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1. Introduction 

The $(3095), hereafter denoted by the symbol $, is now usually 

interpreted as a bound state of a charmed quark and a charmed anti- 

quark (cc). The discovery of the charmed mesons D and DA. gives 

considerable support to this interpretation. 192 The study of the 

exclusive states from $ decay is therefore of great interest: the 

relative branching ratios and other properties can in fact be compared 

with those expected from a cc bound state. Since its discovery 

several decay modes of the II, have been measured. We have already 

reported' studies of the multi-pion decays of the JI which established 

that: (a) isospin is conserved in $ hadronic decays and (b) the $ 

has isospin zero as expected from the cc model. We have also reported' 

measurements of the branching ratios for a number of mesonic decays 

of the econtaining kaons, w, 0, etc. This study showed that the $ 

follows the general pattern of behavior expected for the decay of an 

SU(3) singlet via an SU(3) symmetric interaction. 

In this paper we present the branching ratios for a number of 

baryonic decay channels of the JI. The sum of these decays accounts 

a few per cent of all $ decays. Their study 

presents several interesting features. The angular distribution of 

the pi and A% collinear pairs gives information about the form of the 

baryon coupling to the $. The comparison of the Ax and Car\ decay 

rates is an independent measure of theqisospin, and the comparison of pp 

and Ax decay rates provides additional information on the SU(3) character 

of J, decays. The relative amount of ppn and pin1 compared with ppn" 

. - 
and PpW is a possible test of the.hypothesis that the n and nr mesons 

have a non-zero cc quark content.5 
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11. The Apparatus 

The data presented here are based on the analysis of approximately 

150,000 hadronic decays of the $, recorded by the SLAC-LBL Magnetic 

Detector operating at the SLAC electron-positron colliding beam facility 

SPEAR. This sample corresonds to an integrated luminosity of 150 nb -1 . 

The general properties of the detector have already been published. 496 

We will summarize here the relevant elements, with emphasis on the parts 

which are essential for proton and A detection. 

Figure 1 shows a cross sectional view of the detector. The magnet 

is a solenoid, with a one radiation length thick coil, coaxial with the 

beam, 3 m long, 1.7 m in radius, and provides a field of about 4 kilogauss, 

which is uniform to a few percent. 

The momentum and direction of the charged particles produced in the 

collision region are measured in two cylindrical proportional chambers 

and four sets of cylindrical wire magnetostrictive spark chambers. Each 

set of wires has two gaps (4 wire planes), one with a 2O stereo angle and 

one with a 4' stereo angle. 

Just inside the coil are a set of 48 scintillation counters (2.6 m 

long, .23 m wide, at a distance of 1.5 m from the beam), which provide 

the trigger signals and time-of-flight (TOF) information for particle 

identification. 

Outside the coil there is a hodoscope of 24 lead-scintillator 

shower counters, each consisting of a sandwich of five 0.64 cm thick 

(about one radiation length) lead sheets and five 0.64 cm thick plastic 

scintillator sheets. These counters are .48 m wide and have an active 

length of 3.10 m. Their signals are sent to the trigger circuitry and 

are also used to identify electrons and photons. Outside the shower 

counters there is the iron flux return and the muon identification 
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system. The trigger normally requires signals in the pipe counters (which 

surround the vacuum chamber) in time with the beam crossing and two or 

more coincidences of trigger counters with a backing shower counter. 

To satisfy this trigger condition, an event must have two or more charged 

particles with momenta 5 200 MeV/c (if pions). In 

the case of protons this momentum threshold is higher because to reach 

the trigger counters a proton must have at least Q 350 MeV/c (the beam 

pipe, thepipecounters and the proportional chambers have a combined 

thickness of 1.9 gm/cm2). In order to give a pulse in both the trigger 

counter and the associated shower counter a proton must have at least 

%680 MeV/c. On the other hand, an antiproton which reaches the trigger 

counter has close to unit probability to give a signal in the associated 

shower counters because ofthe highlikelihoodofinteraction. In order to 

symmetrize the trigger for the pp inelastic pairs, themorerecent sample of 

data (about 2/3 of the total) has been taken with a looser trigger re- 

quirement, i.e. two signals in the trigger counters, but only one trigger: 

shower coincidence. 

