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At present there are serious reasons to believe that the
effective Lagrangian for QCD in the medium-energy region is the
generalised Nambu - Jona-Lasinio Lagrangian with four-quark
interactions of tha scalar, pseudoscalar, vector and  axial-vector
type [1-4]. The dynamic violation of the chiral symmetry allows
one to understand how the light current quarks that are present in
the QCD Lagrangian acquire large masses and turn into heavy
constituent quarks of which mesons are formed [5]. Besides, on the
basis of the Lagrangian with the four-fermion interactions one can
obtain the chiral Lagrangians which were good in description of
low energy meson physics. In the sector of scalar and psaudoscalar
mesons there appears a linear o-model, in the sector of vector and
axial-vector mesons thore appears a model of the Yang-Mills type
[35,6].

Naturally, the involvement of vector and axial-vector mesons
gives rise to the questions about the correct low-energy behaviour
of this extended theory, since the o~model alone is enough to
reproduce the amplitudea describing pion physics in complete
agreement with the requirements of the current algebra theorems.
For example, it is well known that the direct consideration of the
diagram with the intermediate o-meson in calculations of the nn-
scattering can lead to the doubling of the result obtained within
the standard o-model. An elegant solution of this problem, based
on tha use of the non-linear chiral Lagrangian, was proposed by B.
Weinberg [7]. For the case of the linear realisation of the chiral

-symmetry we know an inconvincing method [8] with the introduction
of a formfactor in the pnm vertex, this formfactor tending to zero

at low energies.

In this paper we propose another solution of this problem. It
is based on consideration of the a»d7 trapsitions in the
corresponding meson vertices. The existence of these transitions
was pointed out in paper [9]. To make our considerations definite,
we shall use the quark model of the superconducting type [5] in
the calculations.

The phenomenological meson Lagrangian of the model can be

obtained by means of the effective quark-meson Lagrangian
~ g
 olid-Mta’ (S+iv B ‘o H <
L = qio-Mtg’ (o+ir @) + 5= (¥, V trr,a )1lq . (1)
if one uses the one-loop approximation with diverging quark
diagrams cut at the upper 1limit. The cut-off parameter A
characterises the energy region where the spontaneous breaking of

chiral symmetry takes place, quark condensate is produced and

light current quarks turn into heavy constituent quarks. In
¢, Vo Lah

formula (1) g=(u,d,s) are the colour quark fields; ¢ « o

o ’
are the fields of scalar, pseudoscalar, vector and axial-vector

mesons; 5=aaha, where Aa are the Gell-Mann matrices (0<a<8,

A°=VZ/3 ), H=diag(mu,m ms) is the mass matrix of the constituent

dl
quarks. Below only u and d quarks will occur; we shall consider
that m Sma=m.

Between the constants 9, and ¢g' there is the relation

gp:fgg’, and they both are expressed through the logarithmically

diverging integral I,:

a‘q e(A*-q")
g’ =1/ 4Iz ' Iz= -3 J 4 2 2 2
(2r) (@ - m" +ig)

The constant 9, characterises the p»nn decay and is equal to

2 A~
gp/4n-ap=3.




Using (1) one can easily obtain the phenomenological
Lagrangian describing the interactions of the four above-mentioned
meson nonets, and the corresponding mass formulae. As the details

can be found in Ref.[5,6], we give its immediate form:

g* 2
L= - - tr{ [(a—n/g' )’+$’] - e-m/g'), 3 12 } ‘
4
_ 9, _ _ 2
- % tr(G:vGZu + G:uG:v) + % tr{[Du(o—H/g') + ‘EE[“u'¢]+]
_ 9, _  _ z
+ [ﬂuas - 2—" [a,, (o-M/g’ )]+] } + AL . (2)
Here Gv = 3

VERRER I 9,0 [¥,,9,1_+ [3,3,1_ ),
€= 9,3, 93, £ 9,0 [3,,9,1+ [v,3,]_),
Du3= 6“5 - % gp[GP,Z 1.

In AL there are finite parts of the quark loops which will not be
considered in this paper. Besides, below we shall only deal with a
specific case of formula (2) corresponding to the SU(2) symmetry
of strong interactions.

