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Abstract 

New results are obtained for the decays .I/$ -+ a+~ and J/3 -+ K+K-. 

The first observation of the decay J/t,b + KiKl is reported. Branching ratios 
c - m 

-are measured to be (1.58 f 0.20 f 0.15)x10-“, (2.39 f 0.24 f 0.22)x10e4 and 

(1.01 f 0.16 f 0.09)x 10m4, respectively. The corresponding electromagnetic form 

factors are IF+1 = (11.9h1.5hO.9) x 10s3 and lF~‘j’ = (20.9f2.lf1.5) x 10s3. 

The Kg-K; transitionformfactor IFK;+X;la = (8.9f1.4f0.5)x10A3 is obtained. 

A 90% confidence level upper limit of 5.2x lo-’ is given for the CP-violating decay 

J/$ ---) K;K;. These form factors are substantially larger than expectations 

based on vector dominance and indicate large SU3 breaking effects. 

1. Introduction 

We report a high statistics study of the J/$ decays into two pseudoscalar 

mesons: 

J/@ + ?r+fr- (1) 

+ K+K- (2) 

-+ K;K; (3) 

--+ K;K; (4 

The G-parity violating rT+rT- -mode and the SUs-forbidden K+K- decay have 

been observed by previous experiments “J with branching ratios of the order - 
10-4. The suppression of these channels relative to direct J/$ decays by 

a factor of ten and the lack of observation of the KiKi mode suggested 
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an electromagnetic origin for these decays and the SU3 singlet nature of the 

J/p To the extent that processes (1) - (3) proceed entirely through the 

electromagnetic interaction, their rates relative to J/q? + p+c(- directly measure 

the electromagnetic form factors of the pseudoscalar mesons. These form factors 

are of considerable importance as tests for models of mesonic wavefunctions used 

in QCD calculations.“‘51 In this paper we present measurements of branching 

ratios for processes (1) - (3), the electromagnetic form factors, the scattering 

angle distribution of reaction (3) and an upper limit on the CP-violating decay 

2. The Apparatus 

The Mark III detector,161 located at SLAC’s SPEAR storage ring, and its 

components have been fully described elsewhere.‘7-‘81 We therefore summarize 

here only those elements relevant to this analysis. Figures la and lb show cross 

sections of the spectrometer. Momenta of charged particles are measured in two 

cylindrical drift chambers placed in a solenoidal magnetic field of 4‘ kG, which 

cover a solid angle of 0.84 x 4a sr and provide a momentum resolution of 

6P - = 40.015” + o.0152 p’ 
P (5) 

where p is in GeV/c. The first term in (5) is due to multiple coulomb scattering 

and the second is due to measurement errors in drift chambers. Charged particle - 
identification is obtained with a system of 48 time of flight (TOF) scintillation 

counters. These counters cover 80% of the solid angle and provide a time 
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resolution of 190 ps for hadrons. This resolution allows a a/K separation of 

1 c at a momentum of 1.5 GeV/c. Between the TOF counters and the coil of 

the solenoid is a gas sampling electromagnetic calorimeter consisting of 24 layers 

of alternating 0.5 radiation- length lead sheets and proportional counters. The 

-energy-resolution, 6E/E, is 0.17/a where E is the photon energy in GeV. This 

calorimeter, complemented by endcap shower counters of similar design, covers 

94% of the solid angle. The magnet is surrounded by two layers of proportional 

tubes separated by 13 cm of steel. This muon detection system covers 65% of the 

solid angle. The data were taken with two trigger conditions. The first requires 

the existence of one track in the drift chamber in coincidence with a signal from 

a TOF counter. The second requires two tracks to be found in the drift chamber. 

