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ABSTRACT
The decay J/¢ into 3y final states has been studied. We find no
evidence for the existence of the X(2.83) or any heavy narrow state
(e.g., the ne) decaying into two photons. We give upper limits on
the branching ratio J/¢y = Nes Mg 2y for n, masses in the 2.7 - 3.0
GeV region. In addition, we have measured the branching ratios

J/Y > yn, yn*. We find that the n” branching ratio is higher than

previously reported.
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Using a non-magnetic neutral particle detector, the "Crystal Ball",
we are stqdying the ete~ annihilation process with the SPEAR storage
ring at various energies. We report here our results for the decay of
the J/¢y into 3y final states with the J/¢ produced directly via
ete™ > J/¢, and indirectly via ete” =+ ¢' -+ T J/y.

The three photon final states of the J/¢ can be reached through

either J/y»> y X where X is any state which decays into 2y's (e.g., ﬂo,

‘n, n'), or J/y » 3y (direct). When the J/y is produced directly, the

QED reaction ete™ + 3y also contributes. There is no such contribution
when the J/y originates from y' decays.
The n,, which is the 180 state of charmonium predicted by charmonium
models,1 is a further possibility for the X. Evidence for a state at
a mass of 2.83 GeV has been reported by another experiment2 in a study
of the reaction ete” + J/Y » 3y. However, the strength of the signal
at the reported mass is inconsistent with the prediction of these models
and has posed serious difficulty to thedlr advocates.
The Crystal Ball is shown schematically in Fig. 1. The main
components are:
1) The Ball, consisting of two hemispherical shells of NaI(TR)
sixteen radiation lengths thick, centered around the interaction
region and covering 947 of 4m steradians. Each hemisphere is
divided into 336 modules. Each module has the shape of a truncated
pyramid with a triangular cross section, is optically separated
from its neighbors, and is viewed by a phototube.
2) Central cylindrical wire chambers, consisting of a proportional
chamber sandwiched between two magnetostrictive readout spark

chambers. The assembly surrounds a thin wall (1.5 mm) A% beampipe.

The 3 chambers cover 947, 80% and 71% of 4m.



3) Endcaps, consisting of planar magnetostrictive readout spark
chambers followed by individually sealed hexagonal NaI(Tf%) modules
twenty radiation lengths thick. These endcaps increase the solid

angle coverage to 987 of 4w,
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leaving no hits in the wire chambers. The direction of such a "neutral
track" is obtained by joining the center of the interaction region to
the shower center determined by shower pattern methods. We have achieved,
in the Ball, an angular resolution for photons of o= 2° and an energy
resolution for photons and electrons of (0/E) = 2.8%/ ?371 References 3,
4 and 5 contain detailed descriptions of the detector, the electronics
and trigger, and calibration procedures.

Our results are based on an integrated luminosity of 1700 nb—'1 at

1 at the J/Y ~9x 105 J/9). The experi-

the y' (~8x 105 ¥'), and 327 nb
mental trigger used in the present study is a total energy trigger which
requires > 900 MeV deposited in the Ball. Since the full mass of the J/¢
is deposited by the three photons in the Ball, this trigger alone is
fully efficient,

For the selection of 3y events from direct J/¢ production, we
require 3 neutral tracks with a total energy > 2.7 GeV in the Ball and
< 25 MeV in the endcaps. To enhance charged particle tagging efficiency,
we require ‘cos eYl < 0.8 for each photon where GY is the photon polar
angle with respect to the beam. We also require a momentum imbalance

< 500 MeV and for each photon an energy EY > 20 MeV. A total of 865

events fulfill these criteria.



In order to avoid problems with overlapping showers we require
cos eYY < 0.85 where eYY is the angle between any two photons. This
cut also eliminates most events from J/y - Yﬂo, hence the present
analysis cannot give any results for this reaction.

The main source of background is the decay J/¢ - Y“o“o where the
two decay photons from a w° overlap to produce a single merged shower
with an unusually large lateral spread. Events with one or more such
showers are rejected using a lateral shower distribution algorithm
developed with the help of Monte Cario calculations.

Each s@rviving event is subjected to a 4-constraint kinematic
fit. The final sample of 405 events is estimated to contain ~ 14
background events. Of these, ~3 are due to radiative Bhabha scattering
where neither electron is detected by the spark chambers. The remaining
~ 11 events come from yﬂoﬂo final states which pass our selection

criteria; their distribution in the Dalitz plot is nearly uniform.

For the selection of events where the J/y originates from y' decay,
we require two charged particles, and three photons with an invariant
mass 2.82 < MYYY < 3.25 GeV and each photon with an energy EY > 20 MeV.
In order to increase the acceptance, we relax the angular limits to
lcos Syl < .85 and cos eYY < ,90. The rest of the procedure remains the
same except that the remaining events undergo a 3~constraint fit with
MYYY constrained at the J/y mass. Twenty-nine events remain.

