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Therefore we think there still exists no conclusive direct evidence
about the nuclear interaction properties of fast pi-mesons, and that
indirect evidence favors a large cross section.
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UCLEAR disintegrations caused by x-rays from the 100-Mev

betatron have been investigated with a cloud chamber.!
The disintegrations studied are those occuring in the filling gas of
the cloud chamber ; they are observed as single, double (flag), and
multiple (star) tracks. The singles are nuclear recoils mostly from
(,n) processes; according to our preliminary analysis most of the
flags in nitrogen result from (y,pn) reactions; the stars represent
various modes of disintegration involving the emission of several
charged particles and probably neutrons. Approximate values of
the integrated cross sections have been obtained for the flags in
air, and for singles, flags, and stars in nitrogen and oxygen, for a
peak betatron energy of 100 Mev. The latter measurements give
the total integrated photo-disintegration cross sections for nitrogen
and oxygen.

The experimental procedure is as follows. X-rays from the
General Electric 100-Mev betatron pass through an aperture in a
lead shield, which defines a beam % in.X { in. in cross section, and
enter the cloud chamber through a thin window. The data for air
are taken with the x-ray intensity adjusted so that an average of
one positron-electron pair in ten expansions is formed in the gas.
The data for nitrogen! and oxygen are taken at a higher intensity,
yielding an average of one nuclear disintegration in five expan-
sions; the growth time of the tracks is shortened in this case to
reduce the background caused by electron tracks.

The measurements with the air-filled chamber involve a simul-
taneous observation of flags and positron-electron pairs. This
gives a ratio of the flag cross section to the pair cross section, when
account is taken of the x-ray energy interval in which flags are
produced. The mean x-ray energy for producing flags in nitrogen
is about 30 Mev, according to our previous measurements.? The
ratio of the flag cross section to the pair cross section is given by
a total count of 27 flags and a count of 344 pairs with energy in
the range 30410 Mev.? Using the pair cross section suitably
averaged over this energy interval, we find the integrated flag
cross section to be 0.3 Mev-barn. The estimated error is 20
percent, determined mostly by the number of events counted.

The flag cross sections for nitrogen and oxygen can be derived
from the value for air if their relative cross sections are known.*
A comparison of these cross sections has been made by counting
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the flags produced in oxygen and in nitrogen by strong x-ray
beams monitored with a Victoreen r-meter. The oxygen cross
section is 90 percent of the nitrogen cross section, according to a
count of 185 flags in nitrogen and 166 in oxygen for equal r-meter
readings. The integrated flag cross section for each is, therefore,
approximately equal to the measured value for air.

The flag cross section for nitrogen has been measured in an
independent way by comparing the number of flags observed in
nitrogen with the number of x-ray quanta in the appropriate
energy interval at 30 Mev. The latter number is obtained from
the reading of a Victoreen r-meter by the use of a previous absolute
calibration® of the number of quanta per Mev at 30 Mev per unit
r-reading. In this way we obtain an integrated flag cross section
of 0.36 Mev-barn, in satisfactory agreement with the value
measured by our first method. This result is based on a count of
212 flags. The estimated error is 340 percent, determined pri-
marily by the probable error of the intensity calibration.

The (v,n) cross sections for nitrogen and oxygen have been
derived from the ratio of singles to flags, on the assumption that
these reactions are produced by x-rays in the same energy interval.
For nitrogen the (v,n) cross section is 25 percent! of the flag cross
section, or 0.08 Mev-barn. For oxygen the (v,n) cross section is
52 percent of the flag cross section, or 0.15 Mev-barn, based on a
count of 315 flags and 164 singles.

The total photo-disintegration cross sections can be derived
from the single and flag cross sections and our data relating to
multiple disintegrations. The ratio of flags to stars is 3.0 for
nitrogen;! for oxygen it is 4.4, as given by a count of 636 flags
and 144 stars. Assuming the x-ray spectrum to be of the form
dE/E and taking the energy range for star production to be
about 30-60 Mev, we find the star cross section to be 0.16 Mev-
barn for nitrogen and 0.11 Mev-barn for oxygen. The total
integrated photo-disintegration cross section, up to 100 Mev, is
therefore about 0.6 Mev-barn for both nitrogen and oxygen.

Our results for the (y,n) cross sections are in good agreement
with other measurements made in this Laboratory. Perlman and
Friedlander® give values of 2.2 and 2.3, respectively, for the (v,n)
cross sections in oxygen and in carbon relative to nitrogen. Using
the value of 0.15 Mev-barn for carbon measured by Lawson and
Perlman,? one obtains a (v,n) cross section of 0.14 Mev-barn for
oxygen and 0.07 Mev-barn for nitrogen.
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F the published determinations of the half-life of C¥, three
have been done by methods that would allow accuracy of 5
percent or better. All are by mass spectrometry of a rich sample
of active material and absolute gas counting of a diluted aliquot
of the same material. The first’2 was done by diluting as carbonate
ion in solution, and counting in a differential CO,—CS; G-M
counter which eliminates end effects. The value found for the
half-life was 63604200 years. Two more recent papers®* have



