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We estimate coupling constants of gT's to two pions as well as two gluons from the experimental

ratio of cr(np~. grn) to o(np~. f'n). We can evaluate decay rates of gr into pairs of pseudosca-

lar and vector nonets as well as I (f/J~gzy )/I (f/J~f'y) in a rather model-independent way.

Our estimates are consistent with the hypothesis that gT's are all glueballs, or at least one gT is a
glueball. We also estimate B(19~m.~)B(O~gq) & 1.3)& 10 for the product of decay branching ra-

tios of 0(1700 MeV) meson.

I. INTRODUCTION

Quantum chromodynamics (QCD) is now the standard
theory of strong interactions at least at the composite level
of quarks. Owing to our lack of ability to perform reli-
able computations in most problems, the need for concrete
verification of QCD remains open —especially for a con-
vincing demonstration of the non-Abelian gauge nature of
the theory. The existence of gluons, the gauge bosons of
the theory, carrying color, almost certainly requires the
existence' of color-singlet bound states composed of
gluons. It is universally accepted that the discovery of
glueballs would be a most significant verification of QCD.

There are now several resonances which are possible
candidates for glueballs. These include 0++(750),
t(1440) G(1590) g(1710) g(2220) gz (2050) gr(2300)
and gT(2350). The lack of theoretical understanding of
glueball properties has, however, led to much controversy
and there is, as yet, no clear consensus on this question. It
is generally believed that the best source for production of
glueballs is the radiative decays of t)'j/J into glueballs.
Perturbative QCD calculation gives the branching ratio
B(P /J~y gg)=6—10% and hence one is led to believe
that glueballs may be copiously produced in this radiative
decay. All glueball candidates except for 0++(750),
G(1590), and the three gT(2050—2350)'s were indeed
discovered in this way. Arguments based upon I /N ex-
pansions have led people to believe that glueballs would be
mostly pure gluonic states with fairly narrow widths.
Since glueballs must be flavor singlets, their hadronic de-
cays would also be flavor symmetric. Unfortunately,
practically all of the above-mentioned glueball candidates
do not experimentally satisfy these stated conditions.
This may be in part due to the unreliability of 1/N expan-
sion for the realistic case of N =3. At any rate, we have
to abandon, more or less, the strict criteria stated above by
admitting relatively large quarkonium contents in physi-
cal glueballs. This clearly reflects our present lack of
understanding of glueball properties and hence makes
their identification more difficult.

In this paper we focus our attention on perhaps the
most controversial candidates, the gT's. The controversy
is centered on the following issues. The gT's are seen ' in
only one production reaction, namely, pion-nucleon col-
lisions, and in only one decay mode gT~PP. There is to
date no unambiguous signature for gT's produced in the
radiative decay of P/J, although indirect evidence for it
exists as will be discussed shortly. This fact in itself is
sometimes regarded as an indication ' that the gT's are
not really glueballs but simply manifestations of some
kinematical flukes. Even accepting gT's to be genuine res-
onances, there are several possible explanations other than
the most tempting possibility —that the gT's are glueballs.
Indeed, at least one of the gT's may be a four-quark
(ss)(ss) state ' or a hybrid state (Ref. 11) ssg. It is possi-
ble also in principle that at least one of the three gT's is a
ss bound state, a radial excitation of f'(1550 MeV), which
has been predicted' to exist in this same mass region by
some theorists.

The purpose of this paper is an attempt to resolve some
of these issues by determining the magnitude of the cou-
pling parameters of gT's to two mesons as well as to two
gluons, assuming them to be genuine resonances. We note
that the gT's would be produced via two-gluon exchange
in the reaction m. p~gTn, irrespective of whether the
gT's are glueballs, four-quark states (ss)(ss), and ss quar-
konium states. Before proceeding further, we will first re-
view the experimental evidence for the gr's. There are
three possible resonances ' resolved at Brookhaven in re-
action ~ p~gTn at 22 GeV/c by phase-shift analysis.
Two of these same structures have been subsequently
seen' at CERN. Their spin ( J), parity (P), and charge-
conjugation ( C) assignments are consistent with
J =2++ for all three gz-'s. The masses, widths, and
production cross sections are listed in Table I for ease of
reference.

Our analysis is based upon the following observation.
First, the gT's are experimentally produced ' in

p~gTn reaction . followed by gT~PP at 22 GeV/c,
dominantly (almost 90%) via the one-pion-exchange
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TABLE I. Experimental data on gT resonances.

Mass (MeV)

Width (MeV)

Relative production rates (%%uo)

cr(n p~grn)B(gr~gg) (nb)

Orbital angular wave of PP system

gT(2050)

2050 50

200+,'(~

50+ 10—10

—10

gr(2300)

2300+100

200+~

20+ 20

D

g„(2350)

2350+

270 90

30+40

M(rr p~gTn—} G(g Terr)

M(mp~fn) G.(furr)

M(m p~f'n) G(f'err)
M(~ pfn-) G(f~~) ' (1.2)

where G(Xmm) is the effective coupling constant of the X
meson to two pions. In particular, the ratios in Eqs. (1.1)
and (1.2) are independent of the incoming pion momenta
at high energy. First consider Eq. (1.1). We denote the
three gT's as gTJ' (j =1,2, 3) hereafter whenever we want
to indicate a particular gT. Also, the present experimental
values for o(mp~gTn. )B. (gT ~PP) in Table I may have
experimental errors' of a factor of 2 or so. Because of
this, we introduce a fudge factor A, (2& A, & —,

'
) by multi-

plying A, into the values of o(m. p~gzn)B(gT~PP)
given in Table I. Using the experimental value' of
o(~ p ~fn )=20 pb at 22 GeV/c, Eq. (1.1) suggests that

G(gT n~)
G (f )

B(gT PP)

mechanism. Similarly, a recent CERN experiment' on
rr p~Xn reaction followed by X~gg at 100 GeV/c for
X=f(1270), e(1300), f'(1525), GT(1590), and h(2030} in-
dicates that these also proceed dominantly via the same
one-pion-exchange mechanism. Moreover, an older exper-
iment' on np~f.n from 4 up to 50 GeV/c is also con-
sistent with the one-pion-exchange hypothesis. Therefore,
we assume that all these reactions m p~Xn are dominat-
ed by the one-pion-exchange mechanism in the energy
range indicated. Note also that the one-pion-exchange
mechanism appears to be still dominant at 175 GeV/c
(Ref. 16). When we further note that f, f', and gT have
the same J =2++ quantum numbers, this implies that

where M(f) and M(gT) are the masses of f and gT,
respectively, and k and k' are the magnitudes of pion mo-
menta for decays f re and gz. ~rrvr at rest, respective-
ly. Using the experimental value of I (f~em )=153
MeV, this together with Eq. (1.3) gives

r(g,'J'-~~)B(g,'~'-yy)

0.34K, MeV,

0. 19K MeV,

0.30k MeV,

g,"'=g,(2oso),

gr '=gT(2300),

gT
' ——gT(2350) .

