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The new particles J(3.1) and {(3.7) are interpreted as colored w and ¢ mesons, respectively. By relating the
radiative decay J(3.1)—my to 2y decays of the color singlet mesons 7°, 7, X we find that the radiative decay
J(3.1)—ny is suppressed (in contrast to simple expectations from o —m%y). Via “strong new duality” we predict
the recurrences J’(4.18 & 0.08), J”(5.03 = 0.13),... and {'(4.63 £ 0.08), y"'(5.41 £ 0.13),... .

L. INTRODUCTION

There are various theoretical schemes, which
enlarge the traditional /- B-Y degrees of freedom
of hadronic matter by new ones, such as charm
or color. The particles J(3.1) (see Ref. 1) and
P(3.7) (see Ref. 2) can be the milestones (stum-
bling blocks ?) for them. The difference between
the charm?® and the color? interpretation of the
new particles is that in the first case the new de-
gree of freedom is hidden, while in the second it
is manifest. In group-theoretical language one
has to discriminate between the two main possi-
bilities of extending SU(3): Charm corresponds
to SU(3) -~ SU(), specifically SU(4),® whereas
color extends SU(3) to SU(3)xX g, where § may
again be identified* with SU(3).

The mentioned theoretical alternatives have cer-
tain similarities, but also very characteristic
differences. In both cases, when identifying the
new particles with either hidden charm or color
octet vector mesons, decays into normal hadrons
are forbidden. In the charm identification this
prohibition of the decay is obtained via the Zweig
or duality diagram selection rule® in close analogy
to the case of $(1019). In the color case, tran-
sitions to normal hadrons are forbidden, as they
would correspond to SU(3) color [=SU(3)°]
octet - singlet transitions. Differences become
important as soon as transitions of the new states
into photons plus hadrons are considered: The
hidden charm particle cannot lose its hidden charm
by photon emission; the colored (color-octet) vec-
tor meson, however, can turn into a normal
(color-singlet) hadron just by radiating away its
color via a color-octet photon (Fig. 1). While
available phase space for photon emission may
thus be small in the charm case [m(n,;)= 3 GeV
has been suggested®], phase space is enormous in
the color case, where the final hadron state may
be as light as 550 MeV [7(549)]. Radiative decay
widths in the hidden charm case may thus be of
the usual magnitude of first-order electromagnetic
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transitions (i.e., <1 MeV). In the color case,
simple estimates from w- 7% lead to widths of
the order of magnitude of 15 MeV (from phase
space), and an identification of the new extremely
narrow states with colored states seems to face
severe problems right from the beginning.®

On the other hand, the SU(3) xSU(3)° Han-Nambu
model* has attractive features, as, e.g., integral
charges of the basic quark triplets, no spin-
statistics problem for baryons, and it also yields
an asymptotic value of R=0,,-.,,/0,+,-=4 quite
consistent with data for Vs=4 to 5 GeV. A more
detailed discussion of the vector-meson phenome-
nology and of the width problem in particular thus
seems clearly worthwhile. Subsequently we will
show that the radiative decays of coloved vector
mesons may be estimated move convincingly by
relating them to expervimentally known 2y decays
of ovdinary (colov-singlet) mesons, i.e.,

7% n,X%~ 2y. From our analysis of these decays
we conclude that a strong suppression of the
radiative decays of the new pavticles should in

fact be expected in contrast to the above-mentioned
estimate. However, considerations of different
1°8°8° hadronic couplings show that such a sup-
pression of 1°8°8° couplings cannot be universally
valid.

Specifically, in Sec. II we will briefly discuss
different possibilities for the SU(3)¢ structure of
the electromagnetic current and their conse-
quences concerning number and photon coupling
strengths of the new states. We will tentatively
identify the states at 3.1 and 3.7 GeV with coloved
w and ¢ vector mesons, respectively. In Sec. III
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FIG. 1. Photon emission in the charm and color cases.
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our arguments on the widths of the new vector
mesons are presented. Further consequences of
the color interpretation for the value of R via ¢
duality and the spectrum of vector mesons to be
expected will be pointed out in Sec. IV. A few
concluding remarks are collected in Sec. V.