The momentum resolution for tracks which originateinthe beam inter- 

action region is a(p>/p = 0.013 x p (in GeV/c). It is poorer by about a 

factor two for the decay products of long-lived particles such as h's, 

since in this case the beam-beam interaction point cannot be used as a 

constraint in the fit to the track. Below 110 MeV/c the resolution without 

the beam position deteriorates rapidly, being ~12% at 75 MeV/c and +20% at 

55 MeV/c, since the track no longer traverses all the chambers. 

III. Particle Identification 

A) Protons 

The protons and antiprotons are identified on the basis of the joint 
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measurement of time-of-flight (TOF), momentum and path length of the 

tracks. 

The TOF is calibrated using e+e- collinear events from Bhabha 

scattering. A number of software corrections are applied to the measured 

TOF in order to optimize the resolution of the system. The time measured 

from each photomultiplier is corrected using the pulse height information. 

The values obtained from the two photomultipliers of the same counter are 

then averaged. This average is performed taking into account the point 

of impact on the counter. Calibration constants for each counter are 

monitored on a run by run basis to maintain the resolution at its optimal 

value over long periods of time. Figure 2 shows a typical plot of the 

mass squared obtained from the measurement of TOP and path length as a 

function of the track momentum. The three bands correspond to pions, 

kaons and protons. At a momentum of 1.23 GeV/c, corresponding to pi 

pair production from the J, and hence to the maximum possible proton 

momentum, the difference in time between a kaon and a proton is about 

2.5 s.d. (the resolution of the TOF is typically .35 nsec). 

To select the sample of events to which this analysis refers, we 

have used the following criteria: we have selected all Jo events, which 

contain at least one track with momentum less than 1.35 GeV/c whose 

time-of-flight corresponds to a proton within four standard deviations. 

This selection leaves a small kaon contamination, which is however 

negligible for events which have both a proton and antiproton candidate. 
- - 

In some cases, as for the decay $ -+ pnT , only one proton is produced; 

the background from misidentified kaons is then eliminated by a 1C fit. 

In the case of pp pair production or the decay into pp71+1~-, a 4C fit 

can be performed and there is no need of TOF identification. 
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B) A's 

In our detector we can identify the A(x) as a peak in the p.rr- 

(6~~) invariant mass distribution. Figure 3a shows the pr-, PIT+ 

mass distribution where the proton is identified by a loose mass cut 

(m2 > 0.4 GeV/c2)2). The A t I\ signal contains 1559 2 62 events 

with an rms mass resolution of 5 MeV. We define a A as a (pr>O 

pair with invariant mass between 1.105 and 1.125 GeV/c2; the signal 

fraction in this region is 60%. 

When the statistics are sufficient, a better signal to background 

ratio can be achieved with the following procedure: For each pr- or 

&T+ pair of tracks we determine the projection of the intersection point 

in the x-y plane (the one perpendicular to the beams). In order to 

assure a good resolution in the vertex position, pairs which have a pro- 

jected opening angle of less than loo or more than a 170' are rejected. 

Usually for each pair of tracks there are two intersections, one of which, 

the unphysical one, lies far away from the interaction region and can 

be easily eliminated. In case of ambiguity, the third coordinate is used- 

and the solution for which the.intersection of the tracks is closer in the 

z direction (along the beam line) is chosen. A cut of 16 cm on the distance 

of the vertex from the interaction point is applied,which corresponds to 

the radius of the inner proportional chamber. The intersection is then 

checked using the third coordinate: tracks which are separated by more 

then 16 cm are rejected. The momentum of each track is then calculated 

at the intersection point, and the angle between the total momentum and 

the vector pointing to the vertex is checked. If the distance of the 

vertex is less than 6 mm this angle is subject to substantial measurement 

error, so allthe pairs of tracks in this category are accepted. Otherwise 
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a cut of 20' is applied. The (~IT>O invariant mass distribution obtained 

with these criteria is shown in Fig. 3b, where the A + ii peak contains 

907 + 37 events. The rms resolution is 3 MeV and the signal fraction 

in the mass interval 1.105 to 1.125 GeV/c2 is 82%. These cuts. thus reduce 

the background-from 40% to 18%. 