3. Flux Determination 

3.1 TOTAL NUMBER OF PRODUCED J/$‘s 

The data sample was taken in two separate runs. One block, recorded just 

-after completion of the detector in 1982 consists of 0.9 x lo6 produced J/$‘s. The 

second set, taken in 1983, contains 1.8 x lO’J/$‘s. We describe the method used 

to evaluate the flux only for the 1983 data since the corresponding number for the 

1982 run is obtained by comparing the number of p+c(- pairs observed in the two 

runs (see section 3.2 below). Since the backgrounds from beam gas interactions 

and cosmic rays as well as trigger efficiency and reconstruction systematics vary 
- 
with the number of tracks, the data were first divided into one prong, collinear 

two prong, non-collinear two prong, three prong and four or more prong events. 
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Four hundred one prong, 2600 non-collinear two prongs, 1600 three prongs and 

1400 events with more than three prongs were then visually scanned to determine 

the backgrounds and systematics of the reconstruction program. The trigger 

efficiency is determined from a sample of - lo5 $’ eve&s.-Using the decay mode 

$’ + z -+ - A $, the trigger efficiency is measured by tagging the two charged pions 

and then determining the trigger efficiency of the remainder of the event. For 

J/+ decays with more than two prongs, the trigger efficiency is unity within the 

experiment al uncertainty. For two prongs it is (95 f l)% and for one prongs 

(83 f 8)%. Th is method yields, in addition, the fraction of zero prong J/$ 

events (on which the Mark III detector does not trigger) to be (3.5f0.5)%. The 

number of collinear two prongs is derived from the number of pL+p- pairs (see 

below) assuming that the branching ratios of J/t,b ---, p+p- and J/$ --) e+e- 

are equal. The results are summarized in fible I, where the errors are statistical 

only. Scaling the 1982 sample with the number of p+p- pairs yields a combined 

flux of (2.71 f 0.06 f 0.15)x10g produced J/T/ ‘s. The quoted systematic error 

corresponds to a 20% uncertainty for the background subtraction. 

3.2 TOTAL NUMBER OF p+p- PAIRS 

The sample of J/$ -+ p+p- is selected by requiring that events satisfy the 

following conditions: 

1. There are two and only two oppositely charged tracks. 

- 
2. The acollinearity of the tracks is less than 3”. 

3. The momenta of the two tracks are between 1.408 GeV/c and 1.676 GeV/c. 
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4. At least three of the four muon layers have hits associated with these tracks. 

5. For both tracks 1 c0s0~I is less than 0.5 where 8, is the polar angle of the 

track. (This condition defines the accept ante of the muon detector for this 
Y - e 

analysis.) - 

6. The time difference of the two tracks measured in the TOF system is less 

than 3 ns. (This eliminates cosmic ray cant amination.) 

7. Both tracks have measured shower energies in the barrel shower counter 

less than 0.735 GeV. (This reduces contamination by e+e- pairs.) 

The acceptance is determined from Monte Carlo events to be (39.8 f 0.7)%. 

The acceptance corrected number of p+p- pairs then is (152.8 f 1.6 f 5.1) x 103. 

Radiative corrections have not yet been included. The angular distribution of 

the p+pL- pairs for part of the data is shown in Figure 2 together with a fit of 

the form dN/d cos 0, oc 1 + A cos’ op. The best fit is A = 1.03f 0.05 in agreement 

with expectations from QED and the quantum numbers of the J/g. 

4. Analysis of the J/q3 + x+x- and J/$ --+ KSK- Final States 

4.1 EVENT SELECTION 

The cuts applied to the raw data are required to reduce backgrounds from 

the leptonic decay modes J/S + e+e- and J/$ -+ pL+p- with branching ratios 

of 7 %[I’] and to a lesser extent from the J/$ + pp decay, which occurs with a - 
branching ratio of about 0.2 %.‘14’1’1 Other possible background sources are the 

three-body decays J/tc, + p*rF and J/$ + K*K*T(892) with branching ratios 
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of 1.0 % and 0.34 %.1’*‘161 The accepted T+~F- and K+K- pairs are required to 

have the following characteristics: 

1. Two back-to-back (acollinearity less than 10”) oppositely charged tracks. 

This cut mainly removes contributions from plr and-KK;(892) final states. - 

2. The normalized shower energy ENORM = ESHOWER x 1 sin 81 is less than 

0.350 GeV for both tracks. This cut removes events of the type J/$ + e+e- 

very efficiently (c.f. quantitative discussion of backgrounds below). 

