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particle has normal electromagnetic couplings,
but is very weakly coupled to hadrons (r'/r~- IO ').

A family of unit-spin particles with just these
characteristics had been anticipated in a new

- unified theory of electromagnetic and weak inter-
actions, ' one that was designed to account for the
empirical absence of DY= I neutral currents by
abandoning the Cabibbo rotation that creates the
theoretical problem. It was replaced by a mixing
between two types of unit-spin mesozs that is
produced by the SU(3) symmetry-breaking inter-
action, combined with the hypothesis that the sec-
ond, primed, set is only weakly coupled to the
familiar low-lying hadrons. That hypothesis has
now received impressive support from the new
experimental discovery.

This interpretation of the new particle also
enables one to go further and to assign a substan-
tial fraction of the observed hadronic decay rate,
I „', to the effect of electromagnetic mixing with
the "normal" spin-1 mesons. A short calcula-
tion, based on the couplings introduced in Ref. 2,
which could be characterized as a generalized
vector-dominance model, leads to the result that
the branching ratio between hadronic and e'e de-
cay ls

r„/r, ~, =z(m'),

where A(m') is the nonresonant branching ratio
between hadronic and p'p production in e'e ™col-
lisions at the center-of-mass energy m'= 3.1

GeV. The experimental values that have been
found for the latter are in the interval 3-4, which
is less than, but not of a different order of mag-
nitude than the decay branching ratio. Since
neither the experiments nor the theoretical model
have a definitive status, this rough coincidence
raises, but does not settle, the interesting ques-
tion of whether all of the hadronic decay can be
attributed to electromagnetic mixing. '

Another consequence of this interpretation is
the anticipated existence of other such long-lived
particles, constituting all the counterparts of p',
~, and y. Perhaps these have already been seen
in the Brookhaven National Laboratory experi-
ments.

Note added. —The public announcement by the
Stanford I inear Accelerator group of a second
very sharp resonance at 3.7 GeV lends additional
support to this interpretation, and diminishes the
appeal of any alternative interpretation that does
not provide a natural setting for more than one
such particle.

*Work supported in part by the National Science Foun-
dation.
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Nothing in the original conception excludes a resid-

ual hadronic coupling. But, even then, there is the
possibility that such coupling could be an indirect con-
sequence of electromagnetic interaction.
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We propose that the recently discovered resonance in e+e annihilation is a member of
the 1561 dimensional representation of the SU(4) group, This hypothesis is consistent
with the various experimental features reported for the resonance. In addition, we make
a prediction for the masses of the charmed vector mesons belonging to the same repre-
sentation.

Very recently a new type of resonance which
couples to the hadrons and the leptons has been
discovered' both at Stanford Linear Accelerator
Center (SLAC) and at Brookhaven National Lab-
oratory. Denoting this structure as g(3105),
SLAC has quoted the mass and width of this reso-

nance as

M~ = 3.105+0.003 GeV,

I'] &l.3 MeV,

In this note, we discuss the theoretical inter-
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pretation of this structure. For simplicity, we
assume the spin of ( to be 1. Writing the effec-
tive interaction of g with the electron-positron
pair as

H' = igey„(a+ by, )e(„,
lal'+ lb I'=1, (2)

g'=2. 4x10 '. (4)

Next using this value, we compute the partial de-
cay width for g-ee to be

I (~P- ee) = (g'/12m)M&= 2.0 keV. (5)

Experimentally, from the figures in Ref. 1, we
roughly estimate 1 (g-ee)/T'((-all) =+», so that
we expect

I'(g- all) = 50 keV. (6)

We propose that g is a member of the 151
dimensional representation V„(n=0, 1, . . . , 15)
of SU(4). This representation for the vector mes-
ons (1 ) will contain the usual nonet (p, IC*, ~, p),
an SU(3) charm-carrying triplet (C„,C„C,)
consisting of the I= —, vector mesons g„and Q~
and an I = 0 strangeness -carrying meson Q„a
corresponding charge conjugate SU(3) triplet
(C„,C„,C, ), and the uncharmed meson g. Note
that ~, y, and g are identified with the physical
states resulting from a mixing between the V„
V„and V» members of the representation. We
claim that the various experimental features re-
ported for ( are consistent with this hypothesis„
In addition, we predict the masses of the charmed
mesons.