II. COLOR STRUCTURE OF THE ELECTROMAGNETIC
CURRENT, TENTATIVE ASSIGNMENT, AND COUPLING
STRENGTHS OF THE NEW PARTICLES

In the Han-Nambu SU(3)x SU(3)° model,* mesons
and baryons are built up from three basic triplets
(®, N, 1);, where the color index i runs over 1,2, 3.
The charges of the nine basic states take integral
values 1,0, -1 (2, 5, and 2 times, respectively),
and ordinary hadrons are supposed to be SU(3)°
singlet states. The electromagnetic current con-
tains two pieces

J,=d,(8,1°) +J, (1,8). (1)

The first term is well known from ordinary SU(3)
symmetry. It transforms as the U-spin scalar
component of the SU(3) octet and is a singlet in
SU(3)°. The second term in (1) supplements the
Gell-Mann-Zweig third-integral charges due to
the first term in (1) in such a way that the final
charges of the basic triplets take the mentioned
integral values. The (1, 8°) structure of the second

-

Q=UX1°+1xU°
2 1 1

where in each term the matrix on the left-hand
side acts in ordinary SU(3), while the matrix on
the right-hand side transforms in color space.
U equals U=I,+3Y (U°=I5+3Y°), and I; and Y
denote the third component of isospin (color iso-
spin) and hypercharge (color hypercharge), re-
spectively.

If the basic triplets are chosen® to transform
according to the (3, 3) representation of SU(3)
x8U(3)°, two different choices are possible for
the 8° piece of J,. These correspond to a color-
I-spin and a color-V-spin scalar, i.e., color
hypercharge, Y°, and color V spin, V°, respec-
tively. Explicitly, U° in (2) has to be replaced
by either

c_1
Y'=3

term in (1) follows rather uniquely from the re-
quirement’ that the charges of the ordinary (color-
singlet) hadrons come out correctly. There is
freedom, however, as to which octet operator is
actually chosen in color space. Physical proper-
ties of the color-octet hadron spectrum of states,
e.g. the number of vector mesons coupled to the
photon and their coupling strengths, sensitively
depend upon the choice taken, which choice may
thus eventually be confronted with experiment.

In the following, let us restrict ourselves in (1)
to operators from the color octet which are diag-
onal in color space. Physically this restriction
corresponds to assuming that the photon is a
color neutral and thus cannot change the color
of a particle [i.e., it cannot convert, e.g., a type-1
(red) into a type-2 (green) quark]. Excluding thus
off-diagonal terms, the number of possibilities
for the 8° current operator is rather limited.

In fact, if the three basic triplets are chosen to
be in the (3, 3*) representation of SU(3)xSU(3)°,
only one possibility remains, namely the U-spin
scalar in color space, U°. The current with re-
spect to SU(3)° then looks just the same (apart
from a sign from 3~ 3*), as with respect to
ordinary SU(3). For subsequent use let us note
the explicit expression of the charge operator,
which is then given by

1
w=§ -2 . (4)

Both the U° and Y° choices are discussed in Ref.
9. The V° choice does not seem to appear in the
literature. The different choices of J, reflect
themselves in the charge assignment within the
spectrum of states and especially in the number of
vector mesons coupled to the photon and in the
magnitude of the coupling constants, to which
properties we will turn next.

As the color singlet piece of the current (1) is
a pure octet operator with respect to ordinary
SU(3), the SU(3)° singlet states coupled to the
photon must be neutral octet states with respect
to ordinary SU(3) (ws and p°. As is well known,
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because of singlet octet (w;, wg) mixing
1,1°)+(8,1°),
t

mixing
there are actually three ordinary vector mesons
coupled to the photon, p° w, and ¢. In order to
distinguish them from possible color-octet states,
these well-known vector mesons may conveniently
be denoted by (p°, w$), (w,w?), and (¢, ws), re-
spectively. [The conventional notation is thus
used also within SU(3)° multiplets, in order to
denote the color quantum numbers of the parti-
cles.] Explicitly, the SU(3)xSU(3)° wave function
of these particles may be written as

1 1
(p% w$) = T X 1 ,
K3
0 1
1 1
ww)=={ 1 Ix[ 1 |, (5)
V6
0 1
0 1
(¢, w5)= L 0 x 1
b 1 \/§ b
-1 1

where ideal mixing (i.e., ¢ contains X quarks
only) has been assumed.

