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proximately 103 cm?2,

The most striking feature of J is the possibility
that it may be one of the theoretically suggested
charmed particles?® or a’s® or Z,’s,* etc. In or-
der to study the real nature of J,° measurements
are now underway on the various decay modes,
e.g., an emv mode would imply that J is weakly
interacting in nature.

It is also important to note the absence of an
e*e” continuum, which contradicts the predic-
tions of parton models.®
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We have observed a very sharp peak in the cross section for e *e~ —hadrons, e*e~, and
possibly p*u®-at a center-of-mass energy of 3.105+0,003 GeV. The upper limit to the

full width at half-maximum is 1.3 MeV.

We have observed a very sharp peak in the
cross section for e*e™— hadrons, e*e~, and pos-
sibly u*u” in the Stanford Linear Accelerator
Center (SLAC)-Lawrence Berkeley Laboratory
magnetic detector’ at the SLAC electron-positron
storage ring SPEAR. The resonance has the
parameters

E=3.105+0.003 GeV,
I'<1.3 MeV

(full width at half-maximum), where the uncer-
tainty in the energy of the resonance reflects the
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uncertainty in the absolute energy calibration of
the storage ring. [We suggest naming this struc-
ture zp(3105).] The cross section for hadron pro-
duction at the peak of the resonance is = 2300

nb, an enhancement of about 100 times the cross
section outside the resonance. The large mass,
large cross section, and narrow width of this
structure are entirely unexpected.

Our attention was first drawn to the possibility
of structure in the e*e”— hadron cross section
during a scan of the cross section carried out in
200-MeV steps. A 30% (6 nb) enhancement was
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observed at a c.m. energy of 3.2 GeV. Subse-
quently, we repeated the measurement at 3.2
GeV and also made measurements at 3.1 and 3.3
GeV. The 3.2-GeV results reproduced, the 3.3-
GeV measurement showed no enhancement, but
the 3.1-GeV measurements were internally in-
consistent—six out of eight runs giving a low
cross section and two runs giving a factor of 3 to
5 higher cross section. This pattern could have
been caused by a very narrow resonance at an
energy slightly larger than the nominal 3.1-GeV
setting of the storage ring, the inconsistent 3.1-
GeV cross sections then being caused by setting
errors in the ring energy. The 3.2-GeV enhance-
ment would arise from radiative corrections
which give a high-energy tail to the structure,

We have now repeated the measurements using
much finer energy steps and using a nuclear mag-
netic resonance magnetometer to monitor the
ring energy. The magnetometer, coupled with
measurements of the circulating beam position
in the storage ring made at sixteen points around
the orbit, allowed the relative energy to be deter-
mined to 1 part in 10%, The determination of the
absolute energy setting of the ring requires the
knowledge of [Bdl around the orbit and is accur-
ate to £0.1%.

The data are shown in Fig, 1, All cross sec-
tions are normalized to Bhabha scattering at 20
mrad. The cross section for the production of
hadrons is shown in Fig, 1(a). Hadronic events
are required to have in the final state either =3
detected charged particles or 2 charged particles
noncoplanar by >20°.2 The observed cross sec-
tion rises sharply from a level of about 25 nb to
a value of 2300 + 200 nb at the peak® and then ex-
hibits the long high-energy tail characteristic of
radiative corrections in e*e” reactions. The de-
tection efficiency for hadronic events is 45% over
the region shown. The error quoted above in-
cludes both the statistical error and a 7% contri-
bution from uncertainty in the detection efficiency.

Our mass resolution is determined by the en-
ergy spread in the colliding beams which arises
from quantum fluctuations in the synchrotron

radiation emitted by the beams. The expected
Gaussian c.m. energy distribution (¢ =0.56 MeV),
folded with the radiative processes,® is shown as
the dashed curve in Fig. 1(a). The width of the
resonance must be smaller than this spread; thus
an upper limit to the full width at half-maximum
is 1.3 MeV.
Figure 1(b) shows the cross section for e*e”
final states. Outside the peak this cross section
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FIG, 1. Cross section versus energy for (a) multi-
hadron final states, (b) e*e” final states, and (c) p*u~,
*r~, and K *K° final states. The curve in (a) is the ex-
pected shape of a §~function resonance folded with the
Gaussian energy spread of the beams and including
radiative processes. The cross sections shown in (b)
and (c) are integrated over the detector acceptance.
The total hadron cross section, (a), has been corrected
for detection efficiency.

is equal to the Bhabha cross section integrated
over the acceptance of the apparatus,’

Figure 1(c) shows the cross section for the
production of collinear pairs of particles, ex-
cluding electrons., At present, our muon identi-
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fications system is not functioning and we there-
fore cannot separate muons from strongly inter-
acting particles. However, outside the peak the
data are consistent with our previously measured
u-pair cross section. Since a large 77 or KK
branching ratio would be unexpected for a reso-
nance this massive, the two-body enhancement
observed is probably but not conclusively in the
u-pair channel.

The e*e” — hadron cross section is presumed
to go through the one-photon intermediate state
with angular momentum, parity, and charge con-
jugation quantum numbers JF¢=17", It is dif-
ficult to understand how, without involving new
quantum numbers or selection rules, a resonance
in this state which decays to hadrons could be so
narrow,
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We report on the results at ADONE to study the properties of the newly found 3.1-BeV

particle.

Soon after the news that a particle of 3.1 GeV
with a width consistent with zero had been ob-
served at Brookhaven National Laboratory by the
Massachusetts Institute of Technology group,’ it
was immediately decided to push ADONE beyond
its nominal limit of energy (2X1.5 GeV) to look
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for this particle. On the following day the in-
formation had reached us that this particle had
also been observed at SPEAR at the energy of
exactly 3.10 GeV with a narrow width, <1,3 MeV,?

Three experiments® [the Gamma-Gamma Group,
the Magnet Experimental Group for ADONE



