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HE mean total kinetic energy of fission fragments produced
from U235 by thermal neutrons is still a quantity of con-
siderable uncertainty. Estimates! based on ionization yields are
appreciably less than the only direct (calorimetric) measurement.?
We wish to show that there is evidence that about 2.5 Mev for the
average light fragment and about 4.2 Mev for the average heavy
fragment escape detection in the usual ionization experiments.
These ionization defects occur because the light fragment loses
about 5 Mev, and the heavy fragment about 8 Mev, to recoiling
gas atoms, which themselves have a reduced ionization efficiency
because they in turn produce recoil atoms, etc.

Double-chamber ionization data?® give a distribution in ratio of
ionization of pairs of fragments which is broader than the dis-
tribution in ratio of energies obtained from data on masses.* The
difference in the distributions is somewhat reduced when the dis-
persion arising from neutron recoil and instrumental errors are
taken into account. The remaining discrepancy is attributed to a
variation in ionization yield with fragment mass. For the most
probable fission asymmetry, the energy to ionization ratio of the
average light fragment is found to be approximately 3.7 percent
less than for the average heavy fragment.’

The ionization defect A of a heavy particle of energy E that is
stopped in a gas is given by

a= [ aen® [ aBrE By ®), )

where A=[1+(b¢/b") ]! is a function of the energy determined by
the ratio 4°/" of the stopping cross sections for loss of energy to
excitation and ionization and to atomic recoil, respectively, and
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Here o(E, E') is the cross section per unit energy range for the
production of a recoil atom of energy E'; E,' is the maximum
energy transferred to an atom and x'(E’) is 1—(w°I’/E’), where
I’ is the number of ion pairs resulting from a gas atom of energy
E’ and w*® is the energy loss per ion pair of an atom the energy of
which is very high. We have
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in which primed quantities are similarly defined for a gas atom
in its own gas.

Reasonable estimates for the ratios of stopping cross sections
for low velocities can be made from the analysis of the ionization
by recoil particles from alpha-decay.® Atomic scattering is approxi-
mately spherically symmetrical in the center of gravity system
below particle velocities of the order of
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and very nearly coulomb with minor screening above this
velocity.” Correspondingly, k(E, E') is 2E'/E," and
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(except outside the screening radius, where it is zero), respectively.
Ratios of stopping cross sections for intermediate and high ve-
locities can be estimated by well-known methods.

In this manner it is possible to make a crude calculation of the
behavior of the solution of (2). It is found, for instance, that an
ionization defect A’~0.8 Mev for a very energetic argon particle
in argon is not unreasonable, and that x'=0.5 at about 350 kev.
Numerical integration of (1) leads to 0.94 and 0.975 as probable
values of the ionization efficiencies in argon gas of the heavy and
light fission fragments from U?% by thermal neutrons, respec-
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tively. The ratio of efficiencies is 0.964. The remarkable agree-
ment with that found from the analysis of the fragment pair dis-
tributions must be regarded as largely accidental, because of the
approximate nature of both considerations.

* Work performed in part at the Ames Laboratory of the AEC.

1 Now at Los Alamos Scientific Laboratory, Los Alamos, New Mexico.
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PPROXIMATELY 70 percent of the beta-disintegrations of
ThC” are followed by two gamma-rays of energy 0.58 and
2.62 Mev; these involve the three energy states 0, 2.62, and 3.20
Mev of ThD. By comparison of the measured internal conversion
coefficients with the calculations of Hulme ef al.! and by considera-
tion of the degree of forbiddenness of the beta-spectra, Oppen-
heimer? and Arnoult® have assigned spins 0, 2, 3 to these levels.
Martin and Richardson* on the basis of their recent measurements
of internal conversion coefficients and the theoretical calculations
of Rose et al.5 have decided that the spins of these levels are 0, 1, 3.
Bell and Elliott® after an unsuccessful search for the 3.20-Mev
cross-over transition, have concluded that the spin of the 3.20-Mev
level could be either 3 or 4.

Since the angular correlation function for two successive gamma-
rays is very sensitive to the spin changes and multipolarities
involved,”® a determination of this function provides an inde-
pendent approach to the problem. For this purpose we have used
a coincidence circuit of resolving time 5X107° sec., similar
to that constructed by Bell and Petch,? with two anthracene scin-
tillation counters to investigate the angular correlation of suc-
cessive gamma-rays resulting from the decay of ThC"”. The coin-
cidences observed were almost all due to the 0.58- and 2.62-Mev
gamma-rays. Counts for ten-minute periods were taken alternately
at the 90° position and at a chosen §-position until at least 10,000
coincidences had been recorded at each. This procedure was
carried out in 15° steps from 6=90° to 180°. Chance coincidences,
obtained directly by introducing a delay of 5X 1078 sec. into one
channel preceding the mixing stage of the circuit, were subtracted
from the number of observed coincidences. The apparatus, when
tested on the Co® gamma-rays, gave a correlation function which
conformed very closely to the published results of Brady and
Deutsch.10

