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ABSTRACT 

From a study of 2.7 million J/q5 decays with the Mark III detector at SPEAR, 

we have obtained new measurements of the two body decays of the J/$ into a 

vector and a pseudoscalar meson. We present branching ratios for decays to: pr, 

KK*(892), 4~, the previously unobserved modes r$r]~, WV, WV/, w7r”, p”q, and new 
< - - 

upper limits on p”qt and &r”. In the decay J/$ + t/rT+rT-, we observe p” - w 

interference. The collection of measured branching ratios are simultaneously fit to a 

simple model of J/$ d eta y s which includes strong and electromagnetic amplitudes 

and allows for violation of SU(3) invariance. Using this model, we calculate the 

strange and non-strange quark content of the q and ~1 and conclude that (35 f 

18)% of the 71 wave function can be attributed to an additional component, e.g. 

gluonium or radial excitation. The measurement of the WIT’ branching ratio, when 

combined with that of the 77r" decay mode of the w, yields a determination of the 

- w7r” electromagnetic form factor ratio 1 j(q2 = mi,,)/j(q2 = O)l = 0.038 f 0.006. 



1. Introduction 

The J/t,b provides a unique system for the study of hadron dynamics. It is a 

system with well defined initial quantum numbers, devoid of u, d, or s quarks, and 

with sizeable branching fractions into simple modes. Fig. 1 shows the four diagrams 

believed to be mainly responsible for the decay of the J/t). These are: 
,- - m 

~1.. Three--gluon annihilation into hadrons. 

2. Electromagnetic decay proceeding via a single virtual photon. This process 

yields e+e- and p+p- pairs as well as hadrons. 

3. Radiative decay into a real photon and two gluons. 

4. Magnetic dipole radiative transition to the qC(2980). 

The relative rates for these processes are predicted to be 67 : 23 : 8 : 2.l 

This paper reports on the two body decays of the J/S into a vector meson, 

V W*,P,W, 01 4, ~1 us a pseudoscalar meson, P (K, z, q, or ~1). The decays to 

the VP pairs are expected to occur through the 3-gluon or the electromagnetic 

diagrams. Several authors2 have pointed out that glueball and radially excited 

quark-antiquark states could mix with mesons with the same quantum numbers, 

and that the values of the J/+ + VP branching ratios can be used to determine 

the strange and non-strange quark content of the pseudoscalar mesons as well as 

possible additional components. The rate of the J/q5 -+ WA’ decay can be related 

to the w + 77r” decay rate via an electromagnetic form factor if single photon 

annihilation is the only process involved. 

Section II of this paper concerns the experimental details of the analysis and 

determination of branching ratios. In Section III, we discuss interpretations of the 

dati, including evaluation of the quark content of the pseudoscalar mesons2’3 and 

determination of electromagnetic form factors. 
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2. Details of the Analysis 

The Mark III spectrometer is a general purpose magnetic detector designed 

for detailed studies of exclusive final states in the SPEAR energy region. The 

detector is described in detail elsewhere.‘l We limit ourselves here to a brief survey 

of the relevant features. The axial and transverse viewsof-the detector are shown 

fin Fig. 2. - A--low mass inner drift chamber surrounding the beryllium beam pipe 

provides tracking and a first level trigger. The main drift chamber system, in a 

0.4 T magnetic field, measures the momentum of charged tracks over 84% of the 

solid angle with a resolution of ap/p = O.O15~/m (p in GeV/c). Two stereo 

layers and charge division on four of the axial layers provide a measure of the dip 

angle. Charged particle identification is obtained with a system of 48 time-of-flight 

(TOF) counters. These counters, which cover 80% of the solid angle, have a time 

resolution at of 190 psec for hadrons. This provides 3a X/K separation for momenta 

up to 800 MeV/c. 

Between the TOF counters and the solenoid coil is a highly segmented gas 

sampling calorimeter consisting of 24 layers of alternating proportional counters and 

l/2 radiation length lead sheets. Endcap shower counters of similar design extend 

the photon detection capability to 94% of the solid angle. The shower counters 

measure photon angles with a resolution 06 of 10 mrad and photon energies with a 

resolution O,IJ/E of 0.17/a (E in GeV). The shower counter is fully efficient for 

photon energies greater than 100 MeV; this feature is crucial for the reconstruction 

of final states which have several photons. 