(1.5)

Next, let us consider the implications of Eq. (1.2) for later
purposes. Using experimental values' of

cr(rr p~fn)B(f ~7)rl) =2.2+0.5 nb,

o(n p~f'n)B(f'~r)rI)=0. 14+0.05 nb,
(1.6)

together with

B(f~rIri) =(2.8+0.7) X 10 (1.7)

we estimate

2
G( 'm.m), 4B(f'~g7))=1.8X 10G(fern). (1.8)

where we have neglected all experimental errors which
may amount to a 40% correction in our estimate. To
date, the experimental value for the branching ratio
B(f'~grj) is not known. However, a QCD-based model
calculation' predicts

5 X 10 A, , gz" ——gz.(2050),

2X 10 A, , gr '=gT(2300),
3X10 A, , gT =gT(2350) .

(1.3)

B(f'~qg)= 012 (1.9)

while the standard nonet mixing model with exact flavor-
SU(3) symmetry gives essentially the same value as this.
Hence, accepting Eq. (1.9), we obtain

I (gT~mm )

I (f~re).G (gTmm. ) M(f) k'

G(f~~) M(g, )

From Eq. (1.3), we can compute the decay rate of g T~rr~
from 2

G(f'm~) 1.5 10
G(fern)

(1.10)

(1.4)
which is compatible with old value obtained by Pawlicki
et al. ' Combining this with Eq. (1.3), we find
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G (gTJ'mm ) (J)

G (f
0.33K.,

0. 13k.,

0.20K, ,

gT
' =gT(2300),

gT =gr(2350) .

experimental indication for M~XX mode which ap-
pears to be slightly less prominant than that of the
M~~~ decay. If this is so, then M cannot be identical
to h, since we know B(h ~EX)=0.058(homer). It is
thus quite tempting to identify the M with

gr ——gT(2050), because of similarities in their masses and
widths. Here, we will adopt this viewpoint. In that case,
the experiment indicates

In particular, we estimate

I
G(f~~) I:

I

G(f'~~) I:1«gT"~~)
I

=26:1:0.57
1/2

(1.12)

B(p/J gT'y)B(gT"~~~)=(3.0+1.1)X10—'.
Also, we have

8 (g/J ~ppy ) & 6 X 10 (2. 1 & M & 2.4 GeV),

(1.16)

The large value of G (farm ) in comparison to G (f 'nvr ) is
of course expected because of the quark-line rule. '

The CERN experiment at 100 GeV/c does not appear
to have detected any signal for ~ p~grn folio~ed by
gT~gr). However, for the high-mass region of the spin-2
waves, they find two solutions: either a broad structure
(solution I) or a narrow peak (solution II). The charac-
teristics of solution I are

(M) =1950+50 MeV, FWHM=600+50 MeV,

(r(m p~Xn)B(X~grI}=15+4 nb,

where FWHM means full width at half maximum. Solu-
tion II, on the other hand, shows a structure with a Breit-
Wigner shape with

8(p/J~gr"y)8(grJ'~pp) &2X10

8(Q/J~gTJ'y)B(gTJ'~coco) &0.87X10

8(p/J gT y)8(grJ pp) &1X10 ",
(1.17)

for each j = 1,2, 3.
Therefore, accepting the bound Eq. (1.17) for j= 1, Eq.

(1.16) implies

8 (Q/J ~cocky ) & 6 X 10 (2. 1 & M & 2.4 GeV),

8(g/J PPy) &(3.1+1.0)X10—' (2.0&M &2.8 GeV),

in the mass range M(V9V9) specified above. Since pro-
duction reactions such as P/J~gr"yappy are partially
responsible for the observed ratio, we estimate

M =1870+40 MeV, I =250+30 MeV,

a(vr p~Xn)B(X~r)g)=10+3 nb .

If we accept solution I and interpret it to be partially due
to production of three gT's, then this could imply

B(gr"~~sr) & 3.08 (gT"~PP),

8(g,"' ~~) & 3.48(g,"'
8(gT '~mar) & 1 58(gT" ~. pp) .

(1.18)

)8 (gTJ ~ri) & 5 nb . (1.13) Combining this with Eq. (1.5), we find that

Repeating the same argument as before, this would give

B(gr~'~~~)B (gTJ'~gq) & 2. 5 X 10 (1.14)

for each of the gT's.
A similar method can be used to give an upper bound

8 (gr"~PP) & 0.024k, '~

8(gT ~m.m) &0.071K, '~',

so that we also estimate

B(f/J~gT('y) &4.2X10 'A,

(1.19)

(1.20)

8 (g~wrr)B(8~grj) & 1.29X 10 (1.15}

for the product of branching ratios of 8(1690). Its physi-
cal implications will be discussed in Sec. IV.

Returning to the original problem, we have mentioned
the fact that there is no convincing experimental data
showing radiative decay of P/J into gT. However, there
is an indirect evidence of the following kind. The Mark
III group has observed a peak in P/J ~My, followed by
M ~~m. with mass M (M) =2086+ 15 MeV and
I (M)=210 MeV. Unfortunately, the spin-parity assign-
ment of this possible resonance is unknown. However, it
is quite unlikely to be identified with h(2030) with
I =400+100 MeV, which is a 4++ state. First, their
widths differ. Second, a QCD-based phase-shift analysis '

indicates that a high-mass 4++ wave would not be copi-
ously produced in g/J radiative decays. Third, there is an

for gT —gr(2050).
Using information gathered above, we will make more

detailed analysis of gT s in the following sections, assum-
ing that gT's are either glueballs, ss, or ssss states. We
will show that all gT's are consistent with the glueball hy-
pothesis but that the ss interpretation is highly unlikely
for any of gT s. It is difficult to rule out the possibility
that one or both of the second gT

' and the third gT
' may

be ssss bound state (or states). However, the first
GT"——gr(2050) is consistent only with the glueball hy-
pothesis.

