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Is the E(1420) in J/P Decay a Gluonic Bound State?

K. Ishikawa
Deutsckes Elektronen -Synchrotron, D-ZOOO IIamburg 52, Germany

(Received 8 December 1980)

Interpretations of the E meson (1420 MeV) in the radiative decay of the J/tI) are dis-
cussed. Information on the spin and parity assignment, and the bvo-photon decay rate
of the E meson, will be sufficient for one to decide whether it is an ordinary quark-anti-
quark or a gluonic bound state.

PACS numbers: 14.80.Kx, 13.40.Hq, 14.40.pe

TABLE I. Branching fractions of the radiative decay
of the 4/g to the resonances.

Mode Branching fraction (10 3)

'Yn

7~/

vf

0.9+ 0.4,
3.4+ 0.7,
1.3 + 0.3, ~

1.2 + 0.2, 0.8 + 0.2, 1.3 + 0.4
6.9+ 1.7, 2.2+ 1.7, 2.4+ 0.7
2.0+ 0.3, 0.9+ 0.3, 1.5+ 0.4

3.6+ 1.4

Ref. 1. Ref. 2.

A clear new resonance' is seen in an inclusive
photon spectrum and in exclusive processes such
as yKK~ and yq~z of the J/g radiative decay in
addition to the q, q'(958), and f (1270) (Table I).'
One experiment finds M=1.44'0 py5 GeV and I'

0 05 0 02 GeV. The spin and parity of this state
are not known. The interesting feature is a large
radiative decay branching ratio into this state,
larger than those into any other meson except
the g'. ' A resonance of this mass, width, and

decay property has been seen in hadronic reac-
tions, and called the E(1420). I et us call the
meson observed in the J/g decay as the E tenta-
tively.

The quantum number of the E, although it was
seen clearly in hadronic experiments, has been
uncertain for several years. 4 In pp annihilation
at rest, where the 1425 MeV KK& enhancement
was originally observed, it is favored to be a
0 ' state and seems to have a large branching
ratio into 6r. The D(1285) which is known to be
a 1 state was not seen there. In the rpv channel
in v p reactions, ' there is an evidence for a 0
at 1.4 GeV but no evidence for a 1' at 1.4 GeV.

However, in other experiments such as m p,
K p, and pp annihilation in flight, one observes
two peaks (the D and E) in the KKm mass spec-
trum. The E seems to have a large branching
ratio' into K*K and the new analysis by Dionisi
et al. ' gives convincing evidence that the E is a

state. Then the 1 nonet is complete together

with the A„some mixture of Q, and Q„and D.
Two conflicting experimental results might sug-

gest the existence of two different mesons. In the
J/P decay the E seems to be similar to the one
seen in pp annihilation at rest from the following
decay branching ratio:

B(E- 5w) B(5-KK) /B(E -KKv) = 0.8 + 0.2 . (1)

The E in J/g decay may be either a 0 ' or a 1
state, or both, which is left open until the experi-
ment decides. The E is known to be isoscalar.
Moreover, because of the eixstence of only one
state in J/j decay and of the narrow width this
should be close to an SU(3) singlet.

Now, let us consider the possible interpreta-
tions of the E in the J/P decay. If the E is found
to be a 1 state, there seems nothing strange in
assigning it to be an ordinary qq except for the
large branching ratio. To see how large that
branching ratio is, it is interesting to compare
it with that of 2' isosinglet mesons, the f and f',
because they have the same orbital angular mo-
mentum in a nonrelativistic quark model. The E
production rate is larger than the f production
rate by a factor of 2 or more. This is difficult
to understand because a 1 state cannot couple
with two massless on-shell vector mesons. ' An

on-shell approximation for the two intermediate
gluons gives a vanishing rate to the 1"state,
whereas there is no such suppression of the 2

state production.
If the E is found to be a 0 ' state, then it could

be a radial excited state of the SU(3)-singlet
pseudosealar q', ' or a gluonie bound state (GBS).'o

The radial-excited-state production with a siza-
ble rate was pointed out by Cohen and I,ipkin"
and the GBS production was predicted by many
authors. " It is not easy to distinguish between
these two interpretations generally, but one test
exists, which shall be discussed later. Before
going into the details of that test, let us show
that there is no problem in the GBS assignment
for the E.