3. None or only one of the muon layers is hit. 

4. Each track has 1 cos0l less than 0.5. 

5. Each track has 1 cos 01 greater than 0.04. This accounts for the dead space 

in the barrel shower counter at 90” where there is structural support for 

the lead sheets. Electron-positron pairs (called Bhabhas hereafter) in this 

region heavily cant aminate the hadron pair sample. 

6. The measured momenta of both particles satisfy 1.34 GeV/c < p < 1.75 

GeV/c. The lower cut removes J/+ ---) pp events and the upper cut removes 

the remaining cosmic ray background. 

The surviving events are then subjected to a 4-C kinematic fit to the 

hypotheses J/$ + T+A-, J/(cl -+ K+K- and J/$ ---) pp. No events are found 

with a satisfactory x1 for the pp hypothesis. Figure 3 shows the scatter plot 

of the x’ for the remaining two possibilities A+A- and K+K-. The hypothesis 

with the smaller x3 is chosen. Monte Carlo studies justify this procedure (see - 

below). The lower x’ is also required to be less than 30. A check of the r - K 

separation is possible by calculating the square of the mass for each particle from 
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the measured flight time and momentum. This is shown in Figures 4a and 4b. 

The peaks for the a and K sample are correctly centered at the appropriate 

masses. The separation of the two peaks is la, corresponding to the measured 

resolution of the system. Y- - m 
_ 

Finally, the surviving 102 ?r+a- candidates and 118 K+K- candidates are 

visually inspected to eliminate remaining e+e- and p+p- pairs. 26 p+p- events 

are eliminated by this scan because of misassociated tracks in the muon system. 

This number agrees with expectations from multiple coulomb scattering in the 

detector. After removing these events our final sample consists of 84 K+~F- and 

110 K+K- events. 

4.2 BACKGROUND ESTIMATION 

Since the momentum difference between leptons and pions in the decays 

J/T/J + leptons and J/q? -+ A+A- is less than 0.006 GeV/c, momentum 

measurements alone cannot be used to distinguish muons or Bhabhas from pions. 

e+e- pairs 

The e+e- contamination of the pion signal is estimated by measuring the 

shower energy for Bhabhas. Bhabhas are tagged by requiring that the modulus 

of the vector sum of the two charged particle momenta is less than 0.1 GeV/c. 

In addition, one track is required to deposit more than 1.2 GeV into the shower 

counter and both tracks must satisfy the same solid angle cuts that are applied 

2 the J/t) -+ ?T+C and J/$ --+ K+K- signals. This results in a sample of 

33,800 tagged electrons. The low energy end of the spectrum of the normalized 

deposited shower energy, E,,,,,, for the non-tagged electron is shown in Figure 5. 
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The low energy enhancement is attributed to spurious photons, events of the type 

J/$ -+ ye+e-, and, of course, to some of the meson decays that are the subject of 

this paper. From this spectrum the measured probability for a single 1.55 GeV/c 

electron to deposit En,,, less than 0.350 GeV is smaller than @2:8 f 0.3) x 10m3. 

With an estimated number of 90,000 Bhabhas (using less severe cuts than for 

tagging electrons) this yields a background of at most 0.7 events. This is an 

upper limit because we do not know how to separate the various contributions. 

