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MUON DECAY DEEP UNDERGROUND*

W. R. Kropp, Jr. , and F. Reines
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(Received 3 May 1968)

A measurement of delayed coincidences characteristic of muon decay has been made
at a depth of 1440-hg/cm standard rock with a 200-liter liquid scintillation detector.
These results are consistent with the decay rate predicted from the depth-intensity
curve for the penetrating component of the cosmic rays, providing independent evidence
that this component is energetic muons.

It is generally accepted that cosmic rays ob-
served deep underground are muons plus an ac-
companying soft secondary component. The iden-
tification is based mainly on two types of infor-
mation: the interactions of the observed parti-
cles, ' and the consistency between the sea-level
muon spectrum and the depth-intensity curve. s

Since accurate measurement of the sea-level
spectrum is available to only a few hundred

GeV, ' this form of evidence is of limited useful-
ness at higher energies.

In this Letter we point out an additional and
somewhat more direct test of the muon as the
penetrating component: an observation of muon

decay underground as compared with the rate ex-
pected from the depth-intensity curve. Such an
observation is most persuasive because the de-
cay of the muon with a 2.21-p, sec mean life into
an electron having a known energy spectrum
uniquely characterizes the particle. An experi-
ment of this type, employing a liquid scintillation

detector at a depth of 1440-hg/cm' standard rock,
is in the final stages of preparation. The aver-
age energy loss for a cosmic ray arriving at this
detector from the vertical direction will be about
400 GeV. ' Particles arriving at other zenith an-
gles will have correspondingly higher minimum
energies.

Preliminary information is available from an
experiment done, in the same location, in anoth-
er context. ' The relevant portion of that experi-
mental system was a 200-liter liquid scintillator.
Particles depositing more than 10 MeV in the de-
tector triggered the electronics, and oscillo-
scope traces of the pulses were photographed.
Delayed coincidences in the interval 1.5-5.0 p, sec
were observable, corresponding to an efficiency
of 40% for decays with the muon mean life.
Losses due to edge effects were about 8'%.

In 1942 h of operation, 13 events were observed
with the appropriate decay signature. The time
interval and energy distributions shown in Table
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Time delay
interval
(jusec)

Trigger pulse
(MeV)

Delayed pulse
(MeV)

1.5
1.5
2
2

2

2
3
3.5
3.5
3.5

5.5

10
25
60
90
25
25

120
-250

90
165

10
40

&200

25
20
30
10
25
25
20
25

~15
10

5
30
25

Table I. Delayed coincidence events observed in
1942 h with a 200-liter liquid scintillation detector at
a depth of 1440 hg/cm standard rock.

from the ratio of the rate at which cosmic rays
were measured to penetrate the detector (8.4
h ') to the vertical intensity (5.1&&10 ' cm
sec ' sr '). The result is 4. 5&&10' cm' sr. The
average path length through the detector is 61 g/
cm . The number expected to stop is thus found
to be 22; taking into account the angular distribu-
tion increases this number by -10%. Thus the
number of decays we expect to observe is about
9.

These results support the usual conclusion that
the penetrating component consists only of mu-
ons, and cast doubt on the recent speculation of
a weakly interacting primary. '

We wish to thank the Morton Salt Company for
continued hospitality in their Fairport Harbor
Mine and Mr. T. D. Reilly, Dr. M. Crouch, and
Dr. M. Moe for interesting discussions.

I are, considering the small number of events,
consistent with that expected from muon decay.

The number of cosmic rays expected to stop in
the detector during the experiment is calculable
from the slope of the depth-intensity curve' [1.16
x10 "cm ' sec ' sr ' (g/cm') '] and the angu-
lar distributions. Since we had a low-Z scintilla-
tor, a negligible fraction of stopping muons
would be expected to be nuclearly absorbed be-
fore decay. Accordingly, if the particles are
muons, the number of decays observed should
equal this number modified by the efficiencies.
The calculation requires the detector aperture
and the average path length in the detector for a
penetrating particle. The aperture is obtained
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AP INTERACTION NEAR ZN THRESHOLD*

D. Cline, R. Laumann, and J. Mapp
Department of Physics, University of Wisconsin, Madison, Wisconsin

(Received 15 April 1968)

The conversion process Z+g Ap has been observed using the sequence X d 7t (Z+g)

(Ap). The results of this study are that (1) the conversion process at very low en-
ergy is dominated by the (ZN) triplet state; and (2) the reaction is strongly enhanced for
Ap masses below Z g threshold, suggesting the existence of a bound state in the g+~

system and, hence, an elastic resonance in the Ap system.

As is well known, hyperon-nucleon scattering
represents a formidable area of study for parti-
cle physics due to the present unavailability of
rich hyperon beams. In absence of direct infor-
mation the study of Y-N final-state interactions
takes on considerable interest. In this note we
present the essential details of a study of An in-

teraction through the study of the process

K d -Apm

where the proton was specifically required to
have a momentum that was unlikely for process-
es satisfying the impulse approximation. For
the reasons outlined below we believe that in Re-
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