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for Au"' (which has a 960-kev beta-transition followed by a
411-kev gamma-ray) and coincidence absorption measurements
showed the following: (1) the 1.24-Mev betas do not coincide
with gamma-rays and therefore presumably go to the ground
state of Xe"e; (2) the 0.85-Mev betas are followed by a single
gamma-ray transition, probably the observed 0.38-Mev gamma.
The y-y coincidences and the 640-kev gamma-ray must there-
fore be in the electron capture branch. The coincidence work was
done in collaboration with Dr. A. W. Sunyar.

We thank Mr. J. Bulkley of MIT for the neutron irradiation
and Miss E. Wilson for assistance with some of the measurements.
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Angular Distributions of the Two Gamma-Rays
from Li'(P, y)Be' Reaction*

0
TeK - KrKp TeK&-KrK,

TeK -KrK
TeK, TeKp

M. B. STEARNS AND B. D. MCDANIEL
Cornell University, ithaca, New Fork

(Received March 22, 1951)

FIG. 1. Pulse spectra from x-rays of Te»' and 1»a.

spectrum measured through sufhcient beryllium to absorb the
beta-particles and I x-rays. For comparison, the tellurium E
x-ray spectrum resulting from the isomeric transition in Te'~ is
also shown. The correspondence of the two curves proves that
the I' e radiations are tellurium E x-rays. Xenon E x-rays arising
from internal conversion following P decay cannot contribute
more than 2 percent of the x-ray intensity.

The absolute E-electron capture rate of an I'" sample was
calculated from the x-ray pulse height distribution by the method
previously described. ' A fluorescence yield of 0.75 was assumed. '
The I. capture rate may be estimated' to be 12 percent of the E
rate. The absolute beta-disintegration rate was measured for an
II~' sample of known capture activity by correction of the meas-
ured Geiger activity for solid angle, absorption in air and counter
window, back scattering, coincidence loss, and x- and gamma-
activities. The ratio of the electron capture probability to the
beta-decay probability for I'" was found to be 1.44~0.15.

Beta-ray spectrometer measurements made by Alburger demon-
strated, in agreement with earlier data, ' the existence of two
beta-transitions of energies 1.24+0.02 Mev (~25 percent) and
0.85~0.03 Mev (~75 percent}, and of conversion electrons of a
0.382~0.004-Mev gamma-ray.

Gamma-ray energies were measured with a scintillation spec-
trometer, in collaboration with E. der Mateosian. A 640~20-kev
gamma-ray line was found, low in intensity compared with the
previously known 390-kev tine. The energies of the two lines were
established by comparison with the gamma-rays of Cs' 7 (663 kev)
and of Au'" (411 kev). In addition, a faint line was observed of
energy corresponding to annihilation radiation.

With an I'" source, coincidences were observed between pulses
from two NaI(TlI) scintillation counters placed at right angles
and shielded from each other by 4 mm of lead. Measurements
with copper and lead absorbers showed that approximately one-
half the observed coincidence. rate represented x-y events and
one-half y-y events. A comparison of the coincidence rates at
180' and at 135', when both counters were covered with 3 g/cm'
of lead absorber, established the presence of annihilation radia-
tion. A preliminary estimate of 2 percent positron decay may be
deduced from the data. Beta-gamma coincidences were measured
with the use of a Geiger counter and a NaI-scintillation counter.
Comparison of the P-y coincidence counts per P-count for I'~' and

'HE separate angular distributions of the 14- and 17-Mev
gamma-rays from Li'(p, p)Be' reaction have been studied

at two proton bombarding energies. From these measurements it
has been possible to draw certain conclusions concerning the
angular momentum of the energy levels involved. Earlier pub-
lished experiments' ' have left considerable uncertainty both with
regard to the angular distribution and to the nature of these levels.

The two gamma-ray lines were resolved using the gamma-ray
pair spectrometer. 6 The angular aperture of the spectrometer
was limited to ~7 degrees; then, by varying the angular position
of the spectrometer with respect to the target and incident proton
beam, it was possible to measure the intensity of each of the lines
as a function of angle. A Pb radiator of 84 mg/cm' was used in
the spectrometer.

