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We report a null search for neutral heavy leptons produced unaccompanied
in 400-GeV/c proton-nucleon collisions in a magnetized beam dump and deca
cuum downstream. The upper limit on OB for L s with Feynman x ~ 0.2 and

mrad with branching ratio B into two charged particles is vBS2.8x10 ~~ cm
the 90%%uq confidence level for masses below 1.0 GeV/c2 and lifetimes between
10 8 sec.

Extensive searches for the existence of heavy
leptons (L', L') have been made in high-energy
proton collisions, "in neutrino reactions, ' and
in e'e annihilations. 4 Inconclusive signals for
their production have been reported in the litera-
ture. ' ' If neutral heavy leptons are the lightest
members of their family, then they may decay
into p' (e ) + (ha,drons)' and this decay may be
very slow. This is plausible, becuase the suc-
cess of renormalizable gauge theories of weak
and electromagnetic interactions strongly sug-
gests that muon-number conservation might not
be a fundamental symmetry law of nature. "
Thus, processes such as p-e+y would not be
forbidden, but would be highly suppressed. Sim-
ilarly, the decay of a neutral heavy lepton might
also be greatly suppressed, suggesting a long
lif ctime.

We note that there is no evidence for the pro-
duction of neutral heavy leptons with lifetime
less than 10 "sec in neutrino interactions. " The
possible decays of an 4' of lifetime less than 10 "
sec have not been seen in e'e annihilation. "
There is also no evidence for the production of
an L' with lifetime greater than 10 ' sec in pro-
ton-nucleon collisions. " Since an L' may be in
a different family from the e or p, the lack of the
decay &' —L'+ p,'(e') cannot be used to limit the
mass of an I.' to above 0.5 GeV/c'. The anoma-
lous lepton events (~) observed at SPEAR and
DESY may suggest a heavy neutrino mass of less
than 0.6 GeV/c', but the evidence is not conclu- 400Gev ' vAGUUM plpE (
sive. ' Hence, there is a broad lifetime as well
as a large mass range in which it is important
to search for an I-', this experiment is sensitive
in this range. The limits this experiment sets
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have relevance to current theoretical work. "
For relativistic heavy neutral leptons, these life-
times correspond to distances ranging from centi-
meters to hundreds of meters in the laboratory.
A possible source of heavy neutral leptons would
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be the creation of L'L pairs in proton-proton
collisions, followed by the rapid decay L'- L'
+X', where X is the hadron system or (l, v, ) with
l being the lepton. Evidence for an L ' would be
the occurrence of the two-body decays L'- ll' (e')
+& in a long decay region downstream of a beam
dump.

Our search was conducted in the M2 neutral-
hyperon beam line at Fermilab using a multiwire
proportional spectrometer'~ (see Fig. 1). 400-
GeV/c protons were incident upon a 4.9-m-long
sweeping magnet which was used as a hadron ab-
sorber: The collimated channel of the magnet
was plugged with stainless steel rods. A 1.3-m-
thick wall of concrete followed the magnet. Be-
hind the concrete, two walls of scintillation count-
ers in coincidence were erected to veto charged
particles, mostly muons, which the magnet did
not succeed in absorbing or deflecting with its
field of 21 kG. Consequently, the experiment was
not sensitive to any neutral heavy lepton which
may have been produced accompanied by a muon
of momentum ) 10 GeV/c. After the counters,
there was a vacuum decay volume of length 9.2
m and radius 18 cm, followed by a multiwire
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FIG. 1. Plan view of experimental apparatus. C1
through C6 are MWPC s and TC is a scintillation count-
er used in the trigger. The veto consists of two planes
of scintillation counters in coincidence. A possible L.

decay is indicated.
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tion cross section of 40 mb and consider the pro-
duction of an I-' only in the primary proton-nu-
cleon interaction, not in the accompanying shower.
The upper limit on the cross section for the pro-
duction of I"swithx & 0.2 and ~i,b (10 mrad
and their subsequent decay with branching ratio
& into two charged particles is crB (2.8x 10"
cm'/nucleon at the 9(F/o confidence level for the
mass region less than 1.0 GeV/c and the life-
time range between 10 "and 10 ' sec. In addi-
tion, we note that our limits apply to the produc-
tion of neutral heavy leptons unaccompanied by
muons of momentum) 10 GeV/c, which would
have vetoed the event.
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