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Callan and Glashow and Keuffel have proposed the existence of U and W particles respectively, to explain
the lack of zenith angular dependence of cosmic ray muons in the experiment by the Utah group. Arguments
are presented to show that both these hypotheses are implausible.

In a recent paper Bergeson et al. [1] have pre-
sented experimental evidence that cosmic ray
muons of energies > 500 GeV have to be produced
to a great extent, if not all, in processes other
than through the decays of pions and kaons as was
widely believed heretofore. The argument brief-
ly stated runs as follows: If the muons are indeed
the decay products of pions or kaons one would
expect a larger number of muons of a given ener-
gy at greater zenith angles because of the pro-
gressively decreasing density (with zenith angle)
of the air in the region of atmosphere where mes-
on production is copious and the resulting in-
crease in the probability of parent mesons decay-
ing into muons in competition with nuclear inter-
action. Absence of such an increase as was the
case in the experiment of Bergeson et al. [1]is a
clear indication that, by and large, the observed
particles are either not muons (nor any other
particles we know of) or, if they are muons, they
are produced through some other process.

Callan and Glashow [2] proposed that what
Bergeson et al. [1] had observed were not muons
but a new kind of particles (which the authors
called U-particles) that were present in the pri-
mary cosmic radiation. According to these au-
thors, the U particles, constituting 0.1% of pri-
mary flux, are singly charged?, heavier than
2.5 GeV, and, in general, muon-like in their in-
teraction with matter in order to be able to sur-
vive to the depths of observation. Keuffel [3]
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i Strictly speaking, there is no evidence that the par-
ticles are singly charged, no one ever having meas-
ured the charge of particles penetrating to depths
22000 hg/cm2 (1 hg = 102 g),
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mooted the idea that the muons observed by their
group might be the decay products of intermediate
bosons (W-particles) which could be produced
only at high energies; he also estimated that
muons from such a new process (W-mesons) need
be only of the order of 4% as many as charged
pions of the same energy at production. Since at
these energies only < 9% of pions decay, a re-
latively small production amplitude of W-mesons
can very effectively complete ¥ with a much
larger production amplitude of pions and/or kaons
as far as muon intensities are concerned.

There are already three letters published
contending that neither the W [4] nor U [5,6] par-
ticle hypotheses seems to be likely. In this letter
we present additional arguments to show that
neither of the two hypotheses seems to be plausi-
ble.

The particle intensity is shown as a function
of depth in fig. 1a, the data for which are taken
from fig. 1 of Bergeson et al. [1]. Since these
authors found no angular dependence, their data
presented in different zenith angular intervals is
all combined and a single curve is drawn. Based
on the properties presented for U particles in ref.
2, a range-energy relation [e.g. 7] is derived and
the intensity depth curve in fig. 1a is transformed
to integral energy spectrum of the U particles at
the top of the atmosphere and shown in fig. 1b.
Since the particles are prescribed to be massive
and not to enjoy strong interactions, the range-
energy relation is almost linear. This is very
much unlike the case of muons where the pair
production and bremsstrahlung losses dominate
to make the range-energy relation very non-lin-
ear at the energies/ranges we are concerned

It This statement is true only if the decay branching
ratio of W-mesons into muons is not very small.
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Fig. 1a. The particle intensity as a function of depth.

The data are taken from fig. 1 of Bergeson et al. {1].

1b, The implied integral energy spectrum of U particles

at the top of the terrestrial atmosphere derived from

the curve in fig. 1a and the properties of U prescribed
in ref. 2.

with. The steep depth dependence of the intensity
is, therefore, reflected as a steep energy de-
pendence of the U-particle spectrum. To afford a
comparison, the shape of the primary proton
spectrum is also shown in fig. 1b. Notice that the
energy spectrum of U-particles is very steep
even to start with and further steepens very rap-
idly within a short range of energy. There is an
overwhelming agreement that the primary cosmic
rays are accelerated and contained by the stellar,
interstellar and/or intergalactic magnetic fields.
Protons and U particles, both being heavy and
singly charged, would be treated alike by the mag-
netic fields that accelerate and contain them and
it is hard, almost impossible, to devise means

of discrimination between the two species. The

U particle hypothesis, therefore, does not appear
to be a likely one *.

