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Assuming that the 3.1-GeV resonance observed at SLAC and BNL is interpreted as a vector meson belonging
to the 15 + 1 representation of SU(4), we remark on its decay width to a lepton pair, using the first spectral-
function sum rule for U(4) and the assumption of pole dominance. The observed leptonic decay width,

I'(J — IT), requires a charge assignment of the quarks, completely different from the conventional one. We
propose another way to distinguish between the two assignments.

I. INTRODUCTION

A considerable amount of excitement has been
generated by the recent discovery of narrow reso-
nances at 3.105 GeV (J) and 3.695 GeV (J’) at BNL
and SLAC.! At this point there exist various in-
terpretations? as to the possible nature of these
resonances. In this note, we will consider the
viewpoint that the 3.1-GeV resonance is a vector
meson belonging tothe 15 +1 representation of SU(4)
along with p, w, and ¢ and the 3.7-GeV one is possibly
a radial excitation of this state.? We will then use
the first Weinberg sum rules for U(4) and the as-
sumption of pole dominance to study the decay
width to lepton pair T'(J - I7) of J(3.105). We find
that a knowledge of m,, T'(p~17), m,, I'(w~11),
mgy, T(¢p—11), and m, is enough to enable one to
predict I'(J - 7), without making any specific as-
sumption about the quark content of J. We find
that I'(J ~ 17) depends on the charge assignment of
the quarks. In the case of the conventional integral
or fractional charge assignment for the quarks,
we predict '/ ~17)=~1.4 keV. However, experi-
mentally, I'(/~17)=~5 keV. We then observe that
an unconventional charge assignment® of (3, -3, -3,
- %) for the quarks predicts a large I'(J~17), ~5.5
keV. We then propose that a study of the two-pho-
ton decay mode of the 1, will also distinguish
between the two charge assignments of the quarks.
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II. FIRST SUM RULE AND I'(J-#)

We assume the validity of the first spectral func-
tion sum rule for U(4) (defined as usual®):

B (12
fe—m(:n—)dm2 =abg. (1)
The question of its validity in asymptotically free
theories has been discussed in a separate paper*
and the answer is found to be negative. However,
since it is not yet established whether asymptot-
ically free theories describe strong interactions,
we will not be discouraged by this, Furthermore,
there are models® of strong interactions where
Eq. (1) can be derived®; also, in asymptotically
free theories, the corrections to Eq. (1) could be
small, in which case, from a phenomenological
standpoint, useful information may be derived by
ignoring those corrections.

We now proceed to saturate Eq. (1) by the low-
est-lying vector-meson states w, ¢, p, and J.
We use the following definitions:

@RV I/XO|T0,) =€, ()T,
@RV N /X0| 3|0 =€, (R)oy @)
@k V %0\ v ,)=€, (R)G, ,

where

V,=w, U,=9, v3=J,
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Of course, one easily finds that [see Eq. (1)]
2
a=(9L> . 3)
mp
Now, defining
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one can write down from Eq. (1) that

;x42=izy.-2=zi:zsz=1 (5)

and

inyi=zi:yizi=zxizi=0y (6)
1 1

where i goes over the w, ¢, and J states as de-
fined before. We now write that the electromag-
netic current in a general form as follows:

1
I =V?3 73 VS +aV?+ BV . (M

Note that for a=~(2)/2 and 8=v2/3 (Case I) we
obtain the charge assignment for quarks (%, -3,
-1,%). The integral charges are also obtained for
the same values of « and 3 by adding the “color”
contribution to electric charge. On the other hand,
if @=2(2)"2 and B=-2V2/3 (Case II), we obtain
the charge assignment (3, -3, -3, -%). We can
compute the leptonic decay width of p, w, ¢, and
J in terms of x;, y;, and z;. To exhibit this, we
define

T, \Y2
a, :(ﬂi__t> ®)
m gLy,
and obtain
X
7‘_3—+ay,+ﬁzi=a,. 9)

Using Eq. (5), Eq. (9) can be rewritten as follows:

1
Xy =—7
Ladi=rg
Eaiyi=ay (10)
T

Zaizi=ﬁ.

