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It has been recently suggested by Schwinger!
and by Gursey and Lee? that the nine observed
vector mesons, p,w,K*, and ¢, belong to a de-
generate nonet. The secondary interaction,
which violates the fundamental symmetry, in-
duces mass splittings and the actual masses can
be then related by a mass formula obtained in
first-order perturbation for the secondary in-
teraction. In this way, Gursey and Lee® obtain
with a definite model the remarkable relations

Zm(ﬂ -«»m(}.J +mp=4mK* and mp'zm
The question naturally arises whether the ob-
served mass difference Am =m, -m, ~30 MeV
could be of electromagnetic origin. We show in
this note, by calculating certain contributions to
the self-energies, that a large amount of Am
could indeed be of this kind. To this end, we
shall use unitary symmetry and information ex-
tracted from the measured electromagnetic de-
cays of the w meson.

The possibility that the observed Am is an elec-
tromagnetic effect has been already mentioned
generally in the articles dealing with w-p mix-
ing,® though often subsequently rejected on the
grounds that it is too large to be of such nature.

We proceed by considering the nine vector mes-
ons as eigenstates of the Hamiltonian?

H=H,+h (1)

where H, is the part which is invariant under
SU(3) while & is the weaker interaction which
causes the mass splittings. As a result of the
Hamiltonian (1), the vector mesons emerge with
their heavy masses. We now switch on the elec-
tromagnetic interaction #(¢), and we ask for the
mass shifts of the neutral vector mesons due to
the interaction with the photon field, In order to
obtain these contributions to the self-energies,
we have to solve for the W; given by
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Here the states 1, 2, and 3 represent the eigen-
states p°, w, and ¢ of (1). Obviously, we do not
know how to compute all the possible Feynman
diagrams. We choose to take (to order @) the
“pole diagrams” only, i.e., diagrams of the
type vector meson -y - vector meson, which
might be the most important ones.

For the interaction of a neutral vector meson
with the electro;nagnetic field we use the effec-
tive Lagrangian

e
= -V A - . 3
int 2f (V#,V v,u)( b, v Av,u) @)

The effective couplings f; are related by unitary
symmetry which gives®

1%yl xg):lyl xy)=1:1/V3:0, (4)

where x, is a unitary singlet and x; is the T=0
member of a unitary octet. These relations fol-
low by assuming that the electromagnetic current
is given by j,(x) =jg(x)+ (l/w/§)j8(x), where j(x)
are the currents corresponding to the eight gen-
erators of SU(3). For the eigenfunctions of the
w and ¢ states we use the expressions® obtained
in reference 2

ws=(V2/V3)x, - (1/V3)x
@ =(1/V3)x,+ (V2/¥3)x,. ()

We shall assume that the masses of the neutral
vector mesons [due to (1)] obey mpy=my, =m and
my#+m. Then, because of the large mass dif-
ference between ¢ and p°, w we can take the terms
hm(e) to be negligibly small. The contribution to
the other terms of the pole diagrams is then of the
general form

(6M)i], =e*M 1%, f].. (6)

We denote fp =f, and diagonalizing (2) after using
(4) and (5) to calculate the various terms we ob-
tain

W,=0; W, =5e*m /9 Wszezm(p/sz. (7)

There is no shift in the p° position, while the
¢-meson shift is only ~ 3 of that for the w mes-
on.

In order to estimate the magnitude of W; we



VOLUME 12, NUMBER 18

PHYSICAL REVIEW LETTERS

4 MAY 1964

turn to the electromagnetic decay w —2n, for
which we assume the same type of main diagram,
i.e., w—=y—-p—2m. ertmgfpm,€ (P)(p, [ L
at the p —~ 27 vertex and using again (4) and (5) we
obtain for the 27 partial decay width of w

f 2 o 2 1 (m 2 _4m 2)8/2
r (21r)— pmm T w m
4m \f%/4m/ 108 m 2
w
m 4

(8)
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where we have used for the p a propagator with
complex mass m *=m_-3i[ .