First, we would like to point out that this hy-
pothesis can explain the value of g in Eq, (4) ob-
tained from experimental results. We shall as-
sume that parity is conserved in the interaction
(2); later we shall discuss possible ways of test-
ing this assumption. Assuming (as for p, co, and

y) that g is coupled to the ee system through a
virtual photon exchange, we obtain from Eq. (3)

g'= (4mn) G~'/M~,

where n is the fine structure constant and G& is
the effective coupling between g and the photon.
Now G& can be estimated from the following con-

the total production cross section of g, integrated
over the width of g, is computed to be

Jds 0(ee-q) = mg'. (3)

From the experimentally measured cross sec-
tion, we estimate'

siderations. Assuming that the electromagnetic
current has, besides the usual structure V„'
+ (1/YS)V&, an extra contribution xV„" in the
SU(4) theory, where' x=1, .we may use Wein-
berg's first spectral function sum rule to esti-
mate G&, if we neglect the mixing problem. Us-
ing the Ansatz of pole dominance for spectral
functions, we estimate

2/M 2 G 2/M 2

p p' (8)

With the experimental value for G or using the
Kawarabayashi-Suzuki-Riazuddin- Fayyazuddin
relation' G '/M '=f, ', where f, is the w-decay
constant (numerically f„=m„ the pion mass),
we obtain from Eqs. (7) and (8)

g'=]..Vx10 ' (9)

which is close to the result of Eq. (4).
We now turn to the intriguing question why the

width of ( should be as small as the result quoted
in Eq. (1) or obtained in Eq. (6). Essentially this
arises from considerations of +, p, ( mixing
which lead to the result that ( has predominantly
a (P'(P ' quark structure ((P' is the fourth charm-
carrying quark) with very small admixtures of
((P(P + X'X) and XX. This is not unexpected and the
situation here is analogous to the usual u, y mix-
ing theory, where y has predominantly a A.X

quark structure. Physically this implies that the
decay of g into ordinary hadrons is highly sup-
pressed. Furthermore, if the charmed-particle
masses are ~ 1.5 GeV, decays like g- CC would
be energetically forbidden. In order to obtain the
mass formulas for broken SU(4), we assume in
direct generalization of the SU(3) theory, that the
mass splitting arises from an interaction

+in t TB +T15 (10)

where T, and T» belong to the same 15-piet of
SU(4). Note that T» breaks SU(4) to the level of
SU(3), and T, breaks SU(3) down to SU(2) in the
usual manner.

The matrix elements of the squared mass ma-
trix for the 15 1 representation of vector mes-
ons V can then be written as

(M'), , =M 5;, + D(d;„.+ nd;„,.),
(M )0;=A(5„.+ nb„;),

(M')00 = Mo',

where i,j = 1, .. ., 15, M' and M, ' are the SU(4)
invariant squared masses of the 15-piet and sin-
glet, respectively, and D and A are the reduced
matrix elements. The matrix (11) contains the
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off-diagonal matrix elements (M'), », (M')„,
(M'), „. Diagonalizing the matrix in this sector,
we can determine the five unknown parameters
in (11) by using the known masses of p, E*,
y, and (. Numerically we obtain the values'

—2 8 GeV D= —0 23 CreV ~= 2y. 6

I,' = 3.5 GeV', A = —0.19 GeV'. (12)

Furthermore, the physical states y, cu, and (
are to a very good approximation given by the
simple r elations

y = cos& V, —sine-,'(v 3 V, + V»),

~ = sin8 V, + cos8-', (v 3 V, + V„),

(=
2 ( Vo —v 3 V,5),

(13)

M(C, ) =M(C~) = 2.19 GeV

M(C,) = 2.22 GeV.

Using the same value for ~ in the mass formulas
for pseudoscalar mesons, we find almost the
same masses for the corresponding charmed
pseudoscalar mesons. These charmed particles
could decay weakly into the usual hadrons and
leptons, and for short enough lifetime could have
escaped detection. ' If we believe in the Glashow-
Qiopoulos-Maiani construction' for the weak
charged currents, it should be noted that for the
emitted hadrons, the Cabibbo angle favors decay
modes where at least one strange particle is pro-
duced, so one would expect predominantly the
Eg, EK, or Kgp, etc. , as final particle states.

where 0 is the usual u, q mixing angle in the
SU(3) theory. Note in particular that in terms of
quark content P= itP'(P'). Our numerical analysis
in fact shows that the admixture of quark struc-
tures ((Pg+'XX) and%A in the state P is less than
5%. As an illustration we find that the width for
g- &R' is about 8 keV. We point out however that
this width is very sensitive to the mass of the p.
For example, if we reduce the mass of the p by
2%%up the calculated width is reduced by a factor
0.03 to about 0.23 keV.

The numerical values in (12) predict the follow-
ing masses for charmed vector mesons

It is interesting to note that if we define

G =g'/M~'

then using the estimate (4), we see that G is
numerically also close to the usual Fermi con-
stant G„of weak interactions. ' The identifica-
tion of ( with the intermediate vector-boson me-
diating weak interactions, at a mass value given
by (1), would contradict the mass constraint im-
posed by the currently popular unified gauge the-
ory models of weak and electromagnetic inter-
actions. Experimentally, the question can be
settled in principle by investigating whether par-
ity is conserved or not in the two- and three-body
decays of (, in much the same fashion as was
done for the 8 and ~ modes of decay of the kaon.

Details of this paper with further developments
of our hypothesis will be published later. We
would like to thank Professor T. Ferbel and
Dr. D. Weingarten for stimulating discussions.
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