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FIG. 1. Phase shifts for p —a scattering as a function of proton
bombardment energy.

equal to —/ at the nuclear surface. The level shift, A, is equal” to
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Critchfield and Dodder® have shown that the p—a differential
cross section is consistent with either of two sets of phase shifts,
one representing an inverted doublet with an undetermined large
splitting, the other corresponding to a regular doublet with a
splitting of about one Mev. The points on Fig. 1 represent their
values for the phase shifts in the former case, together with their
estimate of the probable error. The curves represent the best fit,
obtained by trial and error, of Eq. (1) to the points. Corresponding
values of the parameters were a=2.9X 10718 cm, 4%(P3/2) = ¥*(P12)
=17.6X10"8 Mev cm, Ex(P3:2)=3.65 Mev, and the doublet
splitting Ex(Py2) — Ex(Ps2) =5 Mev. The S-wave curve was
calculated using only the potential scattering part of the resonance
formula, 8= —tan™'[Fo(a)/Go(a)]. Effects of high lying levels
would be expected to reduce this phase shift in agreement with the
experimental results.

The total #—a cross section will equal

o=2rk 2y ; (2741) sina(l, 7), @

where 6(P3/2) and 8(Py») are calculated from Eq. (1). The points
on Fig. 2 are the experimental values of reference 2, while the
curve represents the fit of Eq. (2) to the data, using the same
values of the parameters, a, 42, and the splitting Ex(P1/2) — Ex(Ps32),
as for the p— a analysis. The discrepancy between the data and the
curve at 1.2 Mev can be accounted for by an experimental effect
discussed in reference 2. The #—« levels are 1.25 Mev lower than
the p—a levels, a shift attributable to the difference in coulomb
energy. The n—a S-wave phase shifts were calculated by requiring
the wave function to have the same logarithmic derivative at the
nuclear surface as the p—a S-wave. This leads to a value of about
0.8 barn for the low energy cross section, consistent with reference
2, but in disagreement with the value of 1.45 barns reported by
Harris.? The sign of the S-wave phase shift is negative,!° as is the
proton phase shift. It seems reasonable to assume that the higher
angular momenta phase shifts are negligible. Goldstein has
pointed out that this assignment of levels is consistent with the
n—a angular distribution and back scattering experiments. For
both Li% and He® the parameters for the Py level are somewhat
arbitrary.
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FI1G. 2. # —a total cross section as a function of neutron bombardment
energy. The dashed lines separate the contributions of the various partial
waves.

The value obtained for the reduced width, 42, is about equal to
h?/ma, where m is the reduced mass of the system. With this value
of v2 and |Ex—E|<+%/a, Eq. (1) takes the same form as the
result for scattering by a square well of depth E’, where
(E'+E)\)}(2ma/h?)t=n(l4+1), indicating that the interaction may
be represented adequately as a one-body interaction. E’ should
provide an estimate of the average interaction energy. E'+Ej is
equal to 38 Mev for a radius a of 2.9X107% cm.

In summary, it appears that the data are consistent with the
thesis of charge independent forces and the formation of a widely
spaced inverted P3s— Py doublet. The doublet splitting of the
order of five Mev is much larger than Dancoff’s? estimate of the
effect of tensor forces and may be evidence for the importance of
velocity dependent forces,!3 or some other large spin orbit coupling
as is postulated for one of the nuclear shell models.!
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THE process which occurs in a gas when it is excited by an
electrical discharge is often quite complicated. It is not easy
to distinguish in the emission spectrum the parts coming from the
direct electronic excitation, from the recombination of ions and
electrons, and from secondary reactions such as atomic recombi-
nation or molecular decomposition.
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The radiative ion-electron recombination can be observed in
afterglow when the excitation is stopped. In fact, this method is
applicable in a limited number of cases, for instance, for rare gases,
for nitrogen and gases more or less diluted in a rare gas, and
generally for non-electronegative atoms and molecules.

When the production of an atom in a given level is very high, the
relative intensity of the emission line can be far from that corre-
sponding to the thermal distribution of atoms in the upper state.
This effect is noticeable when the upper level is a metastable one.
In this case, intermolecular collisions are frequent and the deacti-
vation is so strong that usually forbidden lines are not observed
except under special conditions. The observation of these lines is
possible only when the destruction of the atoms in the upper level
can be lowered, for instance, by the addition of a rare gas or by
compensation by a high production of such metastable atoms in
some special way.