Although our main conclusion depends critically on the
validity of Eq. (1.16), many results can be obtained largely
independent of this assumption. In Sec. II we analyze the
gz- decays into two-meson decay modes and show that the
present experimental data is consistent with gT being
glueballs. In Sec. III we calculate the radiative decay rate
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of 1(/J~gz. y and show also that it is consistent with the
present data. Sec. IV is devoted to a related analysis of 0
and g mesons.

II. MAIN ANALYSIS

M ( gr ~popo) =M (gr ~coco),

M ( gr ~PP) = ( 1+a)M (gr ~coco),

M(gz ~K* K ) =(1+ , a)M(gr~—coco),

M (gz. ~cog) =0,
for the decay gr ~V9V9, and

M(gr~K K )=(1+ ,'P)M(gr~~ —n.),
M(gz. ~i1g) =[1+pcos (00—OP)]M(gz-~m m. ),
M(gr~g'g')=[I+Psin (80—8~)]M(gr~m n. ),
M(g, -gq') = [M(g, -~0~0) M(g, -KDK —'}]

Xsin2(80 Hp ),

(2.1)

(2.2)

for gz. ~P9P9. Here, a and P are the first-order SU(3)-
breaking parameters for the decays gr~ V9V9 and P9P9

In the previous section we extracted some information
on decay rates of gz's from the presently available experi-
mental data. They are Eq. (1.5) and possibly Eq. (1.16).
Here, on the basis of this information, we will analyze its
consequences for the following three possible models: (1)
gz. 's are glueballs, (2) one of the gr's is a ss state which is
a radial excitation of f', and (3) one of gr's may be a
(ss)(ss) bound state.

We first consider the possibility (1) that the gr's are all
glueballs. Let P9 and V9 designate the standard nonets of
pseudoscalar and vector mesons, respectively. If gr's are
pure glueballs, then the decay rates of g&~P9P9 and
V9V9 would be uniquely determined by the validity of
flavor-SU(3) symmetry in terms of 8(gr ~PP). Also, the
decay g&~P9V9 would be forbidden by the general G-

parity consideration. In reality, however, gz may mix
with some ss state and/or the flavor-SU(3} symmetry may
be badly broken. Because of these possibilities, it may be
necessary to take into account possible violation of the
SU(3) symmetry. In such a case we will have

respectively. We have assumed ideal mixing for the co-P
system, while Oz is the octet-singlet mixing angle for the

system, and 80——arctanl/v 2=35'16'. From these
we can compute 8 (gr ~V9 V9 } and I (gr ~P9P9) in
terms of B(gr~gg) since I (gr~mn) . is experimentally
given by Eq. (1.5). These are tabulated in Tables II and
III for a=P=O, i.e., no SU(3) breaking. The actual decay
rate I (gr ~KK), for example, is obtained from the value
in Table III by multiplying by a factor (1+—,P) as is evi-
dent from Eq. (2.2). For these calculations, it may be not-
ed that we have used in Table II the S-wave phase volume
for gr and D wave ph-ase volumes for gr and gr in ac-(1) (2) (3)-

cordance with the experiment for V9V9 decays. Also, we
have set, for simplicity,

8(grj ~P9P9}=(j)

j
8(grj'~ V9 V9) = 1&BJ . .

(2.5)

Then NJ and l~ (j=1,2, 3} are numerical numbers in-
dependent of BJ =B(grj'~PP). For example, we find
Ii=26.7 and Ni-0. 31X 10 A, from values of Tables II
and III. Now, conservation of the probability requires

(2.3)

in Table II. Also, we have taken into account the finite
width correction of gz. 's. If we neglect the width of gz. 's,
then the value of B(gr"~pp), for example, would be-
come 208 i which is almost twice larger than the value of
11.238i in the Table II. Also, if we allow the SU(3)
violation, then g&~K%' decay is now allowed, although
all other P9V9 modes such as gz-~up and gm are still
forbidden by the G parity. From Tables II and III, we see
that contributions for I (gz.~V9V9) will decrease for
smaller values of BJ, while this is opposite for
I (gr~P9P9). In order to obtain more definite answers,
we will assume here a =P=0, i.e., no SU(3) breaking. Al-
though this may not be a good approximation, this will
not affect our final conclusions greatly as long as ia i

and
i Pi are less than 0.2 or so. Let E/ be all decay

branching ratio other than modes g~'~V9V9 and P9P9,
i.e.,

el =8(grj'~all decay modes

other than V9V9 and P9P9) . (2.4)

Moreover sei

TABLE II. Calculated branching ratio for gq~ V9V9 ~

~(gr

B(gz- coco)

B(gr ~pp)

B (gz- ~K*K )

B(g&~ v9U9)

g z"——gz. (2050)

Bl

3.64B i

11.23B i

10.84B i

26.71Bi

gp
' ——gz-(2300)

Bp

12.25B2

39.74B2

22.04B2

75.03B2

g~
' ——gz-(2350)

B3

9.25B3

29.95B3

17.52B3

57.72B3
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TABLE III. Calculated decay rates for g T ~P9P9 in MeV.

I (gT~ 'ITm )

I (gT~KK )

r(g, P,P, )

g T (2050)

0.34K, /B )

0.24K, /B i

0.05k, /B )

5 & 10 A. /BI

0.63k./B I

g T (2300)

0.19A, /B2

0.16A, /B2

0.035K, /B2

3 && 10 A. /B2

0.39K,/B2

gT (2350)

0.30K, /B 3

0.25K /B3

0.05K, /B3

4 .7 && 10—'k /B 3

0.6 1A, /B3

+lB+e= 1
B

G (g "'m. m )
8.9&, & 5.7A, 'i (2.10)

where we have dropped the suffix j for simplicity. Since
this is a quadratic equation for B, we can solve this as

B =—
I ( 1 —e)+[( I e) 4—Nl]'i—I2l

with

(2.6a)

(1—e) )4Nl . (2.6b)

In particular, Eqs. (2.6a) and (2.6b) also require

—( 1 —V 1 4Nl ) &B—& —( I +v'1 4Nl ) . —1 1

2l 2l
(2.7)

3.4)& 10 '(B(—B(gT(" yy) & 0.035,

2.3)& 10 ' &B,=B(gT ' pp) & 0.011,

2.6x 10 ' &B,=B(gT '~pp) & 0.015,

ei & 0.42

e2 & 0.24, (2.8)

e3 & 0.28

Hereafter we ignore all experimental errors by taking cen-
tral values with X= 1 . Also, assuming the exact validity
of the SU(3) symmetry (so that a=P=O), Eqs. (2.6) and
(2.7) require

Since both Gz~mn and f'~arm will dominantly proceed
via the two-gluon-exchange mechanism, and since the
coupling constants of a glueball with two gluons is expect-
ed to be much larger than that of a quarkonium coupling
with two gluons, the ratio in Eq. (2.10) may also be re-
garded to be consistent with gT" being a glueball.

