and consequently is not present infue 
QMST approximation. ~ summing the contributions (J4) we get 

(o.) (b) A . NO(. ( f2 ) . kC(kA 
Ml"'v = M t'-v + M t'-v = -y 3rr Fll" ~ + 2 rrrt + ··· C-rvo~.p "' 2 • (J5) 

From ... expression (J5)t we find the effective Lagrangian of the Tr 0f[­
interaction 

( VJ ). - .!. G f~"'vf .... ft ( 0 ) • Ql...rroJrr e..H- g v•K-r E-t'-"'ot..fo A-+ am1 + ... 11" , (J6) 
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where ft-'v-=- C>l"'N'- C>vAC" 
tensor and 

is the electromagnetic field strength 

G A Noc. 
rr•rr- == - T 3 rr Ftr 

(J7) 

is the effective constant of the 1f 0 rr- interaction. The constant 
G rr•rr calculated by formula (J7) is Z times smaller than the 
observed one / 5• 22/. The decrease in the 1f•rr-interaction constant 
is caused by the contribution of the diagram depicted in fig.lb. 
We analyse the reason for appearance of a nonphysical contribution. 
First of all we note that the calculation of diagram lb is not unique. 
This diagram is linearly divergent;therefore 1 the calculated result 
depends on virtual momentum shift in the quark loop 51. For a unique 
calculation of diagram lb it is necessary to use the regularization. 
The most convenient is the Pauli-Villars regularization / 2J/ 

( 
(1:>)) Net-. {t--~)rJ"k r.,..." ;\ 

HI"'" R = ~~ ~ ) 1Trl trp (k"-+k.Jrr-rn-t-'t f..,· 
2. 

·' .~ ~ (~""-" ) (J8a) 
:rn-kOI'"m-~-t.A~+ k~++k.2 - (m+-+M)· 

After taking off the regularization as M ~ 00
1 the contribution of 

diagram lb is proportional to the p2-term /lJJ 

(b) (1-1) N~ (1> 2 
) e<. A 

Mt"Y .., z-- 3T 1= !f2 mi + ... Erv~p k~ kz.. 
11" 

(Jab) 

~ summing the contributions (J4a) and (J8b) we obtain 

Not. ( f'2. ) o<. ~ 
Mt'-" ==- 3trF.- 1 + -12.m1 t + · · · E..~.;O<.p k~ k2 · 

(Jg) 

Formula (J9) results in the correct expression for the1i}(-inte-
raction constant: 

Noc.. /51 

Grr·rr = 31f F,. 

Hence, the tr•rr -interaction (or, what is the same the Wf'li -

interaction) exemplifies that for a correct description of low­
energy interaction vertices caused by P-A diagonalization, it is 
necessary to us~ intermediateregularization. providing a unique 
calculation of the quark diagrams describing these vertices. 
Therefore, instead of the effective Lagrangian (29) we shall use 
the Pauli-Villars regularized Lagrangian: 
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( ~£e.H)P. = \.N hF+L (x\ tn (i- -1 
m-t-1-c~ SH)Ix> _ 

(40) 

-1. N t r <. x I tn ( ~ - A A S H) I ~) . 
F+L M-H-l.<> 

After taking off regularization M-..., the effective Lagrangian 
(40) does not contain ·nonphysical interaction vertices. Let us con­
sider some examples. 

Thew}1ivertex. To be convinced of that the effective Lagrangian 
(40) does not contain nonphysical contribution to the uJ 311 vertex, 
it is enough to examine jhe contribution of the vertex with one 
1r- o....1 transi tion5 • T.b.e effective J.agrangian of the w3ii'­

interaction describing the corresponding contribution has the form 

(A) ) -\ " ~ • 
(!J£. •tr -=- -i.Nh.,..+L(xl--.-.... ~Pw m-·~ t~-\(m)· <.)~ efLR. r rn- ... ~ I '-<1 

.~, ~ . -~~ s-: i i ( -t- ~).... 1 z IZ. v-!>lf --. ~- -~ (m) t V' 'Jr--.~- -- ol\ v-5' x)-
0 rn - '- 'U ~ 0 ,.,., -, <> Frr c 0 

(41 ) 

1\ .... ~ ()A.h ~ 
- L tH·f: <xI -.-..... 'I pw M .~ (.Q. M t: r5rr-~M . .,. 