Before discussing the analyses of the various specific decay modes, we note some 

common features. In general, the analysis of a given state begins with all events 

having the correct topology for the state (exact number of charged tracks and a 

number of showers equal or larger than that required by the final state). The TOF 
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system is used to distinguish kaons from pions whenever possible. The identification 

of photons is complicated by the fact that charged particlesoften interact in the 

shower counters, producing clusters of hits (“split-offs”) which can be mistaken for 

photon signals. The confusion is minimized by eliminating all photons for which 

the angle between the shower and the nearest charged track is less than 18O or by 

using only the highest energy showers.- When the number of showers is larger than 

that .expected for the final state, the energy of each additional shower is required 

to be small (usually less than 60 MeV). 

The events are kinematically fit by imposing energy, momentum, and any rele- 

vant mass constraints. This fit substantially improves the photon energy resolution, 

which in turn improves the determination of the invariant masses of subgroups of 

particles in the final state. After fitting, the mass resolution is typically 1%. In 

addition, the fits help in the reconstruction of events with spurious photons. In 

such events, all photon combinations are tried in the fit and the confidence level is 

used to identify the most probable set of photons. 

The yield for a specific decay mode is determined from resonant peaks in the in- 

variant mass distributions. Signal yields are extracted using a maximum likelihood 

fit of the appropriate Breit-Wigner shapes, folded with the resolution, and a poly- 

nomial for the background. To study the background, mass sidebands surrounding 

the resonance are selected. 

The detection efficiency for a specific decay mode is estimated by generating 

events of the desired type by Monte Carlo and passing them through the entire 

analysis chain. For the decay J/t) -+ VP, the matrix element in the J/$J rest frame 

is proportional to 2J/$ .2v x ?v,~ where 2,/+ and 2~ are the respective polarization 

vectors, and & is the momentum of the vector meson. With the known decay am- 

pli+udes for the pseudoscalar and vector mesons, all the angular distributions are 

completely determined; the only unknown is the strength of the amplitude. Knowl- 
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edge of the angular distributions is necessary to correctly simulate the detection 

efficiency and also provides a check of the observed distributions. 

The angular distribution of the decay sequence J/$ + VP, V + PP or PPP 

is described by 

d3a 
dcos&r dcos81 dpl. = sin2 01 [l + cos2 8~ + sin2 fv cosJ2pl)] , 

- 
where 8~ is the angle between the vector meson and the positron direction and 81 

and cp1 describe the decay products of the vector meson in its helicity frame. For 

the two body decays, such as p” + ?r+lr- and $I + K+K-, 81 and cp1 are the polar 

and azimuthal angles of the momentum of the x(K) with respect to the helicity 

direction of the p”(4). For the three body decay w + zT+7rT-~‘, 61 and cp1 are the 

angles between the normal to the decay plane and the helicity direction. To fully 

describe the final state, the isotropic distribution from the decay of the pseudoscalar 

meson needs to be combined with Eqn. (1). 

We now turn to a discussion of the details of the analysis specific to each channel. 

Table 1 gives the branching ratios we have obtained from our sample of 2.7 million 

produced J/G%. The statistical and systematic errors pertaining to each specific 

mode are given. The major contribution (M 10%) to the systematic error comes 

from uncertainties in the Monte Carlo simulation. An overall systematic error of 

5.3% arises from the determination of the total number of produced J/+.’ 

2.1 PT AND K*K 

The Dalitz plots of Fig. 3 show that the z+z-z’, K+K-z”, and K$K*zr final 

states are almost entirely dominated by pw and K*K, respectively. Dividing each 

Dalitz plot into three parts, corresponding to the bands of the triangular regions, 

on&finds that the number of events in each charge combination can be determined 

with almost no background. As a check, the ratio p”.lro/p*rF = 0.50 f 0.04 agrees 
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well with the value of 0.5 expected from isospin symmetry. The K**Kr rate can 

be determined either from the decay mode K*?rrK$, where the KS is identified by 

its n+rr- decay, or from the decay to K+K-r ‘. Within the quoted errors, which 

are predominantly systematic, the rates are consistent with each other. 

