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Study of hadronic J/g decays involving P and co production
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Hadronic decays of the J/g involving P and m production are investigated: J/iil~gn+m, '

/K+K, $KzoKzo, coK+K, coKzKz, PK K, Ppp. Except PK K and Ppp, these three-body final

states are dominated by quasi-two-body productions. A detailed study of the fo(975) production is
presented. The analysis shows evidence for the fz(1720) being associated to both u and P. An

upper limit is given for the pi)(1440) branching ratio.

I. INTRODUt~iON

The radiative J/P decays whose inclusive branching
ratio accounts for about 8% of the J/g decays are ex-
pected to be a good place to observe gluonia production
through the classical diagram in Fig. 1. These decays
have been investigated by the Crystal Ball, Mark II, and
Mark III Collaborations at the SLAC storage ring
SPEAR and by the DM2 Collaboration at the DCI
storage ring. The most significant results of these experi-
ments remain the discovery and analysis of the ri(1440}
and fz(1720) states; moreover very interesting structures
have been recently observed in y-vector-vector final
states. '

Unfortunately, the mechanism depicted in Fig. 1 does
not provide an unambiguous signature for glue bound-
state production. For instance, radiative production of
standard pseudoscalars q, ri' and tensors f2 (1270),
fz(1525) is well understood3 by the coupling of their
SU(3)-singlet component to the two-gluon system. So, it
is important to get information from other J/g channels
or from different production reactions, in order to clarify
the nature of these glueball candidates.

Actually, about 80% of the J/P decays are purely ha-
dronic final states and it has been proposed long ago to
use this pure initial state to perform refined hadronic
spectroscopy including glueball search.

Since the J/g decays mainly to hadrons via a multi-
gluon intermediate state, three-body mesonic states as
J/g~ VPP ( V =vector; P=pseudoscalar} can be pro-
duced through the sequential process described in Fig.
2(a) and named connected diagram. Disconnected dia-
grams [for instance, Fig. 2(b)] are found to contribute at
the predicted level of 10% of the qq production ampli-

tude in the decays J/lt~vector+pseudoscalar. The
dominance of connected diagram to produce qq mesons
seems also to be valid for classical tensor mesons since:
B{J/itt~cof 2(1525))&&B(J/P~cof2(1270)), as expect-
ed assuming f2(1270) and f2(1525) mesons to be quasi-
ideally mixed tensors. More precise results are presented
in this paper. On the contrary, gluonic mesons as
f2(1720) could be strongly produced through disconnect-
ed diagrams.

Finally, different authors ' proposed to use the
J/tP +Pen decay —to look also for a narrow 0++ glueball
below 1 GeV/c decaying into nm.

This paper presents the improved measurements by the
DM2 experiment on the search for J/P~gf&(1720},
cofz(1720) in the channels J/g~ Pm

+n. , PKK, coKK.
The J//~comm decay, which benefits from a very large
statistics will be treated in a separate paper. The obser-
vation, in connection to the previous analysis, of J/P de-
cays into /4m , /KRAK n—+(including—P.K'K), Ppp is re-
ported.

After a description of the DM2 detector (Sec. II), Secs.
III-VI present the various inclusive three-body decays.
Sections VII —X deal with the observed quasi-two-body
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FIG. 1. Diagram for radiative decay of the J/P.
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FIG. 2. Diagram for hadronic decays of the J/g: (a) con-
nected diagram and (b) disconnected diagram.
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dynamics. All the results are obtained from (8.6+1.3)
)&10 J/f produced with the e+e Orsay storage rings
DCI.

II. THE DM2 DETECTOR

The DM2 is a solenoidal detector with large accep-
tance which measures charged-particle momenta and
both photon directions and energies. A layer of scintilla-
tors inside the coil is used for triggering and for particle
identification. The apparatus is described in detail in
Ref. 11 and only acceptances and an update of subdetec-
tor resolutions are given in Table I. The photon energy
measurement is not used in the following analysis, the
events being well constrained by the photon direction
measurements alone.

III. J/P~Prr+rr, /K+K, happ
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The P is observed in its K+K decay mode. The stud-
ied channels are searched for among four charged-track
events with total charge and vertex inside a fiducial
volume. The missing momentum must be lower than 80
MeV/c to reject most of the events with rr 's or y's in the
final state.

FIG. 3. Square mass of X+ charged particles produced
against the P for the candidates J/f~PX+X: (a) in P band,
(b) in P sidebands, (c) proton region P band, and (d) proton re-
gion sidebands.

A. P selection

The P is selected in the following by imposing.
(i) The time of flight (TOF) of both particles, when

measured, must be consistent with kaon hypothesis,
within 30.

(ii) At least one K+K mass combination must satisfy

~

M +„M& ~

&0.0—10 GeV/c . In less than 10% of
the events, two combinations satisfy this constraint. In
the search for J//~/K+K, the combination with a
mass closest to the nominal P mass is retained. For the
other channels, the one which gives the best X in the
kinematical four constraint (4C) flt (Sec. III C) is selected.