978 1981 The American Physical Society



VOLUME 46, NUMBER 15 PHYSICAL REVIEW LETTERS 1$ ApRIL 1981

The large radiative decay rate from the J/g is
easy to understand from the GBS interpretation
because the GBS couples strongly with two gluons.
Furthermore, a duality hypothesis" between
resonances (GBS} and a perturbative calculation, "
which is known to be satisfied in the electromag-
netic current matrix element, encourages the
idea. The total radiative decay rate into the two
0 + gluons is calculated by Billoire et al."and
is equal to 0.95 keV by using 0.2 as n, based on
the perturbative calculation. The sum of the de-
cay rates into the yg, yg', and yE is equal to 0.47
*0.13 keV and the value could be larger than this
value by an inclusion of the gvtm decay mode of
the E. The improvement of the saturation due to
the addition of the E is large so the GBS assign-
ment seems to be reasonable.

The next point to be discussed is the decay
properties, the decay final state, and the total
width. The present author has exhibited" a de-
cay characteristic of the 0 GBS, K meson ex-
cess in the final state, in a previous paper. The
lowest-order diagram described in Fig. 1 was
investigated and the existence of a large flavor
violation and an enhancement of SS quark produc-
tion from helicity suppression was pointed out.
The decay branching ratio to KE+pions or g
+pions is about 50% if we use constituent quark
masses or almost 100% if we use current quark
masses. Experimentally, the KK& and gr7T are
the known decay modes, " and agree with the ex-
pectation based on the GBS interpretation.

The total decay width was also estimated in the
same paper based on a potential model of the GBS.
The value was between 50 MeV and 1 GeV with
use of a naive lowest-order calculation. Because
of the uncertainty of the calculation, the observed
width would be consistent with the theoretical
estimate.

Thus the GBS interpretation seems to have no
problem in the J/P decay. In the inclusive hadron-
ic reactions, a sizable production of the GBS is
expected. But the cross section of the exclusive
two-body reactions such as w p -GBSn are ex-
pected to be very small because of the nonexis-
tence of an exchanged Regge pole. In these reac-
tions all valence quarks in one of the initial par-
ticles are transferred to the other. By writing

!
the quark lines we see no resonances in s chan-

oes /////j

FIG. 1. The lowest-order diagram which gives a
GBS decay.

nel, consequently there is no Regge pole to be
exchanged from the resonance-Regge duality. It
would be consistent not to see any signature of
the GBS in high-statistics n' p -Eu experiments
of Dionisi eI; al. ' from this reason.

Now I describe one test to distinguish the two
interpretations. Hereafter I assume that the E
in J/f decay is confirmed as a 0 ' state and an
SU(3) singlet. We shall study two ideal cases:
(1) qq and (2) a GBS for both particles of the g'

and E, which give lower and upper values of
I'(E —yy). First we assume the q' and E to be
an SU(3)-singlet qq resonance.

Electromagnetic and gluonic couplings of the g'
and E are defined as

w „,&,&

= &o !E„,S""!q'(E)),

a„,, )=(0!G„„'G': "!q'(E)),

(2)

r(E-yy) m, '
r(q -yy) m„,

B * I'(Pig-Ey) m„~ ' —m, ,*)'
a„. r(J/y- q y) m „&,

'- m, '

By taking the ratios between A „.
& &

and & „,
& &,

I consider the effect of the wave function can-
celed, and I have

A„. = const

and the same one for the E. The numerical con-
stants are regarded as being equal in both par-
ticles. Combining Eqs. (3} and (4), I have

where E „„and G„„' are the electromagnetic and

gluonic tensor, respectively. The ratio between
A „and A~ is expressed by the two-photon decay
rates' and the ratio between Bpi and B~ is ex-
pressed by the J/P radiative decay rates" "as
follows:

u, (E) ' m„„'-m„,' 'm„, ' r(J/y-Ey)r(q'-»)
o., (ri') m ~&' —m ' m r(J/y-g'y)r(E-yy) ' (5)
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FIG. 2. The two-photon decay rate of the E for two
cases. The g' and E are assumed to be: line a, an
SU(3)-singlet 0 + qq; line b, a GBS. The most error
is due to the error of I" (J/|I) -Ey). 1.42 GeV was used
for mz.