IV. Efficiency Calculation 

In order to translate the number of events for a given process into 

branching ratios, the overall efficiency has been calculated using a 

Monte Carlo technique. The geometry of the detector, the measurement 

resolution, the trigger requirements, the counter inefficiencies and all 

the other known experimental effects are simulated in the Monte Carlo 

program. The simulated events are then analayzed with the same technique 

used for the real events in order to take into account all of the 

selection criteria. The fact that in each case we consider a specific 

channel removes much of the model dependence of such efficiency calculations. 

We have however included infhe quoted errors on the branching ratios a 10% 

systematic uncertainty in the value of the efficiency. In addition there is 

a 15% uncertainty intheoverall efficiency for $+hadrons which is not 

explicitly included in the quoted errors. 

V. Decays Involving Non-Strange Baryons 

The results of the branching ratio determination for the decays of 

the $ into non-strange baryons are summarized in Table I, along with 

the number of events found for each final state and the respective detection 

efficiency. 

In the following discussion we describe the criteria by which the 

samples used in these determinations were selected. Unless otherwise 

specified, we will always sum each final state with its charge conjugate. 
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The pair production of protons from the Jo has already been 

reported. 7,839 This process is easily identified within the colinear 

two-prong events without use of the TOP. Figure 4 shows the mass for 

these events (after removing the electron pairs), reconstructed from 

the measurement of the average momentum of the two tracks: M2 = E; - p2, 

where E B is the energy of incident e- or e+ beam. The peak centered 

near zero corresponds to the muon pairs: the othetilpeak is centered 

at the proton mass and contains 331 7 18 events. This translates into 

a branching fraction for $+ pi of (2.2 f 0.2) x 10V3 in good agreement 

with the measurements of Refs. 8-9. Figure 5 shows the angular-distri- 

bution of the proton pairs with respect to the beam axis. The 

angular distribution of the muon pairs, which has been measured to 

be proportionalto 1 + cos'8, is shown in the same plot normalized 

to the same numberof events. The two distributions agree well within 

the statistics. We have performed a fit to the proton angular distri- 

bution using a maximum likelihood technique andiaking into account 

the geometrical efficiency of the apparatus. Using the fitting function 

1 + c1 cos28, wehaveobtained for c1 the value 1.45 I! .56, with a x2 

. of .48 per degree of freedom. As L-X can only vary in the range -1 to 

1-1, we conclude from our measurement that c1 is close to +l. This 

means that the pp coupling is primarily of magnetic character, with at most a 

small electric contribution ("magnetic" and "electric" coupling in 

this case are the analogue of GM and GE,respectively for the virtual 

photon-pi coupling). 

- t 
B) J, + pn.rr- and pnr 

To study this reaction we have selected two prong events in which 

one track is compatible with being a proton. i.e., the TOF is that 

expected for a proton within 4 s.d. and the other track does not satisfy 

this criterion:. The tracks are then assigned to be a proton and a pim,,respectively, 

and the missing mass is calculated. Figure 6 shows the missing mass distri- 



-9- 

butions to the PIT- and Fv+ respectively. In both cases a clear peak 

is present at the neutron mass. These events come from the decays: 

$ + p&-, and (1) 

(2) 

The number of events is 194 2 17 for the pn~~- channel and 204 k 18 

for pna+. 

The efficiencies are respectively .22 and .25. (Events with a 

detected antiproton have.higher triggering efficiency than corresponding 

events with detected protons.) The branching fractions are respectively 

r(qJ -f p&r-> = (2.16 + .29) x 10 -3 
T(~J + all) 

r(q -f Pn7r+) = (2.04 + .27) x 10 -3 
~(I/J -t all) . 

We have investigated possible resonance formation in these ~EIT- 

and pn?r + events. Figure 7 shows the Nfi and NIT invariant mass distri- 

butions. The dotted lines are the Monte Carlo distribution obtained 

using the hypothesis of pure phase space production. No clear 

structure is present in any of these distributions. In particular 

there is no evidence for the isospin violating decay $ -t-1°(1232)n 

at a level of about 5% of the $ -t pnr- rate. 