Note that we know a, =a, and a,=a 4 and would like
to predict a,=a;. For this purpose we observe
the following: x;, ¥,, and z; are three mutually
perpendicular unit vectors and a; denotes another
vector whose dot product with each of them is

given. We can therefore rotate x;, y;, and z; to
coincide with the coordinate axes; i.e., the ro-
tated %, §, and Z are

£=(1,0,0), ¥=(0,1,0), z2=(0,0,1). (11)

The vector a will now be rotated and have new
%,9,2 coordinates; however, its length is un-
changed by rotation. Its length in the rotated
frame (which is the same as before rotation, i.e.,
21a;2=2,a,.?) is given by Eq. (10) to be

Za,2=(%+a2+6’). (12)

For a=-(3)2 and B=+V2/3, we find 3 a,? =4,
Noting that a,2=0.12 £0.04 and a ;2 =0.28 +0.05 we
obtain for this case I'(/~17)~1.4+0.2 keV, a
value lower than that observed experimentally, On
the other hand, for a=2(%)V2 and 8=-2v2/3, we
get YJa.2=%, giving I'(J~17)~5.5+0.2 keV.
Before we conclude this section, a few remarks
are in order on the unconventional quark-charge
assignment. First of all, although the concept of
a charmed quark became established along with
a Weinberg-Salam gauge model based on a SU(2)
X U(1) group with doublets of left-handed quarks,
we do not assume anywhere in our discussion that
we are constructing a model of weak interaction
along the lines of gauge theories. Neither do we
see how choosing a particular charge assignment
for quarks will ever tell anything about the nature
of weak currents without further assignment, Sec-
ondly, even with the unconventional charge assign-
ment for quarks, one may construct gauge models
without any severe problems of AQ =0, AS =1 neu-
tral currents. For example, if one chooses SU(4),
XSU(4); as the weak gauge group, there is no rea-
son why the strength of strangeness-changing neu-
tral current couplings will be large at all. It will
then depend on whether the gauge bosons W2 mix
with gauge bosons of the type W}, W2, W3, etc.
One can always avoid such mixings by judicious
choice of spontaneous symmetry breaking. In fact
we believe that at this point we have no reason to
disregard such a possibility, and for this purpose
we present the following section and suggest n,—~ 2y
decay as a test of the conclusion we have reached
in this section relying on U(4) sum rules.

IIl. n.— 2y DECAY AND CHARGE ASSIGNMENT OF THE
QUARKS

The discussion of the previous section, taken
seriously, would suggest a rather unconventional
charge assignment for the quarks. However, the
above conclusion relies heavily on the assumptions
that (a) the contribution of the high-mass resonan-
ces [such as p’, J'(3695), etc.] is negligible and
(b) a U(4) spectral sum rule [Eq. (1)] is valid rath-
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er than the SU(4) sum rule, i.e.,
aB 2
fp m(:n )dm2=a6a8+b6m0680- (13)

In this section, we would like to suggest
that another way to distinguish between the
charge assigments would be provided by a mea-
surement of the two-photon decay width of the
SU(4) singlet 0~ meson 1’ and the SU(3) singlet but
SU(4) 15-plet 0~ meson 7,. To see this, we first
assume that the triangle graph dominates their
two-photon decays, as is the case for 7°— 2y de-
cay,” and further ignore the mixings among them.?
Then, assuming U(4) invariance for decay con-
stants, i.e., f,=f, =f,,, we predict

M(TI' - 27) _R{2\/2
M=27) =5(%)“2 (CaseI)
=112)2 (Case I).
Similarly,

Mme—-2y) __
m ==V2 (CaseI)

=-7/2 (Case II).

These equations will have to be modified if there
is significant mixing between 7, 7', and .. In any
case, the two-photon decay mode will provide a
clear distinction between the two charge assign-
ments,

IV. CONCLUSION

In summary, we would like to assert that, if
J(3105) is a member of the 15 +1-dimensional vec-
tor multiplet corresponding to SU(4), its leptonic
decay width can be studied using first U(4) spec-
tral-function sum rules. The observed leptonic
decay width of J(3105) seems to require an uncon-
ventional charge structure for the quarks. We
then suggest that the two-photon decay model of
the 1’ and 7, would provide a clear distinction be-
tween the different charge assignments mentioned
above.
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