PHYSICAL REVIEW D

VOLUME 26, NUMBER 11

1 DECEMBER 1982

Search for the glueball identification of 9(1640)
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We examine the argument that §(1640) is the tensor glueball. The difficulty of the identifica-
tion of 8(1640) as a flavor-singlet state is shown by analyzing the decay mode of §(1640). The
search for decay events of J/y — w8 is urged to decide whether §(1640) is a tensor glueball or a
quarkonium. If 6(1640) is a glueball, the w0 final state is suppressed in the decay of J/y. On
the other hand, if @ is a radially excited state of the / meson, w8 is observed copiously as well as

6.

Within the framework of QCD it has been believed
that the glueballs should exist.! The discovered new
mesons ¢(1440) and 9(1640) (Ref. 2) are candidates
for glueballs. In our previous papers,® we have in-
vestigated the pseudoscalar glueball by analyzing the
meson decays and the two-photon decay. It was
remarked that the decay mode and width of ¢(1440)
were consistent with that of the pseudoscalar glueball.

In this Brief Report, the possibility of §(1640) be-
ing a tensor glueball is studied and an experimental
test is proposed. First, we point out the difficulty of
the identification (1640) as a tensor glueball by
studying the decay modes of this meson. If 8(1640)
is a tensor glueball and is an SU(3)-flavor-singlet
state, flavor symmetry predicts the decay modes of
the glueball as discussed by Lipkin.* According to
this symmetry, the ratio of the decay amplitudes of
an SU(3)-flavor-singlet state into two pseudoscalar
mesons is

AU—=7"79:4A(Q—7*n"):A(1—K*K"): (L—nn)

=1:v2:v/2:1 . (1)
We take the decay width to be of the form
Fe|4(1—07707%) |2 exp(—q?/88%) , 0)

where g is the momentum of a 0~ meson in the
center-of-mass system, and the form factor has the
typical cutoff, 82=0.15 GeV? (Ref. 5). Then, the ra-
tio of the decay widths is

I'(#%x% :T'(w*7w™) :T(K*K™) :T(ny)
=33:6.5:27:1 . (3)

If the SU(3)-breaking effect is taken into account,
the values of I'(K*K~) and I'(nn) may be reduced
slightly. Since the experimental value of the decay
width? is I =200*1{° MeV and the decay into =% is
not seen, B (6 — n'7%) < B(8 —nn), the predicted
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ratio of (3) is inconsistent with the experimental one
for the present. Thus, it is not favored that §(1640)
is a flavor-singlet state.

Let us consider the case that §(1640) is a quark-
onium. If (1640) is a radially excited state of the
f 51270) meson (fr), the ratio of the decay widths
is

M(#%%) :T'(a*7™) :T(K*K™) :T(nn)
=13:26:27:1 . (4)

This result is also inconsistent with the experimental
one. In the case that #(1640) is a radially excited
state of the f'(1515) meson (fz), the ratio is ob-
tained as’

I(rw) . T(K*K™):T(nn)=0:2.7:1 . )

This ratio favors that 8(1640) is an s5 radially excited
state; however, the mass difference between 6(1640)
and f'(1515) is too small to identify 9(1640) with
fr. Thus, the experimental and theoretical stiuation
is not clear with respect to §(1640). Further studies
are needed to clarify the true character of §(1640).

Recently, Cohen, Isgur, and Lipkin® pointed out
that large interference terms between the ground and
radially excited quarkonia can arise in the radiative
decay of J/y. They showed that a broad nv signal is
automatically expected due to this interference in the
1500—1800-MeV region, and then proposed the mea-
surement of the K*K~ spectrum. In this Brief Re-
port, we propose another experimental test in order
to decide whether 6(1640) is a glueball or a quark-
onium.

As shown in Fig. 1, (1640) is produced in the ra-
diative decay of J/y. If 8(1640) is a glueball, the de-
cay J/y — w8 is caused by the electromagnetic in-
teraction as shown in Fig. 2(a) or by higher-order ef-
fects of QCD [e.g., Fig. 2(b)]. The contribution of
Fig. 2(a) can be estimated in the vector-meson-
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FIG. 1. The decay process of § — 0. A wavy and a dot-
ted line denote a gluon and a photon, respectively.

dominance model. The transition amplitude of decay
J/¥ — w8 is given by

(w8lJ/y) =(e/f.) (volJ/¥) , (6)

where f,%/4m=14.8 +2.8.° Taking into account the
S-wave phase space, we obtain the result

F(J/y—w) =4x107T(J/y—v0) .

On the other hand, the gluon-counting rule’ sug-
gests roughly the order of the contribution in Fig.
2(b) to be

F(J/lll—’we) s
r{J/y—vy0) eczaasz

8

~1072, @)

where e, is the charge of the charm quark and
ay=0.2 is taken. This ratio is possibly further
suppressed by one order, because the coupling con-
stant of 3g — w as shown in Fig. 2(b) is proportional
to |¥,(0)]¥m,>, where ¥,(0) is the value of the
wave function of the w meson at the origin. Thus, if
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FIG. 2. The decay processes of ¢ — w#@ in the case of

0 =a glueball, caused by (a) the electromagnetic interaction

and (b) the higher-order effect of QCD. The notations are

same as in Fig. 1.