TABLE I. Characteristics of the DM2 detector. MWPC stands for multiwire proportional chamber.

Subdetector

Internal detector
(2 MWPC + 13 drift chambers)

Time of flight
(36 scintillators)

Photon detector: (barrel)
(8 octants; 5XO', lead —scintillator-
streamer-tubes sandwiches)

Photon detector: {end caps)
(5Xo, lead-MWPC sandwiches)

Acceptance

87% 4m.

80% 4~

70% 4m

12% 4m.

Resolutions

Momentum:
3.5% at 1 GeV/c

540 ps dominated by
beam spread (440 ps)

Photon energy:
19%
QE

for E(300 MeV

35% for E)300 MeV
Photon directions:

10 mrad in azimuth
7 mrad in polar angle

20 mrad in azimuth
and polar angle
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B. Kinematics

Assuming that the two particles of momenta p+ and

p recoiling against the P have the same mass p, , one can
derive, from the energy-momentum conservation law,

(g2 p2 p2 )2

p = with E =MJ]~—E~ .
4E

Figures 3(a) and 3(b) show the histogram of this variable
for events in the P band and P sidebands, respectively.
Large signals around p, =m and mIr in Fig. 3(a) show
evidence for J/f~Pn+n. and J//~/K+K decays
whereas only a hint of a J//~I()pp signal is visible.

C. J/P-+4m+m

Figures 4(a) and 4(b) show the )LI distribution after the
TOF cut. ' The Monte Carlo simulation indicates that
the J/g +Pn+m— events contribute weakly to P side-
bands (3%). So, the peak around )M =M in Fig. 4(b) is
mostly induced by J//~K+K m+n without P dy-
namics. The contamination from J/Q~KsK*m is
found to be completely negligible.

400

1 1 f I I I I I I « I

(a)

background is estimated from the p sidebands,
defined by

0 0.20 &
~

M + —M& ~

& 0 04. 0 GeV/c

The events in the band
~ p —M

~
& 5X 10 (MeV/c2)2

are then 4C fit to improve the resolution on the n+n. in-
variant mass. The resulting spectrum is shown in Fig. 5.
The total number of background events is obtained from
the events of Fig. 4(b) in the

~
p, —M

~

&5X10
(MeV/e ) mass region and by normalizing P band and P
sidebands in the squared mass region—30X10 &p & —10X10 (MeV/c ) where no
J/P —+/X+I decay can contribute.

Using the efficiency curve shown in Fig. 5(c) (Ref. 13),
the following branching ratio is measured:

& (J/f~Pm+m ) =(7.820.3+1.2) X 10

The structures observed in Fig. 5(a) will be discussed in
Secs. VII-IX.

D. J/f~PK+K

The p2 spectrum of the remaining events, after the
TOF cut, is given in Figs. 6(a) and 6(b). The /K+K
contribution is enhanced.

The events observed in p sidebands at III, =MIr [Fig.
6(b)] amounts to about 10% of the signal present in P
band [Fig. 6(a)]. The Monte Carlo simulation indicates
that it is almost saturated by the combinatorial back-
ground of the J/g —+/K+K decay itself. The events
are then 4C fit. The K+K invariant-mass distribution
is shown in Fig. 7 for the events in the range

~
p, —Ms

~

&6X10 (MeV/c ) . With the efficiency of
Fig. 7(c), one gets

8(J/Q-+/K+K )=(8.3+0.3+1.3)X10

The structures observed in Fig. 6(a) will also be discussed
in Secs. VII —IX.
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FIG. 4. Square mass after TOF imposed on X—particles
against the P: (a) X =n in P band and (b) X = n in P sideband.

FIG. 5. n+m. invariant mass in J/P~Pn+m: (a) P band, .
(b) P sidebands, and (c) efficiency.
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FIG. 6. Square mass after TOF imposed on X—particles
against the P: (a) X =K in P band and (b) X =K in P sideband.

E. J/4 lpga

By requiring that the TOF of both particles recoiling
against the P be consistent with a proton hypothesis,
(17+5) events are observed in a peak [Figs. 3(c) and 3(d)]
having mass and width consistent with the values expect-
ed for J //~happ. This signal corresponds to

8 (J/f~ttipp ) =(4.5+ l. 3+0.7) &( 10

This value is very small compared to the branching ratio
for the decay J//~ropy (Ref. 14): (78215)X10 '. This
effect is mainly explained by the reduction of phase space
and by the Okubo-Zweig-Iizuka (OZI) rule which reduces
the production of a color-singlet ss pair associated to pp.

IV. J//~$2(rr+rr ),QKoKso $KsoK+sr

These channels are analyzed in the K+K 2(ir+n ) or
K+K ( rr+ n. )(K +—m. + ) final states. Events with six
charged tracks and zero total charge are selected. The
tracks are not constrained to belong to a common vertex.
The missing momentum must be smaller than 120
MeV/c.