C) IJ + PP'rrO, PPY 

To search for the decay into a pi pair plus a r", we have selected 

two prong non-colinear events in which both tracks are identified as 

protons by a 4 s.d. cut in the time-of-flight. If we assign the recoil 

mass to be that of a no and then calculate the total invariant mass, we 

obtain the distribution shown in Fig. 8. The peak at the $ mass 
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corresponds to the decays 

+ + P&T' and (3) 

J1 -+ PPY . (4) 

Our missing mass resolution is not sufficient by itself to allow 

the separation of the ?r" from the y. The number of events in the peak 

is 109 i 16 (smooth background subtracted). More information about 

these events can be obtained from the analysis of photons detected by 

the shower counters. Out of the 224 events in the peak region, i51 

have a pulse in a shower counter which is approximately in the direction 

of the missing momentum. Three events have two shower counter pulses 

which reconstruct the TO). Figure 9 shows the distribution of angle between the 

direction of the missing momentum and the photon (i.e., a pulse in the 

shower counter not associated with a track in the spark chambers) in the 

c.m. of the recoil system, which is assumed to be a pion. The latter 

distribution allows a discrimination between a missing y or TTO. In the 

case of a y there should be a peakat zero degrees, while in the case of 

0 ar there should be a flat distribution. The result of this analysis 

is that the angular distribution of photons is consistent with being due 

exclusively to process (3). The branching ratio calculated on the basis 

of 109 detected events is 

w -f PP tie) -3 
r($ -+ all) - = (1.00 t .15) x 10 * 

From the measurement of reactions (1) and (2) we expect about 110 events 

from reaction (3) if the J, has isospin 0. 

To state an upper limit for reaction (4), we have fit the angular 

distribution of Fig. 9b with a linear combination of the distributions 

expected from reactions (3) and (4). The result is that the upper limit 



-ll- 

for reaction (4), at 90% confidence level, is 8 events. This corresponds 

to the following branching ratio upper limit 

r(+ -+ PPY) < 1.1 x 10 -4 
r(+ -+ all) at 90% c.1. . 

The pi invariant mass distribution from all the events compatible with 

reaction (3) is shown in Fig. 10, and does not show any significant 

structure. From this distribution we can set an upper limit for the 

product: Bf$ -+ yX(2830)) x B(X(2830) -f pi). In the region around 

2.83 GeV there is no excess of events: if we make the unlikely 

assumption that all 8 events with invariant mass between 2.80 and 2.86 

GeV/c are from the X(2830) decay, 10 then we derive the upper limit: 

B(J, -t yX(2830)) x B(X(2830) -+ pp) < 4 x IO-~ . 

In conclusion we have measured the branching ratios of decays (l), (2), 

and (3) and found that they are in very good agreement with the relative 

ratios predicted by the I = 0 hypothesis: we also find that the final 

state ppy has a branching ratio at least one order of magnitude lower 

than that for pi&~'. 

D) UJ -f p;n, P&J, P& 

The decay mode JI-tppn can be seen in our data as a peak centered 

at the n mass in the recoil mass distribution against a pp pair. This 

peak is more evident if only events with two detected prongs are considered, 

as in Fig. lla. This is a consequence of the fact that about 70% of 

the n decays involve all neutrals. The width of this peak is just what we 

expect from the resolution. The T-I peak in Fig, lla contains 142 '19 events 
which translates into a branching 
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ratio of (2.3 2 .34) x 10 -3 . i.e., about the same magnitude as that 

for $+pp. 

No significant peak, but only a small excess can be seen in Fig. lla 

at the w or n' mass. However, the efficiency is lower in this case by 

about a factor 5 because w and n' decay preferably into charged particles, 

so that usually more charged tracks than the two protons are present in 

the detector. Figure llb shows the recoil mass distribution against a pi 

pair when an additional pion is detected and more than one more pion is 

missing. (The recoil mass against the p&r system is required to'be greater 

.25 GeV to eliminate the process I# + pp.rr+r-. ) This distribution shows peaks 

at the n, W, and 0' mass; the number of events are 33 f 10, 42 t 14 and 

19 _+ 10, respectively. Figure llc shows the missing mass against the pp 

pair when two more pions are detected; the total momentum is required to 

be more than .l GeV/c and events containing A candidates are rejected. 

