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Introduotion

It is well~known that hadron low-—energy interaotions are quite
well described by the effective chiral Lagrangians (ECL) 1/, e ECL
represent the Lagrange form of an approximate chiral-symmetry rea-
lization whioh 13 alsoc the case for quantum chromodynamics {acm).
The ECL method allows a deeper insight 1into the current algebra re-
sults, the low energy theorems as well as the hypotheses of the veo-
tor dominance (VD) and partial oomservation of axial current (PCAC),
The attraotive peculiarity of the ECL formalism i1s the possibility
to work direotly with observable (physical) particles and desoribe
observable quantities. The study of the ECL properties is an impor-
tant ard 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 effeots as bosonization, spontaneous chiral symmetry breaking
(8CSB) and oconfinement. Unfortunately at the oontemporary level of
development of quantum field theory the Jjoint desoription "from first
principles™ of these complicated nonmperturbative effeots has not be
aohieved, That is why for the study of the ECL propertlies one
frequently uses the effective quark model based on QCD,

One of these models is the quark model of superconductivity
type (QMST) 72/ Snien 1s a quark version of the modified Nambu -
Jona -~ Lasinio model J with the effeotive four-quark interaotion.
The QMST desoribes the bosonization effects and BCBB but it does not
describe the quark confinement. The requirement of oonfinement in the
QMST is an external condition. Iimitation arising as a result of
this requirement is in agreement with the PCAC and VD hypotheses

supposing the weak depeydenoe of matrix elements on the meson masses
up to their gero values 4/

In the preseat paper we oonsider ECL with the SU(3) x SU(3)
obhiral group describing low-energy interactions of four nonets of
mesons (soalar - Y, , psendosoalar -~ P , veotor - VYV and axial-veo-
tor -~ A) oomposed from light (u,d,s) quarks.

The purpose of this work 1is,first,to analyse the problem of
appearance of nonphysical vertices of the low energy meson interaction
in BCL whioh arise as a result of SCSB and P-A diagonalization and seoond
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to disouss possible solution of this problem in the framework of
the QMBT, First, let us remind the standard procedure of the ECL
oonstruotion for the system of four meson nonets

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

‘xcf}‘::ofd\*'o%wi*zuwlf (I)

The Lagrangian ‘;eck includes meson kinetic terms and local lnte—
raction vertices conneoted with each other by chiral and vector
transformations of the SU(3)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, 1s contained
only in }Z‘_k. The Lagrangians we and xwwg desoribe the strong
low-energy meson interaction vertices ocaused by chiral anomalies
(quark loop anomalies). The quark loop anomaligs with an odd number
of y‘;—vertices (Adler—-Bell-Jackiw anomalies /5/) reproduc7 all the
vertices of the effective Wess—Zumino Lagrangian éﬁ w7 6/, €.ge
PYV, APP, VPPP, etc, The Lagrangian nwi 1s defined by quark
loop anomalies with an even number of X‘f -vertices. The Lagrangian
Nw} desoribes effective vertices with higher derivatives of the
non-Wess—Zumino type 7 s €48ey YPP, ZVV, eto. [

For description of SCSB and P-A diagonalization 1t 1s necessary
to know the exvlicit form af ,'f;;‘ - Tnder tha stondard congizuciion
of "gc_h there exist essential arbitreriness /1/ « However, for
discussion of the SCS5B and P-A diagonalization problems, it 1s
enough to consider the "minimal® expression for /

L.y = te (D.HDOH) + te, (pd HoH)
D)
-~ 4r (cﬁ (1+n)?) - tr, ((uo(M*m)) -

v
= 3 (R F™ Gl 67) 4 e (2 0y VA A7)
Here X = kt— Xo_ s where X‘—'M (M+).V,A.F or G and

£°’_I = -"—2_- »F are the generators of the flavour group SU(J)F .
Further, DM =M - 19, [Vu,M] + ig, { Au ,H}+
1s the covariant derivation of the field M= 5 + L P , whers hX
and P are nonets of scalar and pseudoscalar fields, respectively§

1)

The vertex VPP with first derivative is oontained in I‘oh'

I

1
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Gc*v = 'QFAV—BVA(‘— Lﬁz[vr“'Ay]_+ 92 [VV‘A/“']~

are the strength tensors of nonets of the vector V and axial vector 4
fields, 3" 1951 Mo s [*k,' and («, are the model parameters, the
numerical values of which in the standard ECL construction can be
obtained only from oomparison of the calculated results with
experimental data. At : > 0 vacuum expeotation values of the
scalar fields (diagonal nonet component) differ from zero?