As an exercise, let us choose B(gr"~PP) = 1% with
A, = 1. This will ~ive B (gT"~pp) = 11% B.(gT

'

~coco)=3.6%, B (gT '~K*K *)=10%, B(g T~~m. )

=17%, B(gT"~KK)=12%, and B(gr"~ 1 ))=2.5%,
which account for 58% of the total decay rate of gT",
provided that we can ignore SU(3)-violating effects.

Next, let us consider another possibility —that one of
the gT's, say, gr ', is a ss state. In that case, we expect to
have

ng(J) ~m) r(g(i) pp) && r(g(i) K*K *) . (2.11)

However, the ratio I (gr ~%*K*)/I (gT~PP) is still
given by Table II. Also, we would expect

0.004 1X & B) & 0.0 12k ' (2.9)

where we have used the values of l and N in the Tables II
and III. The lower bounds in Eq. (2.8) are better than
those calculated from Eq. (1.5) together with
I (gz ~m.m. ) & I (gT~all). The values of B as a function
of the parameter e are given in Fig. 1, assuming again that
there is no SU(3) breaking with A, = l. Note that these es-
timates are independent of the validity of Eq. (1.16), i.e.,
we did not make the identification of the particle M(2086)
with gT '(2050), which has been discovered by the Mark
III group in P/J~My, followed by M~2~. If we as-
sume this identification with Eq. (1.16) and if we use the
experimental upper bounds of Eqs. (1.14) and (1.17), we
can improve the bound for B

&
further as

0.04

0.03

O. O 2I-

IXl

0.0 I

0
0

~g (23OD)
I I I I I

0. I 0.2 0.5 0.4 0.5 0.6
B (g T- other modes)

Here, we have now explicitly taken account of the experi-
mental fudge factor A, for definiteness, although we still
assume the exact validity of the SU(3). Then the most
likely value for B(gr"~PP) lies somewhere between 2+o
and 0.2%. We also note that Eqs. (2.9) and (1.12) require

FIG. 1 . The values of BJ as functions of e, , where

Bi =B(gP'~PP ) is the branching ratio of gr ' into PP mode and
B (gT ~other modes) represents all branching ratios other than
V9 V9 and P9P9 decay modes.



35 ANALYSIS OF gT(2050—2350) AS CxLUEBALL CANDIDATE 957

and

r(g,'&) ~~) «r(g,'J) KK)

which is badly violated. We also expect the validity of

M(g,"'-«) M(f -KK)
M(g'~ ) ~~) M(f'~~~) ' (2.12)

as well as

M(gTJ'~r)r))=2 sin (go —8~)M(gz~'~KoKO) . (2.13)

Setting

M(f'~KK)
M(f'~nm)

then we estimate

(2.14)

I (grj'~n. n. ) (& I (gTJ'~ilg),

since decays gT ~XE and gg can proceed now via con-(j)

tinuous quark-line diagrams in contrast with two-gluon
exchange for the two-pion decay mode. Since such a ss
state must be a radially excited state of the f' meson, we
would expect to have

r(f ~~) r(g, -~~)(&)

I (f'~all) I (gT"~all)

~n)(j) 14.7,
(.)

( '26. 3,
j=l,
J =2,
J =3,

(2.19)

if we use Eq. (1.5). For j=1, Eq. (1.19) implies, however,

B(gT"~pp) &0.024K. '

so that Eq. (2.19) also gives

B(gT"~i)r)) &0.35k,

Therefore, we believe that gz" is likely not a (ssss) state,
since we will not be able to account for the total decay
rates in terms of supposed dominant modes gz-"~gg and
PP, not to mention the smallness of B(gT"~PP). Also,
we note the following: If gT' is a (ssss) state, it is quite
plausible that we have

2
G (gTJ'arm )

G (f'n.m). (2.20)

minimum case of A, = —, and ej =0. Therefore, we believe
that for any gTJ' (j =1,2, 3) to be a pure ss state is very
unlikely.

Finally, let us consider the case of gTJ' to be a (ss)(ss)
state. In this case, the dominant decay modes would be
only I (gz. ~PP) and I (gT~i)i)). We can rewrite Eqs.
(1.13) or (1.14) as

B(g,'J' KK)
B(gTJ'~em. )

as well as

B (gT~'~7)i) )

B (gTJ'~m. m. )

0.71y (j =1),
0.82y (j=2),
0.84y (j =3),

0. 14y (j =1),
0.18y (j =2),
0. 18y (j =3),

(2.15a)

(2.15b)

in contrast with Eq. (1.12) since two-pion decay of a (ssss)
system is doubly forbidden in the sense of the quark-line
rule. ' Of course, it may be argued that both gT~' and f'
couple with two pions via two-gluon exchange and hence
there is no firm basis for the validity of Eq. (2.20). How-
ever, the ssss system is a kind of a molecular system, and
its representative wave function will have a small value at
the origin. Thus Eq. (2.20) may still be plausible. If we
believe this, then it is a little difficult to reconcile it with
Eq. (1.11),

368&y & 141,
corresponding to a very conservative estimate of

0.5&B(f'~KK) (1 .

Then the analogue of Eq. (2.6) becomes

(2.16)

(2.17)

where we assumed Oo —Op 45 . Since the value of
B(g'J'~n. n. ) can be evaluated from Eq. (1.5) in terms of
B(g&J'~PP), we can repeat essentially the same analysis
as before. But it turns out that the inequality Eq. (2.7) is
badly violated for the present ss case. In order to pinpoint
the difficulty, let us now assume I (grJ'~all) to be a free
parameter. Moreover, we estimate y conservatively to be

'

G( (J)
)

i 0.33K,, j=1,
B (gT~'~pp) = 0. 13K, j=2,

0.20K., j=1,
unless B(gTJ'~PP) = 1 and A, = —,'. Since we cannot evalu-
ate the ratio of the coupling constants accurately, our
statement is really a caveat. The best possible way to
discriminate glueballs from quarkonia (either ss or ssss ) is
to directly measure the ratio B (gT~pp )/B (gT~PP )
and/or B(gz ~coco)/B (gT~PP), since the glueball model
predicts large values for these ratios, but the quarkonium
cases will give conversely very small values for the same.