The total energy distribution of these events when all
the particles are assumed to be pions (Fig. 8) shows large
contributions from J//~ 6m*,KsK .rr+ n+rr— .
K+K 4m* and a large bump below 2.3 GeV which is
dominated by baryonic productions =*=*, X*X', etc.

The iI'i signal is evident in the K+K invariant-mass
distribution (Fig. 9) obtained from the particles consistent
with a TOF kaon assignment. In the following, the P is
selected as in Sec. IIIA whereas the P sidebands are
defined by 0.020 & M + —M& ~

& 0.030 GeV/c .
Finally, the TOF cut is applied on the four remaining

particles.

A. J/$~$4rr+

The total energy is shown in Figs. 10(a) and 10(b) for
the selected events in P band and P sidebands, respective-
ly. A large J$/~/4m —signal is prominent in Fig. 10(a).
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FIG. 7. K+K invariant mass in J/g~PK+K-: (a)
band, (b) f sidebands, and (c) efficiency. The solid line in (a) is
the fit described in Sec. VII including f2(1525) and X(1700) in-

terference. The dotted line is the result of the fit without in-

terference.
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FIG. 8. Total energy for J//~6 charged particles assuming
all particles are ~.
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namics also contributes to the J/g peak in Fig. 10 since
its branching ratio is large as visible in Fig. 8.

After background subtraction taking into account the
previous remarks (1335+42}events are found in the ener-

gy range

)
E + + —MJ/y ~

(0.070 GeV

The 4m. invariant-mass spectrum after a 4C fit is
displayed in Fig. 11. Assuming that the /4m events are
distributed according to phase space (solid curve), the fol-
lowing branching ratio is calculated:

B(J//~$4'*)=(1. 6+0.1+0.3)X10-' .

MK+K-(GeV/c )

FIG. 9. K+K invariant mass for all J//~6 charged events

with the P signal.

A large fraction of the small peak in p sidebands at the

J/P mass is combinatorially produced by the decay itself,

as the Monte Carlo simulation predicts,

N($4@ ),b = 17%%uo,
N ($4n')pb

where N($4n), b and N(/4m)» denote the number of
events predicted in the sidebands and P band, respective-
ly. The J//~K+K rr+n m+m decay without P dy-

400

8 J/Q~QKsKs~

Figures 12(a) and 12(b) give the scatter plot of the
m+m invariant-mass combinations for the events with

~

E +, +, Mz—
&& ~

&0.070 GeV in Figs. 10(a} and

10(b), respectively. They show the KsKs signal associat-
ed with the P. To isolate this production, both m+n

masses are required to lie within the range [0.465, 0.525]
GeV/c . Figure 13 shows the total energy of the events
in Fig. 10(a) selected by the last cut and gives evidence of
the J/Q~QKsKs signal.

The KsoKs invariant-mass sPectrum in P band and P
sidebands after selecting the total energy within the range
[3016,3176] MeV is presented in Figs. 14(a) and 14(b), re-
spectively. The overplotted curve in Fig. 14(a) is ex-
plained in Sec. IX. The measured branching ratio

& (J/Q~PKoK ')=(6.320.7+1.6) &&10-'

agrees with the value obtained for J/g~PK+K in Sec.
III D.
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For this channel, a Ks is selected among the four

tracks in front of the P by the cut (Fig. 15)
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FIG. 10. +m total energy: (a) P bands and (b) P sidebands.
FIG. 11. 4m invariant mass in J//~/4m {background sub-

tracted). The curve is the shape of phase-space distribution.
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The remaining two particles have to be one pion and one
kaon and are identified, whenever possible, according to
their TOF. Thus, Figs. 16(a) and 16(b) show the total en-

ergy with PKzK+n. or /KRAK n+correct hy. potheses
The J P/~P Kz

K*m+ signal is observed in Fig. 16(a) to-
gether with a residual $4@ contribution. It should be no-
ticed that the J/P~PKzK n* Monte Carlo simulation
reproduces the small enhancement at the J/g mass in the

P sidebands [Fig. 16(b)]. A cut is applied on the total en-
ergy

~

E p g p —MJ/y ~

(0.050 GeV
S

About 90%%uo of the accepted events have only one correct
combination of the six charged tracks assignment.

From the measured events, the following branching ra-
tio is obtained:

B(J//~YAK K*n+)=( 74+ 09+1.1)X1 0

The KsK*n invariant mass is shown in Figs. 17(a) and
17(b). No signal is observed within the g(1440) mass
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FIG. 13. (2K4n) energy for PKzKz candidates. The peak
around 3.1 GeV evidences the J/P~ PKzKz decay. FIG. 15. m+ninvariant mass in fr.on.t of PKz.
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Then Ksn.* and (K+n or/and K m+) invariant
mass are computed for each event and shown in Fig. 18.
A large E' signal is evidenced. Selecting the E* signal
by the cut

~
M»„—M»,

~

&0.060 GeV/c

and assuming three-body phase-space distribution [Fig.
17(c)],the following branching ratio is obtained:

B(J/g +p(K—'K+c c ).) X. B(K'K +KsK—*a*)
=(6.920.8+1.0)X10

This value agrees with the recent result of Mark III (Ref.
15) for J//~YAK'K~JKKm.