{3y = 3,#0 , which leads to SCSB. In oonsequence of SCSB the
term & ( D Mt D#M) in {2) results in the following

interaction:
2tr. (3, D7 {A 2.0 ©

k]

that leads to nondiagonal P-A transitions. The appearance of interac-—
tion (3) means that P- and A-states in (2) are nonphysical. }‘he
transition to the physioal states 5 carried out by the shift 1/

(A(")LJ = (A'(.,,)L) + s‘) (-ﬁ#?)\,) » O

where ]—)‘U_CP = 'BC.P - (9, [ Va ,P) 1s covariant derivation
of the P -71 1d with respeot to local vector transformations of the
50(3) group 1 . The parameters %i' are determined from the con- *
dition of lack of direct P-A transitions. The exclusion 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 mesen interaction, ‘These vertices can be divided into
physical and nonphysical ones. The latter do not influenoe the
emplitudes of physical processes, which will be disoussed later.

2 Indices 1 and J denote the quark structure of mesons
(*\(J)= 4,d,8 ) ; there 1s no summation over {, | 1indices.
The use of quark indices simplifies the presentation of problems
of unitary symmetry breaking. Let us note that the standara ECL
construotion does not take into account the quark structure of

mesons.,



The change of the coeffioclents of the kinetio term of th7
P_fields leads to the complementary P.field renomalization/ 1

.4/2 7

:Plj = 2.7 P, (3
where ZLJ‘ 1s the renormalization constant (no summation over quark
structure indices). There exists the following relation between
the éljand 1;‘3 Parameters /1/:

(92);; 54 2:? = :4;;("‘ JE) &)

where Fp 1s the PCAC
constant Fyr = 93 MeV),

Now let us pass to the problem of appearance of new nonphysical
vertices of the low-energy interaction caused by shift (4). As an
example, we consider the contact w3 vertex The effective
Lagranglan describing the oontaot 37T 1nteract}o? 1s caused by the
corresponding chiral anomaly and 1t gets the form ?

P -meson constant (e.g., PCAC T -meson

3
Here (Gw)wz == NSf/‘*TFr , where N 1s the number
of oolour degrees of freedom of gquarks (real Na3), 3 is the
—» )7 decay constant » The constant (Gwhdetemines the
contridbution of the contact < 3T interaction to the w-—w 3w decay
emplitude 9/.

The vertices wAWWT, WAAx and wAAA possess the struoture
analogous to that given in (7). Under the shift (4) the vertices
AW, wWAAT and wAAA produce the vertex w3 m . As a re-
sult, the effective Lagranglan desorlbing the w3 T
takes the following form:

vertex

(£ usn) egy = (L), [4-3(4-F) = "

ca(A- Y - (-4 - B2,

Hence we get
A (9)
(Gw>e¥§ R ( Gw)wz- : ’

Thus the contributlon of the contact w 3™ 1interaction to the
w37 amplitude decreases 2} . times (2’-‘-"}’?, /10/ and 2P~ 2,8),
which 1s in contradiction with experimental data. This 1s easily
seen by studying the amplitude of the process y —» 3T,

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

- _i— ® = - Noc N
eA(r-,zr) = FﬁzA(\T ry) A Fl o
L
(o0 = 2= 15)

where A(y‘—»sn-) and A(TT':—,X’f) are the invariant amplitudes of

the prooesses x*—elﬁ‘and T Yy o respectively, calculated at

zero 4-momenta of interacting particles. The theoretical value

Aly— Zf)um'f 9.5 (6eV)™> calculated by formula (I0) at N=3

1s in agreement with the experimental one A (y’—?ﬂr) exp ®

- 12.940,9 (GeV) 712/
A;cording to , 1n the low-—energy limit A(X"" 3T)

can be expressed through the coupling constant of the contaot w3

interaotion

4o
eA(y—>3r) = — G =3 ) (11)
A(r ) 4. w3 ( 34.4 ﬁ’f
At C’w31r = (G’@)wl (7) we have agreement with the low-—energy
theorem (10) 79/, whereas at G« =(Gu)m(8) the theoretical
valu7 A(J"—) RT)H\Q" is almost 4 times lower than the experimental
one 12/, Thus,in describing the 3T interaction vertex the

inclusion of new interaction vertices caused by P-A dlagonalization
leads to evident contradiction with experimental data.



We' can glve other examples of the «dlscrepancy
between theoretical and experimental results caused by P-A dlagona-
lization (4). Nevertheless, there exist a sufficient number of
counter examples demonstrating the necessity of taking account
of local interaotion vertices caused by shift (4). For example, in
the decays a,—>Tf and &, —» Ty~ supplementary contributions from
T o, transitions allow one to get the gauge invariant expres-
s lon 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 M-+ eV, )y and K—eyv, y 13/, etc.

