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ABSTRACT
* .+ - .
We have observed events of the type pu~ + (37) in e e interactions
at center of mass energies above 6 GeV. The properties of the events
are consistent with their coming from the heavy lepton decays 1 ~ uvv
and T » v37 or T -+ v4m. The three-charged-pion invariant mass distribution
shows a significant peak at a mass 1.1 GeV/cz. We find the branching ratio

into 3 charged and any number of neutral pions B(T+ +'Gh+w+ﬂ—nﬂo) = .18 + .065.

(Submitted to Physical Review Letters)

X
Work supported primarily by the Dept. of Energy.



. . . 1 2
Evidence for the existence of a new lepton T with a mass™ about 1.8 GeV/c
hds mounted steadily since the original observation of anomalous eu events
. + - . . 2
in e e dinteractiomns. Recently several groups have reported the observa-

tion of semi-~hadronic Tt decays.l’B’4

In this Letter we report the observa-

1 I
tion of p*(3m) events which we interpret as evidence for T decays involv-
ing three charged pions. One such decay, T - v37, is of special interest
because the A1 is expected to appear prominently in this final state.5
Despite many searches for this axial vector state predicted by the quark
model, it has yet to be conclusively established.6 More generally, the
study of multi-hadronic decays of the T probes the nature and strengths of
its couplings.

. + - . ;

Qur evidence comes from a study of e e interactions at center of mass
energies above 6 GeV. The data were taken with the SLAC-LBL magnetic de-~
tector at SPEAR. We select events with four charged particles, total charge

- . + - + -
zero, which include a muon; these could result from the process e e = T T

- - + —+ 4+ - 0 .. .

followed by the decays v -+ vwi and T > v7m T 7 nm . The muon is identi-
fied with a system which has been described previously.7 Briefly, it
consists of several layers of spark chambers located behind steel and concrete
absorbers outside the main detector. The original system subtended a solid
angle of 1.1 sr; for part of this data an additional .6 sr was covered with
a 30 cm iron absorber followed by a spark chamber. To penetrate to the
second or third levels of muon chambers, a particle must on the average trans-
verse the equivalent of 65 or 92 cm of iron, respectively. We call any particle
a.candidate if it has a direction and momentum such that it would be detected

by the second and/or third level of muon chambers if it were a muon. A

muonsy.is a candidate which was



detected in every chamber through which it was projected within 3 standard
de%iati;;s of the expected multiple scattering. A hadron may be misidenti-
fied as a muon because of punch-through or decay in flight. We calculate
the punch~through probability by doing Monte Carlo simulations with the high-
energy nucleon-meson transport code HETC8 and evaluate the decay probability
analytically. The total misidentification probability is constant to within
25% for all candidate momenta greater than 1 GeV/c; averaged over the candi-
date momentum spectrum, it is found to be .038 + .009. To identify events
with one or more neutral particles which decay into photons, we use infor-
mation from the 24 lead-scintillator shower counters which surround the
solenoid. These counters are greater than 907% efficient for photons of
energies above 200 MeV/c2 and have a spatial resolution of about + 30 cm.
For the purposes of this Letter, the number of detected phdtons, nY, is the
number of shower counters which have more than 10 MeV deposited and which
have not been traversed by a charged particle. We exclude shower counters
adjacent to a counter hit by a charged particle if the shower position is
within .3 m of the projected position of that particle; this minimizes the
effect of hadronic interactions in one counter simulating a photon in an ad-
joining counter.

The invariant mass of the three charged particles (assumed to be pions)
which accompany a muon is shown in Fig. 1 for events with 0, 1 or 2, and
more than 2 detected photons. The distributions have been corrected for
the misidentification of hadrons as muons; this correction is about 5%
at the peak of the nY = 0 distribution. The fact that much of the
nY = 1 or 2 distribution and nearly all of the nY > 2 distribution are consis-

tent with having no signal assures us that we have estimated the hadron



misidentification probability conservatively. Events in which at least
one of «he particles has been identified as a kaon with a time of flight
measurement or in which a neutral two pion combination is comnsistent
with coming from a KZ have been eliminated.9 The peak in then =0
category is clear evidence that there are events with a muon and three
charged particles. There is an indication of a similar signal in the

nY > 0 categories.

Semi~leptonic decays: of charmed particles and decays of heavy leptons
are the only known sources of anomalous muons in e+e_ interactions. We
first consider the possibility that the pu"37" events are produced in
charm decays. 1In particular, if we assume the events originated in D
decays, we expect each event to be associated with two kaons, one or
both of which may have escaped detection. There are 42 u”}ﬂ” events

with three-pion masses in the peak (.95 < m, < 1.25 GeV/cz), n £ 2,

37 Yy

and no well-identified kaons. We estimate 1.2 + 1.7 of these include

a kaon with sufficiently high momentum that it could not be well identi-
fied by time-of-flight. If the other events are from D decays, two kaons
must have escaped detection. As a consequence, there must be other
classes of events in which a kaon is detected. We have searched for
these and found 8 Ki u"3r" and 1 KZ u"'3n" events. After accounting for
the relative efficiencies to detect or miss K° and Ki mesons_and the ex-
pected background from pions being misidentified as kaons, we estimate
8.2 + 4.6 of the u"3n" events are associated with kaons that have es-
caped detection. Thus 9.4 + 4.9 of the observed events are associated

with kaons. Since this number is small compared to the 42 events actu-

ally observed, it is very unlikely that all the p"37" events result from



D decays. Decays of F mesons or charmed baryons are other potential
sources® If the p"37" events originate from F decays, we expect

the events to be associated either with kaons or with high photon multi-
plicities. Neither is the case. If charmed baryon decays are the source
of the u"3r" events, we expect to see protons in the final state. Only