The quadratic part of Lagrangian (2) contains non-diagonal
transitions a+dn. We cancell this term by the standard method of
the quadratic form diagonalisation with a shift 3u+3u—xa“%, where

x=1€m/m; . In this case the pseudoscalar field = undergoes an
1

additional renormalisation naz‘/zn, where (see [10])

Z = (1—6mz/m: Y. (3)
1

The constant g', describing the interaction of pseudoscalar mesons

with quarks, changes over into g=z‘/zg'. It is evident that in the .

case of scalar mesons this renormalisation does not take place and
we shall use the coupling constant g' for them.

The Goldberger-Treiman relation g=m/Fn (Fn=93 MevV) and the
formula

z'"%g = 769 , (4)

allow a relation between the constituent u-quark and a -meson

masses:
1 z 2 5
m = iz [ 1—J 1-(2gp1?n /mai) ] ma’ . (5)

Using (5) one can express the constant 2 only through the

observable quantities

7z i= % [1+l 1-(29,F, /"‘ai)z ] . (6)

Besides, it is seen from these formulae that the a -meson mass has

the lower limit

v

m
a
1

2g_F, = 1140 Mev. (7)

This value corresponds to the mass m=330 MeV. If one assumes that

the mass formula m: =m;+6mz, obtained in this model, is exactly
1

fulfilled, one can easily see that the equality mai=2gpFTt in (7)

leads to the Weinberg sum rule m: =2m; [11] and can be transformed
i

into mé:ZgéFi , known as the KSFR-relation [12].

Let us go over to the consideration of the low-energy limit
for the pion-pion scattering amplitude.The corresponding diagrams
are shown in Fig 1. As distinct from the standard approach, we

shall take into account the a»&n transition effects in the given
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FIG 1. Born diagrams for the nn-scattering amplitude. The bold-
faced point indicates that the a»dn transitions are taken into

account in the meson vertices.
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FIG 2. Born diagrams describing the 7-» 3n decay. Like in Fig. 1,
the bold-faced point indicates that the a»dn tramsitions are taken
into account in the corresponding vertices. The four-pion vertex

entering into 2d is shown in Fig.1.

vertices. Diagrams la and 1b are known from the linear o-model;
they correctly describe the s-wave 1eng£hs of nn-scattering if
there are no a»@n transitions (Z=1). 1In this case diagram 1c
involves the double count difficulties.

Lagrangians of the main meson vertices have the following

form:
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L(pnn) = g, (xa)3. (8)

Using the Lagrangians, taking into account the mass formula
mz=4mz+mz§4mz, and confining ourselves to the terms with the
minimum of derivatives, we obtain for diagrams 1a and 1b in the
low-energy limit

2

. ., _ g > .2 »>2 >.2
£ (n*) = e (Fon)2+ (z-1)7%(a%)%]. (9)

Similarly, one establishes for diagram 1c that

2 2

£e(n*) = g% [(#aﬁ)z- ?:z(a?z)z]r g‘z’ (7xo7)% (10)
m, Zmp

As seen from formula (7) and the considerations that follow, in
the region where the low-energy sum rules are valid the equalities
m;:smz and Z=2 occur. In this case, uniting (9) and (10) and using

relations (4), we obtain the effective Lagrangian



4 4 gz > > 32 > .2z
2(n*)=2 (n*)+27(n*)= ——;—[2(nan)2+(z—2)n (am) ]: S (7om)”, (11)
2m"Z

satisfying all requirements of the low-energy theorems for
pion-pion scattering.
Another example we are going to dwell upon is related to

determination of the chiral 1limit for the axial-vector hadron

)

*
current J“, entering into the semileptonic 7-»v_3n decay amplitude

T = igoF,Geeos® [ (p" ), (1-r,)T(p)1S. (12)

Tv_3m
T

Here G, is the Fermi constant; & is the Cabibbo angle; p-p’=Q“ is

F
the momentum transfer to the hadron block.

Since the Lagrangian of the weak interaction of the 7-lepton

with mesons had the form [15] -
L = °r v 24 (1-r_)r1-[m2e’ + z7'm% a* 1 + h.c (13)
v = 3, e Y Py a, uu .C.,

it is enough for us to obtain an expression for the current J

which describes the decay a -»3n and is related to the weak hadron

current J“ as

z v v
n -o"0
Ho m‘-:'u Qz ey (14)
ma -Q
1

piagrams corresponding to this process are shown in Fig 2. To
estimate their contribution to the effective chiral Lagrangian, we

shall need the following Lagrangians in addition to the already

known four-pion vertex (11), entering into diagram 24 :

*) Remember that a similar problem was considered in [13,14] for

the case of the non-linear pion Lagrangian.