High energy pions and kaons can “punch-through” and be detected in the 

muon system. On the other hand, high energy muons might not be detected 

by the muon system. Inefficiency of the muon system can arise from hardware 

limitations and software reconstruction errors. The muon system measures the 

azimuth angle 4 and the z coordinate for each hit. Hits must be associated with 

charged tracks within 3a of the expected coordinates to be accepted as muon 

candidates. Because the p+pL- rate is so large compared with the two-body 

hadronic modes of the J/$J, a small inefficiency of the muon detection system 

can result in a large leakage into the di-hadron signal. 

To estimate muon contamination of the T*A- data sample, the individual 

probabilities for a muon to hit either zero or one muon layer are measured as 

follows. Muon events are tagged as high momentum collinear events with one 

track having a hit in both muon layers. The other track is then used to determine 

the probability for a muon to hit zero or one layer. Muon hits are determined by - 
visually scanning event pictures. This procedure yields a probability of 3 x 10S2 

per track for one layer to be hit, and a probability of 4 x 10m4 per track for no 
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layer to be hit. W jth 60,000 pc(+~- events in the relevant solid angle this leads 

to an estimats2 Lx?qi*ound of 1.4 muon pairs in the rT+7rT- sample. 

p*sF and K*K*T(892) final states 
c - e 

The possible contribution of these events is estimated using a Monte Carlo 

simulation. On the basis of no events found to simulate the T*A- or K+K- 

final state an upper limit of four events for the A+K- case and 2.5 events for the 

K+K- case can be placed at a 90% confidence level. 

4.3 ACCEPTANCE CALCULATION 

Solid angle and reconstruction efficiency 

The acceptance is determined from a Monte Carlo simulation. This simu- 

lation includes A* + P*V and K* + P*V decays and the 4C fit procedure 

described earlier. The results are 0.622 f 0.017 for the B+A- final state and 

0.502 f 0.016 for the K+K- case, assuming a sin2 8 distribution. 

Hadronic Signature 

The acceptance of the cuts for a hadronic signature in the shower counter is 

measured using the high momentum pion from the decay channel J/$ + p*lrT 

and the high momentum kaon from the decay channel J/$ + K*K*F(892). The 

results are 0.391 f 0.008 for ~r+a- and 0.434 f 0.019 for K+K-. This acceptance 

does not include the solid angle. 

Hadronic Punch-Through 
- 

An estimate of hadronic punch-through is made as follows: First, punch- 

through, as determined with the off-line reconstruction program, is estimated 
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using high mom&urn pions and kaons from the decays J/$J ---) p*.rrF and 

J/+ -+ K*K*“‘(?492). The cuts used to isolate these events are described 

elsewhere. [I61 The punch-through probabilities for pions and kaons based on this 

analysis are 0.172 f 0.002 and 0.225 f 0.006, respectively: - 
- 

Secondly, the loss of signal resulting from the visual inspection is estimated 

with a scan of about 100 events of each of the modes J/$ --) p*aF, K*K*F(892). 

The result of this scan is a loss of (9.9 f 0.3)% of the pions and (2.3 f 0.02)% of 

the kaons. 

Combining all these results from the previous discussion finally yields an 

acceptance of (0.181 f 0.009) for the A+A-, and (0.165 f 0.010) for the K+K- 

final state. 

4.4 RADIATIVE CORRECTIONS FOR J/$-+~+c(-, ~+a- ANI) K+K- 

Radiative corrections must be calculated for the case of radiation from the 

final state only. Because we are interested only in ratios of branching ratios, 

corrections for radiation from the initial state cancel due to the small width of 

the J/$. The corrections are calculated according to”” 

k 

(6) 

where 6, is the zeroth order cross section, t = c . (In $ - 1) (ar is the fine 

gtructure constant), m = mP*, m,+, or ?nKlt , E is the beam energy, k is the 

energy of the radiated photon, and k,,, is the maximum possible unobserved 

photon energy. The quantity k,,, is slightly different (0.261 GeV for ,YL+~-, 
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0.141 GeV for T+T-, and 0.196 GeV for K+K-) for the three reactions due to 

