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1. A constructive method of extracting the consequences of current alge-
bra is the method of effective Lagrangians [1 - 5]. Our remark consists of
the fact that in the usual chiral scheme for the A;-o-7 system [3 - 5] there is
an arbitrariness connected with the presence in the Lagrangian of different
terms wifth three and four field derivatives. In the present paper we construct
an effective interaction Lagrangian of the A;-, p-, and m-mesons contalning not
more than two derivatives in each term and giving the minimum (<2) degree of
the U4-momenta in all the vertices. The limitation of the dependence of the
contact vertices on the lU-momenta leads to reasonable physical consequences,
for example, the frequently discussed anomalous magnetic moment § of the A
meson is equal to -1.

2. Assume that we have in the SU X SU, group a linearly- transformlng

vector in axial-vector field Eu and au and also a pion field T with a non-

linear transformation law [1, 2]
- - > +2 /7124172
8rr=-axﬁ+f”30s o= (1-%%/f]) R (1)

where 3 and § are infinitesimal parameters and f; = 95 MeV is the pion decay
constant. Then the plons enter in the Lagrangian via the covariant derivative

[1 - 5]:

V“ n° -!8‘:5 +[f;o(1+a)]"l nuﬂbl(D“ﬂb+gfﬂaa‘:‘), (2)
> > > >
where a, b = 1, 2, 3 and Duﬂ = auw - gpu X T.

->
The invariant (Vu?r*)2 contains a non-physical bilinear coupling auauﬁ,

which is usually eliminated from L by introducing a new field
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R, =3, + (2gr)7'D 7 [3 - 51.
H u

3. We call attention to the fact that aftgr such a replacement of aU from
the axial-vector field self-~action term (au X a, )2 there arise in the usual

Lagrangian of the A,;-p-m system [3 - 5] unde31rab1e terms [Duw X DVTr]2 with

four field derivatives and terms with three derivatives. (It is convenient to
introduce the symbol D for the number of derivatives in the individual terms

of L, and then the usual Lagranglan [3 ~ 5] is characterized by the condition

D < 4 } In such a case it 1s necessary to include in L, independently, all the
possible invariants with three and four field derivatives, and then the predic-~
tions of the theory become less definite as a result of the appearance of arbi-
trary parameters.

Analogously, in current algebra there 1s a leeway in the choice of the
solutions of the Ward identities [6 - 7] for the vertex functions.

It must also be stated that the presence in L of couplings with D = 3 or 4
leads to a non-smooth dependence of the p > 2w, A, - 37, and nw - wn amplitudes
on the l-momenta.

In this connection we impose a natural requirement: the effective Lagran-
gian of the A,-p-7 system should contain not more than two derivatives in each
term.

4, To simplify the calculations, we assume that the constants gp and 8p of
coupling with the vector and axial-vector fields are equal, and that the KSFR
relation is satisfied [8]:

gpa gAag, 2{12rg;=m;, (3)

where mp is the p-meson mass.

In the most general invariant Lagrangian, containing several arbltrary
parameters in the terms with D = 3 or U4, these terms are eliminated in unique
fashion at rigorously defined values of the parameters by means of the sub-
stitution

3 A=, (Fall+o)l"'D, 0, (1)

—)-
in which (2gf )‘ID m leads to the vanishing of the K D T coupling, and the

term nonlinear in the plons is determined from the requlrement D < 2. It is
pre01se1y this replacement which enables us to obtain the self-action of the
fields pu and au without the appearance of terms with D = 3 or 4, with the aid

of the gquantities: v
3#"‘ 6ua'v -a,,;ru- gﬂh x ‘p'v- g(l ~o) Aux. Au+ fu'l(AuxOV'ﬁxDuh‘x Av'), (5)

AII- —3 A, —aA —gpuxA+ngxA —gf‘l x(‘\ x-\) (6)
-+ -+
which are chosen such that ppv in conjunction with {Kuv + [f"(l + 0)]‘lpuv X M}

are transformed linearly in SU, x SU,

The effective Lagrangian of the A,-p-7m system, which is quadratic 1n

Auﬂ, 3uv’ and Kuv and contains only terms with not more than two derivatives,
can be written in the form
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1 1 1 1
== Tl - AL - R B, )2 - L1 + o)1

X (B, x FAL) + ol +0)~'[F (0= 1) ®, ?Au) + (f”o)-l(_\u;)(;aum] -

2
"=

1 1
- gz(;’ x Au)z + —;' (]+a)-2[(D“#)2 + -2'—{”-2(?3“7?)2] + , ‘B:l-r
Mi 2
R e, o

where mp, MA = /2mp, and m. are the masses of the corresponding particles. The
cholce of the term mﬁf%c, which violates the SUZ X 33U, invarlance, is dictated

by the PCAC [1 - 2]. If we disregard the limitations (3), then the expression
for the Lagrangian with D < 2 becomes somewhat more complicated and will be
given in a more detailed report of the work.

5. The axlal vector currents calculated from L by the Gell-Mann and Levi
method satisfy the simultaneous commutation relations of the field algebra [8].

In the "tree" approximation [1 - 5], the contact vertices are polynomials
in the U-momenta, the degree of which is equal to the number of derivatives D
in the corresponding term from L, and therefore the dependence of the vertices
of the L-momenta can also be characterized by the value of D. In our model,
any contact vertex has D <2, and for the A,-p-m system this limitation cannoct
be made stronger, since couplings with D = 2 yield the terms that are needed in
L, namely (V. 7)2, 32, etc.

H [3RY

Thus, the vertex functions calculated from the Lagrangian (7) are a par-
ticular solution of the Ward identity in the SU, X SU, field algebra with the
smoothest possible dependence of the contact vertices on the 4-momenta.

6. The anomalous magnetic moment 6 of the A; meson is not determined by
the Ward identities for the A;A;p, A,pm, and p7m vertices [6]. Our require-
ment. ® < 2 yields in this case an acceptable value of § = -1. Without the
limitations (3), it follows of necessity from the general Lagrangian with
D < 2 that

&= (qA/g,,)’l1—[(mo/f,,q)2-1]-2!-1~-1. (8)

We note that in this model the pww and A13ﬂ vertices have D = 1, and the
contact wr > mrT vertex is linear in s, t, and u. Further, for the partial
widths of A, » pm and of the direct A, =+ 37 decays we obtain T'(A, »+ pw) = 45
MeV and I‘(A1 + 3m) = 35 MeV. The S-wave 7mn-scattering lengths will be the
same as in the current algebra in conjunction with PCAC and the smoothness con-
dition [8], which corresponds to our limitation on the number of derivatives
in the Lagrangian. In the general Lagrangian scheme [3 - 5], at D < 4, the
T %cgttering lengths can be arbitrarily varied by including in L the term
(V. )™,

u
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