Then, for the description of strong low—energy interactions
in weak kaon decays the inclusion of local vertices at a low-—energy
interaotion caused by P-A diagonalization (4), allows one to get
agreement between theoretical and experimental results 14 .

Thus, the problem is : Why in P-A diagonalization (4), arising
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 construotion these
questions cannot be answered. Therefore, we analyse the nature
of nonphysioal interaotion 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 copT
vertex as an example (or, which is the same Wy ¥~ ) we analyse
in the QMST the origin of nonphysioal strong low—energy interao-
tion vertices caused by P-A dlagonalization (4) . It 1s shown that
in the QMST the appearance of nonphysical vertices is connected with
the ambiguity of caloulation of integrals over virtual momenta of
2-quark loops describing the interaction vertices. The recipe is
proposed to exclude nonphysical interaction vertioces caused by
shift (4), whioh 1s based on the use of the Pauli - Villars regula-
rigation prooedure. In conclusion, the discussion of the obtained
results 1s given.

1. GQuark model of the superconductivity type

The QMST is a quark version of the Nambu -~ Jona — Lasinio model
7253/ y1tn the effective four~quark interaction. The strong g g
attraotion oaused by the effeotive four-—quark interaotion leads
to appearance of 2¢ -collective excitations(CE) with meson quantum
numbers. The presence in the model of CE of certailn type 1is defi-
ned by the initial four-quark interaction struoture. For example,

6

to describe strong low-energy interaotions of four nonetsof low-
lying mesons of the scalar, pseudosoalar, vector and axial vector
types, the inltial four—quark interaction should be

e .
Loelg) = 26 (G472) 26, (G Ly €9)~ a2

-2 c,v(QX#&“Z)Z—ZQ(EX”XV{“Q)z)

where G (1=8,P,V and A&) are some positive oons%gnts, g= (u\d\g)
are the quark fieldswith N degrees of freedom; t° = —‘z 7\‘; I.»
where k‘} are the Gell-Mann matrices of the quark flavour group
SU(3); (a=0,1,...8), and I, 1s the unit NxN matrix. The interac—
tion (12) 1s imvariant with respeot to the chiral U(3)x U(3)
group transformation 1f Gg = GP = G, and G, = G, = Gy

Lo (5) =261k )+ (T te)] -

-2 6 L(Errete) F (Fyyte)’]

a3

The oonstants 64 and CJQ_ oan be determinea irom tne pseudaoscalar
2,10/ = 4,9 (BeV) 2 and G, =
and vector meson mass spectrum G4 = 4, 2
= 16(GeV) 2 .
The total quark lagrangian with the effective interaction
(13) has the form

Z(g) = 2(:d-m.)g + Link (¢},

where AD = iyt » mg =m, I, 1s the quark mass matrix,

and m,. = &La;_ (Mg \MadiMes ) With ourrent quark masses. The
mess term g m, 2  breaks "softly" the ohiral symmetry. In the limit
me: = 0 isu,d,s) ohiral symmetry becomes exaot,

The theory with the four—quark interaotion (13) 1s not
renormalizable; 7herefore it 1is reasonable to usg only the one-loop
approximation 3 L It means that oonstituent quark masses, meson
masses and the oorresponding phenomenologigal ooupling oonstants are
defined only by one-loop quark dlagrams 14/ For description of quan-
tum corrections in the one-loop approximation it 1s sufficient to
take ultraviolet out—off parameter A 7§§7h can be identified
with the soale of chiral symmetry breaking . The restriotion to

(4)



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

Spontaneous chiral symmetry breaking. I, the description of
strong low-energy hadron interactions the essential role 1s played
by SCS5B, The mechanism of SCSB in ga quark system with a four—quark
interaction (13) 1s analogous to the mechanism of mergence of an
energy gap in a superconductor at low temperatures7177. In conse-~
quence of SCS8B, the current quarks turn into the constituent ones.
In this case the increase in quark masses (mi = 0,3 GeV) and
reconstruction of low-energy vacuum,take‘placé 72,3/ .

