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Decays of the J/y resonance into the three-photon final state are investigated. Branching
ratios for the decays of J/y —» yx° and J/¥ = vy’ are determined to be Br{J/{ - yz") =
4.6 + 1.1) X 1075 and Br(J/y — v1') = (4.12 £ 0.82) x 107>, The ratio of the two decay
widths, /Y - vq') | TANY - ), is 4.79 + 0.85. This value agrees well with the
predictions of the two theoretical models.

Key words: J/{, radiative decay, three-photon final state, branching ratio.

The measurement was done with the Beijing Spectrometer (BES) [1] at the Beijing Electron
Positron Collider (BEPC). The BES trigger system has successfully implemented the neutral trigger,
so the events with pure photons final states can be acquired. Since 1989, the BES has collected about
7 million produced J/¢ events with the neutral trigger mode. The corresponding on-line integrated
luminosity is about 3.67 pb~!. Analyzing the J/{ radiative decays with three-photon final states J/
- 7 1, vn' = 3v, the branching ratios for J/y = y=° and J/{ - yn’ and the ratio of two decay
widths T/ = vy") / T3/ = yn) were obtained.

The BES is a large general-purpose solenoidal detector and consists of the following parts: the
central drift chamber (CDC), the main drift chamber (MDC), the time of flight counters (TOF), the
shower counter (SC), and the muon chamber. Photons from J/y decay are mainly detected and
measured by the barrel shower counter (BSC) [2]. The BSC is made up of 24 layers of self-quenching
streamer (SQS)-mode sampling tubes. There are 560 cells in each layer. In order to reduce the number
of readout channels, signals from the anode wire are combined together into 6 layers of the readout
channel. The solid angle coverage is 80% X 4. From the Bhabha events, the shower position
resolution at the z direction and the angular resolution in the x-y plane is determined to be o, = 3.6 cm
and o, = 7.9 mrad, respectively, and the energy resolutionis AE/ E = 22% / \/E_ (Ein GeV). A 100
(50) MeV photon is detected with 100% (65 %) efficiencies.

In the data acquisition process on BES, the trigger system [3] selects events in real time to retain
all good events while rejecting backgrounds. The trigger criteria for pure neutral events are: no
charged track in MDC; the total energy deposited in the BSC is greater than a high threshold (about
0.95 GeV); the total energy deposited in any of two adjacent cells is greater than the radial condition
threshold; no hits in the innermost layer of the muon counters to reject the cosmic ray background.

1. THEORETICAL PREDICTION

The decay rate of J/y — P [4] (P is a pseudoscalar meson) can be calculated using the QCD
perturbation theory
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here R,(0) and R(0) are the wave functions of the J/i and pseudoscalar meson with mass Mp at the
origin. Q, is the charge of the charm quark. The reduced pseudoscalar helicity amplitude HF(x) depends
onx = 1 — (Mp/ M,)?, numerically x| H'(x)| = 55 for J/ = yn'. Ry(0) and Ry(0) can be calculated
based on the decay widths of J/ - e*e™ and P — +v, respectively. Using the lowest order QCD
equation for J/Y — 7', the decay width is 213 eV.
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The vector meson dominance model (VMD) [5] predicts I'(J/y = y7%) = 1€V, by assuming the
coupling between the photon and p° in the decay J/y - p°n°. The decays of J/{y — vy and J/{ - vy’
have been measured by several experiments. It was found that 5’ is produced in radiative J/y decays
with a rather large branching fraction. The Crystal Ball group [6] obtained the ratio T'(J/y = y3') /
T’y — yn) = 4.7 £ 0.6. This fact cannot be explained very well by the u, d, and s quark contents
of 7 and »'. In order to tackle the large ratio I'(yy') I'(yy), two kinds of theoretical models have been
built. The 9, 7', and 5. admixture model [7] allows a small mixture of 5 and 5’ to the wave function
of the 7,. In turn the 4 and 5’ obtain some ct components in their wave functions. The 5’ has more
SU(3) singlet component than 7, so it could have a larger mixture of the ¢t component and hence a
larger production rate from J/y decay. This model predicts I'(yn") / I'(yy) = 3.9. The 7, 5’ and
«(1440) admixture model [8] assumes that ¢(1440) is a0~ * meson, its main component is glueball, and
therefore there is a glueball component in 5 and 5'. This model, by considering the contribution from
glueball component, predicts I'(yn') / T'(yn) = 5.1. A study of the n—»' system in the radiative J/y
decays is therefore of considerable interest.

2. DATA ANALYSIS

Data taken at the J/y energy region was processed and sorted out to the zero-prong data sample
after filtering, calibration, and reconstruction. For the physics analyses, the pre-selection process is
essential to reject the background. The pre-selection for the sample of neutral events satisfy the
following conditions: the number of hit wires in the MDC is less than 10, the number of hits in the p
chamber is less than 8, the number of neutral clusters in the BSC is between 3 and 8, the total energy
deposited in BSC is in the range of 2.0 to 4.0 GeV, and the momentum of each event measured by
BSC should be smaller than 1.0 GeV/c. )

From the pre-selected data set, we obtam the events of 3 photon final states by following these
further requirements:

(1) For each event there should be exactly three good neutral clusters satisfying the following:
the energy deposited in BSC for each cluster is greater than 0.15 GeV, |cosf| < 0.8 where 6 is the
polar angle of each cluster, the total hit layers in BSC for each cluster should be greater than 1 and the
first hit layer should be less than the 4th layer. From the study of the Monte Carlo simulation, if two
neutral clusters with energy E,, E, satisfy E; < 0.2 X (E, + E,) and |A0| + |A¢| < 8°, the neutral
cluster with energy E, is considered as a split-off from E, cluster and is therefore abandoned. (¢
denotes the azimuthal angle with beam direction as z axis.)