V. J/tP~aK +K

The co is observed in its m+m m decay mode. Thus,
the four charged-track events with zero total charge and
a common vertex are used to analyze this channel. Since
these events have to be selected in the presence of a large
background, the observation of the two photons from m

decay is required.
These events are 2C fit to the ~+a X+K yy hy-

pothesis (X & 8). The events from the residual
J/f~2n+2m n background are totally rejected if
X5„&20 when fitted to this hypothesis. A background
from J//~KRAK*n+tr decay. is still present. In fact, a
clear Ks contribution is seen in the sample of remaining
events (Fig. 19). In order to eliminate this background,
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FIG. 18. Km mass for J/Q~QKsK +m+ candidates: {a)—P
band, the curve is the fit with standard K* parameters and (b) P
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the following cut is applied:

~

M + —M 0
~

& 0.030 GeV/c

Figure 20 shows the m+m. m. mass distribution after
selecting a rr by a cut on the 2y mass (Fig. 21):

~ mrs —M 0 &0.035 GeV/c and applying the TOF
cut. The co signal' is seen and selected by

~

M 0 —M
~

&0.040 GeV/c

The X+K mass in front of the co is shown in Fig. 22.
The structure around 1.7 GeV/c will be discussed in

Sec. IX. After subtracting the background determined
from ro sidebands (80&

~

M + o
—M„~ &160 MeV/

c ), one gets

B (J/f~roE+E ) =(7.4+0.7+2.3)X 10

VI. J/g~roKsKs

ing m is required to range between 2.9 and 3.3 GeV and
y's from the n decay have to be detected.

The rr+rr rr mass distribution (Fig. 23) shows the ro

signal from J/P~cu4(m. *). The J/f~roEsEs channel
is selected by the following requirements: At least one
E& +rr&+rr& —secondary vertex with

~

M 0 —M + ~

&30
S

MeV/c; at least one mass of the two remaining m+m.

pairs and the m must satisfy the co cut defined as

~

M + 0 —M &0.075 GeV/c
2 2

and co sidebands are defined by

0.075&
~

M + 0 —M
~

&0.200 GeV/c
2 2

Figures 24(a) and 24(b) show the invariant mass of the

22
J/Q ~ cgpK K

Both K~ are observed in their m+m decay mode. The
total energy of six charged-track events assuming a miss-
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FIG. 22. (a) X+K invariant mass against the co for
J/P~coK+K candidates; the curve is a fit described in the
text (Sec. IX) and (b) efficiency.
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last ~3+~3- pion pair when the ~2+~2-~0 mass lies in the m

band and in c0 sidebands, respectively. A large peak is
found at the Kz mass. The Monte Carlo simulation indi-
cates that the small peak at the Kz mass observed in the
ro sidebands is not induced by the decay J/g +roKsK—s.
This peak could be due to the J/P~rr+n rr KsKs de

cay without co dynamics.
After selecting the second Ks in the mass range

[0.472,0.522] GeV/c2, Fig. 25 shows the ro signal. From
Fig. 24 one concludes that (80+13) events are produced
from J/f~roKsKs corresponding to

B (J/g~coKoK ) =(12.422.0+3.1)X 10

This value agrees with the one measured for
J/P +coK+K —(Sec. V). Figure 26 shows the KsKs
invariant-mass spectra in e band and e sidebands, re-

spectively. An excess of events is found around 1.7
GeV/c as observed for the decay J/ttI +roK+K-

VII. f0(975) PRODUCTION

The rr+rr mass spectrum in the J/Q~Pn+n decay
exhibits a clean and large fo(975) (formerly S') signal
[Fig. 5(a)]. Its production can be interpreted by a sequen-
tial mechanism [Fig. 2(a)] and a large ss or
ss(uP+dd)/v 2 component in the fo(975). The steep
fall on the high mass side of the fo(975) cannot be well
reproduced by a Flatte distribution' [Fig. 27(a)]. Thus a
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FIG. 26. KgKzo invariant mass for Jp/~ Kr0+~Kz candidates:
(a) co band and {b)normalized ~ sidebands.
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Notice that the steep fall around 1 GeV/c is account-
ed for by the interference between f,T,„and f,T, .
In this formalism, one gets

J/P Q K'K
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(c)

fit of the n+m spectrum below 1 GeV/c needs a correct
description of the KE threshold. The model proposed by
Mennessier' has been used in the following.

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

M„+ „- (Gev/c )

FIG. 27. (a) Fit of the f&&(975) signal by a Flatte distribution
(solid line); the dotted line is the shape of the fit described in
Sec. VII A. (b) n.+m invariant-mass distribution for
J/P~Pn+m after background subtraction. The fit is de-
scribed in the text. (c) K+K invariant-mass distribution from
J/g~PK+K . The curve is the fc(975) contribution as calcu-
lated in Sec. VII B.