F+L M-Ltl <1'1 -tu d., -LCJ 

-1' A . (H) 1 ,z..,.rl\ - .... 
·'l~~ c a M-ci) ..\ ( c -~) "' 

F'lf 7" 'dll ['> \ Xf + (per-mu..f.c..{-:o.., 1)= 

= )n ~"'x{~'ik. 

r=.~ (2.1r >~ 
e.~'p [ d:. ( 1<- )( ")] c a.k 1r .._ ( x.)ll'~ (x~)1r\x1 )l•.l'()<.)· 

. f. 

M/"' (k.A, ku k..1) R J 

5) These contributions arise from the wAtrtr-vertex after 
the shift (4) • 
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A J ,._._ ~ a. .,_ 1 _.. .,. ( (-'> A L l) 
where 6.J ~ 't {' Wr-- l tr = L ~ fi = r <: .,- tr = 1r ( lf I 11 ) 

'L o.. are the Pauli matrices of an isotopic spin (a=l 1 2,J)), and 

M f" ( k 1 , k~.., k3 ) R is defined by the integral 

2 
M ( ) N ~f._ m ( t- 1 ) 
I '('A k.~ 'kl.' 1<.3 R = - tlf>"Tr2. -2. r;. ~ 

(42) 

~ d"l<. \ ~ r -1 ~ -~ k. s -- tr --.... A :;;;: A A I" J, ( • 
'Tf:q rr-m-\<.r rn-~---~~~ rn-\<.-k-\-1<-2. 

" t\" , A l - (,.,..__.M) + (purn\A.~c..+~.,.,.,d. 
m -lc.- "-~- "-L- \<.3 \ 

The integrals with virtual masses rn should be calculated in the 
QMST approximation, i.e., after extracting the Lorentz structure 

"f f_("'VCL_f!, k~ k~ k~ 
it is necessary to extrapolate F to zero vaJues of 4-momenta of 

interacting mesons ( f> 1 k~ 1 kl. > \<. 1 - 0 ) 
6 

, In calculating 
integrals with regulators one should take into aocount that M is 
...... ._ ... _. ~ ,.._..,,.._, ..... 1 .......... ,.._ ~l-. ....... ,...,.., ... ,.. ,.,.of' n""'•" maonn ( -1..,.. +no .P-1 no1 ono1 1rq-l q ...,_ ..... ._._....,..,..._ ___ " ----o-- ,.. __ ---- .... - -- --"'V ------- .. ---

M-oo ). We give the result of calculations 

. {1::-~) N~ yo<. I'> 
Ml-'-l"'-ukt,k:1) -= -3~.- \"T Lt1r1.~ E-f"vd-.Jl k-1 k:z_ k3 • 

1\ 

r d~k [ m ~ - M 't 1 = 0 • 
. j lfLl_ l (ml.-\<.1)4 (KL-\<.2.)4 

(4J) 

Hence,the contribution of the vertex with oneji .. ~Jtransition tends 
to zero. Disappearance of the vertices with two and three~- c:t.t 
transitions in the effective w31l interactions proceeds in an 
analogous way. A.s a result, the effective vertex of the W 3ll -in-

teraction is defined only by the chiral anomaly ue, ,, ) = ( c'l. ) . 
~•IT eH ~ <.!l1T wt-

---6')-F is a function of all invariant variables p~ (lc..ftk.z_-t~3 )~ 
2. 2.. k. 2.. ( 2.. f )2- 2. 
k~, k~..., 3 , .Su .. = "-A+k.t) ,Sn-=\."-1+~3 1 .Su=Ck-z.+~3), 
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The €;E1i -vertex. Let us consider the vertex of the¢ .1i1i"-inte­
raction where C- is the scalar isoscalar meson 8 (700), being the 
chiral partner of 1r -meson / 2/ • The vertex of the £ vli -int erac­
tion plays an important role in describing strong low-energy meson 
interactions / 2

•
14/ • In distinction to the w3rr vertex, the E-1r1T 

vertex is not connected with the chiral anomaly and it is present 

only in ~c.h• In describing dech by "minimal" expression (2) up to 
the tr- a.~ diagonalization, the E.. rrr. -interaction vertex does not 
contain interacting meson field derivatives and it is a constant. 