The ratio o., (E)/o. ,(q') should be smaller than
1 from both the asymptotic freedom of quantum
chromodynamics and the observed better realiza-
tion of ideal mixing in heavier resonances. Con-
versely, a small value for the right-hand side of
Eq. (5), smaller than 1, would be consistent with
the qq meson interpretation.

Secondly, we assume that the both are GBS.
The two-photon decay of GBS occurs as a higher-
order effect through a quark box; therefore, the
right-hand sides of Eq. (4) should be replaced
with const o.o., [q'(E)j, if they are GBS. Conse-
quently the left-hand side of Eq. (5) is replaced
with [ (orj')/ (oE)] fo2r this case under the as-
sumption of the equal magnitude of the constant. "

Thus, the ratio for the two ideal cases I (E
—yy)/I'(g' -yy) is calculated and given in Fig. 2
for line a the SU(3)-singlet qq assumption and for
line b the GBS assumption. We use the standard
form for n, as a function of the mass together
with a strong interaction scale A. The large
error comes from mainly the large error of
I'(J/g -Ey). A mixing of the gluonic component
to the g' in the line a enhances the ratio and a
mixing of the qq component to the g' in the line b

reduces it. Thus the E-meson two-photon decay

rate is expected to be above the line a if the E is
qq, or below if the E is GBS. A use of 500 MeV
and 6 keV for A and I'(q' -yy) leads I'(E -yy) to
the following value: line a, -3 keV; line b, -0.4
keV.

If both the 0 and 1' exist and are produced in
J/y decay, then we are unable to obtain the sim-
ple relation like Eq. (5). However, because 1'
does not couple with two on-shell gluons and de-
cays with a p wave to 5v, its contribution may
be small.

As a summary, let me stress again two crucial
experiments to distinguish between three possible
interpretations of the E in the J/y decay: the
spin and parity analysis and the two-photon decay
observation. If the E is found to be a 1+' state,
then it must be a qq bound state. On the other
hand, if it turns out to be a 0 ' state and the two-
photon decay rate is larger than or equal to 3

keV, it must be the radial excited state of the
ordinary pseudoscalar. Finally, the existence of
a small photon-decay rate, much smaller than 3

keV, would suggest strongly that the E is a GBS.
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Have We Seen Our First Glueball'?
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Evidence is presented that there are at least two states near 1.4 GeV which decay to
One is E(1420), an axial vector, and the other is C(1440), probably a pseudoscalar.

The pseudoscalar is likely to be a glueball.

PACS numbers: 14.80.Kx, 13.40.Hq, 13.75-n, 14.40.Pe

The discovery of gluonium states would be dra-
matic confirmation of quantum chromodynamics
(QCD). But their identification is an extremely
challenging problem, because of the usual exper-
imental difficulties of meson spectroscopy in the
likely 1-2-GeV region, compounded by our in-
ability to predict reliably the dynamical proper-
ties which might provide useful experimental sig-
natures. ' Lacking a reliable, detailed understand-
ing of the gluonium spectrum and dynamics, the
experimental search can rely only on the most
generic features of the theoretical picture. One
such property is that gluonium states do not fit
into qq multiplets. Another is that their produc-

tion is enhanced in channels which are rich in glu-
ons.

Since the radiative decays g- yX are dominated
in perturbation theory' by g-y+2 gluons, they
provide an excellent channel for the search. The
prominent appearance of a Kit enhancement at
1440 MeV is therefore very striking. ' ' It is pro-
duced at a rate comparable to the other most
prominent hadron in the channel, the g'(958). In
contrast, the E (1420), with which we are tempted
to identify the 1440, has been an obscure, diffi-
cult state to study in hadronic reactions. This
contrast provides priypga facia grounds for exam-
ining the 1440 as a gluonium candidate.
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