In the one-loop approximation, constituéht and ourrent quark
masses satisfy the equations 2

Mo = me [ 4 =861 (m)] | (5)

where m; 1is the mass of constituent 1-7uark (1=u,d,s) and Id(m')
is the quadratically divergent integral 243/ )

‘ AN
T,(my) = ~(N \ d'k N [z

A
= Y [A%_ 2 A H
f_ztﬂl' m%’ L2 enl _A m. (n (\,1—&-__{ . (16)
<
The parameters A  and m; (1=u,a,s) are the basic parameters of
the QUST, We give their numerical values /2119/

A =1.25 Gev, m_=0,28 Gev, m =0,284 GeV
m = 0,46 GeV. Qa7

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

m.= 3 MgV, ma=4 MeV, m = 80 MeV (8

Al though current %lgm.rk masses (18) are smaller than the generally
accepted values T om =4 Mev, Moa o7 MeV, m, = 150 Mev,
there 1s no oontraction with the Dashen mass formulae for

pseudosoalar mesons

o 2
mT-';?ri(m°u+moa)7 ) My :;’L(m,u+m°,)€, (19)

where & = ~{Gud=-<dd>=-(3s> = (0.25 Gey)> 1

quark oondensate in zero order with respect to current quark masses,
l.ec at m =m, =m, =0 719/, The point 1s that in the QMST

the quark condensate %MST =m, /26, = (0,3 Gev)? /48

1s larger than the generally acoepted ¢ =(0.25 Gev)3 . Therefore,
the produot of current masses (18) on O-lQMST oorrectly desoribdes

the pseudoscalar meson masses! My = 0,15 GeV, m  =0. 51 Ge 18/.
These quantities are in satisfactory agreement with experimental

values.

Bozonizatlon. The bosonization procedure, l.e., the introduotion of
looal meson fields into consideration and elimination of quark
degrees of freedom, oan be fulfilled in the QMST by the integral
transformation method 1n the continual integral defined by the

generating funotional of the quark Green funotions’ “? t
7] = W' \Re L \da 79 +3 (20)
Wlq7] = Wo |RgHg exp )d'x [#0g)+ 72 +37],
where W, 1s the vacuum functional
wro o= bz el an Yo
o At Aeh MRS R R Ay,

and %4 and %4  are external sources of quark fields.
As a result of the standard transformations, the generating
funotional (29) oan be expressed through the local meson fields

win )= we' {3 e i {aay Foo. (2

* :;F ("\Y' SL,'Pl\/I/\) ’7(y)- L‘P {':szgg [ EL fﬂ \«A\] ]

where E,P,V and ,A are the flelds of scalar, pseudoscalar, veotor
and axial vector momets ( X = +% X* | where X=3. PV, A)
‘QS(u is the invariant measure of integration over meson flelds,
,SF("nY &PV, A) 1s the Green function of quarks in the
external s, , P,V and A fields, and finally)seH [z, P v.A]

is th7 effeotive action of strong low—energy meson interaotions
/2521



Se,gg [2"\"V‘A} = -n Deb(id-ma+H) .

Det (i3-m) (22)

z
u PR z 2 2
+ Sd " g ’ch(ZJf?)+H§éz{r‘__(v#\/ﬂ+AﬁAh)} ,

where H =g, (U« 0y ) +9, (J+A ps) .

1 3 moreover
4.8 = G — Mmoo+t )where 9. and 4. are the quark-
meson interaction constants 3 s and m = m_ T where
ECc s

™ML s diag (m“ \M M) 18 the constituent quark mass matrix.
The vacuum expectation value of scalar fields 5\ 1s different
from zero {3 # p , while the fields S’ are defined 1n such
a way that (9’5 =0 ,

From formula (22) we find the effective Lagrangian of strong

low—energy meson interactions

. ~ 2
"\{EN ()() =¢z€€§ (x) - l\lc:_/\ _Er': <22-+ :PZ) + (23)

35 . oAl
K Trzs;HF(v(“Vr*ArA ),
where

>3 _De{—({A_
Hept () = — x| 2omaH) -

‘-\
Dek (13_my X7 =

4 o Ca4)

= - {tr <"“-"(4" AL§H>'X>

CrF+L m -

~

The effective Lagrangian of (x)

can be expressed in
serles form AR *» the infinite

D

3)
These constants coincide with th
in the effeotive Lagrangian (2§. ¢ comstants g, a.an 32

4)
Indices C,F and L denote trace calcul " "
" avour® and Loi'entz 1ndices. The o calculation over "colour",
. ave fu
zed to the condition ¢, (yS = &%(x _Yn)"t.ims Ix> are normali-

10

~

_ oa_"-. A n = )
xq&(x) —.\:ZA m e S (m-i% H)X> = 5 Lo G, (25)
n=4
eaoh term of which belng a one-loop quark diagram
F T A dkp o _
Logs 0 = SgnA Gy P ko - -tk (26)

N K
) T e, fHe A A s

l. ~
whe m- b=k

A
.H(Xn—k) P -g !

where k,+... +k_=0. Index n oorresponds to the number of
one-loop quark diagram vertioes. The quark diagrams with two verti-
ces (naz) define the kinetic terms in the effective Lagrangian,
while the diagrams with n  vertices (n = 3) describe in the
QMST the n-meson vertex of the strong low-ensrgy interaotion.