2.2 wr” AND WV 
7- - m 

_ Both of these decay modes are observed in the topology 7r+7rlr-7777. Looking 

at all combinations and selecting events having a X+X-K’ mass compatible with an 

w, we examine the momentum and msss spectra for the remaining two photons,7 

which are shown in Fig. 4. The recoil momentum spectrum, when fitted with two 

Breit-Wigner shapes, folded with a Gaussian to take into account the momentum 

resolution, plus a linear background, gives the number of WIT’ and WV events. The 

distribution of cos 61, the cosine of the angle between the normal to the decay plane 

and the helicity direction of the w, is shown in Fig. 5. The data agree well with the 

sin2 0 distribution (Eqn. (1)) expected for an w having helicity fl only, as required 

for this decay. 

2.3 qbj AND &r” 

These events are observed in the topology K+K-7-y. Since the kaons from 4 

decays are relatively soft (< 800 MeV/c), they are easily distinguished from pions 

by.the TOF system. Requiring both K’s to be identified by the TOF gives a very 

clean 4 signal.8 The J/l/l --* ~~ decays produce a peak centered at 1.32 GeV/c in the 

momentum spectrum of 4’s recoiling against neutral tracks. A fit to a Gaussian and 

a polynomial yields the first branching ratio given in Table 1. Evidence for the 4q 

channel is also given by the prominent peak at 0.55 GeV/c in the 77 invariant mass 

spectrum for events satisfying a 4C fit to yyK+K- (Fig. 6). There is, however, no 

signal corresponding to the OZI violating9 decay J/T+!J + &r”. The 90% confidence 

level upper limit on this branching ratio is given in Table 1. 
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The decay J/+ -+ t$q is also observed with the q decaying to ?~+A-K’. This 

channel appears in the J/T+!J + K+K-r+?r-lr’ topology discussed in the next sec- 

tion. 

2.4 +ql AND wql 

For these measurements, we identify the ~1 both by;ts decay - 

and its decay 
ql-+ T+x-q 

L (3) 
77 

The 4 and w are identified by their K+K- and a+~-~r’ decay modes, respectively. 

Thus these states appear in the data as events with four charged tracks and one or 

more photons. 

The K+K- invariant mass from our four prong sample is shown in Fig. 7a. 

When fit to a Gaussian and a polynomial background, this distribution yields 

a 4 mass equal to (1.0194 f 0.0003) GeV/c2 and a resolution u = (4.5 f 0.3) 

MeV/c2. For events containing a 4 and satisfying a 4C fit to the hypothesis 

J/t) -+ yrr+-KK+K-, the rr+lr- invariant mass is plotted versus the 7rr+7r-7 mass 

in Fig. 7b. Evidence for the decay (2) is given by the cluster of events with a nr+?r- 

mass consistent with a p” and a 77r+7rr- mass consistent with that of the r]!. 

The analysis of the decay J/$J + 4~t where the T,JI decays via Eqn. (3) proceeds 

in a similar manner, but requires one additional photon. For events satisfying 

a 4C fit to the hypothesis J/t,b --) yyr+~r-K+K-, and containing a 4, the 77 

inv=iant mass is plotted versus the 777r+7r- mass in Fig. 7c. A cluster of events 

which corresponds to the decay J/l/l + -&I can be seen, where the VI decays into 
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q7rr+‘lr-. This scatter plot also shows evidence for the decay chain J/$ --+ q!q, q + 

r+rrT-7ro, x0 + 77 discussed in the previous section. 