This distribution is similar to the previous one, with the number of events 

being 22 ? 6 for pin, 35 ? 8 for ppw, and 21 ? 8 for ppn'. The measurements 

in the 3 and 4 detected prong topologies are consistent with the respective 

efficiencies for all 3 processes. Therefore in order to obtain the branching 

ratios we combine both topologies. The results are 

r(+ -t p&d = (1.6 t .3) x 10 -3 
r(+ + all) 

and r(q jppr10 - (1.8 + .6) x 10e3 - - r(a -tall) 

In the case of the pin' decay the quoted error reflects the sizable 

uncertainty in the background subtraction due to the location of the peak 

just at the edge of the phase space distribution. 

E) $ -+- -t PPT ll 

The decay ++p&r+.rr- is clearly seen in four prong events with a pp 

pair identified by TOF, and kinematically fully reconstructed. Figure 12a 

shows the invariant mass of the 4 prong events, with one pp pair identified 
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by TOF, once all the events containing A candidates have been removed. 

The presence of the peak at the $ mass, with width compatible with the 

resolution, establishes the existence of the decay p$'"-. The number 

of the events can be extracted more readily from Fig. 13, where the 

correlation between invariant mass and total momentum is plotted for 

the same sample of events. The decay into p$+~- produces a cluster 

of 220 I! 16 events at the $ mass and total momentum compatible with 

zero which is clearly separated from the rest of the events. The 

same process can also be identified from the category of three-prong 

events with a one constraint fit on the missing mass: we find 135 ? 24 

events of the type prr t missing proton and 178 + 25 events of the type 

pp$? t missing pion, (Figs. 12b and 12~; in both cases all events containing 

a A0 candidate were excluded). These measurements translate into a 

branching fraction of 

r(q + pp~+F) = (5.5 !I .6) x 10 -3 
r($ + all) 

We have investigated thepossible presence of resonant structure 

between the four particles of this process. Figure 14 shows the in- 
++ 

variant mass for the (p?r)O, (pi)--, pi, IT'IT-, pairs in the events 

corresponding to a pp.rr+a- decay of the $. The dotted curves represent 
tt 

the distributions expected from phase space. The (pn)-- distribution 

shows a clear A tt --- or A signal of 263 2 22 events above the phase space 

distribution. Thus about 25% of the protons (or antiprotons) in the 

pp~~"i~- final state state come from the decay of a Att or A--. A study 

of the correlation of the momentum and the invariant mass of the pn'(pa-) 

pairs shows an excess of events in the region corresponding to A?-- 
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pair production when compared with uncorrelated production simulated 

by Monte Carlo. Qualitatively the process $ -f A'?-- could account 

for as much as 15% of the P$T'IT- mode. A more precise evaluation of this 

effect is difficult because the A is too wide and the A mass is close to 

the maximum of the phase space distribution for uncorrelated pp1~'71.- 

production. 

Comparison of the PT-(~IT~) mass distribution with the Monte Carlo 

for uncorrelated ~$IT- decay also shows an excess of events in the mass 

region of the A"(ao). This signal appears smaller because the ho decays 

to p?Y- only one-third of the time. 

F) I/J -+ pplT IT 7T - ' - O, p&~-y 

Most of the events with a p, p, nr+ and rr- detected which are not due 

to 7) -f pplT+lT-, satisfy the hypothesis of having a n 0 missing. Figure 15 

shows the total invariant mass distribution when the IT' mass is assigned 

to the recoil momentum. Analysis of the ='=?r" mass distribution for 

events in the peak at the J./J mass shows that 22 ? 5 are from the decay p&l 

25 _f 5 from ppw, 6 f 2 from p$n' and the remaining 39 ? 14 attributed to 

other decays of the form 

$ + P~T+T-T~ and 

J, -+ pp?r+?T-y . 

The branching ratio corresponding to these 39 events is (-1.6 f 0.6) x 10m3. 

VI. Decays Involving Strange Baryons 

A) $+AE 

We have described in section III the technique we use to identify 

a A (or 1) in our data. We will describe in this section the results 

obtained in the analysis of the events containing at least one measured 

A or h. 
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The momentum distribution of the A t ii sample is shown in Fig. 16. 

