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Symmetry breaking for vector couplings
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The decay width of about 5 kev observed for Q~ ee implies that the SU(4) symmetry for the vector-meson-
photon coupling constant y~ is broken, and that the quantity yvm&

'" (where mv is the mass of the vector
meson V) obeys the symmetry. Using this experimental result in conjunction with vector dominance and
broken SU(3), the author calculates the decay width for p~mn, and obtains I (p~mm') = 142 MeV, in improved
agreement with experiment.

The inclusion of the newly discovered $(3.1)
resonance in an SU(4) vector-meson 16-piet would
require a close look at the pattern of symmetry
breaking. It is clear that since the mass of the (
is much larger than that of any of the other vector
mesons in the multiplet, the mass symmetry is
badly broken. This leads to the question of the
extent to which coupling constants obey the sym-
metry. For example, consider the coupling con-
stant y~ of the photon to the vector meson V, de-
fined by

where 8,""' is the electromagnetic current, &„ is
the polarization vector of the vector meson, and

m„ is the mass of the vector meson. If the cou-
pling constants y„obey the symmetry of the SU(4)
group, that is, they satisfy

y,'/41r: y '/4tr: y„'/4r: y„'/4r =-', :—,':1:-', (2)

the leptonic decay width predicted for the g, as-
sumed to be a cc state, would be about 16.4 keV, '
much larger than the experimental value of about

4.8 keV, ' showing that the symmetry is broken
significantly. In fact, as pointed out by Yennie, '
the ratios in (2) hold for the experimental widths
(~y» sm») rather than for the coupling constants.
Thus, it is the tluantities y»2/m» which are SU(4)-
symmetric. The modified realtions, supported by
this experimental evidence, would have an effect
on other theoretical predictions such as electro-
magnetic form factors and suppression of photo-
production of the g.'s

In this paper we support this symmetry-breaking
rule by showing that it improves the decay width
of the p into 27t calculated by using vector-meson
dominance for the coupling of the photon to two
pseudoscalar mesons and a broken SU(3) model,
along the lines of Ref. 5. Using experimental val-
ues of I'(Ã*-Xtr) and I'(p-KK), we obtain
I'(p-trw) =142 MeV, in better agreement with ex-
periment. [Use of SU(3)-symmetric coupling con-
stants y» gives I'(p- trv) =173 MeV. ]

Assuming SU(3) symmetry breaking through the
eighth component of the octet, we can write the
coupling of a vector meson to two pseudoscalar
nj.esons a,s'

X,-t'[a, Tr(V'[M, B,M])+ a, Tr(V" (MQB,M —B,MAPS))+ a, Tr(V'(X„[M, B,MQ)+ h, V,' Tr( M, )t, 6MB„M~)],
(3)

where V" and M are the vector and pseudoscalar
octet matrices, Vo~ is the vector singlet, X8 is the
eighth traceless Hermitian 3 & 3 generator matrix
of SU(3), and a» a„a„and t/, are real parame-
ters. The electromagnetic current can be written
as

genl y +8g (4)

Now, taking the coupling of the electromagnetic
current to two identical charged pseudoscalar me-
sons at zero-momentum transfer to be a univer-
sal constant, and the corresponding coupling to

uncharged mesons as zero, we get the following
relations by considering the electromagnetic cou-
pling of the g', K', and E, and using vector-me-
son dominance:

f=A[2' 'a + (-', )' 'a + 2(—',)' 'a ]

f=4[2 ' 'a —(-')' 'a + (-')' 'a ]
+I)[(—)t/sa 2t/sa ] P(3t/2B )

0 =A[—2 '/'a + (-')'/'a —(-')'/'a ]
+ ~[(s)1/2a 21/2a j t (31/sf )

(6)

where f is a constant proportional to the charge e,

1992



SYMMETRY BREAKING FOR VECTOR COUPLINGS 1993

g =m " /2=0 036 MeV" /2

I3= 3 ' '(cos'8/m ' '+ sin'8/m„' ')
= 0.0184 MeV '/', (8) =3.4 MeV, (13)

I'(y -KK) = (0.0420) (-cos8[(—,')'~'a, —2'~'as]

+ sin8(-3'~'b, )]'

a, =0 (10)

A[-2-'12a, —(-,')'"a ]+a[(-,')'"a —2'"a ]=3'~'Cb„

where the latter relation leaves two independent
parameters. These are determined using the ex-
perimental widths of the decays K*-Km and

p -KK. Using the interaction (3), these are

r(K*-Kv) = (0.0384) [3(2 '~'a, —6 '~'a, )']
=49.8 MeV, (12)

C=3 ' sin8cos 8(1/m ' ' —1/m ' )
= 0.00098 MeV '/2

8 is the &o-P mixing angle, which is taken to be
40, and where use is made of the relations

/2 j /2 y /2 1 1 1
fpmp gym' f m 3] /2 gcos & sine

(9)

The other pseudoscalar mesons in the octet give
no new relations. The elimination of f from (5)
and (6) gives, with the help of (7), the relations

where we have used the fact that a, = 0, and where
the scales of a„a„and b, are rechosen so that

I'(p-vv) =[2'"a,+2(s)' 'a, ]'. (14)

Solving relations (11), (12), and (13) for the pa-
rameters and substituting them in (14), we obtain
I'(p- vv) =142 MeV, in good agreement with the
experimental value of 150+10 MeV. This should
be compared with the corresponding value of 173
MeV obtained by assuming SU(3)-symmetric cou-
plings. [This value is obtained from (12) and (14)
by setting a, =0.]

This result supports the hypothesis that the
quantities zvmv '~' satisfy the SU(3) relations (9),
which is necessary for explaining the rather small
width for g- ee. It should be noted that the above
treatment is not strictly complete, since one
should extend it to SU(4) to include the g. How-

ever, the results would not change appreciably,
because the coupling of the P to uncharmed mesons
is experimentally found to be quite small, and
hence our calculation is justified.

I wish to thank Professor S. H. Patil for sug-
gesting the problem and for a careful review of
the manuscript.
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