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The radiative decay J/$ pyric has been studied with data taken with the crystal-ball
detector at the SPEAR e+e storage ring. In addition to the well-known g', the gm. mass
spectrum shows a broad enhancement centered at - 1700 MeV. The authors have searched
for the ~(1440). in the g7t~ mass spectrum and find R(J/g- yf. ) {f. q7r~)/R( J/g-yf, )(c.

KKx) & 0.5 (90'7p confidence level).

PACS numbers: 13.40.Hq, 13.25.+m

Recently a resonance with mass 1440 MeV has
been seen in the /gz mass spectrum from the
radiative decay J/g- yKKw. " Partial-wave and
spin-parity analyses performed by the authors'
indicated that the state is a pseudoscalar which
decays predominantly to R with the 5 decaying to
KK. This state has been named ~(1440).' The
5(980) also decays to g v though the ratio &(5- grr)/
A(5-KK) is not well known. Experimental de-
terminations of this ratio range from 0.24 to 4.0.'
If the branching ratio for 5- gn is larger than that
for the EK channel, as might be expected since
the 5 mass is below EK threshold, then the
i(1440) should appear in the qxw mass spectrum
from the process J/g- gynic This .L.etter pre-
sents results from a study of the decay 4/f
—ygzm by the Crystal Ball Collaboration.

The data are from a sample of 2. 2 x 10' J/g
mesons produced in e'e interactions at the
SPEAR storage ring. The crystal-ball detector
consists primarily of a segmented spherical shell
of NaI(Tl) crystals covering 93% of the full solid
angle. Additional sodium-iodide end-cap crystals
increase the solid-angle coverage to 98/o of 4n sr

for the detection of electromagnetically shower-
ing particles. The energy resolution for photons
is given by os/K =0.026/E' ' (E in gigaelectron-
volts). The photon angular resolution is 25-40
mrad, depending on energy. An inner detector,
consisting of magnetrostrictive spark chambers
and proportional wire chambers, is used to iden-
tify charged particles and measure their direc-
tions. Details of the detector performance and
event selection procedures have been presented
elsewhere. '

For this analysis, hadronic decays of the J/g
were selected which contained three photons and
two charged particles or seven photons and no

charged particles. A kinematic fit was performed
on events with three photons and two charged par-
ticles, assuming they came from 8/P - ~rtg+n

with the g decaying to yy. Note that charged par-
ticle energies, as well as charged pion-kaon sep-
aration, are determined only from the constrained
fit. The seven-photon events were fitted by the
hypothesis J/g- yrtn'vo assuming the n and both
p" s decayed to two photons. Figure 1 shows the
gem mass distribution for events which were fit-
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FIG. 1. The rpr7t mass spectrum for J/p
events: (a) g7t+7r mass and (b) gvr vr mass. The dashed
curve in (a) shows the q~+7t mass spectrum expected
from Lorentz-invariant phase-space events.

0 I 2

ted by the yearn hypothesis with confidence level
greater than 1%. Both Figs. 1(a) and 1(b) show a
narrow peak at 960 MeV corresponding to the de-
cay J/g-yq', yi'-yIn'n; In addition, both plots
show a broad enhancement at roughly 1700 MeV.
The dashed curve in Fig. 1(a) shows the rIyy'7y

spectrum expected for J/Q- yylyy'yy Lorentz-in-
variant phase-space events. The enhancement
seen in both gnat spectra is unlike the phase-space
distribution. There is no evidence for the t(1440)
in the gn'x' mass spectrum. The gv'n. mass
spectrum has a slight shoulder in the c. region.
An upper limit for the product B(J/g- y ~) x A(~- yl7ys) will be given at the end of this Letter. We
first discuss the new enhancement in greater de-
tail.

Several tests have been performed to investigate
the enhancement at 1700 MeV. To study the
strength of the rf signal in the data, the yj con-
straint was removed from the fit. Events with
three photons and two charged particles (the sta-
tistically more significant channel) were fitted by
the hypothesis J/g- yyy7y'yy . Figure 2 shows the
yy mass for events which were fitted with confi-
dence level greater than 1%. All yy combinations
are included so that there are three entries per
event. Clear signals are seen for the z' and g
with very little background. We find (Fig. 3) that
the enhancement is correlated only with yy mass-
es in the g peak.

As an additional test, the kinematic fitting may
be eliminated entirely. Then we see an enhance-
ment in the photon energy spectrum for events
with three photons and two charged particles.
The enhancement is at about 1 GeV (correspond-
ing to a recoil mass of 1700 MeV) and appears
only when there are two photons in the event
which form an g mass combination. '
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FIG. 2. yy mass for events which were fitted by the
hypothesis J/p —yyyvr+m . There are three entries per
event.
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FIG. 3. yy7t'+z mass for four different yy mass in-
tervals.