The peak centered at 1.07 GeV/c corresponds to the decay + + Ax; 

This same process can be measured using the sample of events with both 

a A and x reconstructed. In fact, the invariant mass dis- 

tribution of the Aii pair has a peak centered at the Jo mass (Fig. 17), 

and the correlation between the momentum of the A versus the momentum of 

the x cluster around 1.07 GeV/c (Fig. 18). The peak in the inclusive 

A momentum distribution has 153 _ f 24 events after a smooth background 

subtraction. In the sample of events containing both a detected A and K 

there are 43 ? 8 events kinematically compatible with pair production. 

Taking into account the efficiencies, these two measurements are in very 

good agreement and give the following branching ratio 

r(q -f Ax) 
r($ + all) q (1.1 _f 0.2) x 1o-3 

Figure 19 shows the angular distribution of the A's with momentum 

between 1.04 and l-10 GeV/c, corrected for the angular acceptance of the 

detector. The agreement with the hypothesis 1 t cos20 is good (the X2 _ 

is 8 for 14 D.O.F.). We note that if the + has the properties of an SU(3) 

singlet we expect the same behavior for the pi and Ax angular distri-. 

bution. 

B) I) -+ A!, Cc, E$, etc. 

A's from the decay $ + An account for only a fraction of the 

detected A's;from the kinematic properties of the A's we can get information 

about more complicated reactions producing A's in the final state. 

From the analysis of the A momentum: spectrum we can conclude that there is 

no clear evidence for other 2 body decays of thekind $ -t AX. In particular 

we notethatthere is no evidence for the I = 1 Ato or AC0 final states which would 

produce a peak at PA = 1.03 GeV/c. There is a slight excess in the 
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region pA % .6 GeV/c which corresponds to M(X) = 1.670 GeV. Although 

a I\:' exists at about this mass, this process can not be clearly 

separated with the statistics available for this analysis. 

More information can be obtained by studying the sample of 

events in which both the A and the E are detected. Figure 20 shows 

the correlation between the missing mass squared against the A and the 

1\ respectively. The events group in 3 categories, one of which 

corresponds to Ai pair production. The rest of the events are mainly 

in the regions kinematically compatible with C"To, S-E', and :“;” pro- 

duction. Inelastic processes such as A>ITO, A~IT'?~-, I\~IT~~~, and ATTO have 

large regions of overlap with the previous reactions, however the observed 

events populate only the regions which correspond to C and 5 pair pro- 

duction. Another indication that these pair production processes are 

favored comes from the study of the angle between the A and ii, directions. 

This distribution, shown in Fig. 21, is strongly peaked at 180'; out of 198 

events, 196 have cos0 < -0.8 while inelastic states with additional T'S or y's 

should have a much broader distribution. Assuming that the An inelastic 

pairs which we observe in the kinematical regions compatible with C and 2 

pair production come from these processes, we have the following branching 

fractions: 

r(q -t c°Co> 
I?(+ -+ all) = (1.3 2 .4) x 1o-3 

and 

r(qJ -f “) = (3.2 + -8) x 10~~ r(7j -+ all) . 

We have also direct evidence of Se--, (?t) production from the $ from the 
- - 

study of the invariant mass of An (A&. 
- - 

Figure 22 shows the AIT (AT+) 

and Av'(xr-> invariant mass distributions. A signal is clearly 

visible in the former with 153 2 22 events in the peak. Studying 

- - 
the correlation between A?r (AIT~) invariant mass and missing mass, we find 
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in fact an excess of events in the region corresponding to Z-z+ pro- 

duction. This measurement, taking into account the efficiency to 

detect a single E from this reaction, translates into a branching 

fraction of 

r(4J + fit) = (1.4 + -5) x 10-3 , 
r($ + all) 

This is consistent with being one half of the previous measurement 

-0x0 of the sum of c. : -+ and E-3 production. 

Finally we note that the sum of theexclusiveprocesses for which 

we have measured the branching fraction accounts for only about 50% of 

all the detected h's. The remaining A's could come from modes such as 

MIT, C'~IT, ANK, etc. We do not quote an inclusive fraction for decays 

containing a A because the efficiency depends strongly on the 

nature of the final state. 

The results we have described in this section are summarized in 

Table I. The branching fraction for C and Z pair production may be 

overestimated, as we have attributed all the events kinematically 

compatible with these processes as due to them. 

VII. Summary 

We have measured a number of branching ratios for the decay of 

the $ into baryonic modes. The number of detected protons per event 

f- is much higher at the Jo energy than in e e production off resonance, and 

these final states therefore can not be attributed to second order electro- 

magnetic processes.. 

