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Algebra of Current Components and Decay Widths of ¢ and K* Mesons
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By using the equal-time commutation relations of the chiral SU (3)®QSU (3) current algebra and the
notion of partially conserved axial-vector current, decay widths of the p and K* mesons are calculated and

compared with experiment.

POWERFUL method has been derived by Fubini

and Furlan! to extract physical information from
the current algebra proposed by Gell-Mann.? This
method together with the notion of a partially con-
served axial-vector current® (PCAC) has been used by
Adler* and Weisberger® to obtain the renormalization of
the B-decay axial-vector coupling constant in impressive
agreement with experiment. The method has since then
been extended to various other decays with encouraging
results.® In this paper we apply this approach to a
calculation of the decay widths of p — 27 and K*— K.
In particular we obtain the following relations:
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where f, is related to the decay rate of = — u». The
quantity y?/4r determines the width of p— 27 decay
and yg2%/4r that of K* — K. As is discussed below, the
relation (1) gives the decay width of the p in fair
agreement with experiment. The relation (2) then de-
termines the width of K* — K. In the exact unitary
symmetry limit yx=+. The relation (2) gives the width
of K* in better agreement with experiment than that
obtained on the exact unitary limit. The implication of
this relation with respect to broken SU(3) is discussed
below.
We start with the identity?

1M =1 | d*x e %0 (20)(0| [8,F u,5° (), , 4] | p7)

+i/d‘x e~ 25 (20)(0| [Fo,° (2),7,4°(0) ] o=, (3)

where
M,,=i [ d*x e % (x0)(0| [F,5°(x),7,4°(0) ]| o)  (4)

and
JPA,O=§,,15+1:$P,25 (5)

F,.«°(@=1, 2, 3) denote the first three components of the
octet of axial-vector currents. The matrix elements in
the above equations are taken between the vacuum and
a p~ meson state of momentum p. According to the
partially conserved axial-vector current (PCAC) hy-

pothesis
6pgp,a5= - (fﬂ'/\/j)#z‘ﬁa ) (6)

where u denotes the pion mass and ¢. denotes the pion
field. By the Goldberger-Treiman relation8

(f+/V2)=—(G4/G)(m/g,), O]

where m is the nucleon mass, G4 is the axial-vector
coupling constant, G4~ —1.18 G, and g, is the strong
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pion-nucleon coupling constant, g,?/4r~14.5. With the
use of relation (6), Eq. (3) can be written as

dkwrww@mmmnﬂ@Jﬂwmmf>
= iquI"+ (fw/‘/z) (112/ (92+M2) )Rv(”yqz) ) (8)

where
R,(v,¢® =i/d“x etz (u2—[12)

X(016(xo)[¢s(x),7,4°(©)][p7)5 ()
v="—(p-q)/m,.

Consider now the limit in which ¢, vanishes. We now
assume that near g, — 0, R,(»,¢?) is dominated by the
pole at —g?=pu? and thus obtain from (8)

«0|[15°(0),7,4°(0)]| ™)
= hn_}o 1quM it (fr/\/z) h,,_r..]? R,(v, =), (10)

and

where
R(v, —u)=(x"| J,4°(0)| 5~)(290)""%,
(11)
135 (t) = /d’x 50'35 (X,l) N

and the chiral SUB)XSU (3) algebra of current com-
ponents gives
[135,J1A’0]= ‘:Fl,u+7:§2, y
=7V,

Thus in the limit ¢, — 0, we obtain
. Vol iy T i
«0[J,V2|67) ‘}ig‘)’anw

(12)

+(fr/\/2<)l:£%Rv(V, ‘“#2). (13)

The first term on the right-hand side of Eq. (13)
vanishes” unless an intermediate state contributes which
is degenerate in mass with the p meson. This is not the
case here. Thus this term does not contribute and we
obtain

K017, 57) = (fo VD lim (a1, ) (20" (14)

Now the matrix element relevant to p~— I+
decay is
(2?0)”2«)']»‘7'0“)—):fpeuy (15)

where ¢, is the polarization vector of p. Also for the
p~ B-decay, the matrix element, which survives when g,
or »— 0, can be written as

(290)"2 (2p0)"(®| T 20| p7)=1(G4*"/G)eu.  (16)
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Equation (14) then gives
fo=Gar™/G)(f+/V2). (17)

This relation is not useful since neither f, nor G4* is
measureable. However, by a Goldberger-Treiman type
relation applied to p~ — 7°+I~+» decay, one can relate
G4*™ to fr and ¥prr:

Gar™/G
_1Gar/el (18
2'Ypr'r
where v,~ is defined by the Lagrangian density
Lint=2v(=X (37/0%,) )pu
with
Yore=27. (19)

On the other hand if we assume that the 7= — #%4I/4-»
decay is dominated by the p-meson pole?® and use the
conserved vector current (CVC) hypothesis, we obtain