From (1) and (2), the color-octet part of the
curvent is a singlet in ordinary SU(3), and thus
a color-octet version of the ordinary p° and
likewise of wgy, does not couple to the photon. De-
‘pending on the color-octet structure of Jy, there
can be two w, color-octet states (with color iso-
spin I, =0 and I, =1, respectively) coupled to the
photon: the states (w,, w$) and (w,, p%). We con-
jecture w,-w, mixing to be present also for
color-octet states,

(1,8°)+(?,8C).

mixing

If we, moreover, assume this mixing to be ideal,
then w and ¢ will have color-octet recurrences,
which are coupled to the photon (w§ and p°) and
which predominantly consist of nonstrange and
strange quarks, respectively. The vector mesons
thus allowed to couple to the photon according to
the (8, 1°) +(1,8°) structure of the electromagnetic
current are collected in Table I. There is a max-
imum number of four additional (colored) vector
mesons with direct electromagnetic coupling.

The vector-meson-photon couplings y, ™ are
defined by the current matrix element

m V2
<0|Jp(0)|v>=_~€p7 (63)
2vy
and are related to the width by
az % 2\ =1
Tygio-= E(ZV?) my . (6b)

For a local current, J,(x)=Z[§(x),7,Q¥(x)], and
in a bound-state model for the vector mesons
this matrix element is expressed by!°

my® _ -4 f Py

me“—(zﬂ) tr <Z7u x(k, P)d kQVSU(s)st(3)¢>
and consists of a product of two terms:

(a) the SU(3)xSU(3)° internal-symmetry struc-
ture of the vector meson V [Eq. (5) and Table I]
and the electromagnetic current [Egs. (2), (3), or
€

(b) the configuration-space wave function at
zero distance, tr(y, [x(k, P)d*k). The first term
is simply calculated from

(@) =tr(@Vsy(s)xsu()e) » M

and the results thus obtained for the different
models are collected in Table II. These numbers
give the relative coupling strengths of vector me-
sons, if the dynamical term (b) is assumed to be
SU(3)xSU(3)° invariant. Empirically this holds
in good approximation for the well known 9:1:2
ratio of y, %1y, :y47%. We may thus conjecture
that the relative couplings of the coloved states,
as given in Table II, are correct, while the ab-
solute magnitude may be different for the color-
octet mesons because of symmetry breaking in

TABLE I. SU(@)xSU(@3) ¢ selection rules for vector-meson—photon couplings.

Su§ 24
SU,

“ﬁs pOc
(I°=0,Y°=0) (I°=1,I%=0,Y°=0)

Wy

w=W,wf)
=(p,w)
PO P'= (%, wf)

Wy Wg

w, o)
LRI )

Oc
Wy, Poc)<:::50c;
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the dynamical part.

Let us next try to assign tentatively the observed
states J(3.1) and ¥(3.7) to colored vector mesons.
Since colored p° mesons do not couple to the
photon, both J and y have to be isospin-0 states.
Only two narrow states have been found up to now,
and Table II thus suggests the I°-spin scalar mod-
el (3), leading to only two additional new ground-
state vector mesons coupled to the photon. If we
associate the lower-mass state, J, with (w, w$)
and the higher one, ¥(3.7), with (¢, «g), i.e.,
JB.1)=(w, ws), ¥(3.7)=(p, ws), the leptonic decay
widths of these particles should be in the ratio of
2m,/m, = 1.7 [see Table II and Eq. (6b)], which
indeed seems in agreement with experiment,!+1!

T,+,-(J)=5.5+0.5 keV, T4 -(¢)=3keV,
y,25.6:0.3, y,28.3.