B(J//~ufo(975) )B(fo(975 )~n+n )

= (2.4+0.2%0.4) )& 10

At last, the angular distribution of the ~+ versus the
fo(975) direction in the fo rest frame supports a spin-0
assignment [Fig. 30(a)].

B. Fitting the K+K threshold in J/f~PK+K

The fit of the n+n mass spectrum gives in this model
an absolute prediction for the /K+K mode near thresh-
old with

f, and f s being taken from the fit of the m+n. spec-

trum. Figure 27(c) shows the K+K production at a
threshold from this coupled-channel analysis.

The good agreement observed does not exclude other
small contributions near the EK threshold. For instance,
a theoretical approach was recently proposed' to com-
pute the nonresonant pseudoscalar-pseudoscalar (PP)
continuum produced in the OZI-allowed decays
J/g —vector PP. Applied to J//~con+~, it gives a

A. Fitting the nnmass spectru. m in J/P~Pnn. 30—

In this model, the m. +m invariant-mass distribution in
the process J//~PE+~ is computed by adding the
direct couplings (Fig. 28) of the J/g to the Pe and PS'
final states (e and S' are the bare scalar isoscalar fields

used in Ref. 18 to describe the S-wave mn interaction):

where eJi& and e& are, respectively, the polarizations of
the J/P and P, f, and f s the coupling constants of the

J/f to the Pe and PS' final states, and T, and T s the
e~mm. and S*~m.~ amplitudes. Let us note that the
term eJ/fe& in the amplitude is valid only in the case
where the (P, e) and (P,S') systems are produced in rela-
tive S wave. This hypothesis is consistent with the angu-
lar distribution of the P (Fig. 29). The best fit of the data
after background subtraction [Fig. 27(b)] is obtained for

20
Cl

CO

Z
LLj

Uj

10

I I I I I I I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

I cosgyl

= —2. 53 . FIG. 29. p angular distribution in J//~ufo(975). fhe
curve is the prediction of S-wave production.
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FIG. 30. m+ angular distribution in the m~ rest frame. (a)
cos8 under the fo(975): the curve is the fo(975) 0+, (b) cos8
in the mn mass range 1.2(M (1.3 GeV/c, and (c) cos8 in
the mm. mass range 1.3 (M & 1.5 GeV/c'.

possible explanation of the large bump observed at low
~~ mass.

A recent attempt was made to interpret the fo(975)
and ao(980) as KK molecule. ' In this madel, the ratio
B(J//~ufo(975))/B(J/t/j~rofo(975)) is equal to 2
(Ref. 22) (Fig. 31). The branching ratia of J/P
~rofo(975) is measured by the DM2 Collaboration:2 2s

tion: '

B(J//~a)fo(975))XB(fo(975)~n+rr )

=(1.10+0.21+0.16)&(10

Then

B(J//~ufo(975))
B(J/g~rofo(975))

=2.2+0.5,

which does not convict with the KK molecule prediction.

VIII. J//~/f2(1270), ufo(1308)

The mass distribution of the a+a system recoiling
against the P [Fig. 27(b)] shows a broad bump between
1.1 and 1.5 GeV/c corresponding to

B(J/Q +Qrr+rr )) )(—sr () s
——(2.5+0.220.4))&10

The eIIlciency is shown in Fig. 5(c).
A single Breit-Wigner amplitude cannot fit properly to

this bump. Its shape looks like the m~ S-wave structure
observed in nN ~ rrrrN (Ref. 24) and associated to
fo(1300) [formerly e(1300)]production.

The J//~/f2(1270) decay is expected to be small
compared to J/ (1~ orfz(1270) if connected diagrams
dominate. In fact there is no peak at the f2(1270) mass
in Fig. 27(b).

Nevertheless the angular distribution of the ~+ in the
m.m rest frame indicates a possible nonscalar contribution
in the mass range 1.2&M + &1.3 GeV/c [Fig. 30(b)],
while the high mass part of the bump is consistent with
the decay of a spin-0 state [Fig. 30(c)]. A more sophisti-
cated angular analysis is not possible due to the limited
available statistics.

At last, let us notice that, from the measurement given
in Sec. IX, only 10—20 events are expected to be pro-
duced by the J/P~ Pf2(1525)~Pn +rr decay

A. J/g~gfs(1300), limit on J//~/f2(1270)

When fitting to two Breit-Wigner amplitudes added
coherently or incoherently [one of them having the
f2(1270) parameters], one gets very poor X 's. Results of
both fits are given in Table II, and the dotted line in Fig.
33 below shows the coherent fit.

The most conservative way to conclude is to give an
upper limit for the /f2(1270) decay assuming that the
whole bump between 1.1 and 1.5 GeV/c is produced by
this channel. This leads to

B(J//~/f2(1270)) &4.5X 10 (90/o C.L. ) .

TABLE II. Fits of the bump observed in the J//~err+n decay in the M„range [1.1; 1.5]
GeV/c~.