—I (g'" all)(1 —e, ) & 1066—2758 MeV, III. P/J~gzy DECAY

—I (gT '~all)(1 —ei) & 1321—3412 MeV, (2.18)

—I (gT '~ all )( 1 —E& ) & 1214—3136 MeV,

which require too large values of I (grj'~all) even for the

The decays g/J~gTy and f'y must proceed in angular
momentum states with l =0, 2, or 4. So far, there ap-
pears to be no experimental data available concerning this.
To be definite, we assume here that they occur dominant-
ly only in the S wave (l =0). The calculation of the de-
cay rates r(p/J~gz-y) and I (p/J~f'y) is very diffi-
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cult. However, their ratio may be estimated within an ac-
curacy of a factor of 4 or so in the following way. We
compare the Feynman diagrams for decays l(/J~gTy
and f'y as in Fig. 2. Then, we see that the ratio of the de-
cay matrix elements may be estimated by

g,"'r ) G (g,"'gg )
(3.1)M(P/J~f'y) G(f'gg)

where G(Xgg) is a coupling constant of the X meson
(X =gTJ' or f') with two gluons. However, the validity of
Eq. (3.1) is at best approximate by the following reason.
A general vertex function for a system consisting of a ten-
sor meson and two virtual gluons contains in general five
independent form factors. Therefore G(Xgg) in Eq. (3.1)
must be understood as a kind of average of these five-
independent coupling parameters with coefficients which
depend upon dynamics. Next, by a similar reasoning, we
would also have ))J/ J

M(g'~' mar)

M(f0~m~)
G(gTJ'mm. ) G(gT~'gg)

G (f()err) G (f(gg )
(3.2) ('o)

where G(Xgg) is another average of these five coupling
constants in general with different coefficients. In Eq.
(3.2) we used f0 instead off', where fo is the bare ss com-
ponent contained in the physical f' meson. The reason
for it is due to the fact that uu+dd component contained
in f' may directly decay into two pions without exchange
of two gluons. Strictly speaking, we should also use the
bare (gT)0 instead of the physical gz. in Eq. (3.2) by the
same reason. However, we assume in this note that the
physical gr does not contain an appreciable amount of
uu+dd component, although it may still contain a size-
able ss component in addition to the possibly dominant
gluonic constituent. Although we would not have
G(Xgg)= G(Xgg), we still expect to have its approximate
validity, barring some accidental situations. Hence, set-
ting

«g,"'gg) G fag)
G(g,'1'gg) «f'gg) '

we expect that pj. is at least of order of the unity, since we
would show later G(fogg)=G(f'gg). In this paper we
tentatively assume —, &pj & 2, allowing a possible varia-
tion of G /G by a factor of 2 or so. From Eqs.
(3.1)—(3.3), we find

M(P/J~g TJ'y ) M (gTJ'~err)
=Pj (3.4)f'7 ) M(f' m'rr)

FICx. 2. Feynman diagrams responsible for l(/J~gry and
f/J~f'y. The wavy and broken lines represent the gluon and
photon, respectively.

1

Rj
() )/2

M(f/J fl )
[ gT 04 l (3.5a)

or equivalently

(j)pJ.M(gr +arm ) (—.)[8(g,' H»)1 ]/2
M (f()~err). (3.5b)

Then, we can express

8 (f/J~gTJ p)8 (gT ~pp) =
k Rj

(3.6)

where kj and k are magnitudes of the photon momenta
for the (S-wave) radiative decays g/J~grj'y and f'y at
rest, respectively. For j =1, we assume the validity of Eq.
(1.16) and rewrite

For numerical evaluations of 8 ( P/J ~gr 'y ) and
8 (gTJ'~nn), it is conv. enient to introduce RJ by

[r(gT ' re.)8(gr" yy)][8(y/J gT 'y)8(gT" mm. )][8(gT"~1)]Ter
I (gT all)B(p/J gT y)8(gT pp)(&) (&)

We numerically evaluate the numerator of this equation from Eqs. (1.5) and (1.16). Then together with Eq. (3.6), it gives

8(gT ~err)=8. 29X10 A,
'/ Ri[8(Q/J~f'y)) (3.7)

where we neglected (and will neglect hereafter) for simplicity all experimental errors as in Eq. (1.16) and in
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I (gz"~all) =200+5p MeV, using their central values. We calculate also 8(gr"~PP) and 8(g/J~gz-"y) from Eqs.
(1.5), (1.16), and (3.7) to be

B(gz ~PQ)=2 05[8($/J~f y)] A
~ R i

8 (Q/J ~gT"y )-0.362[8 (g/J~ f'y )]' k ' R,

(3.8a)

(3.8b)

At the present time, the values of 8 (g/J ~ f 'y ) quoted in the literature are

(1.6+0.64) X 10, Mark II,
8(@/J~f'y)B(f'~KK)= (2. 1+1.1)X10, DM 2,

(3.0+1.5}X10, Mark III .

B(gT"~me ) 0 0535k'~.R i,
B(gT"~pp}=0.0318K,' R i

8(Q/J~gz' y)=5.61 X 10 A,
' R)

(3.9a)

(3.9b)

(3.9c}

On the other side, Eq. (3.6) leads to

B(g/J~gz y)B(gz ~pp)=1.78X10 '(R, ) ', (3.10a)

B(f/J~gz' y)B(gT'~pp)=1. 42X10 (Rp), (3.10b)

8(f/J gz y)B(gT ' pp)=1. 34X10 (R3) . (3.10c)

Again, Eqs. (3.9) but not Eqs. (3.10) presuppose the validi-
ty of Eq. (1.16).