We have added more evidence for the I = 0 assignment for the +: 

a> There is a substantial Ax decay mode,whereas there is no evidence 

for $ decays to I = 1 final states such as NE, Ap, or ,Aiin': 
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b) The branching ratios to the final states pn~-, pnI'r+ 

and ppr" are in the ratio 2 : 2 : 1, as expected for the I = 0 

assignment. 

The pp and the AK pair from JI -f pi and $ -+ AK, respectively,have within 

statistics the same angular distribution. The fact that this distribution is of 

the type 1 + cos2 8, demonstrates that the coupling of the $ to baryon 

anti-baryon pairs is of magnetic rather than electric character. 

If the $ is an SU(3) singlet decaying via an SU(3) symmetric 

interaction, the ratio r = r($ + Ax)/r(J, -+ pi) should be % 0.9 for an 

S wave and % 0.5 for a D wave. From the angular distribution measurment, 

we know that it is a coherent mixture of the two which should give r 'L 

0.74. Our result r = 0.5 _ + 0.1 is slightly lower than the SU(3) 

prediction. 

We have shown evidence that the final states pp, pin, ppw, pp"O, 

ppn' are produced with comparable branching ratios, We do not have 

evidence that the n and the n' mesons are preferred with respect to the 

0 
IT or the w, although the phase space for the decay JJJ -+ pin' is con- 

siderably smaller than for the others. 

We have also shown that the ppn+a- state has the highest branching 

ratio of all the states containing baryons, and a non-negligible fraction 

has a p and T resonant as a A. 

It is of some interest to examine what can be inferred from the 

specific observed states about the population of states with the same 

particle multiplicities but different (and unobservable in our apparatus) 

charge combinations. For this purpose we use the known zero isospin of 

the $ and isospin conservation in the decay process to calculate the ratio 

between the observed state and the sum of all states with the same multi- 

plicity and particles in all charge combinations. 
11,12 In some cases only 

limits can be obtained, and the range of the allowed values is rather 
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broad. Using the statistical model 13 in which all available isospin 

states are populated in proportion to their statistical weights, we can 

obtain a unique prediction. Table II contains the results of this analysis. 

The sum of branching ratio lower limits for $ decays into states containing 

a baryon pair discussed in this paper is (5.0 + 0.3)% if the statistical model - 

is assumed, the total branching ratio is (5.9 + 0.4)%. - 

This latter number can be added to the (30.2 + 3.3)% of $ decays - 

which were accounted for by the statistical model on the basis of measure- 

ment of mesonic decay modes. 
4 This total of (36.1 + 3.3)% of $ decays should - 

be compared to the 69% of J, decays which do not arise from second-order 

electromagnetic processes. 
14 The 33% of J, decays which are presently un- 

accounted for are presumably decays with higher multiplicities and decays 

involving photons and/or n's. 
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TABLE I 

Decay modes of the $(3095) to states containing baryons. 

NUMBER 

DECAY TOPOLOGY OF 
EVENTS EFFICIENCY 

PP 2 prongs collinear 331 + 18 

pi%- P"- 194 5 17 

pna+ PIT' 204 21 18 

PP'rrO PP 109 Tk 13 

PPY 

PPrl 

pi + shower 

PP 
+ 

P:r- 

<8 

142 2~ 19 

33 27 10 

PP@ 

-t- 
PPT ,K 

+ 
PK 

22t 6 

42 f 14 

$T+lT- 
t 

PPrl' PPT- 
-+- 

PPT IT 
t -+- 

PP" Tr P%- 

p?T+lT- 

-t- 
PPT Tr 

-f-O -t- 
pplT ?T IT + PPT r 

-t- 
PPT IT Y 
(excluding ppr~, 
p&, and pprl’) 