Hypothesis

fz(1270) and
X(1300) without
interference

f2(1270) and
X(1300) with
interference'

Mass and
width

of X (1.3)

1373+8
106+11

1443+16
140+23

B(gf~(1270))
(1o )

1.68+0. 12+0.25

4.3 +0.18+0.65

B(PX( l. 3)~P~m )
(10")

2.20+0. 11+0.33

2.17+0.11+0.33

X /DF

3.3

2.8

'The fitted phase is about 180'.
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IX D and t =tan(OT).
Thus assuming the J//~vector + tensor decays are

dominated by S wave or D wave, and using the
Jh/i~rof2(1270) branching ratio given in Refs. 20 and
23, the following limits are obtained:

[ OT —35.3'
)

& 29' (S wave ),

~
gz —35.3'

~
& 33' (D wave ) (950003 C.L. )

0
1.0 1.2

I I

1.3 1.4

(35.3' is the ideal mixing angle).

IX. f~(152S) AND fg(1720) PRODUCTION
MK+K-(GeV/c ~

FIG. 32. K+K mass in J//~/K+K . The curve is the
prediction for J/g~ Pfo(1300)~ /K+K

On the other hand, assuming the full bump between 1.1

and 1.5 GeV/c to be induced by fo(1300) production
and using the tabulated branching ratios of this state,
the corresponding signal in the decay J/f~PK+K
can be inferred. This prediction is compared to the data
in Fig. 32.

B. Limit on tensor mixing angle

Assuming nonet symmetry in the J//~vector
+ tensor decays, this limit on branching ratio can be

converted into a limit on the tensor mixing angle OT. A
SU(3) calculation including SU(3) breaking gives

"(+2(' 70» 1 —v'Zr g 2h —2xe-
A (cof2(1270) ) v'2+ r g +e

where A(gfz(1270)) and A(cofz(1270)) are the SU(3)
amplitudes for both decays g, e, h, x are defined in Sec.

The naive assumption that glueballs should decay as an
SU(3) singlet confiicts with a glueball assignment for the
fz(1720) which is mainly observed in radiative J/g de-

cays in its KK mode. ' Moreover, Cohen, Isgur, and
Lipkin indicated that this conclusion could be modified

by large interference terms between the ground state and
radially excited states. To obtain more information on

tlute nature of the f2(1720), Senba and Tanimoto29 pro-
posed to look for J/f ~Pf2 (1720),cufz (1720).

The K+K mass spectra associated with the P (Sec.
III, Fig. 7) and the ru (Sec. V, Fig. 22) are quite different.
The ro associated production shows a large bump X(1700)
around 1.7 GeV/c . On the contrary, the P associated
production is dominated by a large fz(1525) contribution
with a clear shoulder on its high mass side.

A. Search for J/f~Pf 2(1720)

By assuming first that the shoulder in Fig. 7 is attribut-
ed to the X(1700), identified with f2(1720), two fits have
been done. As f~(1525) and fz(1720) are J =2++ par-
ticles, their production amplitudes have been assumed to
interfere. In the first fit (Table III) the masses and widths
are left free for both particles; in the second case, we im-

pose the mass and width of the fz(1525). This reduces
the fitted width of the X(1700) and, consequently, its
branching ratio. In both cases the mass and width of the
X(1700) are consistent with the parameters of the

TABLE III. Fits of the f2 and of the shoulder observed at a higher mass in the J//~/K+K de-

cay.

Hypothesis

Phase (rd)
f' mass
f' width
X(1.7) mass
X(1.7) width
B(J/P~Pf'~/K+K ))&10
B(J/Q~QX(1. 7)~/K+K ) X 10
X /DF

f' and X(1.7)
free and

interference

3.19+0.06
1496+2
100+3

1690+4
184+6
5.0+0.2
3.3+0.15

1.0

X(1.7)
free and

interference

3.21+0.09
1515'
85'

1700+10
125+ 18
4.4+0.2

1.8+0. 1

1.6

f' and X(1.7)
free without
interference

1515+5
62+10

1638+10
148+17
2.8+0. 1

3.7+0.15
2.7

'Imposed: the f ' mass and width are not the tabulated one; but they are not strongly fixed by previous

experiments and the values have been chosen to give a correct fit of the left-hand side of the f'.
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in the coK K mode [Fig. 26(a)]. After background sub-
traction, the following branching ratio is obtained:
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=(2.8%0.9}&&10 ',
the error being dominated by uncertainty on background
subtraction.

No signal is observed in Fig. 22 for cgfz(1525) produc-
tion; as for the nonobservation of Pfz(1270), it is con-
sistent with dominance of connected diagrams [Fig. 2(a)].
The following upper limit is set:

) l I

1.2 1.3 1.4 1.5 1.8 1.7 1.8 1.9

M + -(GOV/c )

B(J/P~oi fz(1525) )B(fz(1525)~KE }

(2X10 (95% C.I.. } .