It remains now that values of R~, Rq, and R3 have to
be evaluated. To this end, we start with Eq. (3.5b) which

Here, we adopt the average of the three measurements

8($/J~f'y)B(f'~KK)=2. 1X10 4

for definiteness. Assuming 8 (f'~KK) =0.87 corre-
sponding to 8(f'~pre)=0. 12 of Eq. (1.9), this gives

B(g/J~f'y)=2. 40X 10

so that Eqs. (3.7) and (3.8} give

can be rewritten as

2
1

RJ

M (gTJ')

M(f')

5 2k' M(f'~m n )

kj M(fp~~n. )

r(g,'J'-~~}8(gj '-yy)
r(f' (3.1 1)

Here, k' and kj are magnitudes of the pion momenta for
decays f'~rrrr and gTJ'~meat rest,. respectively, and
M(X) is the mass of the tensor boson X (X=f' and gTJ').
Since the value of I (g&J'~en)8 (gT~'~. PP) is given in Eq.
(1.5), the only unknown quantity in Eq. (3.11) is
M (f'~an)/M (fp ~em ) whose evaluation requires a
specific f-f' mixing model. Although we can easily con-
sider a general f, f', and g mixing model, it introduces
many unknown parameters. Because of it, we consider
here the simplest standard f f' mixing theory -with

Ifp&=cos(gp gT) If &+»n(gp ——gT} lf'&
(3.12)

Ifo& =cos(gp gT} lf—&
—cos(gp —gT} lf'&

where gz is the f f' mixing ang-le and

gp ——arctanl/v 2=35 16'

is the ideal mixing angle. We then find

M(fp~n. m. )

M(f'~ma. )

M(f~rrrr) .
(g g )

M(f'~7T~)
(g g }M(f'~m. m. ) M(f ~nn )

G(fn.m) G(f'mn. )
sin(gp —gT ) — cos(gp —gT)

G(f'nm ) G(fan). (3.13)

where we note

M(f'~em)/M(f +en)=G(.f'nm)/—G(fear) . .

Now, Eq. (1.10}gives

G (f 'n n)/G (fnn)= +0.0'38 . . .

However, only the positive solution is permissible in view
of results of the quark-line rule' as well as of the experi-
mentally observed ff' interference effect. ' Fro-m Eqs.
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2&10, j =1,
aj —— 5&& 10, j=2,

3.3&10, j =3 .
(3.14b)

The right-hand side of Eq. (3.14a) is very sensitive for
values assumed for Or because of a large cancellation. We
note that the standard linear and quadratic SU(3) mass
formula give OT —29' and OT —31', respectively, so that

~
Oo —Or

~

&&1. This is the reason why we cannot set
M(fo~vrvr)=M(f'~rrvr). However, for the evaluation
of G(fogg), we encounter no such cancellation so that we
may set G(fogg)=G(f'gg) in Eq. (3.3). Returning to the
original problem, we adopt here the value of OT—28 by
the following reason although its exact value is not essen-
tial. The validity of both the flavor-SU(3) and the quark-
line rule' leads to

B(f'~r)q)=0. 08[sin(Oo —Or ) —icos(Oo —OT )]

(3.15)

where we used the known decay rate of I (A2~KK)=5. 4
MeV and O0 —Oz —45, Op being the g-g' mixing angle.
The value of B(f'~ rlr))= 012 used in Eq. (1.9) can be
reproduced with OT —28 .

In order to show that our calculations are compatible
with the present experimental data, we tentatively assume
here a large value of

~
sin(Oo —Or ) —Q. Q38cos(Oo —Or. )

~

=0.11(kp 2)'~2

(3.16)

which is consistent with OT—28 and Apj- —0.65. Howev-
er, the case of OT-31' is probably incompatible with Eq.
(3.16), since it requires Apj. —0. 11. Note that we are im-
plicitly assuming p& ——p2 ——p3. At any rate, Eqs. (3.14)
give then

(1.5), (3.11), and (3.13), we estimate

(RJ) =
2 [sin(Oo —Or ) —0.038cos(Oo —Or )] aj,1 2

A, (pj )

(3.14a)

Neglecting possible SU(3)-violating effects, our present
solution with assumption of gT" being a pure glueball im-
plies

B(gr '~~m. )=26%, B(gr"~KK)=19%,
B(gr ~rjr))=3 8%. , B(gz-''~pp) 7-2%. ,

B(gr '~ K' K*)=6.4%, B(gr '~coco)=2. 3%,
etc. , with A, = 1, accounting for 65% of the total decay
rate of gT". This gives

B(gT '~mm)B (g.r '~rjrI) =0.01

which is consistent with the bound of Eq. (1.14). Also,
our value for B(g r"~PP) is, of course, consistent with
the bounds of Eq. (2.8).

Now, if we assume gT's to be glueballs, then we can cal-
culate B(g/J~gz. y)B(gz.~V9V9) from Eq. (3.19), since
the value of B(g ~rV9V9) is given in Table II. The re-
sulting computation is listed in Table IV with A. =1 and
without the SU(3)-violating factors.

As we see from Table IV, our calculation is consistent
with the present experimental upper bound without even
considering the effects of possible SU(3) violation. We
emphasize that the values of Table IV are independent of
the validity of Eq. (1.16). If one of the gr's is a ssss state,
then we have to set values for V9V9 ——coco and pp to be
essentially zero in Table IV. This case is also consistent
with the present experiment. If the glueball interpretation
of gT's is correct, then the present upper limit for
B(g/J~gzy )B(gr~pp) is only 1.85 times above our re-
sult in Table IV. Therefore, if more data for this quantity
becomes available, then we will be in a good position to
test our theory.

In Sec. I we noted that we have probably observed the
decay g/J~gr"y followed by gr"~mmdecay, but .that
the same mode has not been observed for gT' and gT'.
From Eqs. (3.19) and (1.5) with values of R2 and R3 list-
ed in Eq. (3.17), we calculate

B(f/J~gr y)B(gr ~mar)=2. 22X10
(B2)

(3.20)

4.94,

RJ —— 7.80,
6.37,

j=1,
j=2,
j =3

(3.17)
B(Q/J gr 'y)B(gr ~sr~)=2. 58X10

(B3)

The experimental lack of the decay mode may probably be
interpreted as

so that Eqs. (3.9) and (3.10) now predict

B(gr ~vrrr)=0 26k, ~.
B(gz"~PP)=6.4X 10 A,

'

B(P/J gr"y)= l. 14 X 10 A,

as well as

(3.18)

B(g/J~grr'y)B(gr(r'~mn) & 10 forj =2 and 3 .

Then this requires

B,=B(gT '~pp) &4.71X10 'A, '~'

B,=B(gr"~PP) & 5.08 X 10

which in turn lead to
7.3&10, j=1,

B(P/J~grj'y )B (gr~'~PP) = 2.33 X 10, j=2,
3.31&&10, j =3 .

B(P/J gr 'y) &0.49X10—'A,

B(P/J gr~ 'y) &0.65X10—
'A,

(3.21)

(3.19) from Eq. (3.19). Unfortunately, the upper bounds of Eq.
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TABLE IV. B(f/J~gry)B(gr~ V9V9).

