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EVIDENCE FOR WEAKLY DECAYING NEW HADRONS IN
ete™ COLLISIONS ABOVE 4 GeV cms
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Single electrons produced with hadrons in e*e™ collisions at cms energies of 4.0 to 4.2 GeV have been observed at
DORIS using the double arm spectrometer DASP. The measured electron spectrum peaks at low momentum and the
associated hadron multiplicity is high. These experimental results are consistent with the electromagnetic production
and weak decay of a hadron with a new quantum number that is conserved by the strong and electromagnetic inter-
action. The electron yield at 3.7 GeV (the y' resonance) and at lower energies was found to be consistent with the
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estimated background, indicating that the production threshold lies between 3.7 and 4.0 GeV.

Using the double arm spectrometer, DASP, a search
for final states containing an electron and hadrons has
been made at the e*e~ colliding ring DORIS. Mixed
electron-hadron final states might arise from the pro-
duction and decay of a pair of heavy leptons, LL [1].
The observed final state would be created by the lep-
tonic decay of one particle (L > vy v.e) and the semi
leptonic decay of the other (L > »; + hadrons). An
alternative source of electron-hadron final states is the
production of a new hadron, H, that is inhibited from
decaying strongly or electromagnetically. Such a
hadron would have to possess a new quantum num-
ber [2]. To conserve this quantum number in the
electromagnetic production process the H particles

must be produced in pairs. The observed electron
would come from either the weak leptonic decay
H— e + v, or the semi leptonic decay H—>e + v, +
hadrons.

The DASP detector consists of two identical mag-
netic spectrometer arms symmetric with respect to
the interaction point. Both arms together cover a
geometrical solid angle of 0.9 sr. A large aperture non-
magnetic detector is mounted between the magnets.
A detailed description of this setup can be found else-
where [3]. For the present measurements the electron
identification was improved by installing threshold
Cerenkov counters on each side of the beam tube (see
fig. 1). The counters, which covered the geometric ac-
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Fig. 1. A section of the DASP inner detector showing the counter and spark chamber arrangement on one side of the interaction
point. The Cerenkov counter is located in front of the magnet aperture of the outer spectrometer.

ceptance of the magnets, were filled with freon 114
(n = 1.0014) at atmospheric pressure. Data were col-
lected at cms energies between 4.0 and 4.2 GeV for a
total integrated luminosity of 670 nb~1. The detector
was triggered on a single charged particle traversing a
spectrometer arm, firing the scintillation counters, Sy
and Sy, mounted before the magnet, and one of the
time of flight counters and a shower counter located
at the rear. For most of the experiment, the magnet
was powered at 1/3 full excitation corresponding to a
cut-off momentum of 0.2 GeV/e.

Events with electrons were selected by requiring a
signal in the appropriate Cerenkov counter, 4500
events were found. 1900 events have only a single
electron with no additional track in the inner detec-
tor. A preliminary analysis [4] showed that these
events come from the reaction e¥e— —ete—y where
one of the electrons and the photon escape down the
beam tube. Since these events are copious and easily
recognized, they have been used to study the detector
response to low momentum electrons.

Events coming from pure electromagnetic interac-
tions such as
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were removed by requiring at least one non-showering
charged particle track in the inner detector. A shower-
ing particle may be separated from a non-showering
one by counting the number of proportional tubes
that have fired in the vicinity of its track. A non-show-
ering track was defined as one in which the particle
traversed at least 5 of 9 tube layers along its path and
on the average activated less than 1.5 tubes per layer.
In a sample of 7°p° events, 85% of the charged pion
tracks were correctly identified as non-showering and
more than 90% of the photons of energy greater than
200 MeV were labeled showering by this criterion.
The recognition of a showering particle improves with
energy. For example the above criterion correctly
identifies 1.5 GeV Bhabha electrons 97.5% of the
time.

After requiring a non-showering track in the inner
detector, the sample of potential electron-hadron
events was reduced to 87. The following background
processes were considered as sources of the residual
events:
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1. Dalitz decays of 7°(n°) or pair conversion of
photons in the material in front of the Cerenkov
counter.

2. Misidentification of hadrons as electrons in the
Cerenkov counter.

3. Inelastic electron scattering from the gas in the
storage ring.

4. Compton scattering in the material in front of the
Cerenkov counter.

5. Decays of pions and kaons into electrons.

6.e* +e~ —e* +e— +hadrons from two photon ex-
change.