In the Monte Carlo calculation of the efficiency, a phase space model is used 

for the decay VI + r~?r $- x -. For the sequential decay ~1 + 7p”, p” --t rT+rT-, the 

Breit-Wigner shape of the p”, the appropriate two body phase space, and the ET 

dependence of the magnetic dipole transition are taken i&dacco<nt. - 

The WV/ decay is somewhat more complicated because of the combinations in- 

volved with the four pions and three or four photons. For the ~1 + 7p” channel, 

events are required to be compatible with the hypothesis J/t) + 77r07r+7r-7r+7r-, 

?y” + 77. The three highest energy showers are used. Only 4% of the events have 

more than one acceptable pairing for the x0 (77 effective mass within 3a = 34 

MeV/c2 of that of the TO). The 77rr+7r - invariant mass is shown in Fig. 8a for all 

combinations where the recoiling ?r”7rr+lr- mass is within 3a (41 MeV/c2) of the 

- w mass. The excesses of events at the mass of the q and q! correspond to the 

decays J/t) + wq and J/$J -+ WV\, respectively. The mass resolution obtained 

from the Monte Carlo simulation is 7.5 MeV/c2 for the q and 13.5 MeV/c2 for the 

~1. Two decay sequences contribute to the structure in the mass region of the r]. 

The decays J/$ + wq, q --$7r+7r- produce a peak centered at (0.550 f 0.002) 

GeV/c2 with u = (7 f 3) MeV/c2, in very good agreement with the value expected 

from the Monte Carlo simulation. The expected number of background events from 

the decay J/ll, + wq, q + 7r07r+7r - in which one of the two photons produced in 

the decay of the q is not detected is in agreement with the number of events and 

the mass distribution observed below 0.52 GeV/c2. Although all 77rr+7r- combina- 

tions are allowed in the mass distribution, none of the events contributes more than 

once. The measured J/T+!J + WV branching ratios, (1.8 f 0.5 f 0.2) x 10s3 for the 

q -77rT+7rT- channel and (1.8 f 0.8 f 0.4) x 10m3 for q -+ r”rr+rr-, are in very good 

agreement with the value (1.9 f 0.2 f 0.3) x 10s3 obtained in Section 2.2. Since 
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the final states for the decays J/~/J + WV, q + 77r+7r- and J/+ -+ wt)~, q! + 7p” 

are identical, these two determinations of the J/T/J + WV branching ratio provide a 

useful check of the J/t,b + wr)t analysis. 

A similar analysis in which the VI is observed in the ~1 + r/r+f?r- channel 

provides another check of the J/t) -+ wt~! branching ratio measurement. Events 

compatible with the 77777r+7rw7r + - ET hypothesis are subjected-to a 6C fit to the - 
hypothesis ?r”qr+lr-7rr+lr-. Th ere are six possible photon pairings. Because 20% 

of the events have more than one good pairing (x2-probability of the fit greater 

than 5%), the combinations which give the two best 6C fits are kept. In a search 

for wr]!, there are four possible combinations of charged pions. The good mass 

resolution after the fit, when combined with the narrow width of the w, allows a 

good selection of events: the fraction of events having more than one w candidate 

(?r+?r-7r” effective mass within 3u = 34 MeV/c2 of that of the w) is 23%. The 

QX+?T- mass recoiling against the w is shown in Fig. 8b. The w sidebands allow a 

check that the VI signal (5 events) does not come from the background. 

2.5 p”q AND p”q+ 

The p”q and p”qr final states, like w7r ‘, have isospin one; therefore these decays 

are electromagnetic in origin. The final state selection is relatively straight forward, 

especially for p”q seen in the 777r + x - channel. The principal complication in the 

analysis occurs because of the presence of the much larger WV channel. The w + 

rT+?r- branching ratio is 1.4%. Therefore interference may exist between the two 

channels, J/+ + POT), p” + 7r+7r- and J/q5 + wq, w --) 7r+7r-. 

The final state X+X-~ is selected by making a 4C fit to the 777rrr+7rr- channel 

an&by requiring a 77 effictive mass within 3u = 30 MeV/c2 of the q mass. The 

resulting K+nlr- mass plot is shown in Fig. 9. The number of wt) and p”q events, 
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NW and NPo, are the results of a fit to the 7rr+lr- mass distribution of the function 

w%+,- ) = LinearBackgtound(m,+,-) + IApo(m,+,-) +--&(m,+,-) x eid12, 

where Apo(m,+,-) is the contribution of the J/+ + p”q channel to the ampli- 

tude, which is given by 
d- 

Npo x BWpo(m,+,- ). The Breit-Wigner amplitudet 

BWpo(m,+,-) describes the p” shape. Similarly, for the J/Q ‘+ wt) channel, 

A;(m,+,-) -= a x BWu(m,+,- ). The relative phase, 4, between the two 

amplitudes, A,0 and A,, has to be determined. 