Confinement. We now turn to the disoussion of the rules of one-loop

quark diagram calculations determining the strong low—energy meson
interaotion vertioces, It is quite clear that approximation of
effective meson interactions by quark diagrams with oonstant virtual
quark masses and constant quark-meson interaotion vertioes does not
take into aocount the confinement., Therefore, the dlagram on the
whole oannot oorrectly describe the strong low—energy meson
interaotion vertex. The question ooourst! What parts of the quark
dlagrams ought to be taken into aocount for obtaining effeotive
interaotion vertices in ohiral Lagrangians? It is natural to assume
that without knowledge of exaot dynamics of quark oonfinement we
can attaoh the physioal meaning only to those parts of quark
diagrams whioh weakly depend on a oconcrete oonfinement meohanism,
These parts of quarks diagrams are the divergent and anomalous
parts.

*  fThe divergent’parts of duark diagrams oan be expressed
through quadratioally and logarithmically divergent integrals
regularized by using the cut-off parameter A_ . The quadratioally
divergent integrals are defined by formula (16) and the losaiithmi-
cally divergent integrals have the form/2/

11



WA "
SN & I S (27
@O Y (- )t =)

Il(mf-nmj) =

_ N

Abw m ""

e [t (e At) = mf e (A AYmd)].

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

The anomalous parts of the quark diagrams do not depend on
virtual quark masses. Therefore, the contribution of the anomalous
parts of the quark dlagrams can formally be distinguished by calcula-
ting the quark diagrams in the limit of infinite masses of virtual
quarks 7 .

The restriction to the divergent and anomalous parts of the quark
diagrams corresponds to quark dlagram extrapolation to the zero
values of mass varlables of interacting mesons, This approximation
1s the generalization of the PCAC and VD hypotheses to the quark
1eve1/1’4 « Let us remind that in conformity with the PCAC and VD
hypotheses the matrix elements of transitlon hetween hadron states,
caused by strong low energy interactions, are the smooth functions of
interacting meson mass variables up to zero values of the latter 4 .

Thus, 233 & pusavmenviogical caiculation of confinement in the
QMST 1t is enough to complete the baslc hypothesis of the QMBT about
the description of SCSB and bosonizatlon by effective four-quark
interaction (13) by the PCAC and VD hypotheses assuming the weak
dependence of vertex functlons of strong low-energy meson interactlons
on mass varlables of interacting mesons.

By keeping only the divergent and anomalous parts of the quark
dlagrams we can completely restore the structure of the effective
lagrangilan (1). The divergent parts of the quark dlagrams reproduoce
the minimal expression (2) of the effective Lagrangian é(ct‘ s the
parameters 9,,9, | Mo M and M belng expressed in the
QMST paramet er language 72/

(g = 3 G2y = 1 Cmeimp),

(t‘o)cj ) (34)% (v me) 86, (28)

12

(9%)..

(40 = 2 (-4 e L) » 1y (mp +
1

+ (rn +m; ) I (rn mj )] g

<C‘7i)ij = (% J§4 + 26, L w8 T, (m, ,me) +

+mj T, (my m;)—(fn%*r'"j')Iz(mc:md‘)]{

Moreover, the Goldberger — Trelman relation takes place:

4
(34)1.4 (m: +my) -'FPZ /2 ’ where 1(§)=u,d,s are

the quark structure indices. The anomalous parts of the quark
diagrams restore équ% and ;fh“yg. Now we turn to discussion
of the P-A diagonalization problem in the QMST,

2. P_A diagonalization prodlem In 2 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 dilagonali-
zatlon (4) and by renormalization of P- fields (5), can be given
in the following form (prime over the fields is omitted)

1 A [

&Xtﬁy— hiirni<x;ln\4 - '_ASH)ix> (29)

!

where

\

=+ )ty Dp

H

(30)

[

g, (n+iy2%p) +q, (VeArT)

The effective Lagrangian (29) oan be presernted in the form of
infinite series, each term of which has the form of the one-loop
quark diagram and defines the oorresponding vertex of a strong
low-energy meson ihteraction., These can be both physical and non-
physiocal interaotion vertioces. The procedure of eliminating non-
physical vertioes will be exemplified by calculating additional
contribution from P-A diagonalizgtion to theayxﬁvertex/13/

It is well known /3y22/ that the w¢m™ vertex possesses all
the properties of the TW°yy vertex. The effeotive Lagranglan of the
W’xy‘interaotion has the form

