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Fig. 7 — Potential energy curves for O2 and 
O2. See discussion in text. Note that the v' 
= 0,1,2 and 3 states of O2 are bound with 
respect to 02. Curves are taken from Celotta 
R.J., Bennett R.A., Hall J.L., Siegel M.W. and 
Levine J„ Phys. Rev. A 6 (1972) 631.

beyond, implying that near head-on col
lisions play a dominant role in e- -O2 
scattering. On this basis and using a 
theory of rotational excitation developed 
by Fiquet-Fayard (see [1]) it has been 
possible to model data such as those in 
Figs. 4, 5 and 6 fitting our observations 
with natural linewidths of the resonan
ces of between 2 and 3 meV. Correspon
ding lifetimes are 0.2 to 0.3 ps which are 
of the order of 200-300 times the fly-by 
time mentioned above. Analyses have 
also shown that the resolution in the in
cident electron beam was   3.5 meV 
FWHM and that we had indeed succeed
ed in performing electron scattering at 
photon resolution, 0.2 A (at 786 A) in 
this case.

This still leaves the question of what 
underlying physical mechanism opera
tes in rotational and vibrational exci
tation. Turning first to rotation, the 
strength of long range electrostatic in
teractions depends on molecular orien
tation and collisions give enough torque 
to the molecules to accelerate or decele
rate their rate of rotation with high cross- 
section. We have been dealing with O2 
which attaches an electron to form (say) 
rotationally excited O2 which a fraction 
of a picosecond later expels the electron 
to leave a rotationally excited O2. Cross- 
sections for rotational excitation in O2 
are a few tenths of 1 Å2. For molecules 
which possess a strong permanent di
pole moment, e.g. HCI, HBr, an anisotro
pic charge-dipole interaction may lead to 
cross-sections of 10-100 Å2 for rota
tionally inelastic scattering. Thus strong 
anisotropy of the e-molecule interaction 
potential leads to large cross-sections 
for rotational changes in the target ac
companied by small changes in J since 
these are dictated by the angular mo
mentum available in the collision [7],

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 autode- 
taches with a finite probability of leaving 
behind an O2 molecule with a bond- 
length 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 
depleted by one quantum of O2 vibra
tion plus any rotational contribution. In 
O2 it so happens that the v' = 6 reso
nance (Figs. 5 and 6) leads nine times 
out of ten to a vibrationally elastic pro
cess; however v' = 8 for example (see 
Fig. 4) is 51% inelastic and actually in
cludes a small contribution to the forma
tion of O2 (v = 2).

These data on O2 begin to show in 
detail how energy is exchanged bet
ween low energy electrons and molecu
lar gases. The mechanisms I have touch
ed upon (with others such as nuclear ex
cited Feshbach resonances which I have 
not had space to discuss) should deter
mine the manner in which electrons 
make their way through natural or artifi
cial plasmas and discharges giving rise 
as they do to important characteristic 
properties such as electron and molecu
lar rotational temperatures. The ability to 
perform electron scattering at optical 
resolution provides a means by which 
the necessary data may be forthcoming.
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Hewlett-Packard 
Europhysics Prize 
1990
Call for Nominations

The Selection Committee for the 
Flewlett-Packard Europhysics Prize in
vites nominations for the 1990 award. 
The prize is given for an outstanding 
contribution to condensed matter phy
sics within the previous five years, with 
the potential for leading to advances in 
the fields of electronic, electrical or 
materials engineering. Nominations may 
be submitted by EPS members as indivi
duals or as representatives of a Division 
or Section.

During this decade the Hewlett- 
Packard Prize has been awarded to the 
following:

1980 -  O. Krogh Andersen and 
A.R. Miedema

1982 -  K. von Klitzing
1983 -  I. Silvera
1984 -  G. Binnig and H. Rohrer
1985 -  J. Als-Nielsen and M. Pepper
1986 -  F. Mezei
1987 -  I. Yanson
1988 -  J.G. Bednorz and K.A. Müller
1989 -  F. Steglich, H.-R. Ott and

G. Lonzarich
In order to maintain this extremely 

high standard, it is necessary that the 
Committee receive proposals which 
represent the breadth and strength of 
European condensed matter physics. It 
is also important that the submitted 
nominations be complete, and it is our 
experience that this is not always the 
case. They should comprise at least:

-  a detailed motivation for the award, 
including a clear definition of the 
work and its significance;

-  a brief curriculum vitae of the nomi
nee;

-  a list of relevant publications.
It is also extremely helpful it we receive 
letters of support from authorities in the 
field, in which the importance of the 
work is evaluated. These can with ad
vantage also be sollicited from non- 
European physicists.

EPS members who know of a qualified 
candidate for the Hewlett-Packard Prize 
are urged to submit a complete nomina
tion to the Selection Committee, to 
arrive before 15 Sept. All information 
will be treated as strictly confidential, 
and although proposals will be acknow
ledged, there will be no further corres
pondence.

Nominations should be addressed to:
Selection Committee,
H-P Europhysics Prize
EPS, POB 69, CH-1213 Petit-Lancy 2
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