Figure 1 records the results of a series of experiments planned
to obtain the correlation function for the 0.58- and 2.62-Mev
gamma-rays from ThD. A complete set of points (series 4) was
recorded with an instrumental angular resolution of 12°, using
sources of initial strength of about 0.3 mc of thorium active deposit
on thin aluminum foil packed into a thin wall brass or Bakelite
capsule of inside diameter 2 mm. To obtain better resolution and
better statistics the measurements were repeated (series B) with
an instrumental resolution of 7°, using a 1.5-mc source of radio-
thorium in equilibrium with its products sealed in a platinum
capsule of diameter 5 mm enclosed in a brass container. In both
series the front surfaces of the anthracene crystals were covered
with 2 mm of lead. Since, according to Arnoult and Oppenheimer,
the weak 0.27-Mev gamma is also in cascade with the 2.62-Mev
radiation, series B was repeated with 4 mm of lead over each



LETTERS TO THE EDITOR

© SERIES

A THORIUM ¢C"
x SERES B
20 o SERIES C 1
- SERIES O
sk
' QUAD-QUAD
1o Ne 4-2-0

05

-.08|

e I

- - - - L L .
108 120 135 180" 168" 180

FIG. 1. A comparison of the angular correlation function of the ThC”
gamma-rays with the theoretical functions.

crystal to remove the contribution of this gamma-ray. These
points agreed so closely with the results obtained with 2-mm
shielding that they have been averaged with them as part of
series B.

Series C was taken by H. E. Petch at Chalk River during the
summer of 1949 with a different instrument, using a 1-mc radio-
thorium source in equilibrium with its products which was enclosed
in a platinum capsule. The agreement with series B is within the
statistical error. Since B and C agree closely with 4 except at the
180° position, where the effect of annihilation radiation following
pair production in the container might be important, the 180°
and 135° positions were repeated as series D with 2.5 cm of lead
over one crystal to remove the contribution of this radiation.

Tt is obvious from Fig. 1 that, when the effect of annihilation
radiation is removed, all the series are consistent and in very good
agreement with the theoretical correlation function for 4-2-0
quadrupole-quadrupole transitions.

In each of the three disintegration schemes referred to above a
weak gamma-ray of energy over 0.5 Mev is in cascade with the
2.62-Mev radiation. Since the contribution of this radiation could
not be removed by shielding, the experimental results may be
slightly distorted by its presence. However, considering the low
intensity of this radiation, it is impossible that the distortion could
be sufficient to make our results consistent with either of the spin
assignments 3-1-0 or 3-2-0. The correlation functions for these
spin assignments (see Fig. 1) are widely different from the 4-2-0
function.

On the basis of our measurements, both the 0.58 and 2.62
gamma-rays of ThD are electric quadrupole radiations and the
spins of the three levels involved are 0-2-4. This conclusion is
consistent with the results of Bell and Elliott’s experiments but
in clear contradiction to the conclusion of Martin and Richardson
that the 2.62-Mev radiation is magnetic dipole in nature.

We wish to express our gratitude to Dr. R. E. Bell and Dr. B. B.
Kinsey of the Chalk River laboratories for helpful discussions and
assistance. The financial support received from the Research
Council of Ontario and the National Research Council of Canada
is gratefully acknowledged.
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The Barometric Effect for Large Cosmic-Ray
Bursts under Thick Absorbers at 11,500 Feet
Elevation and the Absorption Mean Free
Path for Very High Energy
Nuclear Collisions*
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CARNEGIE model “C” ionization chamber together with

Geiger counter circuits to detect air showers has been in
operation at Climax, Colorado (elevation, 11,500 feet or 675
g/cm?). The arrangement was similar to that used by Fahy and
Schein.! The chamber was shielded with a spherical absorber of
12-cm lead, and the frequencies of bursts of 200 particles and
greater which were not in coincidence with air showers were noted.
Because of the large variations in atmospheric pressure from
December, 1949, to April, 1950, the barometric effect for the radia-
tion producing these bursts was obtained.

The results, shown in Fig. 1, indicate that the ratio of the burst
frequency (4) at low barometric pressure to that at high baro-
metric pressure (B) is 1.187=44.3 percent. A correction is applied,
since the chamber records bursts produced by radiation from all
directions. The result is that the frequencies of bursts produced
by vertical radiation have the ratio 1.167+4.3 percent. The
pressure difference was 11.4 g/cm?. This gives a mean absorption
path in air of 74421 g/cm? or a barometric coefficient of —1.8
(0.5 percent) per mm Hg.

Some of these bursts are caused by energic u-mesons just as at
sea level.? These should show very little absorption in the air
between Climax (11,500 feet) and sea level. To allow for these,
Lapp’s data? for the burst frequencies at sea level (Cheltenham,
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F1G. 1. Distribution of burst sizes. Curve A refers to 1145 bursts obtained
in 735.8 hours at an average pressure of 486.86 mm Hg. Curve B refers to
1008 bursts obtained in 884.0 hours at an average pressure of 495.26 mm Hg.