The two proton bombarding energies were 0.50~0.03 Mev and
1.15+0.05 Mev. At the bombarding energy of 0.50 Mev a thick
target was used, yielding mostly 440-kev resonance radiation. At
the proton energy of 1.15 Mev a target thickness of 250~50 kev
was used. This yields mainly "nonresonant" radiation. For each
proton energy, observations were made of the intensities of the
two gamma-ray components at three angles of emission. Two
stationary Geiger counters were used to monitor the primary
beam intensity.

The data may be considered in two different ways. One may
first obtain the ratio of intensity of the 17- to 14-Mev component
at each angle of observation. For isotropic distributions this
ratio should be independent of the angle. One may also obtain
the variation of intensity of the individual gamma-ray components
as a function of the angle, thus obtaining the separate angular
distribution functions. Because of corrections for gamma-ray
absorption in the target and the necessity to rely on the counters
for long time stability, these values are less accurate. The results
are given in Table I.

Within the limits of error, the resonant radiation is isotropic
for both components. This is in agreement with the results of
Devons and collaborators, '~ who find that under these conditions
the total radiation differs from isotropy by only 4 percent and
also that a pair spectrometer measurement indicates each com-
ponent to be isotropic to within the accuracy of their measure-
ments (about 20 percent). These results are in sharp disagreement
with those of Nabholtz, Stoll, and WifHer, ' who obtained the value
of 2.2 for 890/Eo using photographic plates and the C'~(y, 3o.)
reaction for energy discrimination.
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TABLE I. Angular distributions of the 14-Mev and 17-Mev gamma-rays. TABLE I. Collision diameters (b) of NH3 with various colliding molecules.
Relative intensity=I. Ratio of relative intensity, R=Ii7 Mev/Ii4 Mev.
Absolute intensity ratio, 17 Mev/14 Mev =cR.

Angle in
Type of radiation degrees Ii4 Mev Iiv Mev c* Gas

b X10s (cm) b X10s (cm)
(micro- (kinetic
wave) theory)

Polariza-
tion (a)
y1024 a

Quadrupole
moment

b X10s (cm) (0)
(Anderson) )& 10i& (cm"-)

440-kev resonance
radiation.
Fr =0.50 Mev

Nonresonant
radiation.
Fr =1.15 Mev

0
35
70

0
35
75

1.00 +0.07 1.00 &0.07 1.00 &0.06
0.97 &0.07 1.03 %0.07 1.06 &0.06
0.98~0.07 0.99+0.07 1.01 &0.06

1.00~0.05 1.00&0.05 1.00+0.05
0.74 %0.06 0.69 &0.06 0.94 +0.08
0.77 %0.05 0.56 &0.05 0.72 +0.05

1 70~0 20 CgHs
CsH4
CsHs
CsHs

0.62 ~0.07 NsO
NO
CO

8.79
6.67
5.64
9.76
7.32
S.64
5.97

4 79b
4 86b
4 50'
4.3Sd

3.90d
3.96d

3.33
4.27
4.53

10.32
2.99
1.72
1.95

3.92
4.09
4.15
4.85
3.89
3.52
3.59

1.1
0.48

(0.28)
1.3
0.59
0.28
0.34

~ The value of c, the ratio of absolute intensities in the forward direction,
was obtained from a weighted average of the present data and earlier data
of Walker and McDaniel. Corrections have been made for the variation
with energy of the spectrometer detection efFiciency. Resolution width,
loss from vertical scattering, and pair cross section have been considered.
Stated errors are standard deviations based on statistics and estimated
accidental errors.

" H. A. Stuart, Molekulstruktur (Verlag. Julius Springer, Berlin, 1934).
b E. H. Kennard, Kinetic Theory of Gases (McGraw-Hill Book Company,

Inc. , New York, 1938), p. 149.' Landolt-Bornstein, Phys. Chem. Tab. , Eg. I (a), p. 105."L. Loeb, Kinetic Theory of Gases (McGraw-Hill Book Company, Inc. ,
New York, 1934), p. 6S1.

