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Deep-mine neutrino experiments set an upper limit of 10 cm for the reaction cross
section of v&-nucleon interaction at 103 GeV; the implications of this on the S'-pair
strong-interaction model are discussed.

Recently there has been a renewed interest in
the possibility that at high energies certain weak
semileptonic' or purely leptonicm interactions
may become much stronger than usually assumed.
We consider first phenomenologically crude lim-
its which one can set on some of the semileptonic
cross sections at high energies at the present
time, and then comment on their implications on
a particular model.

(a) The total cross-section of the g-nucleon
interaction o(pN). The sim—plest limit one can
set on this is just from the known penetrability
of muons deep underground. Atmospheric muons
have been detected at a depth'&4 of around 8000 m
(w. e.) with no anomalous reduction from the ex-
pected intensity. ' These muons will have ener-
gies &10 -10 eV pver a large portipn pf their
path; therefore, there is approximately a limit
of o'(pN) &10 s' cm~ at a c.m. energy of E
=10 -10 GeV'. We will not worry about the finer
points of such an estimate because the limit on
the weak-interaction cross sections between mu-
ons and nucleons can in fact be greatly improved
if one assumes that it is comparable with that on
s(v&N) as discussed below.

(b) The cross sections of the v -nucleon inter-
action a(v&N+. —Neutrino-induced events, some
inelastic, have been detected at 8800 m (w. e. )~

and 7500 m (w. e.)' at one to two times the expect-
ed frequency. The statistics are still poor (30
events and 10 events, respectively); so thus far
the total rates can be considered as compatible
with no radical departure from the usual weak-
interaction strength. If, on the other hand, the
v&-nucleon reaction cross section for producing
a muon should rise continuously in some fashion
frpm the 10 -10 cm at 10 GeV tp 10 cm
at a neutrino laboratory-system energy of 10'
GeV and beyond, then from the cosmic-ray neu-
trino spectrum' one may estimate conservatively
that the above rates will begin to be exceeded.
Thus the reaction cross section v(v&N) &10
cm2 at Ec m ~=103 GeV.

Although the above limits on semileptonic
cross sections are obviously crude, the experi-
ments above already have implications for the
W-pair strong-interaction theory. ' One of the
reasons for the renewed interest in this model
is the possible connection with the lack of sec8
effects for cosmic-ray muons above 1000 GeV
reported by Bergeson et al. ' If beyond a certain
energy the weak production of leptons becomes
significant in hadron collisions, it will reduce
the secL9 dependence of sea-level muon flux in
two ways: First, the muons produced directly
in the first collisions of the primary will not
have the sec8 dependence; secondly, when an
energetic pion collides with an air molecule,
there will also be a finite probability of produc-
ing energetic muons. If this latter probability
amounts to 10%, the sece effect will be reduced
by half since only one out of ten pions of 10' GeV
will materialize into a muon of comparable ener-
gy through decay.

Thus the S'-pair strong-interaction theory has
been considered as one of the possible ways of
"instant" muon production in hadron collisions. '
However, it seems to us that this is possible only
if the mass of the W is close to the lower limit"
of 2.5 GeV. Even then, the production cross sec-
tion for W pairs, estimated from a statistical
model" with a temperature =140-160 MeV, is
only about 10 "cm~. More important is the con-
sideration that each increase in MW-by 1 GeV
will decrease the cross section by more than five
orders of magnitude. So if W-pair production is
responsible for the lack of sec~ dependence at
all, MW must not be much heavier than 2.5 GeV.

On the other hand, if MW is close to 2.5 GeV,
then the cross section of the reaction v N- pÃW
is fairly large. An order of magnitude estimate,
in which at least the baryon form factor is ap-
proximately taken into account, can be obtained
by multiplying the computed electromagnetic pro-
duction cross section'~ by Af /Z~n, where f is
an effective dimensionless coupling constant
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characterizing the strength of the 8'-pair inter-
action with baryons. We find that in order not to
exceed the counting rates of the experiments in

(b), f~(10 '. This estimate of f' may be some-
what low since the diagram for W production
through a W-pair strong interaction corresponds
to only one of the two contributing diagrams for
electromagnetic production; nevertheless, it
should not be three or four orders of magnitude
off, which would be necessary for the 8'-pair
strong interaction to be as strong as the usual
strong interactions.

One sees that either Mgr must be considerably
larger than 2.5 GeV, or the W-pair interaction
is not too strong, in order to agree with the deep-
mine neutrino experiments. In either case it will
be difficult to explain the lack of sec~ dependence
of sea-level muons above 10' GeV if it is further
substantiated by future experiments, on the basis
of a W-pair strong-interaction model. '
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