35+ 8 

19 + 10 

21+ 8 

178 2 25 

135 + 24 

220 + 16 

39 + 14 

Aii ntx 153 + 24 

hii 432 8 

cOEO Ail 52 t 10 

Enzo -=t - 2 +E:- nii 71 r 12 

;-= t I =. z tx 51 r 15 

Ato t jiC" AtX < 20 

.38 

.22 

.25 

.27 

.18 

.15 

.03 

.03 

.05 

.06 

.025 

.03 

.07 

.06 

.ll 

.06 

.33 

.lO 

.lO 

.05 

.09 

.33 

BRANCHING RATIO 

(2.2 5 .2) x 10 -3 

(2.16 f .29) x If3 

(2.04 + .27) x 1O-3 

(1.00 + .15) x 1o-3 

< 1.1 x 10 -4 

(2.3 + .4) x 10 -3 

(1.6 f .3) x 1f3 

(1.8 -I .6) x 1O-3 

(5.5 + .6) x 1f3 

(1.6 f .6) x lo-3 

(1.1 + .2) x 10 
-3 

(1.3 2 .4) x 1o-3 

(3.2 + .8) x 10 -3 

(1.4 f .5) x 10 
-3 

< 1.5 x 10 -4 
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FIGURE CAPTIONS 

A cross sectional view of the SLAC-LBL magnetic detector. 

Mass squared for each track, reconstructed from TOF and momentum 

measurements versus momentum. 

Invariant mass spectra for pm- and 5~' combinations with a) no cuts 

applied and b) cuts on the reconstructed vertex, as explained in the text. 

Distribution of the invariant mass squared for 2-prong collinear, 
t 

non-e , tracks calculated from the energy of the incident beam and the 

measured momentum. 

Observed angular distribution of pp and u'u-pairs with respect to the 

beam axis. 

Missing mass spectrum in 2-prong a) FIT' events. 

Invariant mass distributions for pnn- and enTi events: a) p"- 
- t - - t 

and PIT invariant mass, b) nT and nT invariant mass, and 

c) pi and @n invariant mass. The difference in shape between parts (a) and 

(b) is due to differences in the acceptance. 

Invariant mass spectrum of ppT" 2-prong non collinear events. Here the 

mass of the IT 0 is assigned to the missing momentum. 

Distribution of the angle between the direction of the missing momentum 

and the central direction of the shower for pp'rr" or ppy events a) in the 

laboratory system and b) in the c.m. of the v'. Note the break in the 

vertical scale. The shaded events are those with cos 8 in the laboratory 

system greater than 0.7. The unshaded events are consistent with being 

primarily background. The dashed line shows the predicted distribution 

if all of the shaded events were from the ppy decay mode. 

Invariant mass spectrum of the pi in ppr" and ppy events. The dashed line 

shows the phase space distribution and the arrow indicates the mass of 

the X(2830) 
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11. 

12. 

13. 

14. 

15. 

16. 

a> Invariant mass distribution of pp~i'n-?rO combinations observed using 

- t - 0 
PPT IT IT events with missing momentum, b) missing mass distribution 

against the pi pair in the events in the peak at the $ mass in a). 

Momentum distribution for all A or n candidates. 

17. Invariant mass spectrum of the A% in all events containing a Ax pair. 

18. 

19. 

20. 

Recoil mass distribution against a pp pair in a) 2 prong pp events, b) 
+ - - 

3 prong ppr events, and c) 4 prong pp*'r-events. 

Invariant mass spectrum of ppr'a-combinations in a) events in which 
t 

all 4 prongs are observed, b) events in which a p, $ and rTT- are observed 

and the n mass is assigned to the missing momentum, and c) events in 

t which a TT , ?T-, and either a p or i are seen and the p mass is assigned 

to the missing momentum. 

Correlation between total invariant mass and total momentum for 4-prong 

-t- 
PP'rr ll events. 

Invariant mass spectra of different particle combinations for p6"+~- 

events with total momentum less than 100 ErieV/c2. 

The dashed lines show the expected distributions from ATi,C"io, and 

decay modes. 

A momentum versus x momentum for all events containing a Ax pair. 

Angular distribution of the Ax collinear pair with respect to beam 

corrected for the detector acceptance. The dashed curve shows a 1 

distribution. 

axis, 

t cos 2e 

Missing mass squared against the A versus missing mass squared against the 

x for all events containing a Ai pair. The boxes shows the kinematic 

limits for Coca and 2: decay modes. 
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21. Opening angle distribution between the A and the x for all events con- 

taining a A% pair. 
- - 

22. Invariant mass spectra of a) AIT+ and AT , and b) AT- and HIT 
t combinations. 
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