The nonresonant radiation is strongly anisotropic, and the
angular distribution is clearly different for the two gamma-ray
components.

Following Devons' arguments concerning the resonance radia-
tion, one may suggest the following level assignments. Because
of the isotropy of both components under resonance excitation,
the resonance level is produced by s-protons and has an angular
momentum J= 1 and odd parity. Since the separate angular distri-
butions of the two lines for nonresonant excitation are anisotropic
and different from each other, it is likely, though not necessary,
that the 2 lower states have different angular momenta. The
long lifetime' of the Be' ground state would seem to favor the

assignment of J=2, even, to that state and J=O, even, to
the 3-Mev level. The separate angular distributions of the two
components of the nonresonant radiation are not consistent with
the angular distribution {1+acos'e) which mould exist if p-pro-
tons alone caused this radiation. It is therefore likely that the
s-protons which produce the resonant radiation, or d-protons
forming some higher level, are interfering with the p-protons in

producing the nonresonant radiation at these energies.
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Micro@rave Collision Diameters and Associated
Quadrupole Moments*
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N recent papers" Smith and Howard reported an investi-
~ - gation of the broadening of the 3-3 inversion line of NH3 by
other gases. From the data, obtained, they calculated a collision
diameter for the NH3-foreign gas collision. In the cases for which
this diameter was markedly greater than that obtained from
kinetic theory, the collision was ascribed to the interaction of the
NH3 dipole moment and a permanent electric quadrupole moment
(averaged over the rotation)' of the foreign gas. The quadrupole
moments for these gases were calculated.

Anderson3 has since shown that the interaction of the quadru-
pole moment of NH3, calculated from its structure, and the dipole
induced in the foreign gas gives a collision diameter in good
agreement with those molecules whose experimental collision
cross sections approached kinetic theory values. However, for N2
and others this diameter is too small, and the assignment of a
permanent electric quadrupole to these molecules seems justified.

The NHs 3-3 line breadth has been measured for mixtures of
NH3 with several more gases, using the same experimental tech-
nique as in reference 1. The results obtained are listed in Table I.
For the gases investigated, either the dipole moment or its average
over a collision was zero, and the collision may be described by
an interaction other than dipole-dipole.

The diameters calculated from Anderson's formula are quite a
bit lower than those found from broadening data, and except for
C~Hs a quadrupole moment has been given. For C2Hs the micro-
wave diameter is sufficiently close to the kinetic theory diameter
that the quadrupole moment is given only as an upper limit.

For the C2H2, C2H4, C2H6 series the microwave diameter and
associated quadrupole moment are seen to increase with the order
of the C—C bond, indicating an increase in the asymmetry of the
charge distribution. The moments obtained for NO and CO are
very close to that for N2 found by Smith and Howard, while the
quadrupole moment for N&O agrees very well with their values
for COS, CS2, and CO2.

Further work in the interpretation of these data is in progress.

*The research reported in this document has been made possible through
support and sponsorship extended by the Geophysical Research Directorate
of the Air Force Cambridge Research Laboratories. It is published for
technical information only and does not represent recommendations or
conclusions of the sponsoring agency,
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SING cameras similar to those described by Fulbright and
Bush' two survey experiments on the elastic scattering of

protons have been performed.
In one, the angular dependence of the differential elastic cross

section in the range 26' to 106' was measured at 15' intervals for
the elements W, Pd, Ni, and Al. The proton beam energy, as
determined from the magnetic field strength and the camera
geometry, was 18.6&0.4 Mev. The total energy spread at the half-
maximum intensity of the incident beam was less than 1 Mev. The
circulating beam was scattered by wires 0.001 in. in diameter.

The camera used in this experiment had three slits. In a single
run the relative values of the elastic scattering at three angles
could be obtained. The measurements were extended to other
angles by overlapping sets of observations.

The relative values of the cross sections were then determined by
counting the number of tracks per unit area in the elastic lines
which appear on the developed film.

The results of this experiment are shown in Fig. 1. We have
plotted ln(tr, /eg) vs 8, where cr, is the observed cross section, O.g
is that expected for Rutherford scattering, and 8 is the angle


