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Abstract
-~ We report a preliminary search fo; a positively charged lepton (Y+)
coupled directly to the u- and vp {i.e., muon number = + 1). Using the
production procegs vp +N- Y + anything, we have looked for the u+ from
the decay ?+ — p+ + vu + %&. The expected number of u+ events is given as a
function of the heavy lepton mass, the branching fraction to muons, and the
- heavy lepton coupling. For typical gauge.théory predicfioné, we obtain the

90% confidence limit M, > 2 Gevlcz.
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One striking feature of weak interactions is the small number of
members observed in the known lepton families. For example, the muon
family presently contains only two observed members: Vi and p . It is
important to search for higher mass members, whose existence could have
profound-impiications.

(1,2)

Considerable theoretical work in the past few years has focused
on.unified gauge theories to predict controlled high energy behavior for
the weak interactions and to unify the theoretical treatment of weak and
electromagnetic interactions. Theories suggested thus far contain massive
charged intermediate vector bosons (Mw ~ 40 GeV/cz) together with neutral
weék currents and/of heavy leptons.. The suggested heavy leptons have the
following properties: (1) They belong to existing lepton families (either
electron or muon) and (2) They have different electric charge than existing
charged leptons of the same lepton number,

The phenomenology of the proposed particles has been discussed at
length by Bjorken and Llewellyn-Smith (BLS)(B) and by 1Iewe11yﬁ-8mith.(4)
These authors mention several ways of searching for.massive leptoné. To
date, we know that any heavy lepton must have a mass greater than that of
the K-meson. Some calculations(B’s) have indicated that, were a positive heavy
muon to -exist with mass less than 1 GeV/cZ,-it might have been observed in
the CERN néutrino data.(6); |

We emphasize here the production'of heavy muons (Y+), in a beam of high
energy muon neutrinos, The ordinary mode of interaction for neutrinos of
high energy is

vy + N - p~ + hadrons. (L



The conjectured Y+ would be produced by the process
vu + N - Y+ + hadrons. (2)

(6)

Reaction (1) has been observed and measured at CERN with neutrinos of

energy Ev = 1-10 GeV, The results are consistent with neutrino scattering

ol

from spin ¥ fractionally-charged point-like constituents (quarks), with

predominantly V-A coupling (mainly scattering off quarks rather than anti -
quarks).(7} Preliﬁinary NAL data ié also qualitatively consistent with
this pictufe at higher energies.(s)(g) |
In the quark model, the dififerential cross section for either (1) or

(2) is given by
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where g+(g_) is the coupling of the Y+ (n7) to the muon neutrino
s is the square of the center-of-mass energ&
Mw is the mass of the charged intermediate vector boson
(assumed large)
X,y are the deep-inelastic variables (x = QZIZMv, y = lev)
2x£(2xf) is the momentum distributiom for quarks (anti-quarks)
in the nuqleon (reI;ted to the deep-inelastic structure functions)
m+(m_) is the mass of the f+ (n")
Figure 1 shows the ratio of total cross sections expected for reactions (2)
and (1), obtained by integrating Eq. (3) over the available phase space, and
assuming that g+2 = g_z. For this calculation, we have taken xf(x) « Fz(x)ed,
i.e., the scaling structure function found in inelastic electron-deuteron

(N

scattering(lo), and ?(x) = 0. Inclusion of the small anti-quark component



implied by the low energy CERN neutrino data changes Fig. 1 by a negligible
amount, The calculation also assumes that sz >> 8§,

The decay modes expected for the Y+ are

+ +

Y - + + 4
v t e vy _ (%)

+ +

Y —a\)p'l'e +\Je (5)

+

Y - vy + hadrons (6)

The search described here is for u+ from the decay (4). 1If these are the
3)

only modes available, it has been estimated that
B = F(Y+ = vy + u+¥fvu)/F(Y+ - anything) = 0.3

for 1 < MY <56 GeV/cz. However, if there exists an uncharged heavy muon, Yo,
whichris lighter than the Y+, other decays of the type Y+ - Y0 + anything
might be expected. The exact contribution is somewhat model énd mass-dependent,
though phase space considerations alone should makg such decay rates small in
comparison to (4), (5) and (6).