V9 V9

pp

gp(2050)

2.66 X 10

8.20 X 10

0.73 X 10

7.92 X 10-'

g, (2300)

2.85 X 10

9.26 X 10-'

0.23 X 10-'

5.12 X 10-'

gz-(2350)

4.59 X 10

14.87 X 10-'

0.49 X 10-'

8.70 X 10-'

Total

1.01 X 10-4

3.23 X 10

0.15 X 10-4

2.17 X 10-'

Total experimental
bound

&2.6X 10

&6X10

& (3.1+1.0) X 10

(3.21) are probably a little too small for interpretations of
gz-

' and gz-
' being glueballs as we will see from the dis-

cussions in Sec. V. However, there is another possibility
to explain the unobservability of the ~m mode. Because of
the proximity of masses of gP' and gz. ', decay amplitudes
for gr '~errand gr .'~m~ in g/J~gr 'y decays may in-
terfere destructively with each other to make them
small. In this case, there is no reason for accepting Eq.
(3.21). We may mention that the experimental smallness
of

B(g/J~grj'y )B(grj'~em. )

for j =2 and 3 readily follow also if gz-' and gz-' are
(ss )(ss ) states.

We may remark also that the present solution
B(gr"~PP)=0.64% is not the only consistent one. For
example, the case of B (g "r~PP) =1% discussed in the
previous section gives also a barely consistent solution
with R& —3. 18 and

Then from the experimentally known rate for
B(O~KK)/B(g~mm), this g. ives

B (O~KK ) & 0. 14 . (4.5)

However, the experimental samples for the 0—+gg decay
may be contaminated from G~gg decay so that the ac-
tual rate of B( O~gg) may be easily smaller by a factor
of 0.7 in comparison to B(g~mm. ). Then the bounds in
Eqs. (4.3) and (4.4) may change by 20%. This large
branching ratio for the radiative 8 decay of f/J is con-
sistent with the usual belief that the 6 meson is dominant-
ly a glueball. We may compare this with

B($/J ~y~(1460) ) & (6.9+0.4+1.0) )& 10 . (4 6)

However, it is difficult to explain B(g~mm )=B(g~gq),
unless the flavor-SU(3) symmetry is badly broken or the 8
contains a sizable quarkonium content. ' Also, we esti-
mate

~

sin(go —Or) —Q. Q38cos(go —Or)
~

0.071(gp )
G (8~sr) 0 176
G(furr)

G(gem)
& 4.59

G (f'orner)
(4.7)

In that case, we have to multiply a factor 2.4 to values of
Table IV.

IV. COMMENTS ON 8, 0, AND G MESONS

In Sec. I we noted that many reactions n. p~Xn with
X=f,f', E, G, h mesons at 100 GeV/c have been found'
to proceed dominantly via a one-pion-exchange mecha-
nism. However, they did not see any signal for m. p ~On,
followed by t9~gq at the same energy on the level of

o(m p~gn)B(g~gg) &0.5 nb (95% confidence level) .

Repeating the same reasoning such as we have used in the
derivation of Eq. (1.5), this implies

a(n p~Gn)B(G~rIg)=3. 8+0.7 nb,

o(~ peen)B(e~r1ri)=3. 7+1.5 nb,

with

(4.8)

B(E~r)g)=2)& 10 (4.9)

Again, using the same reasoning as before, this indicates

from the equations analogous to Eq. (1.4).
Next, let us consider e and G mesons. They are 0++

mesons with M(G)=1590 MeV, I (G)=280 MeV,
M(e)=1220 MeV, and I (e)=320 MeV. At 100 CxeV/c,
it has been found' that

B(g~nrr)B(g~gg) & 1.29)& 10 (4.1)
B(G~~m)B (G~r)rj).=2X10- .

B(@~md)
(4.10)

where we have used I (8~all) = 153+10 MeV and
M (8)= ( 1710+50) MeV. Since we have experimentally

B(Q/J~gy )B(O~rlrl) =B (g/J~gy )B(8~mm).If G is dominantly a glueball, then we would expect to
have roughly

o(~ p~Gn) & „o(np~En—) . .

Eqs. (4.1) and (4.2) require

B(O~m. n. ) & 0.036,

B(Q/J~gy) & 6.70)& 10

=2.4X 10 (4.2)

(4.3)

(4.4)

This requires

B(G~r)q)/B(@~re)) & 10

from Eq. (4.8) and hence B(G~7Ig) & 0.2 and
B( Gem) &0.09, where we used the experimental value
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a(rr p~hn)B(hogg)=1. 32+0.35 nb,

8(h ogg)=(2. 2+1.0) X 10

From these, we estimate

(4.12)

I (j~vr7r)B(g~rtrt) &0.43 MeV (0++), (4.13a)

I (g mm)8(g rtrt) &0.60 MeV (2++), (4.13b)

I (g~m~)8(g~gg) &0.06 MeV (4++) . (4.13c)

V. CONCLUDING REMARKS

In the previous sections we demonstrated that all
gz-(2050), gT(2300), and gT(2350) are consistent with the
hypothesis of gT's being glueballs, although gT(2300) or
gT(2350) could be a (ssss) state. The best way of distin-
guishing the two possibilities is to measure the ratio
B(gT pp)/B(gT~PP) which will be a large (or small)
number for the former (or latter) model. We have also
shown that none of gT's is likely to be a radially excited ss
state. It is, however, difficult to rule out the possibility
that some of the gT's may be a hybrid state ssg.

We may note also that the two-gluon system allows
four states with J =2++, corresponding to S2, 'D2,
D2, and G2. It may be tempting to identify 8(1710),

gT(2050), gT(2300), and gT(2350) with linear combination
of these four states. In this context, we note that Lee
has analytically calculated J =2++ glueballs in the
strong-coupling limit and obtains a cluster of three glue-
ball states which could correspond to the three gT's. For
more elaboration of this point, see Ref. 6. Also, the mass
reversal inequality m (A2) & m (f) necessitates most like-
ly the existence of at least one glueball state with mass
larger than 1.88 GeV, provided that the so-called P-
parameter of the particle mixing theory is positive. An
argument which favors the positive sign for P will be dis-
cussed elsewhere.

These facts are in favor of gT's being glueballs. How-
ever, we must be cautious. First, accepting the value of
R ] given in Eq. (3.17), we must have

8 (]tr/J~gT"y)=1. 14X 10 (5.1)

as in Eq. (3.18). Although this value even with k= —, is
somewhat smaller than

8($/J~Oy) & 6.70X 10 (5.2)

estimated in Eq. (4.4}, it is still above five times larger
than 8(QJ~f'y)=2. 40X 10 Also, it m. ust be kept in
mind that our estimate Eq. (5.1) is sensitive on many ap-

of B(e~vrm )=0 9.
Finally, let us consider g(2230 MeV) with I & 50 MeV.