Turning to the W-particle hypothesis, we
mentioned earlier that, in order to explain the
data Bergeson et al. [1] the number of muons pro-
duced through this process is required to be = 4%
of the number of pions of the same energy. This
would imply that the cross-section U‘I\AI,N for the
process

N+N—-N+N+W+nr (1)

where # = 0 would have to be in the range 10-26
to 10-28 ¢m?2 depending upon the details of the in-
teraction. The smaller value of 10~28 ¢cm2 cor-
responds to the most efficient mechanisms of

* This objection has been independently raised by the
Utah group {8].
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energy transfer first to the W and then to muon.
We proceed with the discussion with this smaller
value first. Consider the following interactions:

vip— U +W+N, (2)
L+p— v+ W4 N, 3)

The cross sections OV{\I and oWN are closely re-
lated to oW,.. To our knowledge, there are no
publishedl\&leoretical predictions for o at these
energies < 1000 GeV. Details of precise theoret-
ical calculations apart, the imporiant point here
is to vecognize that oNN which depends on a semi-
weak and an electromagnetic or strong vertex
bears a close relationship to o% and oW, which
depend on a semi-weak and an electromagnetic
vertex. At My = 1 GeV, published [9,10] theoret-
ical calculations indicate oWy, ~ 10~ 2 to 10-34
cm?2 and 0% ~ 10-36 ¢m2. If we adopt this same
ratio of cross-sections at energies ~ 1000 GeV,
the implication is that one should be producing
W-mesons in very high energy vN collisisions
with cross sections = 10-30 to 10-32 ¢cm2. The
secondary muon flux from reaction (2) is there-
fore given by 1

/ lEv)f o

Eyth

where I(E,) is the differential muonic neutrino
energy spectrum, fthe fraction of the neutrino
energy the muon receives, N the Avagadro num-
ber, B the energy loss of the muon per g/cmz,
Z the atomic number and A the atomic weight of
the medium. Taking the published [12] values of
I(E,) and the implied cross-sections for opN, One
expects for the neutrino-produced muon flux deep
underground = 10-8 t0 10-10 /ecm2.sec-st for
My; = 23 GeV (E, = 1000 GeV). This expected
flux goes even higher for lower values of My,
In the two deep underground neutrino experiments
in India {13] and in South Africa [14], the meas-
ured neutrino induced muon flux is only
~ 10-12 /cm2 -sec-st. This is clearly two, possi-
bly four, orders of magnitude lower than the ex-
pectations in the W-meson hypothe51s w1th the
indicated cross-sections ¥t of ol and o}%.
If on the other hand, offy =~ 107*% cm?, then
o,‘,’VN would be correspondingly higher. The neu-

V() = ‘,}’NdEu 4)

t See ref. 11 for details. Notice that many of the un-
certainties in the deduction of W-produced muon flux
like the decay branching ratio of W into a muon, the
fractional energy the muon receives in a W decay
etc._are common and hence do not affect the ratio

of oy and o ¥,
I See next page.
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trinos, getting absorbed in the overlying rock
seldom reach the depths of the experiments in
refs. 13 and 14 and the argument advanced in the
preceding paragraph does not apply. The hi%‘l’er
cross-section o¥Y,,, however, implies that ouN

is correspondingg higher. This resultsina
strong attenuation of the vertical cosmic ray muon
beam underground. The measured [15] vertical
muon intensity values deep underground contra-
dict this alternative.

We conclude that, while the experimental re-
sults of Bergeson et al. [1] continue to be of great
interest and to provoke thought, the U and W par-
ticle hypotheses advanced to explain them seem
to be unlikely.

The author wishes to thank the Institute of
Science and Technology of the University of
Michigan for support and Professor Lawrence
W. Jones for his hospitality and encouragement
at the University of Michigan.

1t One can invert the argument to say that the observa-
tions in deep underground neytrino experiments
[13,14] either indicate that Ojy R10-29 em? or glace
an upper limit to 01‘}{\1 ~ 2.8 x10-36_ 2.3x1073% and
3.1 x 10-34 ¢m?2 corresponding to My = 2.4, 7.3 and
23 GeV respectively.
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