We have considered the possibility that the en-
hancement comes from some other J/g decay,
perhaps with one or more particles missing.
Known decays of the J/g cannot be responsible
because there are no known J/g decays which con-
tain an g which have a large enough branching
ratio to account for the signal. For example, the
decay J/Ict- p7y's, p-yiy, rf —yy would produce
only about 25 events in our sample of 2.2 & 10'
J/P's. With a detection efficiency of 20%%uo we
would expect to see 5 events. The number of
events in the 1700-MeV enhancement is about
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100 times larger. Similarly, processes such as

'~ r/ rl

=n'w m' (or n'm'n')

yy

lation to be 19'%% (6.5/p} for J/g ygp+g (~octo),
g - yy for M„,„near 1700 MeV. Using the num-
ber of events in the peak, as determined by the
fit, one obtains the branching ratios

R(J/g- ygw'~ ) =(3.9 ~0.2+0.7) x10 ',

R(J/g- ygn'n') = (2.6 ~0.4 ~0.8) x 10-',

with a ~o missing cannot account for an enhance-
ment as large as that seen.

The decay J/g- ~q with the &u decaying to n'n
n-' could contribute to the gn'm spectrum because
the m' may appear as a single photon in our de-
tector. These events contain a monochromatic g
with momentum 1400 MeV and are thus easy to
remove with a cut on q momentum. For this
analysis, events where the momentum of the g is
greater than 1300 MeV have been removed. Note
that the process J/g- &ug, ~-z'n w' is a back-
ground only for J/g- yqw'rr and not for J/f
—yrpr m . Thus there is not cut on g momentum
for the all-neutral events.

We have examined the gn and mn mass spectra
for events in the 1700-MeV enhancement. "
There is no strong evidence for structure in eith-
er distribution. The broad enhancement is ap-
parently not associated with the 5 or any other
resonances in either gn or mm.

We mention three possible interpretations for
this new enhancement. First, the enhancement
may be a single new resonance. A second pos-
sibility is that it includes contributions from two
or more resonances. ' Finally, the enhancement
could arise from a (nonresonant) process such
as the decay of the J/g to a photon plus two glu-
ons: J/g- ygg. The yaw mass distribution for
events which contain a prompt y may be quite dif-
ferent from the Lorentz-invariant phase-space
distribution shown in Fig. 1(a).

The data may be fitted with a single Breit-Wig-
ner line shape. For the fit, the gn'n and rjn'm'

mass spectra are fitted simultaneously, with the
mass and width parameters constrained to be the
same for both channels. A constant background
was assumed for the gn'n' channel. For rp'm,
we used a background determined by fitting the
gym'm mass spectrum for events with a yy mass
combination in the g sidebands (320 & kI & 470
MeV or 610 & Mzz & 760 MeV).

The fit has a g' of 77 for 71 degrees of free-
dom. We find M=1770+45 MeV and I =520
+110 MeV where the errors include estimates
of the systematic uncertainty. The detection ef-
ficiency was determined by a Monte Carlo calcu-

where the first error is statistical and the second
systematic. These branching ratios are compar-
able to those of the largest known radiative decays
of the J/g.

We have used two methods to obtain an upper
limit for the product branching ratio for J/g
-y~, ~-rprm. First, we assume that all events
in the ~ region (above the background as deter-
mined for the fit described above) come from
c(1440) decay. The result is

R(J/g- y ~)(~ -7lmn) & 1.7x 10 '
(90 /p confidence level).

Alternatively, the spry mass spectra may be refit-
ted with an additional term for the a(1440). The
mass and width of the ~ were fixed but the mass
and width of the Breit-Wigner shape used to de-
scribe the new enhancement were allowed to vary.
The background used for the fit was the same as
that used for the single-peak fit described above.
The number of a events determined by the fit is
insensitive to the background hypothesis because
of the presence of the 1700-MeV enhancement.
The fitted width of the 1700-MeV enhancement
varies with changes in the background shape in
such a way that the ~ region is not strongly af-
fected. To further reduce the dependence on as-
sumptions about the background, the fit may be
performed using only data with M„„,& 2.0 GeV.
The result is

R(J/f-~~)(i —pan} &0.7x10 '
(90% confidence level).

For comparison, note that'

R(J/g- y a)(a -EXm) = (4.0 +0.7 ~ 1.0) x 10 -'.

In conclusion, we have determined the branch-
ing ratios for the radiative decays J/f- ygz'n
and J/g- yqnomo. We find

R(J/g —y ~)(~ - qn w)

R(J/g —y ~)(~ - ZcX~)
& 0.5

(90/0 confidence level).

There is a new' enhancement near 1700 MeV in the
gnn mass spectrum which is produced with a sub-
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stantial branching ratio. Its interpretation is un-
certain.
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80ne cannot account completely for the enhancement
with a simple incoherent superposition of known reso-
nances. However, known resonances, in particular
the 0(1700), may provide large contributions to the en-
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