Before discussing the result, note that because lYw << TP and m, = mp, the 

total number of events NT in the pa-u mass region (background events excluded) 

is 

Nl-=Np+N,+2 

= Npo -I- NW + 0.507 If NpoNw cosr). 

- Using the results from the previous section, we expect that the number of J/t,b + 

WV, w --) rr+?r- decays be NW = NJ/$ x B(J/+ + wt)) x B(w --) nr+rr-) x c = 

(8.9f2.4), h w ere c is the global detection efficiency and NJ/+ is the total number 

of produced J/$. The number of J/$ -+ p”q decays can be estimated, as discussed 

in Section 3, as 

Since NPo is expected to be about ten times bigger than N,, the interference term 

can make a larger contribution to the total number of events than the term given 

t BW(s = m;+,-) = pF*2-.fr(.+ where m is the mass of the resonance. The 

width r varies with energy and is given by I’(s) = rO (g) 3$$$ where rO is the width at 

JS m; PO* and P* are the momenta of the piona in the resonance center of mass at fi = m 

and m,+ *- , respectively. 10 
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by NW. The numbers of J/t) -+ p”q and J/$ -+ WV events determined from the 

fit (Table 2) are in good agreement with the previous estimates. The interference 

term contributes k: 20% of the total decay rate (15 events). 

The p”qt channel is searched for in the final state 777rr+7rr-lr+7rr- where the VI 

is identified by its t/z + - ?r decay. No signal is observed and an upper limit with a 

90% confidence level is given in Table 1. c- - w 
- 

3. Interpretation of Results 

3.1 DECAYS INVOLVING q AND VI 

The OZI-suppressed9 decay of the J/t) into three gluons results in a hadronic 

width which is very much smaller than widths typical of decays of the lighter vector 

mesons. Aside from the OZI suppression common to all hadronic J/$ decays, 

the contribution of doubly disconnected diagrams, like the one shown in Fig. 10a 

where an sl recoils against a non-strange pair, is suppressed relative to that of 

singly disconnected diagrams (Fig. lob) by an additional OZI suppression factor. 

We expect therefore to observe the decays J/T) -+ wf and J/$ + $f’ but not 

J/$ -+ wf’ or J/t) --) 4 f, the tensor mesons being approximately ideally mixed. 

This is, indeed, the experimental situation. l1 The suppression of the disconnected 

diagrams results in a much smaller branching ratio for +r” than for wr” as seen 

in our data. Thus, for two body final states, the OZI rule completely correlates 

the quark flavors in the two states. Since the quark content of the vector mesons 

is reasonably well established, J/$ + VP decays can be used to probe the quark 

content of the pseudoscalar mesons. 

The masses and mixing angles of the q and q! mesons have been a long-standing 

problem. Recently there have been attempts to understand this problem by allowing 

these states to mix with a hypothesized -pseudoscalar state composed of gluons.2j12 
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In Rosner’s formulation2, the meson wave functions can be written 

Iv> = &IN) + K#) + &#) -- 

IV> = X,/IN) + Y,,lS) + &vIG) 

where the basis states are 

IN) 
= 

Iua + da) 
fi , IS) = Isa), IG) = Idluonium~ - 

with normalisation 

for the q and q! separately. If ,%$ = Zrl, = 0, the X’s and Y’s are directly related to 

the traditional pseudoscalar mixing angle. 