13



(x‘\"’xr)eﬂ: (xn“’(()w}_\' ngn»"rr)egg_ , (1)

where

(X-w“rr)w}__ = “"N‘:h:q_()d{g“z”z XfT(

[Ty SN LY

.ePA QQA‘A—.g\W)

m- LD m-«

= a0 _i_,
<‘SXW°H")U§¥ bNﬁrF+L<X\ Fr( )Jf’arfg e (32v)
e@ﬁmt 3 e A 5 | x>

Here A“Y’“Ar. 1s the potential of the electromagnetic field, Q =
= giag (2/3, =1/3, =1/3)s In fig.1l the quark diagrams defining

the W ) ¥ - interaction vertex are deplioted. The diagram depiocted
in #1n 1o covreenanda tn the effantiva Lagrangian (32a) while the
ae'con:; dlagram (ﬁ.g.lb) is caused by P-A diagomalization and
corresponds to the effective Lagranglan (32v). We write down the
analytioc expression for the quark dlagrams (f£ig.1)t

_’—.x-; k" bt o X-i k4
__'7_"1_ + —110 Q-:
— g — R
ik ¥k,
Fig.1

Quark diagrams describing in the QMST the ﬂ"}’{- interaction
vertex with inclusion of the T = 8, diegonalization .
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(@) __ N AILS d'k .5 4
Moy =7 342 ' lwi

(33a)

y A A v (33v)
e e R (k«kz) :

The "naive" calculation of the integrals (33) leads to the

result
N 1’2 A
(a) o oL
Mew = T aTwF, (4 T T "')6{‘*"*’% ka ks (34a)
(b) 24 (a)
M = "( = )MM\)' (aan)
2

where p= k4+k2 is the T°- meson four-momentum, The inclusion of
the p/»f?. m2 form 1is beyond the scope of the QMST approximation.
We have calculated the p -term merely to show that in calculating
correctly the diaggam deplcted in fig.,1b 1ts contribution is pPro=—
portional to the p -term and consequently 1s not present 1n the

QMST approximation. By summing the contributions (34) we get

=y (@) (b) A N 2 °‘
Mow = M + My == 7 575 (4 5 Jepms K- 9

From" expression (35) we find the effective Lagrangian of the rr"r[—
interaction

0]

_ A Yron e
(Lreprdas = Gy Guvma FUF? (i Fme ), o)
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where TV = DYAY-3YA¢  1s the electromagnetic field strength
tensor and

= - A _Ne
Grr"nr_ 2 3mF, (37)

i3 the effective constant of the m°jyy - interaction. The constant
Gpeyr calculated by formula (37) is Z times smaller than the
observed one /222%/, The decrease in the Ty y-interaction constant
is caused by the contribution of the dlagram depicted in fig.lb.

We analyse the reason for appearance of a nonphysical contribution.
First of all we note that the calculation of diagram 1lb 1s not unlque.
This diagram 1s linearly divergent) therefore, the calculated result
depends on virtual momentum shift in the quark loop 5/. For a unique
calculation of diagram 1b it is necessary to use the regularization.
The most convenlent is the Pauli-Villars regularization

(b) N 2-4 “k L (kat
(Hrv R™ E%F:, (T) g%[fh‘{l (kﬁkl)xi"“f_r:Tsz.

.'m".n §e mja_gi + (':,:12) - (mesM) - 28e)

After taking off the regularization as M = oo, the contribution of
diggram 1b is proportional to the pz—term

(b) 2-4\ N p? “'A
Moy ‘( 7 )JT:’-‘:‘. (42m1+~~.)£/v~v?¢.ﬂ ky k. (381)

By summing the contributions (342) and (38b) we obtain

2

_ _ N £ ) o« N (39)
Ml‘*"" 3rF, (4+Azm12+ E’{-‘-\’“ﬁ "4 "7_ :
Formula (39) results in the correct expression for the:ﬁ}(-inte-
raction constant: 151
N o
G“-ard— 3T F“— :

Hence, the weopyy ~interaction (or, what is the same the wem —
interaction) exemplifies that for a correct description of low-—
energy interaction vertices caused by P_A diagonalization, 1t 1s
necessary to use intermediateregularization providing a unlque
calculation of the auark diagrams describing these vertices.
Therefore, instead of the effective Lagrangian (29) we shall use
the Pauli-Villars regularized Lagranglan?

16

(SX&R)R=-{N bro, <XV (4- SH)IxD -

M- -02 (40)
A

M- H-12

~iNEr, xttn (4= SH)IRY.

After taking off regularization M - oo the effective lLagrangian

(40) does not contain "nonphysical interaction vertices. Let us con-
slder some examples.