0(1640) is a glueball, the decay into w@ comes from
higher-order processes of QCD mainly, and then the
value of I'(J/¢ — w#) is suppressed as compared
with T'(J/¢—v6).

However, if §(1640) is a radially excited state of
f(1270) or f'(1515), it is expected that the events
of wh or ¢0 are produced copiously in the decay of
J/ ¢ :s shown in Fig. 3, as well as events of wf and
of.

In order to estimate the decay width, we need a re-
liable model. The two-meson decay of J/¢ has been
successfully explained using a mixing model by
Freund and Nambu,® and by Robson.!® For example
the decay ¢ — pw proceeds as J/y — glueball = w
— pm is this model. As the coupling g, is known,
only the value of the J/y-0 mixing is an unknown
parameter.

Now, let us consider the decay J/y — wf and wfx.
In this case, these decays proceed as J/y — glueball
—w—wfand ofg. The ratio

T(J/y—aofr)/ITU/y—of)

is independent of the value of J/¢-w mixing. Since
we estimate only the ratio, we do not need the de-
tailed dynamical assumption of J/y-w mixing as do
Freund and Nambu.’ On the other hand, as the cou-
plings g, and 8uasy ATC unknown parameters, we

’

must estimate the ratio g,,,,,,R/g(,,,,,f using some

model. Therefore, we use the quark-pair-creation
model proposed by Yaouanc et al.!! Since this model
has been explained by many authors,!'™13 we com-
ment only the degree of success briefly. The predic-
tions by this model seem to fit the experimental de-
cay width satisfactorily within a factor 2,3 even if the
decays are relativistic (such as f —w#). Especially,
this model nicely explains the small branching ratio
of p’(2s state) — w due to the node of a 25 wave
function.!

To check the reliability of our estimate, we calcu-
late first of all the ratio I'(J/¢— pw)/T(J/y—pAd,),
which is known experimentally as 0.70 +0.38.!% In-
cluding phase space, the result is

F(J/lfl_'PAz) _ gpr2 ZEpEAzKAz (8)
F(J/lll_’P‘ﬂ') |gwp1r EpE‘HKn ’
C— 0
Y
c
ff.e

FIG. 3. The decay processes of § — wf, ¢f’, w8, and ¢6
in the case of @ being a quarkonium. The notations are
same as in Fig. 1.
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where

2 4
gmpA2 _ KA2

S p2
=R
81 K,

2
exp[—RT(KA 22—K,2)] :

)
here E and K are the energy and momentum, respec-
tively, in the c.m. system, and R? is a parameter cor-
responding to the extension of the meson. We have
used nonrelativistic Gaussian wave function!® for
simplicity. By a input of R?=8 GeV~2 as usual,!!
we get

T(J/y—pA))/T(J/p—pm)=0.88 . (10)

8wprm

This value fits the experimental value!® 0.70 +0.38
satisfactorily. Thus, the estimate of gm,fR/g,,,,,,f is
also expected to be reliable.

Using a 2P nonrelativistic wave function as fol-
lows,

4" 1 5 _ K’R?
——i|4| L g5 _KR®
¥ (K) 1[15] =R [ ]

2 4
x KY7 (R )e KR8 (11)
we obtain
2 16 , 2
Soory | _ 729 K" 37 + 55 R7Kp )’
Lwuf 160 Kf4
(Ky 2= Kp)
Xexp[—-—R6—R2 ) 12)

Putting R?=8 GeV~? (10 GeV™2), we predict (in-
cluding phase space)

T(J/y—ofr)/T(J/Y—wf)=0.056 (0.050) .
13)

This ratio is suppressed somewhat due to the node of
the 2P wave function and phase space. Using experi-
mental values B(J/y—wf)=(23 £8) x 1074 ° we
get B(J/y = wfr) =1.3x 107, This value is not so
small comparing with the observed value?

BWJ/y—y8) x B(—nn) =5x10~* .

Let us consider the other case that #(1640) is a ra-
dially excited state of the f'(1515) meson. In this
case, @8 is produced instead of w8 in the decay of
J/¢. The decay proceeds as J/y — glueball — ¢
— ¢ fr. The result is obtained using R2=8 GeV~2 as

T(J/y—ofR)/TU/Y—¢f)=0.077 . 14)

By input of the experimental value!’
BUU/¢y—¢f)xB(f'—KK)=(3.4+13)x10"* ,

we predict B(J/y— ¢fr) =0.26 x 1074, where
B(f'—KK)=1is assumed. Since this value is
small compared to B (J/y—y8) X B(§ —nn)

=5§x 107, it may be difficult to distinguish f% from
a glueball. But it is not likely that #(1640) is a radi-
ally excited state of f'(1515), from consideration of
its mass as discussed above.

In summary, we conclude that the search for the
event w# in the decay of J/y is very useful to decide
whether 9(1640) is a glueball or a radially excited
quarkonium. If §(1640) is a tensor glueball, the pro-
duction of w8 is suppressed by 2 or 3 orders com-
pared to the y@ event, but if 0 is a radially excited
state, w6 will be observed copiously as well as y#.
We expect that this experimental information will be
available in the near future.
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