The hadronic decay products of the lower-mass
state should then be w-like, while the upper state
should give rise to a large fraction of strange
particles. The cascade decay ¥(3.7-J(3.1)+had-
rons is strongly suppressed by Zweig’s rule,
because (3.7) thus consists of strange quarks
while J contains nonstrange ones only. Cascading
is present insofar as the w,-w, [ordinary SU(3)]
mixing differs from the ideal one.

The ratio of photon couplings and the suppression
of strong cascading remain unchanged, if J and ¥
are assigned to colored w and ¢ with I°=1(p%),
in the U°-spin scalar model: J(3.1)=(w,p%),
(3.7 =(¢,p%). The two additional colored vector
mesons required in this model have not been seen
so far. They could be broader states, if we would
allow for color octet-singlet w§ — w] mixing. The
observed I°=1 states, however, would clearly
have a small width if 7° is assumed conserved in
strong interactions, much in analogy to ordinary
isospin.

IIIl. ARE THE RADIATIVE DECAYS SUPPRESSED?
Having thus concluded that the interpretation of
J(3.1) and ¢(3.7) as colored w and ¢ is reasonable

TABLE II. Photon—-vector-meson couplings (@) in
various SU(3)x SU(3F models.

SU§ I°=0 Uc=0 Veé=0
SU3 wﬁc pOc wg pOG wsc pﬂc

wf
0 3
o 7= 0 0 0 0 0 0
w 1 22 o V2 6 2 V6
V6 V6 V6 v6 V6 V6
s 2 =2 1 3 1 3
V6 Ve Y6 Ve Ve Ve

as regards the ratios of their photon couplings
and the suppression of cascading, let us next turn
to what seems to be a central problem for the
color interpretation, the question of the magnitude
of the radiative decay widths. Because of the
general selection rules for decays of color-octet
states (8°)

8°A1°+1°,
8°~1°+8°, (8)
8°—-8°+8°,

we may have the radiative transitions
8°~1°+y, (9a)
8°~8°+y, (9b)

where y now stands for a color-octet photon and
1¢ and 8° denote color-singlet and color-octet
hadrons, respectively. (A 2y decay is forbidden
for 17~ vector mesons.) Since the 8° photon as
well as J(3.1) and ¥(3.7) have zero isospin in the
color scheme, typical radiative decays are

J(3.1),9(3.T)=n+v,
—-X°+'y, (10)

while the 7% decay is forbidden.

Phase space is small for (9b), if the 8° pseudo-
scalars are assumed to have masses comparable
to the masses of the new particles, and radiative
widths may therefore be sufficiently small to be
consistent with experiment. Simple estimates'?
for reactions (9a), however, as mentioned in the
Introduction, yield widths which are larger by
roughly two orders of magnitude than the observed
extremely narrow widths of the new particles.
Indeed, from

3
P(V~P+y)=ag2p°§“‘ , (11)

where P denotes pseudoscalar meson, one obtains
a width for J(3.1)~ny of the order of 15 MeV, if
one simply inserts for the coupling g the value
obtained from the w- 7% decay (T 0, =0.9

MeV) corrected by a Clebsch-Gordan coefficient.
Such a large width would obviously exclude the
color interpretation. Evidence will be presented,
however, in what follows which shows that the
above estimate may in fact be misleading. By
analyzing the decay of the 7(549) meson (which
can decay into 8° photons) we will see that there
is empirical support for the hypothesis that the
coupling between two colov-octet vector mesons
and a color-singlet pseudoscalay meson is much
smaller than suggested by the above reasoning
based on the coupling between three color-singlet
states (w, 7% 7).
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From the SU(3)xSU(3)° structure of 7%, n,, and
71, and the electromagnetic current (1), one ob-
tains for the couplings

1
8n0yy = ﬁgl
= 1 1©
gngyy - (6X3)1/2g ’

2V2
&nyyy = W(g +g%),

(12)

where g*° and g8 denote the reduced couplings of
a color-singlet hadron to two color-singlet and
two color-octet photons, respectively. Because
of mixing, the n and X° couplings are related to
the couplings (12) by

Enyy=&nyyy cos10°+g,,l”sin10 s (13)
&x09y = =8&ngyy sin10°+gnwycos10°,

and the 7 and X°_decay widths are given by

2

(e
5 me8ryy” - (14)

L(P~yy)=
From the experimental 7° n,X° widths according
to (12), (13), and (14) one may thus (at least in
principle) derive a bound on the coupling gsc be -
tween a color-singlet hadron and two color-octet
photons.