7. Cascade decay through an intermediate state with a
large branching ratio into e*e~ pairs.

Dalitz decays and pair conversions can be excluded
by using pulse height information from Sy and Sy.
The correlated pulse height of Sy versus Sy for the
remaining 87 events is shown in fig. 2a. A distinct
clustering of events is seen at Sy =110, Syy = 110,
corresponding to a minimum ionizing particle. A cut
was imposed as shown by the dotted line. When this
cut was applied to the control sample of events having
only a single electron, 20% of them were rejected.
This cut was also found to be helpful in eliminating
beam gas events.

Pions passing through the Cerenkov counter occa-
sionally produce an energetic § ray, which fires the
counter. However, the pulse height in the shower
counters behind the magnet provides an independent
means of identifying electrons. In fig. 2b, the shower
counter pulse height versus the particle momentum is
shown for the 47 surviving events. The solid lines indi-
cate the region for 90% electron acceptance, as deter-
mined from the sample of events having only a single
electron. Most of the events lie within the area de-
fined by these lines. Events with momenta greater
than 200 MeV/c and shower pulse height greater than
125 were accepted as indicated by the dotted lines.

The distribution of vertex position along the beam
axis is shown in fig. 2¢ for the remaining 34 events.
Events produced by beam gas scattering should uni-
formly populate the region within 10 cm of the center
of the interaction diamond. We cut on vertex position
as shown in the figure. After the cut, 28 events re-
main with an estimated background of 0.9 events.

Compton back scattering of a photon from an
electron in the material in front of the Cerenkov
counter could masquerade as an electron-hadron final
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Fig. 2. Data distributions at various steps in the event purifica-
tion procedure. a) Pulse height distribution in the scintillation
counters before and after the Cerenkov counter. b) Shower
counter pulse height versus momentum of the electron in the
outer detector. ¢) Distribution of the event vertex along the
beam axis. Arrows indicate the region of acceptable events.
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state if the electron recoiled into the outer detector.
However, in this case only electrons and no positrons
would be observed. Among the remaining events, 17
have positrons and 11 have electrons.

The semi leptonic decay of neutral and charged
kaons is another potential source of background. For
the process K* - ¢*X to contribute, the kaon must
decay before reaching the middle of the Cerenkov
counter. For the K° to contribute, it must decay be-
fore the Sy counter. Using the number of charged
kaons observed in these data runs we expect less than
1 background event from this source.

The production of electron hadron final states
from the 2 photon mechanism was calculated for the
DASP detector [S]. Less than 1 event is expected.
Furthermore, the angular distribution from the 2+
process is sharply peaked forward, changing by several
orders of magnitude over the range of the spectrom-
eter acceptance. In fig. 3, the angular distribution of
the remaining events is plotted. The distribution is
flat with no apparent forward peaking.

Still another possible source of electron hadron
events is the cascade decay through an intermediate
state which has a large branching ratio into electron
pairs. Both the { and ' are good candidates for such
a state, e.g.
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Fig. 3. The production angular distribution of the electrons
in the outer detector. The abscissa defines the cosine of the
production angle with respect to the initial electron of the
same sign charge (i.e. forward and backward production an-
gles are distinguished).
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ete” > J/Yy+nn—>et +e” +nm.

However, such events would be recognized because
they contain a second electron. Of the 28 remaining
events only a few have an additional showering charged
track and some of these could be pions. Furthermore,
the electrons from J/y and ' decay are energetic (one
electron has an energy greater than 1.55 GeV and the
other, greater than 1 GeV). The observed electrons

all have momenta below 900 MeV/c. The observed
electron momentum distribution would be consistent
with the decay of a slowly moving particle of mass

~ 600 MeV into ete~. The only known candidates in
this mass region are the w® and %, and their branch-
ing ratio is more than 2 orders of magnitude too small.

To check the above background estimates and to
demonstrate the existence of a threshold energy, data
were collected at the ¢ resonance (54 nb—1) and at
cms energies of 3.60, 3.62, and 3.68 GeV (266 nb~1).
At the ' resonance 1.1 times as many inclusive ha-
dron events were recorded as in the data taken above
4 GeV. An analysis similar to the one just described
yielded 9 events. Four of these were identified as cas-
cade decays through the /(3.1) resonance. The re-
mainder of 5 events is consistent with our expectation
for the background. We conclude that the electron
signal observed at higher energies is not due to mis-
identification of ordinary multihadron events. Three
events were found in the data below the ¢’ resonance.
If the yield above 4 GeV came from an electromag:
netic process, one would have expected 13 events here.