In our experiment, a narrow band, sign-selected beam of positive pions
and kaons, of mean energy 160 GeV, was allowed to decay to neutrinos
(w+ — u+vp or K+ - u+vu). The forward neutrinos entered our apparatus, giving
two bands of neutrino energy: from K-decay, <Ev>‘m 145 GeV; from w-decay,

(11)

<E > = 50 GeV. This run has been described previously in a communication
A

describing a search for the charged intermediate boson. The same data, con-

"sisting of 112 reconstructed neutrino interactions, are used in the present

paper. For this search, the sign-selected nature of the beam is of prime

importance, The only reaction that might be expected to produce a background

+ . .

i in our sample is

Vu + N - p+ + hadrons ()



 from background m or K decays.

The run reported here consisted of 2.65 x 10}'6 protons on target.
Of the 112 events inside the fiducial volume which could be reconstructed
kinematically, 111 had a definite p secondary. Subsequent analysis(s)
showed that these events are consistent with production from reaction (1),
assuming quark model structure functions,

There existed in this run a single p+ event with observed hadron eﬁergy
Eh=h 2 GeV, muon energy E' = 57 GeV, and muon angle 6' = 34 mrad. If this
event corresponded to decay of a Y+, its mass would be several GeV/cz.
However, we believe that this event comes ffom ;ﬁ contamination (7) for
the following reaséns:

(1) independent background runs demonstrated the existence of
wide-band anti-neutrino background at roughly the 6ne event
level;

{2y this event has small hadron energy. This is more characteristic
of v interactions than of heavy lepton productién._ Fig. 2 shows
the fraction of u+ events expected, for both cases, in which the
ratio (y) of observed hadron energy to observed total energy is
less than Y- .The curves include the apparatus acceptance, and

incorporates the cross section (3). The observed event had

0.03. About 14 of Y+ decays might be expected to have

y

y = 0.03, while about 204 of v interactions are expected with

y < 0.03. This occurs principally because the secondary p+ in

(7

Gﬁ interactions takes a large fraction of the energy, while
the u+ from the predominantly left-handed Y+ has low laboratory

energy. We conclude that this anomalous event is most likely

from vp contamination.



To calculate our sensitivity, we have uged a Monte-Carlo calculation
which assumes the cross section (3), and takes into account the polarization
+ ' . etk . .
of the Y and subsequent decay angular distribution via reaction (4),.

-

Figure 3 shows N(;;)z Qﬁé-, where N is the number of.u+ events expecteq in
this run, as a function of heavy lepton mass, MY' For simple gauge theories,
we have g+2 = g_z , and for specific assumptions for the decay probability<3)
we have B = 0.3. With these assumptions, the ordinate corresponds to the
expected number of events in the experiment. The one-event level is in the
region of M, ~ 5 GeV/cz. The Poisson probability for observing 1 event when
the mean is 3.56 is equal to 0.1. We can thereéore quote a lower mass bound
on a Y+ as MY > 2 GeV/cz, with 904 confidence. For differing assumptions
regarding fhe lepton coupling or branching ratio, the limit can Ee adjusted.
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Figure Captions

+ . - . ,
Ratio of Y production to p production in a beam of muon neutrinos of

energy Ev' The quark model structure function relationships are assumed.

The calculated fraction, F, of events in our apparatus with y < Yy
where y = Eh/Etot' The curves correspond to the reactions
f— + .
v+ N~ Y+ + anything, and v + N - n  + anything. Quark model
L +
n +yv +v
B n
structure functions are assumed, The single observed n+ event is

indicated.

g_\2 '
N{ =) %3 25 2 function of heavy lepton mass, M. Nis the expected
g, B

. ,
number of p events in the experiment, B is the branching ratio for

+ +

Y - Yy +n + vy and g+(g_) is the weak coupling of the heavy lepton

(muon) to the neutrino and the weak current.
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