FIG. 33. m+o mass in J/g~Pn+n .The s.olid line is the

prediction for J//~/f2(1720)~gm+n . The dotted line is

the result of the second fit in Table II.

fz(1720) (Ref. 30) measured in radiative J/p decays.
The K+K invariant-mass spectrum has also been

fitted to two Breit-Wigner amplitudes without interfer-
ence (Table III). The fz(1525) mass and width are found
very close to their standard values and the mass of
X(1700) is significantly smaller than the standard value
for fz(1720). These various fits are displayed in Fig. 7.

Using the results of the second fit in Table III the con-
tribution of the fz(1525) and X(1700) in the QKxKs chan-
nel is computed. The result is presented by the curve in
Fig. 14(a) which is an absolute prediction assuming iso-
scalar productions. The agreement between data and
computation is good but the comparison suffers from low
statistics of the J/Q~QKsKg channel.

Finally, assuming that the X(1700) is the fz(1720) and
using the result of fit 2 in Table III, (50+20) events '

should be produced through J/P~gfz(1720}, fz(1720)
~~+a in the nnmass range . [.1.5,1.9] GeV/c . This is
not in disagreement with the data (Fig. 33) which show
an excess of events above 1.6 GeV/c . Here too, a more
detailed analysis mould require larger statistics.

C. Comments on hadrouic production of X(17QQ)

The previous results support the identification of the
observed X(1700) with the fz(1720) although a spin-
parity analysis would be necessary to firmly establish this
hypothesis. If the fz(1720} is associated to the vector
singlet part coo as expected for a glueball candidate, the
ratio of productions is predicted to be

i
A(gfz(1720))/A(cofz(1720))

i

up to a kinematical factor equal to pz or pz if the process
appears in the S wave or D wave, respectively. This naive
calculation predicts that B(J/1t ~pfz (1720) ) /
B{J/f~rof z(1720) ) should range between 0.38 (S wave)
and 0.14 (D wave). Using the result of fit 2 in Table III,
only the S-wave hypothesis is marginally consistent with
our measurement:

B(J/g~P fz(1720) )

B(J//~co fz (1720))

But such an excess of Pfz(1720} production could be due
to a larger coupling of fz(1720) to strange quark as indi-
cated by its small re vs KK decay width.

D. Comparison of pfz(1525) production

with other vector-tensor Anal states

B. Search for J/g~mfz(172Q)

Analysis of the J/f~coK+K, coKsKs decay modes
is presented in Secs. V and VI, respectively. In Fig. 22
the histogram is fitted to a Breit-Wigner amplitude added
to a quadratic polynomial both being weighted by three-
body phase-space and detector eIciency. The parame-
ters obtained for X(1700),

M =1716+21 MeV/c, I =129+39 MeV/c

are well consistent with the fz(1720) ones. One measures

B(J//~cd(1700))B(X(1700)~E+E )

=(2.0+0.6%0.3)X10 ' .

An enhancement in the same mass range is also observed

Pfz(1525) production can be related to other
vector + tensor J/g decays by SU(3) symmetry. In fact,
assuming that fz(1270) and fz(1525) are ideally mixed

tensors, the amplitudes of Pf z(1525), p Az, and cofz(1270)
final states are related, except for an additional kinemati-
cal factor, by the following expressions:

A {cofz(1270))=g +e,
A(p'Az)=A(p+Az )=A(p Az )=g+e,
A (Pfz ( 1525 ) )=g —2h —2xe,

where g is the term without SU(3) breaking (three-gluon
intermediate state, for instance), h is the SU(3)-violating
amplitude due to s quark mass, e is the electromagnetic
contribution, and x is the ratio of u- to s-quark masses
taken equal to 0.62 (Ref. 32). This formalism is the same
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as the one used to analyze vector + pseudoscalar produc-
tion. Then, J/P Qm m

3I (J/g~ ruf2 ( 1270) )R=
r(J/y p'/I', +p+/I; +p-A+ ) Pp

= l.016"

n

with n = 1 for S-wave production and n =5 for D-wave
production. This relation is very well satisfied since
R =1.03+0. 1 (Ref. 23).

Comparison with J/t(~/f 2(1525) partial width is not
so precise since relative strength of g, h, e are not known.
With the reasonable assumption that they are similar to
those measured for vector+ pseudoscalar decays, one
expects

3f'(J/11/~Pf z(1525))
0. 16&

p 0 &0 36
I (J/Q p'Ac+ p+//; +p- a+ )

(S wave),

cv

CV

O

Q
Oi

4

L
r

~ ~ ~

~\

~ ~

~-

~ ~

~ ~

r

~ ~

r ~

C

~ 4

3I (J/peart/f 2(1525))
0.06 & 0. 12

r(J/1( p'Wo+p+a;+p-a+ )—

(D wave),

2 22
(My&+) (Ge V/c )

7 8

which is consistent with the measured value: 0.23+0.02
using the value of ((fz(1525) measured assuming interfer-
ence with the fz(1720) (Table IV) or 0. 14+0.02 without
interference.

X. LOOKING FOR Qrr EXOTICS PRODUCTION

Chanowitz suggested that the Prr system is a good
final state to look for exotic bound states like hybrids. A
J =1,I =1 candidate named C(1480) was recently
observed at Serpukhov in the reaction rr p ~Per n with
Mc ——(1480+40) MeV/c and I c——(130+60) MeV/c .