The width of the decay J/ll, + VP is given by” 

l?(J/$ + VP) = l 32~~ mJld, 
(4 

with M = gvp mJIJ, ?J/$ - 2~ x & (see Section 2). In Eqn. (4) , only two quantities 

depend on the particular VP final state: the center of mass momentum Pv and the 

constant gyp. We factor out the Pv dependence and write the branching ratio as 

B(J/$+VP)= IAl2 x P;, 

with A = Constant x gyp. The amplitude A, which has contributions from both 

the three gluon diagram and the one photon diagram, can be expressed in terms of 

an SU(3) symmetric strong amplitude (g) and an electromagnetic amplitude (e) .I3 

Their contributions to a specific channel are obtained through a standard SU(3) 

calculation (see Appendix) which yields the result shown in Table 3. SU(3) violation 

hasbeen taken into account by a pure octet SU(3) breaking term. This is equivalent 

to reducing g by a fixed amount h for each strange quark in the final state and to 

12 



multiplying the electromagnetic amplitude contributions, which are proportional to 

the quark magnetic moment p, by different functions of z =. 2 H 2, where m, 

and m, are the strange and non-strange quark masses. 

Because the J/t,b + p”rro and J/~/J + WV amplitudes are identical up to a 

coefficient X,, after correction for the Py” factors, the ratio of their branching ratios 

is14 
< - e 

* 
B(J/11, + w) 

B(J/$ + pore) = xi* (5) 

Similarly, 

B(J/ll, + Pod = x2 

B(J/yb --) no) rl’ (6) 

The values of XG, Xi, and Yt/Y,“l derived from (5) and (6) and similar equa- 

tions are given in Table 4. An overall systematic error of 5.8%, arising from the 

determination of the total number of produced J/$, common to all the branching 

ratios, is not taken into account in this calculation since it does not affect the result 

of the analysis. The X2 values obtained from the 3-gluon annihilation dominated 

decays, porno, WV, and WV!, are in agreement (within 1.40) with those obtained from 

the purely electromagnetic decays, wrr’, p”q, and p’r]!. 

Fitting the measured branching ratios with the set of amplitudes.given in Ta- 

ble 3, we can determine all of the parameters: lg(, lhl, lel, 4(relative phase between 

(g, h) and e), the X ‘s, and the Y’s. An average value is used for each branching 

ratio that is measured in more than one final state. The result of the global fit 

is given in Table 5 and presented in Fig. lla and Fig. lib. The X2-probability 

of the fit is 14%. The parameter x = 2 was fixed at 0.62.15 A 15% change in x 

affects the results by less than 4%. Note that the measured SU(3) breaking Ihl/lgl 

is equal to (21 f6)%, that the relative contribution of the single photon and 3-gluon 

annihilation diagrams is lel/lgl N (13 +l)?’ 0, and that the phase 4 = 1.19 f 0.20 is 
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close to x/2. Adding the non-strange and strange quark contents, we get 

x; + Y; = 1.1 f 0.2 

X;,+ Y;, = 0.65 f 0.18. 
(7) 

The X’s and Y’s can also be determined from the radiative decay widths of 

the vector mesons and the two-gamma widths of the pseudoscalar mesons;2j16 these c - m 
constraints are shown in Fig. llc and Fig. lld. 

Although both determinations agree on the quark content of the q, there seems 

to be a disagreement on the value of IX,,I. H owever, each one of the three evalu- 

ations of IX,,I-d erived respectively from the ~1 -+ 7p", 71 + 7w”, and 71 + 77 

partial widths-depends upon one number, I’(q! + 77), which was used in the 

calculation of the 71 total width. Thus, if I?(~I + 77) were to change by 30%, 

the results would agree. The usual loo pseudoscalar mixing angle corresponds to 

IXq,I N -L a value inconsistent with both the radiative transitions and these mea- 
4’ 

- surements. Unlike the 7, the measured light quark content of the qt, 65%, is 20 

away from unity. This suggests that an additional component is present in the 

wave function of the qt and supports models in which the q and qt are mixed with 

a pseudoscalar glueball or radially excited quark-antiquark states2s12 

3.2 ELECTROMAGNETIC DECAYS 

_ We discuss the wrr’ channel which is electromagnetic and does not have the 

complications of the P’T,I channel, discussed above. This channel also has the best 

measured crossed channel amplitude, describing w + 77r’. 