\/Z——"'Yﬂflfpl/mpg' (20)
Equations (17), (18), and (20) then give
'Yp"2=m92/ff2
or
v¥/4r= (1/4m)m /4 f3. (21)

By considering the AS=1 axial-vector current J,4
and by taking the matrix elements between the vacuum
and K* meson in Egs. (3), (4), etc., we obtain in exactly
the same manner as above by employing the commuta-
tion relation

[I35,]MA'1:I= %]“V.l )
the following relation:
3 frs| = Ga%" /G| f2/V2, (22)

where the Goldberger-Treiman relation in this case

gives
| /x| = 1Ga**"/G| /2| vx] (23)

Sx+and G4X*~ are defined in the same manner as f, and
G4*" in Egs. (15) and (16). Here fk is the decay con-
stant for K,; decay and vk is defined by the Lagrangian
density

iy K* (K+9,m0—7%9 K ™). (24)

Let us now consider the decay K~ — n%4-¢ 47,
whose matrix element in the limit of zero momentum
transfer, one defines as
(2pr02px0) 2G(m0| T V| K™)

=GLA/NV2)f+0)(pxr+px)u]. (25)

Assuming as before that this decay is dominated?® by
the K* meson pole for low momentum transfer, we

obtain
AN £+ )| = v | fxs|/mrs. (26)

9 B. Barrett and T. N. Truong, Phys. Rev. Letters 13, 734
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Equations (22), (23), and (26) then give
f+(0)
fx

In Cabibbo’s theory,!® where 84=0v, we have f,(0)
=sinf, fxk= f- sinf, and relation (27) reduces to

4r  4r 4f,

. 27

v 1 mgs
—_—=— . (28)
dr 4w 4f 2
On using Eq. (21), we can express this result as
VKV =mgs/m,t (29)

In the exact SU(3) limit, mgs=m,, yx=".

Let us now confront the relations (21) and (28) to
experimental check. In Cabibbo’s theory the m,; decay
is determined by f. cosf and the experimental decay
rate!! for m,e gives

| f« cosf| =0.94m.. (30)
Now!® §=0.25 and we obtain
f2=0.94m,*>.

With this value of f,*> and using" m,=763 MeV, Eq.
(21) gives

v/4r=~0.6, T,~122 MeV. (31)
The experimental p width!! is
I xpt=106+5 MeV. (32)

The agreement is fair in view of the fact that the usual
Goldberger-Treiman relation (7) is also satisfied experi-
mentally to within 209}, or so. In fact, with the above
value of f.?% relation (7) gives g,*/4r to be about 11,
whereas its experimental value is 14.5. Relation (29)
gives

F(K*— - K1r) 3vx? pK,-a/mK*Q
r, 4 Prrs/mpz

(33)
3 mgs pra’/mrs
Tamp pimp
Using (32), one obtains
I'(K*— Kr)= (44.742.2) MeV (34)
to be compared with!!
Texpt(K*~ — Kr)=(50%2) MeV. (35)
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In the exact SU(3) limit, with ', given in (32), one gets
Tsv@ (K* — Kr)=(32.941.6) MeV. (36)

The value (34) obtained in our approach agrees fairly
well with the experimental value.
If one does not use Cabibbo’s theory, then

f»=0.94m,,
and the experimental values'? of f;(0) and fx are
| f+(0)| =0.226£0.14, |fx|=(0.247+0.003)m,. (38)
With these values,

G37)

I',=137.7 MeV (39)

and the relations (21) and (27), if one uses the experi-
mental value (32) of T, give

(36£2) < Tg< (41.4£2). (40)

The agreement is somewhat better on Cabibbo’s theory
than obtained here.

The small discrepancies between our results and ex-
periments may be due to approximating the form
factors K,vv(0), K,rx(0) and Kgxx.(0), which in
general appear in relations (7), (18), and (21) and (23)
and (27), respectively, by unity whereas the first two
form factors are normalized to unity at k2= —m,? and
the last one at k*= —mg? k being the momentum
transfer. The small variation of the above form factors
from the value at k2= —m,? or k= —mg? to that at zero
may account for the above discrepancies.

Relation (29) is very interesting because it shows that
the departure for the strong coupling constant yx of
K* — Kr decay from its exact SU(3) value, namely, v
is completely determined by the ratio of K* and p
meson masses. A similar conclusion was already drawn
by one of the authors®® and by Freund and Nambu
who showed, by the use of generalized Goldberger-
Treiman relations, that the departures for the strong
meson-baryon coupling constants from their exact
SU(3) value are completely determined by the baryon
mass spectrum, e.g., gran/g-nn= (gran/g+NN)sU®)
X (ma+m)/2m.

We are indebted to Professor S. A. Bludman for
reading the manuscript.

Note added in manuscript. After this paper was com-
pleted we came across a paper by K. Kawarabayashi
and M. Suzuki [Phys. Rev. Letters 16, 255 (1966)] in
which our Eq. (1) is also derived.
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