Ihew3d vertex. To be convinced of that the effective Lagranglan
(40) does not contain nonphysical contribution to the w3 vertex
it 1s enough to examine the contribution of the vertex with one ’
T “«> o, transition5) « The effective Lagrangian of the w3m -
interaction describing the corresponding contribution has the form

o))
(SX“WZH AL ARSI &

A
m-13 %f m-i3 l}*(m)'

’

41, ____"__. : 1 ! 2-4\a
z LX';TT 3 t%A(m)z éx-r,“. —;_4—( > )aTrXS‘IX)_

m-i9 Fp

(41 )
Fal > 'h-cd ¢80 M- 44 g

. 1 A A [E-4\a .
13, (M) 2 row R 7__—(-5——) 3WX‘5_\X>+(pcrmu\+«{-mn;)=

- b a
@-*P[ﬁ kz(*“‘e)] 7w ()T ) Ty @ ).

) M(‘* u‘h“uk;)g,

5) These contributions arise from the (AT T-vertex after
the shift (4) .
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T 1
where L"'ZX(*"‘("" T=5tons = 2?((1?:'""1\' ),
o are the Paull matrices of an isotopic spin (a=1,2, 3)), and
M{“(k“kl, 3)9\ 1s defined by the integral

N ‘3Lm (%-4

“Aow? T

dkk s A s &S
’”‘m el o e ol S e e

,_____A______—-—’k —(m—smn)+ (Pgrmu.-‘cu-hen;)
m“/‘\"‘t‘r‘* 17Ky

The integrals with virtual masses ™  should be calculated in the
QMST approximation, l.e., after extractlng the Lorentz struoture
Y o S
€ ven Kaky Ky
1t 1s necessary to extrapolate F to zero values of 4-momenta of

interacting mesons ( P, k,, k, ,ky —> O ) + In calculating
integrals with regulators one should take into account that ™M 1s

22n0332vokls Tomenw thon maze af ane measn (4n +ho Pinnsl annlveia
o~ el - -~ SRS

.............

M —> o0 ), We give the result of calculations

. ?:—-1 N o N
MuCenleg,by) = -3¢ K"’?)ﬁi}ijﬁf Epvei l‘: ky ks

(43)

il 4
3 & x(ml—m“ N G«H—_\T)“] -

Hence,the contribution of the vertex with one fier @ ;transltlon tends
to zero. Disappearance of the vertices with two and three T+~ g4
transitions in the effective w 3™ interactions proceeds in an
analogous way. As a result, the effective vertex of the w3 W —in-

teraotion i1s defined only by the chiral anomaly (Xm”r)q;: Gfk«m)wy

2
6) F 1s a function of all imnvariant variables P7‘= (kk*kL*ks);

A 2 2
ki y kg »L_; ) Sa= (kr*' k,) )543:0‘*4‘* ‘(3)7—, Syq =(l'_,_+L3)'Z
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The £ & fi ~vertex. Let us consider the vertex of the& Sifi-inte-

raction where & 1s the scalar isoscalar meson & (700), being the
chiral partner of T -meson 2 + The vertex of the e£wr-interac—
tion plays an important role in describing strong low-energy meson
interactions 2,14 In distinction to the w3m vertex, the emm
vertex 1s not connected with the chiral anomaly and 1t is present
only in <¥c_h. In describing xcl—. by ™"minimal® expression (2) up to
the W— a, diagonalization, the £ yf -lnteraction vertex does not
contaln interacting meson field derivatives and it 1s a constant.
After the T—a, dlagonalization (4) in the £7T-interaction vertex
there appear higher derivatives L

_,Z
(Xen-“-)e&* = m%} [6‘!T

—\/“.. ’QZA‘TT,
-Zmz - (44)

) (ae)d

-0\E R T
_(i_?_) 3 :mL n‘]

The effective £ wT- interaction (44) is described in the QMST para-
meter language. This 18 ecanveniant Par Purthar atndy af the eweo
interaction in the QMST, although it 1s completely clear that expres-—
slon (44) can be rewritten in terms of the standard ECL construction.