The electromagnetic current matrix element for the final state is given by 

whme q2 = m2 J/g e, and &(.G) are the polarisation and four-momentum vectors 

of the w(r), respectively. The electromagnetic wr” form factor at q2 = 0 is deter- 
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mined by the w 4 77r" decay rate. Thus, using I’r+P- to eliminate the coupling 

of the J/$J to the intermediate photon, we can measure the-ratio of form factors 

lf(q2 = m&)/f (q2 = O>l: 

3 mJ/,C, ~J/+R 

rW+lry rJ/ti+pp 
F- - 6 

where k7 is the photon momentum in the w rest frame and Pw is the center of mass 

momentum in the w7r” final state. Using our measured value for the branching ratio 

B(J/$ -+ wrr’) and the Particle Data Groupll values for r J/+, rw, m J/$, B(J/$ -+ 

p+p-), and B(w + 77r"), we obtain 

If (“;,+)I 
If KY 

= 0.038 f 0.006. 

Note that this drop in the form factor from q2 = 0 to q2 = m:,$ is about 2.5 times 

greater than the drop in the analogous ?~rr form factor measured in J/$J -+ r+r-.6j17 

This difference in energy dependence agrees qualitatively with the one expected from 

hadronic-helicity conservation.18 
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Appendix 

The different J/t) --+ VP amplitudes are calculated from the effective interaction 

Lagrangianl’ 

t = G * V”Pa + E * da~,SaVbPc 
Y- - e 

where Vu-and Pa are the vector and pseudoscalar nonets, dabc are the SU(3) struc- 

ture constants, and Sa is a spurion field with the photon SU(3) transformation 

properties. G is the 3-gluon annihilation amplitude and E is the electromagnetic 

amplitude, proportional to the quark magnetic moment p. The vector meson nonet 

is assumed ideally mixed. 

The effect of the SU(3) breaking (m, = md # m,) on G is taken into account 

by the extra term 

H - da~,S’aVbPC 

where Sra transforms like the octet 8th component. 

Since p cc l/m, the electromagnetic contribution to a specific channel has to be 

corrected when strange quarks are involved. The calculation is straightforward and 

results in different multiplicative functions of x = ps/pLu that are given in Table 3. 

Finally, g, h and e are defined by 

g=G+s 

h=& 

E” 
e = -. 3 

17 
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Table 1: J/G -+ VP Branching Ratios. 

Unless specified, the r” and v in the final state are identified by their 77 decay 

and the KS by its x + - zr decay mode. The first error is statistical and the second 

one is systematic. The upper limits are given at the 90% confidence level. 

De&y Mode Final State Branching Ratio 

in unit of 10m3 

P= 7r07r+ 7r- 13.3 f 0.3 f 1.5 

K*+K- + c.c . K*?r’fKs 5.0 f 0.25 f 0.6 

K+K-r” 6.0 f 0.3 f 0.7 

K*‘l?O + C.C. K*6Ks 3.9 f 0.2 f 0.6 

Wf) 7r07r+7r-q 1.9 f 0.2 f 0.3 

WV 7r07r+7r-7pO 0.39 f 0.11 f 0.06 

7r07r+7r-q,+,- 0 . 43:g f 0.07 

477 K+K-neutrals 0.69 f 0.07 f 0.08 

K+K-q 0.64 f 0.15 f 0.08 

K+K-?rOlr+?r- 0.61 f 0.14 f 0.08 

&It K+K-yp” 0.39 f 0.10 f 0.06 

K+K-rpr+~- 0.365 f 0.04 f 0.05 

WTO T”?l+7f-7ro 0.67 f 0.06 f 0.11 

POrl 7r+7r-q 0.18 f 0.02 f 0.04 

POV 7f+7r-q7r+7r- < 0.1 

ho K+K-r” < 0.013 
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I 

Table 2: J/$J + I]T+?T-. 

Results of fits to the ~F+x- effective mass distribution. 

The x2 per degree of freedom of each fit is equal to 35/27. 