The production of forbidden lines by secondary processes is
illustrated in Fig. 1 (a and b), in which the atomic levels are shown
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F1G. 1. Illustration of the process of excitation of the forbidden lines 6300
(3P2—1D3) and 6364 (3P1—1D3) of OI by dissociation into atoms of the Oz
molecule in the B3Z ™ state.

on the left, and the molecular levels on the right. Atomic lines and
molecular bands can be excited by electron collisions or can be
emitted by ion recombination. Since atoms can associate and
molecules can dissociate, an interaction between the two main
processes can take place. Two such examples occur in connection
with emission of forbidden oxygen lines in the upper part of
the atmosphere. The first concerns the red auroral lines
6300A (3P;—1D,) and 6364A (3P1—1D,) of high strength in the
light of the high altitude aurora. The second concerns the common
green auroral line 5577A (D,—1So) which is the main part of the
emission of the night sky and aurora.

The process of electronic excitation, we believe, may be illus-
trated by the pattern indicated in heavy lines in Fig. 1(c).

In the case of the red aurora lines the upper excited molecular
stateis B32, . This state is stable and the corresponding transition
gives the Schumann-Runge bands B3Z,—X32,~ in absorption
and in emission. To reach the dissociation of the upper state into
two atoms O(P)+O('D,), a considerable development of this band
system must be obtained. In fact, this is observed together with
an important relative enhancement of the 6300 and 6364 lines in
pure oxygen at atmospheric pressure (Fig. 2).

The second example concerns the emission of a mixture of a rare
gas like xenon or argon and a small amount of oxygen. The green
emission ohserved in the direct discharge and in afterglow is
composed of two parts, the auroral line 5577A (!D;—1So), and a
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F1G. 2. Emission spectrum of pure oxygen at atmospheric pressure. The
forbidden red auroral lines 6300 and 6364 and the Schumann-Runge bands
are particularly strong.

quasi-continuous molecular spectrum mainly on the short wave-
length side of the line.t? Here, the lower and the upper molecular
states have a very low dissociation energy.

In a mixture of oxygen and xenon, one observes a well-developed
system of bands which is relatively easy to identify. On the con-
trary, in the case of argon containing traces of oxygen, the
vibrational bands are most confused and upon examination under
low dispersion the emission appears purely continuous.3~%

We have nevertheless succeeded in resolving the vibrational
structure in the continuous background on the two sides of the
auroral line. The complete system is degraded towards short
wavelengths, and the intensity diminishes rapidly. At a distance
from the auroral line, the bands have been photographed with
lower dispersion and show definite fluctuations of intensity de-
graded to the red. The apparent heads of these bands are located
approximately at 5487A, 5529A, and 5555A.

On the other hand, a somewhat complex structure appears near
the green line. We attribute this to vibrational bands of the
electronic transition AO(1So;1S,)—AO(So;1D;). A tentative vi-
brational classification of the most intense bands® is shown in
Table 1.

For the XO molecule the vibrational frequency «’ is nearly 10
times and w’’ 20 times greater than for the AO molecule; the

TaBLE I. Wave numbers of the green band system observed near the
forbidden oxygen line 5577 (1D1—1So) of O I in a mixture of argon and
oxygen. v and ¢/ are the vibrational quantum numbers of the upper and
the lower states.

"ll
v 0 1 2 3 4 5 6 7

0 17939 17915
1 17956 17933
2 17948
3 17962 17937
4 17953
5 17945 17920
6 17936
7 17976 17928 17910
8 17967 17945 17926 17905
9 17981

10 17958

latter is thus much less stable since »”’>«’, and the individual
bands will be degraded to the red. On the microphotometer traces
we recognized no degradation as the bands strongly overlap.

It is probable that the bands 5487A, 5529A, and 5555A are
likewise capable of resolution. To resolve them, it will be necessary
to employ a spectrograph which is (at the same time) of higher
speed and of greater dispersion than the one at our disposal.

The spectral composition of this green emission is the same in
afterglow and in the direct discharge. Thus, the green auroral line
seems closely connected with the quasi-continuous part. On the
other hand, the remaining permitted and forbidden OI lines are
very faint if not absent, and it is hardly to be supposed that there
exists a low electronic excitation of the diluted atomic oxygen.
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Fi6. 2. Emission spectrum of pure oxygen at atmospheric pressure. The
forbidden red auroral lines 6300 and 6364 and the Schumann-Runge bands
are particularly strong.