>
L(an) = g F .z aon ,

-1/2

L(aen)= - gz e[239% + zHaa]. (15)

The former describes the asdn transition, which was not considered
in determination of the weak interaction Lagrangian (13). The
latter corresponds to thke a £m vertex which follows from (2) after
diagonalisation.

The low-energy part of the effective Lagrangian appearing in

the consideration of diagrams 2a and 2b has the form

£ (an”)= g F ' [(FoR) (RA)+(2-2)/2 72 (3o0)], (16)
for diagram 2c it is
£r(an” )= g F ‘[ (RaR) (Rd)-#* (30R)). (17)

Making a sum of them, we obtain
2(an®)=¢ (an® )+r7(an’)= gpr;‘[z(ﬁa%)(ﬁs)af(z—n/z 2 (3e%) ]
= g F, [2(7a) (#3)-7"(3a1)]. (18)

Using Lagrangians (11),(15) and (18) we can find the form of

the axial-vector current J* in the low-energy limit:

Q"Q”
J’iim(qi’qz'qa) = [

QZ

- ¢ ]q:- (19)

3m®

Here q,, q, are the momenta qf two similar pions, and q, is the
momentum of the pion that differs in its charge. The given current
coincides with the current obtained in Ref.[13] to the accuracy of
the available difference in the choise of the normalising factor,

and thus satisfies all requirements of the chiral symmetry.



In conclusion we would 1like to point out that the full
expression for the current 7" and the results of its application

in description of the 7+ _3n decay will be discussed in our

separate paper.
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11aq—~NEPEXOAH M HUIKOIHEPreTMUECKHA NPEAEN B AUHEAHOU

G=MOAENN C BEKTOPHHMA H aKCManbHO-BEKTOPHBIMK MEIOH3MU

B paboTe obcCywpaeTcA W3IBECTHAA npobnema, CBA3IAHHAA C NONYYEHWEM NPABMALHO™
FO HW3KOIHEPreTUUECKOro npepena, KOTOPaA BO3HMKAET NPU PACWUPEHUH nu;ennon ]
G-MOAENM 3a CUET BKIOHEHWA BEKTOPHWX W aKCHMaNbHO=BE KTOPHEIX M330H0?. pw nzp_
BOM PacCMOTPEHWM APEeBECHHEe guarpammt c NPOMEMY TOUHBIMA BE KTOPHBIMN axcnagsTZ.
BEKTOPHWMKH) ME30HaMM B O6MACTA HU3KNMX JHeprum MOryT BOCMNPOMIBOANTL peaye;hﬂo-
TH, NONyYanWMECh W3 AWHERHON O-MOAENW, M, Takum 06pa3omM ,BeayT X Hemena;nton_
My ABoiHOMy cdeTy. Ha npumepe amnnnTyps MM-PaCCEeRHAA M aMNAMTY AW NOAYN o
HOro pachaga t - v_3n noka3ano, UTO PeWHTb AaHHy npoineMy MOWHO, ecin y
Naq-Nepexoas B COOTBETCTBYOUNX ME30HHHX B8epunHax.

PaboTa BunonHena B flabopaTopun AQEPHUIX npobnem OUAK,

IMpenpunt O6beRAHHEHHOTO HHCTHTYTA ANEPHLIX ncenenosarmit. ly6ra 1989

0sipov A.A., Volkov M.K. £2-89-713
nas-Transitions and the Low-Energy Limit in the Llngar
o-Model with Vector and Axlal-Vector Mesons ‘

We discuss a known problem assoclated with obtalning a correct low-energy
limit, which occurs [n the extension of the {lnear o-model because of vector
and axlal-vector mesons included. tn the nalve consideration the tree dlag-
rams with Intermedlate vector (axlal-vector) mesons In the low-energy region
can reproduce results obtalned from the }lnear o-model, thus leading to the
undeslrable double count. Taklng the rm-scattering and the semllgptonlc
T+ v 3n decay ampl Itudes as an example, the paper shows that this probIeT
can be solved |f nas-transitions are taken into account In the corresponding
meson vertices.

The investigatlon has been performed at the Laboratory of Nuclear .
Problems, JINR. )
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