In Table III two extreme alternatives for this
coupling are compared with experlment 13.14
namely the assumptlons g” =0 and g8 ‘c. One
observes that g® g is incompatible w1th the
expemmental value® of the n width, whereas
g‘”c «g?' is in good agreement with the data. Thus
the coupling of a 1° pseudoscalar hadron to two
color-octet photons (8°) seems suppressed. This
result may suggest the 8°~ 1° +y(8°) transition
(10) to be strongly suppressed, also relative to
what one estimates from the 1°~ 1° +(1°) type
transition, w- 7%.

This latter conclusion may be more explicitly

TABLE III. Comparison with experiment (see Refs.
13 and 14) of the Yy couplings for two extreme alterna-
tives for g8°.

0 n x0

Ty 7.840.9 eV 324+46eV <22 keV
g [GeV™1 0.275£0.016 0.216+0.015  <0.78

1 -1
g™ [Gev™ input 0.234£0.014 0.415+0.024
(g%°=0)

h [ G =1
8" [Gev™] input  0.312£0.018 0.8570.05
g% =g'")

arrived at, if the 7yy decay is related to the
J(3.1) -~ ny decay via J(3.1) dominance in the man-
ner of Gell-Mann-Sharp-Wagner!® (Fig. 2). From

1
v=J,9 2vy

gny‘y - gVny

i

Z 4)/ 4. 28vyv (15)

Vv=J¥
we infer that the smallness of gn” should in fact
also yield a suppression of &rny» Which coupling
is responsible for the J(3.1)— 7y decay. Putting
experimental errors aside for the moment, we
may be bold enough to conclude: If the colored-
triplet model is covrect at all, then from the above
analysis of the n decay a suppression of the decay
of the colored vector mesons does not seem so
surprising after all and could have been anticipated
(at least qualitatively) prior to the experimental
data.

Let us add at this point a quantitative estimate
of the 1°8°8° couplings g, ", and &Zrns- While a
quantitative statement on g8 ,, vy from the n decay
beyond the above conclusion, g® <<g‘“, seems
unfeasible, we may at least check the consistency
of the n,X°-oy7/ and J(3.1)~ ny,X % decays. From
the total width I, (J) = 100 keV, one estlmates
[with T(J -~ X y)“2P(J~ny)]g,Xo <0.1 GeV™!

(with v, =5.6) gxo <0.015 GeV’l. From thls
value we obtain w1th the help of Egs. (12) and (13)
£%<0.02 GeV™!, which has to be compared with

the corresponding color-singlet coupling, g'°
=0.68 GeV~!. One concludes that the ratio of the
color-octet to color-singlet couplings must be
less than 3% in consistency with our earlier con-
clusion (from 7~ yy) that g8°«<g*°, Likewise
from (15) we infer f_gJ 2r <1.2 GeV~!, to be
compared with the p°wn® coupling, gOun0= 14
GeV ™. From our analysis of the 7 and the J(3.1)
decays one may thus be led to conjecture a strong
suppression of the hadronic couplings,

c
8p1oys®yB°/gptt 17 10 < 9%

Y s8¢
Y _ge
v
= 2
K V=10 1 y
'8¢
Y 8¢

FIG. 2. J, § dominance of the n—v8y3° amplitude.
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as the dynamical origin for the strongly suppressec
radiative decays of the new particles.

From the above analysis it may be tempting to
quite generally postulate a suppression of the
1°8°8° relative to the 1°1°1° couplings. One im-
mediately convinces oneself, however, that at
least some of the 1°8°8° couplings have to be
large, provided simple vector-meson dominance
arguments are again assumed to hold. In fact,
for a color-neutral 7* meson (r*, 7%)
=(1/¥2)(@, p, - W, p,) the color-octet charge
vanishes and only the color-singlet photon cou-
ples. Simple p°(770) dominance combined with
universality of the electric charge requires

8o 1rcvr°/2')’p =1,
The V¥°-P¥.p* coupling would thus be expected
to be of the same magnitude as the V¥-p**-p¥
type pmm coupling. If the three-triplet model is
correct at all, we have to conclude at this stage
that the underlying dynamics is complicated.