1 of the 42 events has a particle identified as a proton by time-of-
flight. 1In summary, it appears unlikely that the bulk of the u"3vw"

events are produced in charmed particle decays. This conclusion is borne
out by the momentum spectrum of muons opposite the three pion enhance-
ment which is shown in Fig. 2a along with a Monte Carloc calculation of

the spectrum expected from the decay of a heavy lepton of mass 1.85 GeV/c2
having V-A coupling and a massless neutrino. Also indicated is an esti-
mate of the muon spectrum due to charmed particle decays.lp Both curves
have been normalized to the observed number of events. A heavy lepton
origin for the events is clearly preferred. The "37" momentum spectrum
provides another check of the hypothesis that the events originate in
heavy lepton decays. The data, shown in Fig. 2b, are consistent with
Monte Carlo predictiomns for T =+ v3m or T - vi4m, which are also shown in
the figure.

Heavy lepton decays into three, four or more pions could lead to a
u3m signal in the nY = 0 category; decays into four or more pions can
feed~down into this category because our detector covers a limited solid
angle and because it is insensitive to photons that have coﬁverted in
shower counters hit by charged particles. We have used Monte Carlo tech-
niques to calculate the three-pion mass distributions and the feed-down
probabilities from various initial states. The three-pion mass distri-

bution from t - v571 is broad and peaked .2 - .3 GeV/c2 below the observed enhance-



ment (depending on the five-pion mass we assume) and so cannot account for
it. We have estimated the mass distribution from T -+ v4m by taking the
four:;ion mass distribution from ref. 11 and assuming that 7mmp dominates
the decay. The resultant three-pion mass distribution, when normalized to
the nY = 0 data, gives an adequate fit (Xz/df = 19.3/10). The nY =0

p s 2
distribution can also be fit if we assume T - VA where we have assumed

1
l’
072 2 .2, _
the Al has mass 1.1 GeV/c™ and width .2 GeV/c”™ (x“/df = 6.3/7); or Tt + vmp,
where we have assumed that the m and p are non-—resonant13 (XZ/df = 21/10).
In summary, the shape of the mass distribution for the nY = 0 events is
consistent with that expected from the decays T > v47 or T -+ V3w, but
not from decays involving more pions.

We evaluate the branching ratio for T decays into three charged and

any number of neutral pions using all the u3m events with m, < 1.8 GeV/c2

3m
and subtracting the number of events (about 257%) which we have calculated

are associated with kaons.14 We find B(T+ +-;ﬁ+n+ﬂ_nwo) =.18 + .065. 1In
principle, we can separate the T + V47 and T - v37m contributions by comparing
the nY = 0 and nY = 1 or 2 signals since 40% of the T+ +.Gh+ﬂ+ﬂ_ﬂo decays-
should appear in the nY = 1 or 2 category. In practice our accuracy in doing
so is limited by our uncertainty in calculating the background from charm
decays and low statistics. Assuming that only the decays T - V4w and T ~+ V37
contribute to the n, < 2 distributions, we find the branching ratios

+ +';ﬁ+w+w_) = .07 + .05 and B(T+ +~5ﬁ+n+ﬂ_ﬂo) = .11 + .07. The presence of

B(t
a small number of T - v57 decays would lower B(t - vé&4m) without much affecting
B(t » v3m). These results are consistent with the predicted5’11 branching
ratios B(T+ +'3AI > vﬂ+ﬁ+ﬂ-) ~ .05 and B(T+ +'5ﬂ+ﬂ+ﬂ_no) %~ .08, where we

have assumed the Al decays via mp. Our determination of B(t » v3m) is in

— +
agreement with that of G. Alexander et §l34 who report B(T+ - VT po)=.05 + .02,
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We assume dI'/dm = m (mTZ— mz)2

(m 2 + 2m?) modified by a threshold
factor.

To evaluate the branching ratios, we have used the calculated cross-
section for the production of a point-like, spin % particle; the -1
branching ratio B(t » uvv) = .18, the integrated luminosity (20 pb ),
and the experimental acceptance as determined with Monte Carlo techniques.
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FIGURE CAPTTIONS

Invariant mass distribution of the three particles opposite
a muon in events with four particles and zero, one or two,

or more than two detected photons. The distributions have

been corrected for hadron misidentification.

a) Momentum distribution of muons in events with .95 < My <
1.25 GeV/c2 and nY < 2, corrected for hadron misidentification.
The solid and dashed curves are the expected spectra from heavy
lepton decays and charmed particle decays, respectively.

b) Momentum distribution of the three pion system in events
with .95 < m, < 1.25 GeV/c2 and nY.i 2. The solid and dashed

curves are the spectra expected for the decays T - V371 and

T - v4m, respectively.
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