the different particle masses and different procedures used to identify the final 

states. Formula (6) yields corrections of - 5.0 % for the /A+P-, - 5.8 % for the 

lr+f-, and - 2.7 % for the-K+K- final state. c - - 

5. Analysis of the J/t,b -+ KiKi Final State 

5.1 EVENT SELECTION 

The decay J/t+b --) KiKj$ is identified by the reconstruction of the decay 

Ki --+ x+~F- with the correct Ki momentum of 1.468 GeV/c. The main 

backgrounds are the decays J/t,b + p”ao where the p has a recoil momentum 

of 1.449 GeV/c, and J/tc] + Kg K*‘(892) + K~K~A” where the Ki has a recoil 

momentum of 1.373 GeV/c. The branching ratios of these two processes are 

large compared to the KgKi signal; stringent cuts therefore must be applied 

to isolate the signal. Other contributing backgrounds are any decays of the 

form J/$ ---) a+~-+ photons. These backgrounds are distinguishable from 

.J/$J -+ KiKi when two or more photon tracks in the shower counter are 

detected. 

Figure 6 provides an illustration of the relevant geometrical information used 

for shower counter tracks. For this analysis, two quantities are determined using 

shower counter information. The first is the number of photons Nr. Interacting 

charged tracks can generate nearby hits which can be misinterpreted as photons. - 
Therefore, a region (I) is defined where photons are not counted. Region I (see 

Figure 6) is a cone of half-angle 6 centered on charged tracks where cos 6 = 0.95. 
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The second quautity (M) is the invariant mass of that pair out of all possible 

photon pairs which izl closest to the mass of the A’. Since an interacting Ki 

produces hits which can be misidentified as photons, a second region (II) is 

defined. It is a cone centered on- the missing momentum with half-angle E and 

cos E 5 0.995. Photons in this region are not included in the calculation of M. 

However, they are included in the quantity Nr. 

Selected events satisfy the following criteria: 

1. There are two and only two oppositely charged tracks. 

2. The invariant mass for the pair is in the range 0.470 GeV/c2 < mlrlr < 

0.520 GeV/c2, assuming each charged track is a pion. 

3. Charged tracks form a secondary vertex separated from the beam axis by 

more than 9 mm in the zy-projection perpendicular to the beam. The 

distribution of the distance R,, of the secondary vertex from the beam 

is shown in Figure 7 for events satisfying criterion 1. We have checked 

our vertex finding efficiency by measuring the Ki lifetime from the mode 

J/T,$ + K;K*‘(892). Figure 8 shows a comparison of data and Monte 

Carlo events. 

4. The mass M is outside the interval 0.11 GeV/c2 < M < 0.17 GeV/c2. 

5.2 SIGNAL DETERMINATION 

Figure 9 shows the resulting Kg momentum spectrum after cuts. The effect - 
of requiring progressively fewer photons is shown in histograms a) through f). 

There is a peak at a momentum of 1.47 GeV/c for all NT and another more 
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rapidly decreasing peak at 1.37 GeV/c that finally vanishes when Nr = 0. The 

high momentum peak arises from J/$ * KiKL while the lower one is due to 

J/q5 ---) K;K*‘(892). 

We want to obtain the- largest unbiased sample’bf -KiKi events possible. - 

In order to study the backgrounds for each Nr, a maximum likelihood fit is 

made with the hypothesis of two Breit-Wigner shaped peaks folded with the 

resolution plus a quadratic background. The KK’(892) momentum peak is fixed 

at 1.373 GeV/c and the momentum width of the K*(892) at 0.016 GeV/c. The 

position and the area of the KiKi peak is determined by the fit, with its intrinsic 