IV. THE VALUE OF R AND THE RECURRENCES
OF J(3.1) AND ¥(3.7)

Recently it has been suggested by two of us'®
that the new particles J and ¥ set the scale for
e*e” annihilation into hadrons of a new hadronic
degree of freedom quite independently of the color
or charm interpretation. In what follows, we wish
to supplement recent considerations by a detailed
discussion of the ratio R in the light of the color
interpretation as presented in the previous sec-
tions.

With “new duality,”?” R is given by!¢' 18

R=3"Ry
v

37 1 mf ( < . Amﬁ))
ST 2 amam 2O\ T\ - T )]
(16)

where the sum over V runs over p°, w, ¢ and over
additional (ground-state) vector mesons corre-
sponding to the coupling of the photon to new types
of hadronic matter, i.e., J(3.1) and ¥(3.7) in the
color scheme.

Below the color threshold, determined by the
mass of J(3.1), the ratio R from (16) is given by
the couplings of the photon to p°% w, ¢. With a
Veneziano-type mass spectrum, m,? =m,,2(1 +2n),
n=0,1,2,..., we have Am,*=a''=2m 2 =1.2
GeV?, and consequently (with y,%/4m=220.64)

Ry, ,,=2.5. This value for R agrees surprisingly
well with the value determined from the sum of the
squared quark charges,*'*°

RO - ( (8.1%9y2 - 9
12 QP I)y=2,
where below the color threshold only color-singlet
states are produced.

It is thus tempting to require consistency be-
tween the value of R obtained via “new duality”
and the value of R obtained from the sum of the
squared charges of the constituents to also hold
for the contribution due to the production of
colored states. From® R=R( +REV =5 .0.2=4
we thus have

R®)=R, +R, =2, (17

which equation may be used to calculate the

a priovi unknown level spacing Am?(8°) for the
recuvvences of the colov-octet states. From the
experimental e*e” width," TJ,,-=5.5+0.5 keV,
one obtains the photon coupling y,?/4mr=2.5+0.25,
which yields

3
Am 8 = 5 =7z m,+ )

E_YJZ
=7.8+0.7 GeV?, (18)

where the predicted ratio v, ?:y, ?=2:1 from
Table II has been used in addition. With the cal-
culated value for the level spacing?®'?! theratios R
and R, are found tobe R;=1.2+0.2 and R;,=0.8
+0.1, in good agreement with experiment (see
Fig. 3).

If the above value for Am ,?(8°) is taken literally

R4

\
IR
} ﬁ\ (b)

fa)
YYIADONE) |

2 %
+ BCF(ADONE)
& CEA
¢ SLAC-LBL
Q@ Wt (ADONE)
4 Novosibirsk

0 1 1

0 10 20 30

s (Gev?)

FIG. 3. R from “new duality,” showing the contribu-
tions to R dual to p%,w,¢ [curve (a)] and the effect of
adding the contributions dual to J(3.1) [curve (b)] and to
$(3.7) [curve (c)]. Figure from Ref. 22.
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as the level spacing of a spectrum of daughters of
J and ¥, or of radially excited quark-antiquark
bound states, one predicts two sevies of coloved
vector mesons [m,”>=m, ;2 + Am,*(8%) xn,
n=0,1,2,...] with the masses given in Table IV.
It is quite clear from the table that the predicted
levels involve experimental errors as well as a
theoretical uncertainty as regards the exact
validity of the “strong new duality” vequivement,
which says that the magnitude of R determined by
the prominent low-lying vector mesons coincides®®
with the value of R detevmined from the squares
of the constituent-quark charges. Nevertheless,
the level spectrum may serve as a guide for
further experimental searches. Because of the
huge number of predicted colored-meson states
in the three-triplet model, narrow widths should
not be expected, however, for the higher-mass
recurrences, as many decay channels open up.