Fit 1 Fit 5 - * 

NW = 5.0 f 2.4 NW = 8.9; fixed 

Npo = 58.5 f 7.4 N,,o = 49.5 f 6.3 

t$ = 0.4 f 0.5 tj = 0.4f0.5 
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Table 3: J/$ + VP amplitudes. 

Decay Mode Amplitude 

p+?r-; pO7P; p-7r+ 9 +e 
K*+K--. K*-K+ , g -h +e. (2 - x) 

K*oKo; K+oKo g -h -2;. (v) m 

W (9 +ew? 

WV (9 +e)+ 

h (g-2h-2e . x)Yv 

4v (g-2h-2e. x)Yv, 

POrl 3eXq 

POV 3e&t 

W7T0 3e 

4x0 0 
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Table 4: Quark Content of the r] and qt determined from ratios of decay rates. 

Coefficient 

X; = 0.48 f 0.10 
r- - 

x; = 0.29 f 0.09 

x;, = 0.13 f 0.04 

x;, < 0.21 (90% C.L.) 

$j = 0.76 f 0.14 
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Table 5: Results of the Global Fit 

i 

[gl = 1.17 f 0.06 [XVI = 0.63 f 0.06 

Ihl = 0.24f0.07 IYqI = 0.83 f 0.13 

lel = 0.15 f 0.01 &,I = 0.36 f 0.05 

r#J = 1.19 f 0.20 lY,,I = 0.72-f 6.12 - 
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1. 

2. 

3. 

4. 

5. 

6. 

i. 

8. 

Figure Captions 

(a) Three gluon annihilation. (b) Electromagnetic decay proceeding via cz 

annihilation into one photon. (c) Radiative decay into a final state of one pho- 

ton and two gluons. (d) Magnetic dipole radiative transition to the qc(2980). 

The MARK III detector (a) View transverse to the beam tiis. (b) Parallel. 
- 

Dalitz plots for (a) J/+ + ~~7r-r~. (b) J/T/J + K+K-x0. (c) J/$J + 

K*rFKE events. 

(a) The 77 momentum spectrum for J/$ + 77w, w --) rr-t~r-no events. The 

peak at 1.44 GeV/c is from J/t+5 --) wn’, while the one at 1.40 GeV/c is from 

Jill, + wr,r. (b) Invariant 77 mass spectrum recoiling against the w. 

Distribution of cos 81, where 81 is the angle in the w rest frame between the w 

direction and the normal to the decay plane (a) J/ll, + wr’. (b) J/+ + WV. 

The curves are the result of a fit to a second order polynomial which yields 

coefficients in very good agreement with (1 - cos28). 

The 77 mass plot for the two gammas recoiling against the t$ for J/$ -+ 774 

events. 

(a) The K+K- invariant mass for four prong events. (b) The z+zrr- invari- 

ant mass versus the 77r+7rr- mass, for events of the type J/$ -+ 77~+7r-4, 4 + 

K+K-. (c) The 77 invariant mass versus the 777rr+7r- mass, for events of 

the type J/$ + 777r+7r-4, q5 + K+K-. 

(a) The 77r+7r- invariant mass recoiling against the w for events of the type 

Jlti -+ 7z+7rr-w, w + z”?r+x-. (b) The qrrT+zT- invariant mass recoiling 

against the w for events of the type J/t+b + q?r+lr-w, w -+ ?~‘T+T-. 

26 



9. The m-t,- invariant mass for events of the type J/$J --) 7rr+rr-q. The curves 

represent (a) IA,o + Awl2 + background. (b) IApo12 + background. 

(c) l&l2 + background. (d) background (See text). 

10. (a) Doubly d isconnected diagram. (b) Singly disconnected diagram. 

11. Constraints on X and Y: (a) and (b) from J/$ 1, VE decays (c) and 

(d)from radiative transitions. The shaded line in Part b corresponds to the 

90% confidence level upper limit on XV/ given in Table 4. In Part c, the two 

vertical bands correspond to the two possible solutions for I’(p’ --) 7~) (see 

Ref. 15). qr(q ) h s s ows the quark content expected for a pure singlet q! (octet 

11). The loo pseudoscalar mixing angle predictions are also shown. 
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