After all cuts, 28 events remain with an electron
and at least one non-showering particle track. Conven-
tional sources could produce ~ 7 events. We believe
the non-showering tracks to be hadrons because al-
most all of the charged tracks in the events with high
multiplicity are non-showering. Aside from high order
electromagnetic processes, of which the 2+ process is
the most likely to provide a significant contribution,
electron-hadron final states are produced only by the
weak interaction. Therefore we conclude that we have
observed the production of a new particle which can
only decay via the weak interaction.

It is not possible to account for all the events as
coming from the production of heavy sequential lep-
ton pairs. Following models for the decay modes of a
heavy lepton [6], we calculate an average of 3 or fewer
tracks from charged particles or gamma rays per de-
tected event. Most events should have only one elec-
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Fig. 4. Observed number of tracks per event. Since an elec-
tron plus one non-showering charged track was required, the
smallest track count is 2.

tron and a charged pion. In fig. 4 the spectrum of the
number of detected particle tracks is plotted. Only 6
of the 28 events above 4 GeV have an observed multi-
plicity of two or three. In the “background” data 2
of the 5 events at the ' and 2 of the 3 events below
' had this low multiplicity. In the remaining discus-
sion only the 22 events of multiplicity 4 or more are
used.

Additional evidence comes from the electron mo-
mentum spectrum. For heavy sequential lepton pro-
duction the observed electron comes from the lepton-
ic decay. If one assumes a value for the associated
neutrino mass, the momentum spectrum of the elec-
tron can be calculated. The acceptance corrected mo-
mentum spectrum of the 22 high multiplicity events
is plotted in fig. 5. The dotted curve is the expected
distribution for V—A theory, a massless neutrino, and
a heavy lepton mass of 1.9 GeV. (V + A theory gives
a similar distribution.) The curve is inconsistent with
the data. If the curve is normalized to fit the data be-
low 700 MeV/c, it predicts 28 observed events above
700 MeV/c. In principle one could fit the momentum
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Fig. 5. Acceptance corrected electron momentum distribution
for events with 4 or more tracks. The curve was calculated for
the leptonic decay of a particle of mass 1.9 GeV and normal-
ized to fit the observed events between 200 and 700 MeV/c.

spectrum by assuming a neutrino mass of about 1
GeV, but this is difficult to reconcile with the ob-
served high multiplicity. Both the momentum spec-
trum and the observed multiplicity indicate that the
events do not come from heavy sequential lepton pro-
duction [7].

A new meson with only weak decays may yield
any of the following states:

a) H—>ev, or uy,
b) H~ ey, + hadrons or uv, +hadrons
¢} H— hadrons.

Decay mode a) would lead to high momentum
electrons. Since none are seen, we assume this mode is
suppressed (for example by helicity conservation). If
decay mode b) is the source of the electrons that we
observe, the associated hadrons will lead to lower elec-
tron momenta than those calculated for the leptonic
decay of the heavy lepton. A relatively high hadron
multiplicity for H decays is expected, primarily be-
cause both semileptonic and purely hadronic decay
modes are available. Also additional hadrons might be
created in the production process. Low electron mo-
menta and high multiplicities are in fact observed.
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Therefore, the most likely interpretation of the data
is that the bulk of the events come from the semilep-
tonic decay of a hadron with a new quantum number
that is respected by the strong and electromagnetic
interaction. The mass of the new hadron lies between
1.8 and 2.1 GeV.

On the basis of the angular distribution shown in
fig. 3 we assume that the electrons are isotropic and
calculate a lower limit for the production cross section
times branching ratio into electrons.

oeTe” »e+ hadrons)
~2B(H—ex)* o(e’e” > HH) > 1 nb.

This implies a substantial production cross section be-
tween 4 GeV and 4.2 GeV in the center of mass.

The observed properties of these events are com-
patible with the predictions of the charm model [2].
However, it remains to be shown that the weak cur-
rent responsible for these events couples preferential-
ly to strange mesons.
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