momentum width fixed at zero. The sigma for the KK*(892) peak is fixed at 

0.020 GeV/c. In the KgKi region the momentum resolution is determined by 

the fit. From Table II one sees that the fixed momentum resolution agrees with 

the fitted sigma of the KiKi peak. For Nr 2 4, the angular distribution of the 

Ki in the signal region is shown together with a Monte Carlo simulation for a 

sin’0K; distribution (see Figure 10). Nr 2 4 is chosen for the calculation of 

the branching ratio. Note that the Ki KL signal for Nr = 0 is significantly lower 

than that for Nr = 1. This is a result of KL interactions which produce a photon 

signal in Region II. The probability that a Ki will produce a detectable signal 

in the shower counter, estimated from a sample of identified Ki in the decay 

sequence 

J/9 --) K; K*‘( 892), 

L Kf33 
- 
is found to be about 50%. This is in reasonable agreement with the observed 

decrease in the KiKg signal in the distribution with Nr = 0. 
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The acceptance for the decay J/$ + KiKi is determined using the Monte 

Carlo procedure to be 0.269f0.010. This simulation does not include criterion 4. 

- 
6. Analysis of the KiKi Finat State - 

Candidates for this CP-violating decay satisfy the following conditions: 

1. There are four and only four charged tracks with net charge zero. 

2. There are two and only two neutral effective mass combinations per event 

with 0.47 GeV/c2 < M,+,- < 0.52 GeV/c2 assuming the particles to be 

pions. 

3. There are two detached vertices with I&, > 9 mm each. 

4. The remaining events are then subjected to a 4C-fit to the hypothesis 

J/$ + K;K;. Figure 11 shows the resulting Kt Ki invariant mass 

spectrum for events with a X’ less than 30.0. There are no events 

with mK-$ greater than 3.00 GeV/c2. The acceptance E = 0.165 f 

0.02 is calculated with Monte Carlo events generated with a flat angular 

distribution. 

- 
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7. Summary of Results and Discussion 

We summarize the results on the four pseudoscalar-pseudoscalar channels in 

Table III. The results are given both as branching ratios and electromagnetic F- - 6 
form factors IFhI, defined by”” 

a(e+e- 4 h+h-) = a(e+e- -+ p+p-) x ~IW, (7) 

where ph is the velocity of the hadron. Our results are in quantitative agreement 

with previous experiments for the A+B- and K+K- final states.11’01 Assuming 

these decays are electromagnetic (for a discussion of gluon contributions see 

elsewhere) ” ” we compare our measured form factors with a simple pole model 

inspired by vector dominance’“” 

(8) 

where Ai = s - rng, thus neglecting the small imaginary part of the form factor 

far away from the pole. 

Evaluation of (8) gives IF+]’ = 4.3 x 10m3, IFK*]’ = 7.2 x 10m3, and 

I FKO 1’ = 0.36 x 10s3, in clear contradiction to our measurements (see Table III). 

Our results are consistent with the results from the Orsay’“1 and Novosibirsk - 

groups [,OJS1 in the 1-2 GeV CMS energy region which indicate the existence of 

higher mass vector mesons, thus giving a larger form factor at the J/$ mys. 
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In first order QCj; calculations”“’ the meson form factors are related to the 

pion (kaon) decay constant f’(K) by 

Taking Eq. (9) at face value requires a#(&‘) - 2 to explain the magnitude of 

the measured form factors (with f’ = 0.093 GeV and f~ = 0.113 GeV). Since 

the relevant value of Q’ in this expression is not obvious”“’ we form the ratio 

(2)” = (5) = 2.18 from Eq. (9) in which Q’ is not an explicit variable. This 

number is compatible with our measured value of 1.77f0.29f0.15. This result for 

the ratio is free of flux uncertainties and most of the possible systematic errors. 

However, the derivation I”’ of Eq. (9) assumes only even terms in the mesonic 

wavefunctions. This assumption also implies a vanishing rate for J/$ --) KiKL 

which we observe with a sizeable branching ratio.“” Our data thus indicate that 

the neglected odd components are important for the kaon wavefunction. This 

may not be too surprising since the masses of the strange quark and the up and 

down quarks are quite different. 