From each final sample we obtain a Dalitz plot of the highest and
2 2

lowest invariant mass squared (MY ) and (M )

v 1ow vy high Figures 2 and 3

show such plots for directly and indirectly produced J/y. Histograms of



(

) and (M )

Low vy high are also shown in Figures 4a and 4b for J/y

MYY
produced directly. n and n' peaks stand out clearly in Figure 4a. On
the basis of the results of Ref. 2 and our mass resolution (~ 30 MeV),
a peak containing 46 * 19 events above background is expected in the two
bins containing the X(2.83) in Figure 4b, We see no such peak.

In order to find the contributions from individual reactions in
J/y > ¥X, X » 2y, a two-dimensional maximum likelihood fit to the Dalitz
plot was carried out. For J/¢y produced directly, events from each
individual reaction were simulated in the detector by Monte Carlo shower
calculations using a (l+ cos? 8) distribution for the monochromatic photon.
For direct 3y and QED, the matrix elements given in References 6,7 were
used. The energy resolution as well as photon conversion corrections
were introduced into the Monte Carlo. The events were then subjected to
the same selection and analysis as the data, yielding a Dalitz plot
density and an overall acceptance for each reaction. These were used in
the Dalitz plot fit leaving only the individual numbers of events from
the various reactions as free parameters. Such fits have been carried
out for several values of the n, mass, and upper limits obtained at each
mass. In addition to the fit we have also calculated the absolute con-
tribution from QED at the J/y and ¢"(3770). The calculations were found
in very good agreement with the data at the y'" (where QED is the only
source for the 3y final state), and with the QED contribution obtained
from the fit at J/y.
From the fit to the Dalitz plot we obtain an upper limit for the

branching ratio product at an X mass of 2.83 GeV:

BR(J/yp + yX) » BR(X + 2y) < 2.2x 107> (90% C.L.).
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Figure 5 shows this product as a function of n, mass, and a theoretical

prediction from Reference 8 for comparison. Reference 8 also contains a

discussion of the difficuity posed by an n, mass of 2,83 GeV.

Since the only significant contributions found were from n, n'
and QED, a fit to the Dalitz plot has been carried out using these only.
This fit yields the following branching ratios:? BR(J/Y » yn) = (1.17 %

3, BR(J/¢Y » yn') = (6.87+1.71) x 10—3. The first is in good

.17) x 107
© agreement with previous measurements.2>10 The second is higher than
earlier results.?’!l Our value of 5.88% 1.46 for the ratio of the two
decay rates p = BR(J/¢¥ + yn')/BR(J/¢ » yn) can be compared to earlier
experimental results!® p=1.820.8, p=2.8%2.2 (derived from Ref. 2),
and the theoretical valuel? px 3.9.
For the 3y decay of J/¢ obtained from y', all events in the Dalitz
plot (Figure 3) are in the n and n' mass bands. In particular, there

are no contributions from X(2.83). As stated before, this reaction is

free from QED. The Dalitz plot was therefore fitted with only n, n',

X(2.83) and direct 3y. Our present knowledge of the hadronic showers in

the Ball does not allow us to calculate reliably the efficiency of event

selection. We therefore normalized the branching ratios by comparing the
total number of n+n' from this method with that from J/y produced

directly. This procedure is justified because the selection inefficiencies

due to the charged particles should be independent of the 3y final state.
Since the sum of the n, n' is used in the normalization, we can give

j only the value for the ratio p defined above. We find: p = 10.1 * 4.1.
The fit to the Dalitz plot gives no events from X(2.83). Using

the normalization above we obtain an upper limit on the branching ratio

product BR{J/y + vy X(2.83)) x BR(X(2.83) - 2y) < 1.0x 107 (902 C.L.).
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Also, no contribution from direct 3y decay is required by the fit and
we obtain the upper limit BR(J/¥ = direct 3y) < 5.5% 10—5 (907% C.L.)
For the convenience of the reader, the results appearing in various

parts of the text were compiled in Table 1.
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Table I. Branching Ratios J/¢y -+ 3y
Channel Branching Ratio
3/y > n (1.17 £ .17) x 107>
I/ > yn' (6.87 + 1.71) x 107>
3y > yn")/(3/y > yn) (5.88 = 1.46)
3/y + 3y (Direct) ™ < 5.5 x 107°
I/y > vX(2.83), X + 2y < 2.2 x 107

+_
* Here J/y is obtained from the decay ¢' > J/y m'w
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Figure Captions

Fig. 1. Schematic of Crystal Ball Detector.
Fig. 2. Dalitz plot J/¢ =+ 3y.
Fig. 3. Dalitz plot y'~> J/¢n+n_, J/y > 3y.

Fig. 4. (a) Histogram (Myy)low’ J/Y + 3.

(b) Histogram:(MYY)high, J/y + 3y.

Fig. 5. Upper limits: BR(J/y - ync) X*BR(nc > 2v).
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