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Decays of the J/qJ (3.1) resonance into final states with four charged and one neutral pion have been investigated. 
We measured the branching ratios J/~ (3.1) ~ leo/all = (0.40 ± 0.14)% and J/¢ (3.1) --* (B%r- + B-Tr+)/all = (0.28 -+ 
0.07 )%. 

In this letter we describe the analysis o f  the decay 
J /~ - con+n - and in particular the observation o f  a 
BTr intermediate state. These decays result in a final 
state consisting of four charged and one neutral pion. 

The popular assignment of  the J/~ particle is that 
of a 6c state with "hidden" charm. The long lifetime is 
explained by the Okubo-Zweig- I i zuka  (OZI) rule [1 ], 
which forbids transitions to hadronic final states via 
disconnected quark line diagrams. The observed OZI- 
violating decays of  the J/~k may then be described by 
SU(4) breaking which, together with the mass split- 
ting introduces a small mixing between gc and non- 
charmed c~q states [2]. This leads in particular to a 
small admixture of  co to the J/~.  The decay J/@ 
Bzr proceeds through this admixture via the (coBTr) 
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coupling strength (off mass shell). From the decay 
width and from the distribution of  the production an- 
gle the coupling parameters can be determined inde- 
pendently thus giving a check of the validity of the 
model. 

Data were taken with the magnetic detector 
PLUTO at the DESY e+e - storage rings DORIS. The 
detector consists of a superconducting solenoid pro- 
ducing a 2 tesla magnetic field parallel to the beam. 
The usable magnetic volume of  1.4 m diameter and 
1.0 m length is filled with 14 cylindrical proportional 
wire chambers which are used both for triggering and 
track recording. The trigger efficiency for the 
2(~r+Tr -)Tr 0 final state discussed in this letter is 97%. 
The probability for observing all four charged par- 
ticles is 46%. A more detailed description o f  the detec 
tor has been given before [3]. 

Out of  a total o f  84 000 hadrortic decays o f  the 
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J / ~  (3.1) we found 17 900 charge balanced four-prong 

events. The distr ibut ion o f  the missing mass squared 

M 2 o f  this sample, assuming all particles to be pions, 

shows a clear peak a t M  2 = 0 (fig. la) .  Events f r o m t h e  

peak (I/1421 < 0.2 GeV2/'c 4)  which f i t ted the  hypoth-  

esis e+e - -+ 27r+ 2¢r - 7r 0 were studied further .  The distri- 

bu t ion  of  the squared missing m o m e n t u m p  2 is shown 

in fig. lb .  For  large pZ m it follows an exponent ia l  func- 

t ion as indicated by the solid line. The excess at small 

Pm is a t t r ibuted to channels wi thou t  zr 0 like 27r+27r - , 

K + K -  Tr+Tr - , and KOK±g ~ . In order to reduce this 

background only events wi th  Pm 2> 0.2 GeV/c  were 

used for the subsequent  analysis. 

The invariant mass distr ibution o f  the 7r+Tr - zr 0 sys- 

tem shown in fig. 2 exhibits a distinct peak at the co 
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mass. The curve through the data in this and the fol- 

lowing figures is the result o f  a fit with a Gaussian dis- 

t r ibut ion  plus a polynomial  background.  The small 
s tructure at 5 50 MeV might  result f rom the decay 
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Fig. 3. lnvariant mass distributions for the decay J/g) 
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Table 1 
Branching ratios for J/~ (3.1) decay modes. The efficiency 
values include losses due to unobservabledecay modes. 

