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various runs. Least-squares fits of the observed counting rates in
the delayed-time channels lead to the following results:

Pile up (three runs totaling 10000 seconds): 2.55&0.15 de-
layed counts/min.

Pile down (three runs totaling 6000 seconds): 2.14+0.13 de-
layed counts/min.

Difference due to the pile: 0.41&0.20 delayed count/min.

This difference is to be compared with the predicted ~-, count/min
due to neutrinos, using an effective cross section of 6&(10,"
barn for the process. It is to be remarked that a small channel
overlap in the time-delay analyzer would be reflected in an ampli-
fied percentage decrease (&0.12 count/min) in the pile difference
number. Measurements of the number of fast neutrons leaking
from the pile face made with nuclear emulsion plates, and con-
sideration of thed etector shielding employed, rules out neutron-
proton recoils as causing this difference.

A more detailed report is in preparation. It is difficult to
acknowledge properly the many contributions to all phases of this
experiment. We wish to thank our colleagues: E. C. Anderson,
L. J. Brown, D. Carter, F. B. Harrison, F. N. Hayes, C. W.
Johnstone, Lt. P. R. Powell (US%), R. L. Schuch, Capt. W. A.
Walker (USA), M. P. Warren, T. J. White, and J. G. Winston
for their devotion to the task. Dr. R. Sard of Washington Uni-
versity was most helpful in discussions relative to cosmic rays.
The staff of the Hanford Engineering Works has been wonderfully
cooperative during the Hanford phase of the work.

4'Work performed under the auspices of the U. S. Atomic Energy
Commission.
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portant changes from the detector described in this reference include the
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FIG. 1. Energy dependence of ki, K, and V.

calculated cross section between 50. and 150 Mev, as well as at
400 Mev. By assuming a value of 4/E of 1.25 at 85 Mev, it was
possible to choose the energy dependence of X and k& in such a
way that the calculated cross sections for all the nuclei considered
agreed within quoted experimental errors with the observed cross
sections in the neutron energy range of 65 to 400 Mev. The re-

TABLE I. Nuclear radii of C; Al, Cu, Cd, and Pb as determined
from the best fit of their total neutron cross sections.

Nucleus

C
Al
Cu
Cd
Pb

R X10» (cm)

3.52
4.49
5.80
6.86
8.12

R )&10»/A &

1.54
1.50
1.45
1.42
1.37

nuclear radii which would correspond to any chosen value of
ki/E. A search was then made for values of E and ki as a function
of energy, for several assumed values of k~/IC at 85 Mev, which
would give good agreement between all the experimental and
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&HE so-called "optical model" of the nucleus has been re-
examined in the light of recent measurements' ' of the total

neutron cross sections of various nuclei . for neutron energies
ranging from 30 Mev to 400 Mev. Using the nuclear model and
method of calculation described by Fernbach, Serber, and Taylor, 4

an attempt was mace to fit the measured cross sections by ad-
justing the values of R, the nuclear radii E, the inverse mean
free path for absorption of neutrons in nuclear matter, and V,
the average potential encountered by a neutron inside the nucleus.
Both E and V were allowed to depend upon the neutron energy,
but were assumed to be the same for all nuclei. Calculations were
made only for neutron energies greater than 50 Mev because of
the feeling that below this energy the approximations which were
used in solving the scattering problem would not be valid.

The ratio o~t &/s.R' may conveniently be expressed as a func-
tion of k~R, with k~/E as a parameter, where k~ is the increase in
the magnitude of the propagation vector of a neutron upon enter-
ing the nucleus. It was observed that o.t,t i/xR' is a maximum
for k&R equal to 2.0, for all values of k&/IC. Hence k&R&~ was
taken to be equal to 2.0 at 85 Mev, the neutron energy at which
the maximum in the experimental lead cross section occurs. It
was then possible, by using the measured cross sections of Pb,
Cd, Cu, Al, and C at 85 Mev, to find a value of k~ and a set of

suiting curves of E and ki as a function of energy are shown in

Fig. 1, together with the values of U corresponding to kl. The
nuclear radii which were obtained are given in Table I, and the
calculated and observed cross sections are compared in Fig. 2.

The value of E at 85 Mev may be changed by ~50 percent
without causing serious disagreement between calculated and ob-
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FIG. 2. Observed and calculated total neutron cross sections of gb, Cd,
Cu, Al, and C as functions of neutron energy.

served cross sections. Corresponding to this spread in E, however,
there is possible a spread of only ~10percent in k& and ~3 percent
in the radius of any of the nuclei considered. There appears to be
a definite minimum in X as a function of energy somewhere be-


