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a second particle peak, consistent with the onset
of the dominance of central-region 7~ production.
To conclude, it has been shown that a semiem-
pirical model incorporating a large contribution
of resonance production consistently describes
double-charge-exchange inclusive 7~ production
at high values of x. From this model, we esti-
mate that the production of meson resonances
could constitute as much as 40% of both leading-
particle reactions 7*p—~7*X and K*p—~K*X at x
= 0,85. Furthermore, in these reactions both
neutral and charged resonance production will
contribute. Therefore, any triple-Regge analy-
sis should correct for meson resonances pro-
duced by exchange processes.
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We present upper limits on the production of heavy leptons (L*) by neutrinos via the

process v, + Ne—~L* +..

+y L*—¢* +y+7, These limits imply that the L~ and L*, if

they couple in full strength to y , are heavier than 7.5 and 9 GeV, respectively, They
also imply that the coupling strength v u to the recently discovered 1.9-GeV heavy lepton
7 is less than 0.025 of the normal v,—p coupling,

The possible existence of charged leptons heav-
ier than the electron and the muon has been often
discussed in the past. Recently, experimental
evidence has been found for the existence of such
a particle, called the 7, near 1.9 GeV in mass,’
and possibly for even more massive ones.? The
question then naturally arises whether such a
lepton has the quantum number of the electron,
or the muon, or does it have a new unique lepton
number. If its lepton number is the same as that

of the muon, then it should be produced in v, in-
teractions, and decay, among other things, into
e*VD as shown in the diagram of Fig. 1. For any
given mass of the heavy lepton L*, both the pro-
duction cross section and the decay branching ra-
tio into e* V7 are calculable. The experimental
signal for this process is e* or e~ without any
other charged leptons in the final state produced
in a v, beam.

We have searched for heavy-lepton production
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FIG. 1, Diagram describing the process v, +Ne—L*
+eee, LE—e* 7,

and decay via the process of Fig. 1 in an experi-
ment using the Fermilab 15-ft. bubble chamber
filled with a heavy neon-hydrogen mix (64 at.%
neon) exposed to the two-horn focused wideband v
beam with an average of 10 400-GeV protons per
pulse hitting the neutrino target. The neutrino
spectrum extends from a few GeV up to ~ 200
GeV, peaking near 25 GeV. The chamber mag-
netic field was 30 kG. The heavy neon fill used
has a radiation length of 40 cm and an interac-
tion length of 125 cm, so that electrons are like-
ly to radiate with high efficiency (the chamber is
~ 10 radiation lengths), hadrons are likely to in-
teract (the chamber is ~ 3 interaction lengths),
but muons will leave the chamber without inter-
acting.

We present here results based on the first
46 000-picture run of the experiment, which cor-
responds to a total of 27 600 charged-current v,
interactions.

The film was double scanned for events with an
e’ or an e’ in the final state. Events in which the
e* or e~ were part of a Dalitz pair were discard-
ed. The ¢* were identified on the scan table by
the following signatures: (a) a charged track that
curls up with minimum ionization, (b) a charged
track that radiates, followed by conversion into
a visible e*e” pair.

All events found were examined by physicists,
measured and geometrically reconstructed in
TVGP. For the present search, events in which
the e* or e” was identified by at least two signa-
tures and had a momentum greater than 1 GeV/c¢
were selected.® We obtain a sample of 187 events
with an e~ and 80 events with an e*. Only those _
events without a muon can be heavy-lepton candi-
dates.

In the e~ sample the number of leaving nega-
tive tracks is consistent with the number of non-
interacting hadrons we expect, as estimated from
the number of interacting negative tracks and the
measured relative probability of a hadron to inter-
act or leave the chamber without interaction. We
thus take the 187 events to be ¢~ events without

muons.

In the e* sample 58 of the 80 events have a leav-
ing negative track. We believe that the bulk of
these are i e™ events from charm production.*
We estimate the true number of ¢* events with
hadrons and no u~ by taking the 22 events without
a leaving negative track and correcting for those
events where a negative hadron leaves without in-
teracting. These 22 events have 27 interacting
negative tracks, from which we estimate that 6
events had an e* with a leaving negative hadron.
Thus, the number of e* events with hadrons and
no u” is 28.

The most likely interpretation for these events
is that they are v, and 7, interactions:

V,+ Ne—e™ +--+, 18714 events;

V,+Ne—-e* ++++ 28% 6 events.

From the calculated v,/ v, and 7, / v, event ra-
tios of (1.3+0.4) and (0.14+0.04)%, respectively,
we expect 215+ 60 v, and 23+ 8 7, interactions®
in this sample. Therefore, there is no signifi-
cant excess to be interpreted as a signal for
heavy-lepton production. Subtracting the calcu-
lated number of events from the observed num-
ber, we obtain the 90% confidence level upper
limits of 52 ¢~ and 18 e* events that could be as-
cribed to heavy-lepton production. We apply
some small corrections (90% scan efficiency,
95% e* identification efficiency, and 3% and 4%
backgrounds in e~ and e¢* events, respectively,
due to Compton and other sources, and 14% mis-
cellaneous losses) and compare with 27 600
charged-current v, interactions, 7% of which
are in the reduced fiducial volume of the e*
events, to obtain the 90% confidence level upper
limits:

Vu+ Ne—~L "+ - .}L"_.e' 4 e
vy +Ne—~p +ce°

<3x1073,

v,+Ne=L '+ e L*~eg* 4 0

<1X1073,
v, +Ne~p" +*++ 110

The number of heavy leptons expected, rela-
tive to the total number of charged-current inter-
actions, has been calculated by Albright, Smith,
and Vermaseren® as a function of the mass m(L*),
averaging over the incident v spectrum used in
this experiment, as shown in Fig. 2. Also shown
in Fig. 2 is this production ratio multiplied by
the calculated” branching ratio of the heavy lepton
into ev?. From a comparison of our limits with
these calculations, we conclude the following:
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FIG. 2. Production rate of heavy leptons relative to
the total charged-current cross section, and the pro-
duction rate multiplied by the calculated branching
ratio of the heavy lepton into ¢*p7., The width of the
lower curve represents the uncertainty in the branch-
ing ratio calculation.

(a) Muon-type heavy leptons that couple with the
usual V - A interaction to the standard quarks
must be heavier than®

m(L")=17.5 GeV, m(L")=9 GeV.

(b) If the 7! with a mass 1.9 GeV has the same
lepton number as the p and is coupled with full
strength to v, its production is 60% of the
charged-current events. Using the measured
~20% branching ratio of 7" into e”,! we would ex-
pect ~12% e~ events whereas our limit is 3X1073,
Thus, the coupling strength of v, to 7 must be
less than 0.025 of the coupling strength of the v,
to u. Alternatively, if the 7 meson is not a mem-
ber of the same multiplet as the u but there is
mixing between the u and the 7, then our results
imply a limit® on the mixing angle of tan® < 0.025.
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