Decay  Observed Effi- 
mode number ciency 

of events 

Branching ratio 

(%) (eV) 

2(rr+rc-)n ° 1500 0.33 3.64 ± 0.52 2548 +- 360 
c~n÷rr - 215+-30 a 0.22 0,78+-0.16 546+-110 

tJf 70+-24 a 0.14 0,40+-0.14 280± 100 
B%-+B-rr + 87"-18 a 0,25 0.28±0.07 196~ 50 

a Statistical error from the fit. 

r? ~ n + n - n  0. Events in the co band (730 ~< M(rr+n-n O) 
~< 840 MeV/c 2) have been studied further. Fig. 3a 
shows the mass spectrum of the two pions recoiling 
against the 3n system of the co band. A strong signal 
for the f meson is observed at M&+a - )  = 1.30 GeV/c 2. 
No indication of  a O is seen since a decay J/t) (3.1) 
wO O violates charge conjugation invariance. The 3n 
system of the co band was combined with one of the 
remaining pions, in fig. 3b the effective mass combina- 
tion M(con +-) is plotted. A clear peak is visible at the 
mass of the B meson. The fitted mass is 1188 -+ 32 
MeV/c 2. The B meson thus originates from the decay 
J/t) ~ B-+n ~ . The bump at 2.6 GeV is a kinematic re- 
flection of the B resonance in the other con ~ subsystem. 

The observed number of events is calculated from 
the fits and given in table 1. The efficiency is determin- 
ed separately for each channel by a Monte-Carlo pro- 
gram. lsospin invariance and known decay parameters 
[4] are used to correct for unobserved decay modes. 
The total number of J/t)(3.1) decays is obtained by 
correcting the observed number ofhadronic events for 
acceptance and for 14% leptonic decays. 

The branching ratios have been checked by includ- 
ing events with P m <  0.2 GeV/c and by varying the 
width of the co band and the cut inM2x with the corre- 
sponding efficiencies calculated by Monte-Carlo proce- 
dures. All methods give consistent results. A further 
check was made by excluding those events which satis- 
fy both the criteria for the decay into fco and Bn. The 
resulting losses in the two channels (20 and 26 events) 
are consistent with those expected from the Monte- 
Carlo simulation, assuming no interference. The quot- 
ed errors include statistical errors as well as uncertain- 
ties in the analysis procedures. 

Branching ratios for the decay channels listed in 
table 1 - with the exception of Bn - have also been 
obtained in the SLAC-LBL experiment [5]. The re- 
sults agree within the quoted errors (< lo for 5~r and 
corm, ~ 2 o  for c~f). 

It is obvious from the branching ratios listed in 
table 1 that a sizeable fraction of all co~lr events is con- 
tained in the cof and Bn channels. We can give an up- 
per limit of nonresonant a)n~ production with dipion 
mass above 1.5 GeV/c 2. Extrapolating the event dens- 
ity from the nonresonant into the Bn region we ob- 

tain the branching ratio: J/t) (3.1) --, 

co (n+n - ) M~  > 1.5 GeV < 0.12% (95% confidence 
level). 

We have investigated the distribution of  the produc- 

tion angle 0 B of the B meson relative to the beam axis. 
To get a cleaner sample we excluded all events from 
the f region and below by the cut M(n+n - )  < 1.5 
GeV/c 2. After corrections for background and accep- 
tance we obtain an angular distribution consistent 
with the form 1 + A cos 20 g with A = 1.1 +- 1.1. I f the B 
is produced in a helicity one state one expects A = +1, 
in contrast to A = - 1 for a helicity zero state. 

For computing the parameters of the decay J/t) 
Bn we have used a SU(4) model assuming mass inde- 
pendence of the invariant coupling constants F (1) 
and F (2) [6]. If we adjust these coupling constants 

such as to give the observed widths (J/t) -+ B+n - )  = 
98-+25 eV and F(B~con) = 125 MeV [41, we obtain 
A = 0.1, quite compatible with our measured angular 
distribution. However, the resulting D/S ratio is 0.80 
(with an error o f -  + 0.03 resulting from that of F), in 
disagreement with the value 0.25 -+ 0.06 observed in 
the decay B -+ cox [4]. This seems to indicate that sim- 
ple SU(4) models with mixing and mass independent 
coupling constants are not sufficient to connect the 
decay properties of the J/t) with those of the light 
mesons. 
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