TABLE IV. Summary of the measured branching ratios.

FIG. 34. Dalitz plot of J/P~Pn+e

The possibility that this state could be a qqqq particle has
been also investigated.

The hadronic J/g decays are a natural place to look
for qqg states since they involve qq and gluons in the in-
termediate state. Figure 34 shows the Dalitz plot for the
J/f~prr+1r decay. No $1r structures are evident. Fig-
ure 35 shows the Prr* mass spectrum of these events and
the expected distribution assuming that the
J/P~rt/rr+rr decay is dominated by the J/tt/~rt/X,
X(~tr+rr ) process. It is in good agreement with the
data, although an excess of events is still present around
1.5 GeV/c with mass and width consistent with the
C(1480) parameters. But the statistical significance of

Final state

PP

/K+K
yKOK'
coK+K
coK K
P(K*K+ c.c.)~PKKrr
P(4s +—

)

/f0(975)(f0~m. +m )

pf2 (1270)
Pr/(1440) [r/(1440) ~KKn ]
pf,'(1525)(f2 ~K+K )

cof2(1525)(fp ~K+K )

QX(1700)[X(1700)~K+K ]
AX(1700)[X(1700)~K+K ]
A@X(1700)[X(1700)~KK ]
'2. 8+0. I without interference.
3 ~ 7+0.15 without interference.

B (10 )

0.45+0. 13+0.07
7.8+0.3+1.2
8.3+0.3+1.3
6.3+0.7+1.6
7.4+0.7+2.3
12.4+2.0+3.1

20.7+2.4+3.0
16.0+ I.0+3.0
7.4+0.9+1.1

2.4+0.2+0.4
&4.5

&2.5
4.4+0.2+0.7'
&1
1.8+0.1+0.3
2.0+0.6+0.3
2.8+0.9

I I I I I t I t

80 . J/((/ @rr+m
L

70

60
50

C)

40

cn 30
20

Ul 10

1.2 1.6 2.0 2.4

Qrr Mass (GeV/c )
2

2.8

FIG. 35. Pm
—distribution in J//~Pm. +m . The curve is

the shape expected by assuming that the J/g~Ps+m. decay
only proceeds through J/Q~QX(X~vr+m ).
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this contribution is too small to claim the existence of the
J/P~ C(1480}ir decay and only an upper limit is given:

B(J/f~C (1—480) it+ )B(C—(1480)~gn' )

( 1.5 X 10 (95%%uo C.L. ) .

XI. SUMMARY AND CONCLUSIONS

Table IV summarizes the branching-ratio measure-
ments presented in this paper. Ualues are consistent and
strongly improve the results from previous experiments.
Although representing a small fraction of all J/g decays
(less than l%%uo), the final states studied in this paper exhib-
it a lot of interesting features.

(i) The nonresonant m.ir production associated with the

P is small [Fig. 27(b)] as expected from the dominance of
connected diagrams which cannot form directly a m.m sys-
tem from ss. Surprisingly, this result is also true for the
OZI-allowed KK production in J/g~PKK [Fig. 27(c)],
whereas the E*Esystem is quite strongly produced with
a phase-space-like dynamics [Fig. 17(c)].

(ii) fo(975) is produced with a large branching ratio
and cannot be correctly fitted by a classical Flatte distri-
bution. A satisfactory analysis with coupled (arm, KK)
channels was performed, including our present
knowledge of low-energy mm physics. ' Our data do not
reject an exotic structure (q q, KK molecule). No addi-
tional narrow object is observed below 1 GeV/c .

(iii) No definite result can be given for a possible
fc(1300) or fz(1270) production in J/f +Ptr+n. ev—en

though a large activity is observed between 1.1 and 1.5
GeV/c .

(iv) No i7(1440) contribution is observed associated
with P. This indicates that this particle does not contain

a large ss component.
(v) A possible contribution of J/i'~ C*(1480)tr+

~Ptr+n is consistent with our data, although no
significant conclusion can be drawn.

(vi} As expected f2(1525), strongly associated with P,
remains unobserved associated to co. This is a clear indi-
cation for dominance of connected diagrams [Fig. 2(a)).
The branching ratio of J/g~Pf 2(1525) is found in good
agreement with the value predicted from SU(3) symmetry
and J/f~cof 2(1270), p A 2 branching ratios.

(vii) A state is observed in the decay J/ttt~toK+K
with mass and width fully consistent with the f2(1720)
parameters. This is a strong indication for cofz(1720) as-
sociated production. An unambiguous identification of
the observed state with the fz(1720) by a spin analysis
has not been achieved, due to the small statistics available
to reliably measure five independent amplitudes with
different momentum dependence. The /f2(1720) produc-
tion is more controversial. The shoulder observed in the
K+K mass spectrum is explained as being produced by
the f2(1720} by assuming an interference between
f2(1720) and f2(1525) amplitudes.
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