After the rr-a.~ diagonalization (4), in the !:7f'lf-interaction vertex 
there appear higher derivatives /l; 

(X ) = m }. [c.. 1T 2 
-t (i--() ( 0 u 1f L- £. a~";T. :3(" 1t 

(. Tf rr etf ~1 ]: .J ,.,2. - (44) 

- ( =t - .{ /- E- "?!~"'iT . i> 1f ] 
~ ~ m2- . 

The effective £.11"11- interaction (44) is described in the QMST para­
mAtA,. 1"n~llA~P. Th1" 1" t'nnvPn1Ant i'n1" i'111"th .. ,.. "t11fly ni' th" !_~!!"­

interaction in the QMST, although it is completeiy clear that expres­
sion (44) can be rewritten in terms of the standard ECL construction. 

Now we treat the £1rlf -interaction vertex in the QMST, The 

first term in (44) completely coincides with the calculajed result of 
the divergent part of the triangle quark diagram £. tr 11 2/ • The last 

two tenns arise from the lf- a..,( diagonalization. Are they present in 
the effective Lagrangian (40)? For the sake of simplicity we consider 
the terms proportional to ( ~)2. -r. 

( 6o(~~~) = - l. N t r-F +L (. y. \ j { ( rn) L ...., _'\ ~ 

.. _L ( T- ~ ) ~ 11
1 
J{~ ~ _1_ ( t-- ~ ) ~ 11 ITS'~ \ X J -t 

F"Tr t: ll m-t~ F...- r 0 m-,':1 

(45) 

= ~ n 
t=~ 

o~"xtal'~kt ,2.xp[-Lk.t(x-xt)}. H (k~ 1 l.J~' + (,.,_ M) 
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where 

M(kok,JR 

2 
- ~ g" ("") -~- { i: - ~ ) 
~"n2 z_ '-t F_; \ t: . (46) 

t ci"l<. 
J -rr'2i. ·h-\ ~ 

"' m-1<. 

A A A - ~ ~ 
kAy£ A,ks~ A"-" -t(k~~kz.) 

rn-1<.-kl rn-1<.-\<.~-I<L 

( "" ~ t--d . • 

In the QMST approximation from the integrals with virtual masses ~ 
only the divergent parts survive. In calculating integrals with 
regulators one should take into account that finally ~~ oo, i.e., 
~ is considerably larger than mass of each interacting meson, We 

write the calculated result 

M( k~, kJ ~ 1 r- ~ )1 
f ,>r \ T [ .2. rn ~~ l M ) I 2 ( m , tn ) (47) 

-1 M~/M)Il.(M,M)] (kA,k2). 

- . . . .. ..... "~ .. ~- ? ~v~ .... t ...... ' r f ..... '-'' DY remov~ng ~tn~ ~-~t!;U.J.tU."..L:t.tt:a."..Lv.u , .... --, .,. ___ ------ - · · <t 1\ "· ·, - L ... -,, .. , 

tends to zero; therefore, (J;,R ~~"~~"")e..~~ becomes 

( r :t. ( 1.) ) = m Q ( m ) t- [- ( ~) .2. £ de if -or- i J 
l..Tlr e~~ cf" r 1.. __ L 

(48) 

The effective interaction (48) coincides with the corresponding 
term in (44), Analogously, it can be shown that the effective Lagran-
gian (40) contains the E..-rr'lr- interaction terms proportional to 

(r-V/1- · 
,Th!l,_1[!_..:_...!.~~~.!- The effective 
ned in the standard ECL construction from ftminimalw construction 

by taking account of the~- a.1 diagonalization has the form/
1 
I 

" 11' - interaction vertex obtai-
(2) 