It has not been observed at 100 GeV/c with the limit of

o(m p~gn)B(g'~gg) &0.5 nb (95% C.L. ) . (4.11)

So far, the spin-parity assignment of g is not well known.
If it is 0++ or 2++, then we can compare Eq. (4.11) with
the corresponding cross section for e or f meson. If g has
4++ assignment, we have to compare it with that of
h(2030), where we have

proximations and assumptions as well as many experi-
mental uncertainties, and we can easily enhance its value
by a factor of 2 possibly even up to 3 with luck without
any serious problem. Nevertheless, it still remains to be a
problem for us to explain why the radiative decay width
of g/J~gT"y is smaller possibly by a factor of 4 when
compared with f/J~Oy A.fter all, if both 8 and gT",
with the same spin-parity assignments 2++, are dom-
inantly glueballs, then the coupling constants of these
glueballs to two gluons ought to be approximately the
same since both states possess essentially the similar total
decay rates. But in that case, we will expect that the de-
cay rates for g/J~Oy and g/J~gT"y should be also ap-
proximately the same. %'e can however give the following
two tentative explanations for this "anomaly. " First, as
we noted in Sec. III, the interaction of the spin-2 particles
with two gluons contain 5 independent form factors.
Therefore, a factor of 2 discrepancy between effectiue cou-
pling constants of 0 and gT" bosons to two gluons may
not be implausible, just as we introduced the theoretical
fudge factor p in Eq. (3.9). Second, the 8 meson appears
to contain a sizable quarkonium content ' in addition to
its dominant glueball component. If both glueball and
quarkonium contents of the 8 interfere constructively for
g/J~Oy decay, then this may enhance 8(g/J~Oy) fur-
ther. At any rate, we believe that the smallness of
B(g/J~gT"y) in comparison to B(g/J~Oy) is not a
serious obstacle for the glueball interpretation of gT". Al-
though we have assumed here 0 to be a glueball, there is a
possibility that it might be rather a hybrid. Note that the
decay branching rates of B(O~P9P9) and of
8(O~V9V9) are very small in comparison to those of
8(gT"~P9P9), as we will see from Eqs. (4.3) and (4.5).
It appears that the t9-meson decays dominantly into some
unknown multibody channel.

Next, our value of B(gT"~]t)p)=6.4X10 A,
' given

in Eq. (3.18) implies

I
G(f~~) I:G

I

(f'~~) I: I
G(gT"~~)1=26:1:7.1x' ' (5.3)

from Eq. (1.12). This is not unreasonable for the glueball
hypothesis of gT" as we have discussed already in connec-
tion with Eq. (2.10}. We may compare this value with Eq.
(4.7) which is rewritten as

i
G(fan)i:

i
G(f'rrrr) .i:. i

G(Om. n. )
i
=26:1:&4.6. (5.4)

Together with Eq. (5.3), this gives

(5.5)

In this case, the situation is now opposite to the previous
case for the radiative decay of f/J. However, for the
same reasons as given before the ratio G(Oem� )/G(gz"nm )

should not become too small. This fact could suggest that
the upper bound in Eq. (5.5) and hence also in Eqs. (4.3)
and (4.4) are probably almost equalities within 50%
correction margins if 0 is a glueball.

Of course, our predictions given in this paper could cer-
tainly change substantially, when more accurate experi-
mental data, especially those of 8 (gr ~PP) and
8(gT~pp) become available. If our solution given in
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Sec .III is correct with B(gz '~n'n')8(gz '~zizi)=0. 01,
then we would expect to have

o(K p~gT"A)8(gT"~zlzi)
o(K p~f'A)8(f'~zizl)

cr(rr p~gT"n}B(gT ~zizi) =1.
cr(zr p~fn)8(f ~zlzi)

(5.6)

8 (gT"~KK)B (gz~zizi)=0.58
8 (f'~KK)B (f'~zizi)

=0.039 . (5.9)

cr(K p~gz A)B(gz ~KK} k' M(gT )

cr(zr p~f'A)B(f'~KK) ko IrI(f')

I (gz"~all)
X I (f'~ lla}

8 (gz"~KK)
B(f'~KK)

(5.7)

where k' and k~ are magnitudes of the kaon momenta for
f'~KK and gz '~KK decays at rest, respectively. Using
8 (gz"~KK)=0. 19 given in Sec. III, this will yield

cr(K p ~gz"A)8 (gT"~KK ) =0.028 .
o(K p~f'A)B(f'~KK)

(5.8)

Also, we estimate

Therefore, if the 100-GeV/c CERN experiment' could
improve its statistics by a factor of 2, then they could be
able to observe m. p~gT"n followed by gT"~gg in spite
of large background due to the h(2030) meson production.
Similarly, high-energy experiments on K p~XA with
X =f,f', 8 and gz may help to determine values of
B(gz ~KK) and B(O~KK), not to mention B(f~KK)
and B(f'~KK), assuming that the reaction at the high
energies will take place dominantly via one E-meson ex-
change mechanism just as the one-pion-exchange process
dominates m. p~Xn reactions at high energies. For ex-
ample, then we would find

With respect to 0 meson, we similarly calculate

o (K p ~8A)8 (8~KK)
& 0.005,

o(K p~f'A)B(f'~KK)

where we used B(O~KK) &0.14 in view of Eq. (4.5).
However, since we expect to have possible background
due to production of h(2030), it may be necessary to per-
form phase-shift analysis to eliminate the background for

(1)
gT .

Note added. After this paper was written, it came to
our attention that the DM2 group has reported at the
1986 International Conference on High Energy Physics at
Berkeley a broad structure in Q~Xy followed by
X~KsKs in the mass range of gT's with J (X)=2++.
Assuming that this is due to a single resonance, they find
M(X)=2198+20 MeV, I (X~all)=217+55 MeV. It is
therefore quite possible that this signature be due to the
gz. 's in accordance with Eq. (1.16). Also, C. A. Dom-
inguez and N. Paver in a recent Trieste Report No.
IC/86/84, 1984 (unpublished) conclude that QCD sum
rules require existence of at least one tensor glueball with
a mass M & 2 GeV and a width of about 200 MeV in ad-
dition to 8(1710).
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