V. SUMMARIZING AND CONCLUDING REMARKS

Let us thus briefly summarize the main points
which have been made and at the same time add a
few comments on topics not discussed in the pre-
vious sections.

From Sec. II within the three-triplet model, one
expects (Table I) either two (I°-scalar model) or
four (U°-scalar model) additional (color-octet)
vector mesons with direct photon couplings. These
are colored versions (color-neutral members of
the color octet) of the ordinary w and ¢ mesons.
Their relative couplings (Table II) fulfill
Y(wa) 2:i¥(s.e0) - =2:1. The new particles J(3.1)
and ¥(3.7) have been tentatively identified®* with
colored w and colored ¢, respectively. The rela-
tive photon couplings (leptonic widths T,s,-) of
these two states are thus correctly predicted from
SU(3) xSU(3)° symmetry; the absolute values,
relative to the p°1°) photon coupling, show an

TABLE IV. Recurrences of J (3.1) and ¢(3.7) in the
color scheme.

SU(3)xSU(3) © mass e*e” width

n structure (GeV) keV)

0 w,wf)=dJ 3.105 5.5+0.5
(input) (input)

1 (w,wg)'EJ' 4.18+0.08 4.0+0.5

2 (w,wé’ Y =g 5.03+0.13 3.4+0.4

0 (P, wg) =y 3.695 3.3+0.3
(input)

1 (¢, wfy =y’ 4.63+0.08 2.6£0.3

2 (@, wg)" =y” 5.41+0.13 2.3£0.2

SU(3) X SU(3)° symmetry-breaking effect, the mag-
nitude of which depends upon the SU(3)¢ structure
chosen for the electromagnetic current.

As regards the analysis®® of the n— yy decay in
Sec. III, a pessimist (as regards the relevance
of the three-triplet model) may stress that the g
decay width just shows that there is no color-
octet current contribution, and that the new par-
ticles have thus quite obviously nothing to do with
the Han-Nambu model. He may add that the sup-
pression of certain couplings (P*V*V®, as in-
ferred from 5~ yy), while others seem to be re-
quired to have normal strength (V¥ P*°P¥), looks
artificial to him. An optimist may answer at this
point that the consistency between the 7 decay and
the narrow widths of the new particles is en-
couraging to him, and that nothing prevents the
dynamics behind the couplings from being more
complicated. The realist may wish to wait for
further crucial experiments. An answer to the
question of whether the missing neutral energy
around 4 GeV is due to (color-octet) photons may
be decisive already.

Requiring “strong new duality,” i.e., consistency
between the value of R calculated from the quark
charges and the value obtained from the photon
couplings to the prominent low-lying vector me-
sons, in Sec. IV, we have predicted a level spacing
Am 2 (8°)=8 GeV?, dramatically different from the
well-known level spacing of 1° states Am,?(1°)
=>1.2 GeV®. The spectrum of daughter states to
be expected from Am ,?(8°) =28 GeV? has been
listed in Table IV.

We have not attempted in this paper to give
complete systematics and production character-
istics of all the additional 72 colored spin-0,
spin-1, etc. states to be expected in the Han-
Nambu model. Let us, however, add a few rather
obvious comments. Since we have assumed the
w,-wy mixing (in ordinary SU,) to be the same for
the 8° versions of w(783) and ¢(1019), we can use
the mass formulas valid for ideal mixing,

(19)

to predict the masses of the color-neutral partners
of J(3.1) = (w, p* or w3) and ¥(3.7)=(p, p*%, or

wg), namely m((p, p*, or wg)=3.1 GeV and
m((K*, p*, or w))=3.41 GeV. The masses of,
e.g. (w,K*°) are probably not degenerate with

the (w, p*) because of the a priori unknown sym-
metry breaking in color space.

Finally, let us add a brief remark on the decays
of especially the recurrences J’ and 3’ of the
colored w and ¢ mesons. Typical decay modes
are, e.g.,
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J’(4.18) ~ (p°, 8%) +7°,

T°+9°,

W (4.8)~ (K**,8%) +K ~

K*++°,

and thus involve many direct photons, which would
have to be responsible for the missing neutral
energy,? if the color option is correct.
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