The 27 decay of w has been recently measured
by Walker et al.,” who give I (27)/T (37)
=1.8%129." Combining this result with I (37
~8.5 MeV,% one has I’ L(2m) = 150%18% keV. We
have used here m —754 MeV, m =783 MeV,
and Lp= 100 MeV. From this partlal width for
the 27 decay one obtains (f2/47) ~0.41 which

f
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gives
W,=1.5121 MeV. 9)

The self-energy of ¢ turns out to be, from this
calculation, approximately 2 MeV.

It is desirable at this point to have an estimate
for other contributions to the self-energies. The
next “lightest” possible intermediate state is my.
The knowledge of the ratio (w —7+y)/(w —37),° to-
gether with the absolute value for the w — 37 par-
tial width, makes such an estimate possible. We
use for the vertex (w7my) the gauge-invariant ex-
pression

(fwny/mn)euum'eu kv € kT ’
without any form factor dependence for the off-
the-mass-shell values. Then we have

2 ( )3
wﬂy w
4 24m °*m

T w

Fw(ﬂy) = —=(1 MeV) exp’
f _ 2/4m=1.0x1073, (10)
wmy

The contribution to the self-energy of the diagram
w—-T+y—w is given by

d‘kpkypk(g g -8 &

uosvT Sur uc)- 11)

M, (P) =

(2m)B3E(p) 4m
This expression is divergent, and to estimate it

we use a regularization procedure, with a con-
vergence factor?'®

C(k?) = j; FT—A—Z-);G(A)dx
and
fowxzc(x)dx =0. (12)

The resulting expression is logarithmically de-
pendent' on the cutoff A2, and is given, if we ne-
glect m; compared to m, by

("7) 1 fwﬂyz m 2 AZ
Sy, “Tor ar (;n—n>m(ln;n—5+23/18). (13)

If we choose a cutoff A2~10m? one arrives at
szz(ﬂy) =~1.7 MeV. As the result is not crit-
ically dependent on the cutoff value, it probably
gives a reasonable estimate for this contribution.

Its magnitude is slightly larger than Omzz(?’) which

was used in diagonalizing (2). Nevertheless, as
on the basis of unitary symmetry and the analysis

|

(B2 +ie)[(p-k)? - m_ 2t+ie]

of the scarce experimental evidence we expect
fomy < fumys' the final contribution to W, will
probably not increase the value given in Eq. (9)
by more than a factor of 1.5-2.

On the basis of the numerical estimates pre-
sented, we are inclined to conclude that at least
a significant amount of the w-p° mass difference
is due to electromagnetic effects. However, we
should caution that our conclusions are based on
the approximate validity!® of Eqs. (4) and (5) and
the experimental result of reference 7.

A by-product of our calculation is the rate for
the 27 decay of the ¢ meson. By using the value
(f2/47m) ~0.4 and replacing the appropriate fac-
tors in (8), using again (5), one obtains I' _(n*7-)
=~16 keV. With the experimentally measured
width® to KK of 3.1 MeV, one has

(p—=7mt+77) /(9 ~K+K)=~0.5%.

Also, by using our value for f we can estimate
the partial decay widths of w and ¢ into lepton
pairs. Taking the phase-space expressions from

525



VOLUME 12, NUMBER 18

PHYSICAL REVIEW LETTERS

4 MAy 1964

Gell-Mann, Sharp, and Wagner,'* we obtain
rw(m') =3.8 keV and r(p(m-) =9.8 keV.

This gives
[w=(eT+e~ or pt+u”))/(w=nt+7"+7°) ~0.05%,
while

[¢~(et+e” or pt+u7) /(¢ =K+K)=~0.39.

This should make the detection of the lepton pairs
more feasible in the ¢ decays. In any case, the
measurement of the leptonic decays of the neu-
tral vector mesons would allow a much safer es-
timate for the fv’s, as was already pointed out in
reference 14.
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