Now we treat the W1 -interaction vertex in the QMST, The
first term in (44) completely coincldes with the calculated result of
the divergent part of the triangle quark dlagram &£ W™ 2/ '« The last
two terms arise from the W- a, di‘agonalize.tion. Are they present in
the effective Lagranglan (40)? Por the sake of simplicity we consider
the terms proportional to (2‘_%‘_)1

(‘S‘za(:-r)rr) = 'LNJch+L

& (Rt & () syt

Gl g me iy

(45)

2
+ (m— M) = gﬂ dhx‘d“kt

e Lk ol M o)y
=A
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where

N 9a(m) 2-4)?
M(knkz)g = 7 Aeyw2 A2_ z (-T) ' (46)

wy A A < A rog A
S%T{ri = kay e % QL‘*(“«“"‘(Z)?

m -k m—fﬁ_—ﬁl m—&— A
- ( m — r4) . ¢

In the QMST approximation from the integrals with virtual masses ™m
only the divergent parts survive. In calculating integrals with
regulators one should take into account that finally M—> oo, t.e.,
M 1s considerably larger than mass of each interacting meson. We
write the calculated result

2
k) - B2 mgm Lm =

- 2Mq. (M) (M M) ] (k) -

_ . . 04 . 4ha bawn IMA ()T (HH\
by removing ule reguiarizavivn :-(-lv\--—-: the T2 = Fav -2 W
tends to zero; therefore, QSéQ crww Jeth becomes
— —
f£,0) (my#[- (L) 2 2R ] o
= m m .
( ETT /el %4 > PR

The effective interactlon (48) coincides with the corresponding

term in (44). Analogously, 1t can be shown that the effective Legran-
glan (40) contains the ETT — interaotion terms proportional to
(z-4)/% - .

The T4 - vertex. The effective T - interaction vertex obtal-
ned in the standard ECL constructlon from "minimal® construction 2

. /1/
by taking account of the &-oy dlagonalization has the form'

2 2 2y 2222
(&£ ), ”ZL(T’W (@ &) 22
7.4\ (’a/..—ﬁx?v?r)4(z>‘f‘1?x5v?) ] (49)
* (’T) 24 mY
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It 1s possible to show that the terms with higher derivatives in the
effective Y _interaction vertex (49) are completely reproduced in
the QST and kept in the effective Lagrangian (40),

Further, one can show that momentum dependences of the €M1
and W% interaction vertices (44) and (49) are consistent. The
amplitude of the low-—energy W T scatterlng evaluated in the tree
approximation with the help of the effective interactions (44) and
(49), satisfies all the conditlons defined by the chiral symmetry
and SCSB (e.gey Adler's condition, etc.).

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

Conclusion

Now let us discuss the obtalned results. First of all we should
like to note that the solution of the problem of excluding nonphysical
interactions caused by the P-A dlagonalization is obtalned at the
prescription level. It was found that for exclusion of nonphvsieal
vertices caused by the P-A diagonalization, 1t 1s sufficlent to use
the Pauli-Villars regularized bagranglan (4) instead of the effective
Lagrangian (29). The latter contalns 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 ambiguity of the calculation of individual quark
diagrams. The above mentlioned dlagrams describe the new interaction
vertices. The Pauli-Villars regularization procedure corresponds to
subtraotion of a quantity fram a quark diagram. This gquantity is
defined by the same dlagram in which all the masses of virtual quarks
are replaoced by the masses of fermion regulators M . The removal
of regularization corresponds to the limit M > eo , The application
of regularization to the whole effective Lagranglan, oonditioned by
the P—A diagonaliz;tion, 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 dlagonalization.
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SdpdexkTHBHBE KHpaJibHEe JarpaHxHaHbl, KBapKoBas

Mofenp CBepXNpOBOAAMEro THHA H NpobiieMa
P-A puaroHaims3samHu

E2-88-558

B KBapKOBOH MofeJsii CBepXOpOoBOAAmMEro THIIAa MpOoBelmeH aHa-—
JIH3 BepllMH, NOABJIAIMUXCS NPpH yueTe P—A mepexomoB U C Io—
clienaywmel OHAroHanHs3aAlWH KHPAJIBHOT'O JiarpalwxuaHa. YCIOBHO
TakKHe BepIMHB MOI'YT ObTh pa36uThl Ha BepmHHbB GH3HUECKOrO
H Hepusudeckoro tuna. llokasaHo, 4YTO IpH HCOOJIb30BAHHH De—
rynapusanmi llayna — Bunnapca Bkiappl NMOCHEOHHAX MOXHO HCKIII
YHTH H3 ONHCAHHA (PH3HUYECKHX INPOHecCcOB. IJTO MOJHOCTHKW COOT-
BeTCTBYeT 3KCHEeDHMEHTAIIbHHM [OaHHBM .

Pa6ora BrmosiHeHa B JlaBopaTopuH TeopeTHUeckod GH3HKH
oudu.

Tipenpunt O6%enMHEHHOro HHCTHTYTA ANEpPHbIX HccnenoBaHHid. [lyGHa 1988
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perimantal data.

Volkov M.K. et al.
Effective Chiral Lagrangians, the Quark Model

of Superconductivity Type and the Problem
of P-A Diagonalization

E2-88-558

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—

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