(2) The acollinearity angle between the direction of photon production and the direction of shower
development should be less than 16°.

(3) In order to reject the background from events with 5y and 7+ final states, the total energy
deposited in BSC of the three candidate photons should be greater than 2.4 GeV. Three clusters are
also required on the same plane, the criterion |n, - (n, X n;)| < 0.06 is used, where n,, n,, and n;
is the unit vector pointing in the direction of the corresponding cluster.

(4) Aminimal acollinearity angle between two photons greater than 6° is required to discriminate
against events of the type e*e™ —> vy, where the spray from one of the photons fakes a third low
energy photon. The Monte Carlo simulation indicates that this cut will not remove the events of J/y/
-7 ¥y, and yn' - 3y.

(5) Finally, events are 4C kinematically fit to obtain better mass resolution and to suppress
backgrounds further by the requirement x*> < 14.

With energies of photons from the 4C-fit, the events are shown in the Dalitz plot in Fig. 1. Three
bands at the masses of 7%, 7, and ' are clearly seen. The lowest photon pair mass is plotted in Fig. 2
after the cut on the highest photons pair mass is less than 2.8 GeV/c?, and clear signals at the mass of
7°, 7, and 5’ are superimposed on the smoothly varying background.
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Table 1
Fitting results of the lowest pair mass spectrum.

L 7 7'
Events 40 + 8 361 + 17 99 4 13
Mass (GeV) 0.137 £ 0.003 0.548 + 0.001 0.958 + 0.003

The invariant mass spectrum in the region from 0.04 GeV/c® to 1.24 GeV/c* is fit by the
maximum-likelihood function with a linear function for background and three Gaussian functions for
the three peaks. The fit masses of 7%, 5, and n’ and the corresponding event numbers are listed in
Table 1. The fit masses are in good agreement with data from PDG96 [9].

The number of produced J/y events which are obtained using the neutral trigger mode can be
calculated using the decay J/y — yy — 3 by the following equation,

N'l
exBr( jy— ) xBrlg— )

Nyy= @

where N, = 361 + 17 is the observed J/y - yn ~> 3y event number, and ¢ is selection efficiency for
J/Y = yn —3+. The Monte Carlo simulation shows that ¢ is 14.9% with a relative error 6.2%. PDG96
gives Br(J/y = vyn) = (8.6 + 0.8) X 10~* Br(n = vy) = (39.25 £ 0.31) X 1072 Because the
measurement error of Br(y —> vy) is very small, its contribution to the error of Ny, can be ignored.
Besides Br(n —> ), the other three quantities in Equation (2) are measured by different methods, so
they are independent each other. The total number of Ny, is determined to be (7.18 + 0.87) x 105

From the Monte Carlo simulation, the event selection efficiencies for J/y = y7° = 3y and I
-y’ = 3y are 12.3% and 15.8% with relative errors of 5.7% and 6.6 %, respectively.
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Fig. 1
The Dalitz plot for J/y — 3.
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Fig. 2

The lowest pair mass spectrum.

Normalizing to the total number of produced J/y events and using branching fractions of Br(n’
-> vy) and Br(z°® - v) from PDG96, the branching ratios, -

Br(J fy— yn®)=.6+1.1)x 10 ‘5.;
BrU y— y’ )=4.12£082)x10" ,

are obtained. These results are in good agreement with PDG96 values (3.9 + 1.3) X 10~% and (4.31
+ 0.30) x 1073, respectively.

The ratio of the decay widths of J/i - ~yy’ and J/ =7, which is determined by events for vy’ and
7 as well as the event selection efficiencies, is independent of the produced J/y events number. The
ratio is obtained as ‘

rgpyp—m’) =4.79%0.85..
rQ -y
Similarly | :
LU=~ ") os3too12 .
ray—>

3. DISCUSSION

Based on about 7 million produced J/y events taken with the neutral trigger mode, the neutral
events with three-photon final state from J/y decays have been selected. Clear signals of 7°, 5, and
7’ are found in the two-photon invariant mass spectrum. The branching ratio of J/{ - vy’ is (4.12 +
0.82) X 1073, corresponding to the partial decay width of 358 + 75 eV, which is consistent with the
prediction of the QCD perturbation theory. The branding ratio of J/{y - y#° is found to be (4.6 + 1.1)
X 1072, corresponding to the partial decay width of 4.0 4 1.0 eV. This result agrees roughly with the
value predicted from the VMD.
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In the decays of J/¥ - yn' and J/y - vy with the three-photon final state, 4’ was observed to
produce with a rather larger branching fraction. The model of admixtures of 9, 7" and », (mixture of
7, 7' and 1(1440)) gives that the ratio of the decay widths of J/§ - vy’ and J§ = vy is 3.9 (5.1).
Within the experimental error, our result is consistent with predictions of both models. If utilizing o'
-y, 7' = wt7™y, and ' - yp° decay modes to measure J/y) - yn’, the accuracy can be improved
significantly.
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