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Following the early work [1] carried out at in South India, we have specifically designed an
great depths underground in the Kolar Gold Mines experiment for the detection of muons produced
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EVIDENCE FOR HIGH-ENERGY COSMIC-RAY NEUTRINO INTERACTIONS*
F. Reines, M. F. Crouch, T. L. Jenkins, W. R. Kropp, H. S. Gurr, and G. R. Smith

Case Institute of Technology, Cleveland, Ohio

J. P. F. Sellschop and B. Meyer

University of the Witwatersrand, Johannesburg, Republic of South Africa
(Received 26 July 1965)

The flux of high-energy neutrinos from the
decay of K, 7, and i mesons produced in the
earth’s atmosphere by the interaction of pri-
mary cosmic rays has been calculated by many
authors.! In addition, there has been some con-
jecture! as to the much rarer primary flux of
high-energy neutrinos originating outside the
earth’s atmosphere. We present here evidence?
for the interactions of “natural” high-energy
neutrinos obtained with a large area liquid scin-
tillation detector (110 m2) located at a depth
of 3200 m (8800 meters of water equivalent,

average Z2/A=5.0) in a South African gold mine.

each. Each detector element, Fig. 2, is a
rectangular box of Lucite of wall area 3.07 m?
containing 380 liters of a mineral-oil based
liquid scintillator,* and is viewed at each end
by two 5-in. photomultiplier tubes. The array
constitutes a hodoscope which gives a rough
measurement of the zenith angle of a charged
particle passing through it. In addition, the
event is located along the detector axis by the
ratio of the photomultiplier responses at the
two ends. The sum of the responses then pro-

HIELH, 3200 mE R
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Cosmic-ray muon fluxes deep underground: Intensity vs depth,
and the neutrino-induced component

M. F. Crouch
Department of Physics, Case Western Reserve University, Cleveland, Ohio 44106

P. B. Landecker,* J. F. Lathrop,’ F. Reines, W. G. Sandie,’ and H. W. Sobel
Department of Physics, University of California, Irvine, California 92717

H. Coxell** and J. P. F. Sellschop

Nuclear Physics Research Unit, University of the Witwatersrand, Johannesburg, Transvaal, Republic of South Africa
(Reccived 3 March 1978 revised manuscript received 12 September 1978)

The angular distribution of muons observed deep underground (10788 ft, or 8.89 X 10° gem~? standard

rock) has been measured with a 174-m? liquid scintillation detector in conjunction with 48 384 neon flash

tubes. The data are fitted by a curve giving the vertical intensity of muons vs vertical depth h, as
I,(ho) = A exp(— ho/N) + I, where A = (2.2640.16) X 107®* cm~? sec™' sr™!, and y = (7.58 4-0.09)
% 10* g ecm % The constant term, representing the measured depth-independent flux of muons produced in
the surrounding rock by interactions of cosmic-ray neutrinos generated in the earth’s atmosphere, has the

value 1) = (2.2340.20) X 107" cm~sec™'sr~'. This observed flux is in fair agreement with that predicted
assuming a cosmic-ray neutrino flux which is a composite of several theoretical estimates. Thus the flux of

muons from extraterrestrial neutrinos is {10~ *cm ™2 sec™'sr .
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Baseline is limited: 85.3% of signal

has 140 < L < 344 km

People designing future colliders should realize
that it takes....

-~ 60 GW of electric power or...
- 4% of the world manmade power or
-~ 20% of the world nuclear power

' to perform this experiment

_and we gon't pay a gime
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