Vibrationally inelastic events take
place through a quite different mecha
nism. In O2 we have proposed that the
electron briefly attaches through a
shape resonance and the molecular ne
gative ion being of longer bondlength
than the parent, expands in size to suit.
At some later moment, typically after
O.2-O.3 ps have elapsed, the ion autodetaches with a finite probability of leaving
behind an O2 molecule with a bondlength more suited to v = 1 than v = 0.
Vibrational excitation results, accom
panied of course by a more slowly depar
ting
electron, leaving with an energy
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depleted by one quantum of O2 vibra
Fig. 7 — Potential energy curves for O2and tion plus any rotational contribution. In
O2. See discussion in text. Note that the v' O2 it so happens that the v' = 6 reso
= 0,1,2 and 3 states of O2 are bound with
respect to 02. Curves are taken from Celotta nance (Figs. 5 and 6) leads nine times
R.J., Bennett R.A., HallJ.L., SiegelM.W. and out of ten to a vibrationally elastic pro
cess; however v' = 8 for example (see
Levine J„ Phys. Rev. A 6 (1972) 631.
Fig. 4) is 51% inelastic and actually in
cludes a small contribution to the forma
beyond, implying that near head-on col tion of O2 (v = 2).
lisions play a dominant role in e - -O2
These data on O2 begin to show in
scattering. On this basis and using a detail how energy is exchanged bet
theory of rotational excitation developed ween low energy electrons and molecu
by Fiquet-Fayard (see [1]) it has been lar gases. The mechanisms Ihave touch
possible to model data such as those in ed upon (with others such as nuclear ex
Figs. 4, 5 and 6 fitting our observations cited Feshbach resonances which Ihave
with natural linewidths of the resonan not had space to discuss) should deter
ces of between 2 and 3 meV. Correspon mine the manner in which electrons
ding lifetimes are 0.2 to 0.3 ps which are make their way through natural or artifi
of the order of 200-300 times the fly-by cial plasmas and discharges giving rise
time mentioned above. Analyses have as they do to important characteristic
also shown that the resolution in the in properties such as electron and molecu
cident electron beam was  3.5 meV lar rotational temperatures. The ability to
FWHM and that we had indeed succeed perform electron scattering at optical
ed in performing electron scattering at resolution provides a means by which
photon resolution, 0.2 A (at 786 A) in the necessary data may be forthcoming.
this case.
This still leaves the question of what
underlying physical mechanism opera
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