In another approach I”’ based on mixing of the J/$ with vector mesons, 

predict ions have been made for the three modes investigated in this experiment. 

From this model branching ratios of 1.2 x 10B4 for the T+A-, 2.7 x 10m4 for 

the K+K-, and 0.4 x lo-* for the KiKl final state are predicted. There is 

reasonable agreement with the data for the ?T+A- and K+ K- cases, whereas the 

calculation falls short for the Ki Ki channel by a factor of 2.5. 
- 

Finally, an upper limit of 5.2 x 10s6 is given on the forbidden decay J/$ ---) 

KgKi. CP-violation”” predicts a J/4 + KiKi rate of a few times lo-‘. It 
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has been suggested”” that a mechanism related to the Einstein-Podolsky-Rosen 

hypothesis “” could iead to KiKi events at a rate of a few times 10w8. The 

sensitivity of our experiment is not sufficient to probe this regime of branching 

ratios. 
- 

F- - 
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Table I: Event classes and backgrounds of the 1983 data only 

Class RAW Background Population 

> 3 prongs 1,015,372 44,676*15,027 970,696f15,027 

3 prongs 261,974 122,604*23,663 139,370*23,663 

inelastic 2 prongs 586,400 245,702f40,049 363,098*40,122 

elastic 2 prongs 206,976 1167f55 205,809 f 10,709 

1 prong 92,306 53,537f8,4QO 46,910 f 8,490 

0 prong 60,575 f 8,654 60,575 f 8,654 

c (1.79f.05) x lo6 
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v- - 

Table II: J/t) + KiKi Signal and Background Summary 

Number Number KSKL KSKL 

of of Mean Sigma 

KK’ Events KS KL Events Momentum Momentum 

(GeW w%) 
58 129f16 71.7f10.3 1.472 f 0.003 0.020 f 0.003 

-<4 124fl4 73.7fll.O 1.472 f 0.003 0.020 f 0.003 

53 107f17 65.191 13.0 1.471f0.003 0.019 f 0.003 

52 68f15 61.1 f 12.0 1.470*0.003 0.018 f 0.003 

Ll 15fQ 64.3 f 8.4 1.469f0.003 0.019 f 0.002 

0 Of5 39.4 f 8.4 1.468f0.003 0.019 f 0.003 

- 
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Table III: Event numbers, branching ratios and form factors 

Final State Events Corr. Events Acceptance BR ggg x 10’ IF,,l’ x lo3 

11.85 f 1.50 310.91 

20.94 f 2.10 f 1.54 

8.9 f 1.4 f 0.5 
- 
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FIGURE CAPTIONS 

1. A cross sectional view of the Mark III detector, (a) transverse to beam axis. 

(b) parallel to beam axis. 
F- - s 

- 2. Polar angle distribution of c(+p- pairs. 

3. Scatter plot of the x’ for the z+z- hypothesis versus the x’ of the K+K- 

hypothesis. 

4. TOF m” for (a) ~+a- events (b) K+K- events. 

5. Normalized deposited shower energy for unbiased e+e- pairs. 

6. Example of a J/$ ---) KgKL event with interacting Ki. (For reasons of 

clarity the regions I and II are not to scale) 

7. Transverse distance of vertex from beam line. The shaded area contains 

excluded events. 

8. Ki decay time for data and Monte Carlo events from the mode J/$ + 

K;K*’ (892). 

- 9. Ki momentum spectrum as a function of the Nr cut. 

10. Angular distribution for Ki’s for 1.44 GeV/c < pK- < 1.54 GeV/c. The 

full line shows the Monte Carlo curve for a sin’ 6’ distribution. 

11. Invariant KgKi mass spectrum in 0.05 GeV/c2 bins. The insert shows the 

upper end of the same spectrum in 0.01 GeV/c2 bins. 

- 
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