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Abstract

We have searched for heavy charged leptons decaying semileptonically

+
into e- in a neutrino exposure of the Fermilab 15' bubble chamber filled

with a heavy-neon hydrogen mixture.  If the heavy lepton couples to v  with

full (V-A) strength,   then  its  mass  must be greater  than  7.5  GeV if negative  and             f
j

9.0 GeV, if positive.  If the 1.9 GeV r-meson does couple to vlt, then the

v11-,r
coupling strength must be less than 2.5% of the vu-11 Coupling.
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At this conference many groups have reported on the existence .of anomalous 

.. . + 
l.l,e events ~n e -e colliding beam ·ex-periments'which are inconsistent with 

charm production. As disc-ussed by H. Perl in his review talk, these_ events 

are consistent \rlth the production and leptonic decay of a heavy lepton ('t') with .. _____ _ 

mass~ 1.9 GeV and.leptonic branching .ratio~- 20%. One open question is the 

~epton number of·the T. If it has the same lepton number as the muon then it 

should be. produced in muon-neutrino interactions and it ·should decay i..11.to 

±
e vv as shown in Fig. 1. 

We have searched for heavy ·lepton·production and'decay via the process 

in Fig. 1 in an experiment using the Fermilab 15' bubble chamber filled with 

a heavy neon-hydrogen mixture (64 atomic percent neon) exposed to the two-hprn 

focused \ol'ideband neutrino beam produced by an average_ of 0.8 x 10
13 

400 Ge.V/c 

protons per pt!lse. The neutrino spectrum extends from a few GeV up to ~ 200 GeV. 

-and ·peaks nei-;; 25 GaV.: The heavy neon mixture has a radiation ·length of 40 ems 

(the chamber is "' 10 ·radiation lengths across), and has an interaction length 

of 125 ems. 

The results presented here are based en the analysis of 46»000 p~ctures 

in which 27,600 charged current v interactions were found. 
'IJ 

·The film ~..:~s scanned fbr events ~.nth an e7 or an e: in the fi.rtal ·state. · 

± 
Events in which the e were part of a Dalitz pair or the e was a o-ray or 

Compton electron near. the vertex were rejected. 
± 

The. e were identified on 

the scanning table by the. following signatures: 

a) a charge track which curls up with m1nimum ionization. 

):>) 9- ch9-rge .tr.ack which radiates,- followe·d l;>y convers;ion into a 

. +-
visible e .e pair. 
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± 
Events where the e was identified by at least two signatures and had a 

momentum greater than 1 GeV/c were selected. A sample of 1.87 events with 

an e and 80 events with an e+ was obtained. 

. + - (1) . 
A substan t~al number of the e events have a·.~ track and these 

bl f h d . d i "1 . d. (Z) F presuma y come rom c arm pro uct~on an ts se~ eptonLc ecay~ rom 

+ -the observed multiplicity distribution of the 22 ~, events wi.th no ~ and 

the known interaction length in neon, we calculate. that 6 e+ events have a 

fake.J..l track. 
+ 

The number of events with an e but no ~ is, theraforei 28p 

Few of the e even.ts are expected to have a ~ track. and the number of 

leaving negative tracks is consistent with the expected numbe·r" of noninter...- · 

acting negative hadron.s.. Consequently, iii calculating the upper limi.t for 

a heavy lepton decaying to an e-, it will be assumed that there are no. events 

with ~ tracks in the e sample. 

The most likely interpretation for these events is that they are v. 
e 

and v interactions. · 
e 

'J + Ne ~ e + 
e 

+ 
v + Ne ~ e + 
e·, 

187±14 events 

28±6 · : events 

From the calculated v · fv·: and v:/v .. flux ratios of (1. 3±0.4)%. ·and. (0.14±0 .. 04)%~ 
e ~ e ll 

respectively we expect 215±60 v and 23±8 v interactions in this sample.(
3

) 
e e 

ni.erefore there is no significant excess to be interpret.ed as a signal for 

heaVy lepton production. Subtracting the calculated number of events from the 

observed number we obtain the 90% confidence upper limits. of 52 e- and 18 e+ 

events which could be ascribed t.o heavy lepton prod~ction. Severai corrections 

must be applied: a) From a double scan of the film, the scanning efficiency 

+ 
was determined to be 0.9±0.05; b) For e- tracks with momentum> 1 GeV/c,. the 

two signature efficienc; is 0.95±0.05; c) Backgrounds of 3%(4%) in. the e+(e-) 

\ 
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sample due to as~metric Dalitz pairs and Compton electrons; d) 14% los.ses 

in each sample. The corrected data samples are to be compared to the 27,600 

charged current events, 79% of which are in the reduced fiducial-volume of 

+ 
the e- events, to obtain the limits: 

v + Ne + L + X + e + X 
l.1 

v + Ne + l.1 + X 
l.1 

+ + . 
v + Ne + L + X + e + X 

J.l 

v + Ne·+ J.1 + X 
J.l 

90% confidence 

~ 1 X 10-
3 

90% confidence 

The number of heavy leptons relative to the total number of charged current 

(4) . . 
interactions expected in this experiment has been calculated as a function 

of the mass ~~-'- as show in Fig. 2. Also shown in 
.... . 
J:~g. 2 are the reduced 

+ ±-
ratios reflecting the L- + e \)\) branchi:q.g ratio. The width of the line 

. . . . (5) 
represents the uncertainties in the branching ratio calculations •... 

From a C.:>!:!parison of our limits with the calculations displayed in Fig. 2, 

we conclude:: .• .. • 

a) If .the -r meson --(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 
. J.l . - . . 

the charged c1,1rrent events. Using the measured 20% branching rat.io 

ofT--into e-~ wewould expect"' 12% e events whereas our limit· is 

0. 3%. Thus the cou!Jling strength of v to T must be less than 2_ .. 5% -
\.l 

of the coupling strength of the v to J.l. Alternatively, if the T 
J.l 

meson is not a member of the same multiplet as the J.l~ there can still 

be mixing between the . J.l and the -r •. Our results then. imply .a limit 

. 2 
on the mixing· angle: tan 8 < 0~025. 
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b) A heavy muon-type lepton, which couples to the standard quar~s 

with full V-A interaction, must be heavier than 7.5 GeV for L

... · .. + 
and 9.0 GeV for L • 
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Figure Captions 

Fig. 1. Heavy lepton production by muon neutrinos. 

Fig. 2. · Heavy ··lepton production by muon neutrinos rel.at;ive to normal. .. 

charged current production f~r the Fermilah hori:i-:-focused neutrino 

beam. 
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