2. 2 
( ~ _4) =- ~~ (m) l f(i?'2.- (0)2. ~c 1[2 ;::)"''it 2 

H e\f 8 L I ~ ~fY'I2. + 

+ (l- ~)tt (~/f.x'dvrr). ( 2>~'""-Tt x 'dv~) ] . 
t •' L 

(49) 
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It is possible to show that the terms with higher derivatives in the 
effective tr4 -interaction vertex (49) are completely reproduced in 
the QMST and kept in the effective Lagrangian (40), 

Further, one can show that momentum dependences of the ~1r~ 
and lr4 interaction vertices (44) and (49) are consistent, The 
amplitude of the low-energy~~ scattering evaluated in the tree 
approximation with the help of the effectiveinteractions (44) and 
(49), satisfies all the conditions defined by the chiral symmetry 
and SCSB (e.g,, Adler's condition, etc,). 

The study of concrete low-energy interaction vertices can be, of 
course, continued. However, the considered examples demonstrate that 
the effective Lagrangian (40) correctly describes the low-energy me­
son interaction vertices caused by the P-A diagonalization (4). 

Conclusion 

lbw let us discuss the obtained results, First of all we should 
like to note that the solution of the problem of excluding nonphysical 
interactions caused by the P-A diagonalization is obtained at the 
prescription level, It was found that for exclusion of nonnhvs1c~l 
vertices caused by the P-A diagonalization, it is sufficient to use 
the Pauli-Villars regularized Lagrangian (4) instead of the effective 
Lagrangian (29). The latter contains all the vertices (both physical 

and nonphysical) of the low-energy meson interaction. These vertices 
appear after the shift (4) and renormalization(5).The regularization 
is necessitated by ambiiuity of the calculation of individual quark 
d~agrams. The above mentioned diagrams describe the new interaction 
vertices, The Paull-Villars regularization procedure corresponds to 
subtraction of a quantity frrun a quark diagram. This quantity is 
defined by the same diagram in which all the masses of virtual quarks 
are replaced by the masses of fermion regulators M • The removal 
of regularization corresponds to the limit M ~ oo , The application 
of regularization to the whole effective Lagrangian, conditioned by 

~ I . 
the P-A diagonalization, leads as a whole to the subtraction of 
the corresponding regulator contribution from each vertex appearing 
as a result of the shift of the axial field (4). This seams to 
be enough for a correct description of the vertices of the low­
energy interaction which appear in the P-A diagonalization. 
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BonKOB M.K. H AP• E2-88-558 
3~eKTHBHhle KHpaiTbHhle narpa~aHbJ, KBapKOBaH 
MOgenb caepxnpoaogn~ero THna H npo6neMa 
P-A gHaroHanH3a~H 

B KBapKOBOH MOgenH CBepxnpOBOAH~ero THna npoBegeH aHa­
nH3 BepiiiHH, nonannro~xcn npH yqeTe P-A nepexogoa H c no­
cnegyro~eH gHaroHanH3a~HH KHpanbHoro narpa~aHa. YcnoBHO 
TaKHe BepiiiHHhl MOryT 6bJTb pa36HTbl Ha BepiiJHHbl $H3HqecKoro 
H He$H3HqeCKOrO THna. lloKa3aHO, qTo llpH HCllOnb30BaHHH pe­
rynHpH3a~HH llaynH - BHnnapca BKnagbi nocneAHHX MO~HO HCKniD 
qHTb H3 OllHCaHHH 4>H3HqecKHX npo~eCCOB. 3TO llOnHOCTbiD COOT­
BeTCTByeT 3KCUepHMeHTaiTbHb~ gaHHb~. 

Pa6oTa BhlilOnHeHa B lla6opaTopHH TeopeTHqecKOH 4>H3HKH 
OIDIH. 

npenpHHT 06oe,llHHeHHoro HHCTHTyTa SAepHbiX HCCJleJJ;OBIUJHH . .Uy6Ha 1988 
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The vertices appearing after the inclusion of P-A 
transitions and a subsequent diagonalization of the chiral 
Lagrangian are analysed in the quark model of superconduc­
tivity type. These vertices can conditionally be divided 
into physical and nonphysical ones. It is shown that if 
the Pauli - Villars regularization is used, the contribu­
tion of the latter can be eliminated from the description 
of physical processes. This is in full agreement with ex­
perimantal data. 

The i~yestigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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