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ELASTIC AND INELASTIC ELECTRON SCATTERING
BY ATOMS AND MOLECULES
IN THE BACKWARD DIRECTION

M.Zubek

Department of Physics of Electronic Phenomena, Technical University, 80-952 Gdansk, Poland

Progress made recently in studies of electron scattering by atoms and molecules at
large scattering angles up to 180" is reported. Results obtained at scattering angles
from 120° 10 180° for elastic and inelastic electron scattering using the magnetic an-

gle-changing technique are discussed.

1. Introduction

Systematic experimental studies of elas-
tic and inelastic electron scattering by atomic
and molecular targets for scattering angles in
the backward hemisphere 90° — 180" became
possible only recently with the development
of new techniques, the electron — mirror
spectrometer [1] and the magnetic angle —
changing technique [2,3]. Such studies have
not been carried out previously although
some attempts have been made to observe
elastic scattering of electrons at 180° [4,5] or
to measure elastic cross sections integrated
over the backward hemisphere [6]. Investi-
gations of electron scattering in the back-
ward direction bring important information
and here several reasons for studying back-
ward scattering can be pointed out. The dif-
ferential cross sections (DCS) for elastic and
inelastic scattering may be determined owver
the whole scattering angle range from 0° to
180° without recourse to extrapolation tech-
niques. The angular dependence of the DCS
in the electronic excitation depends on the
symmetry of the state being excited and in
the scattering with formation of negative-ion
resonances is directly related to the symme-
try of the resonance state.

From the DCS obtained over the com-
plete scattering sphere integral cross section
ofE) and momentum transfer cross section
o.(E) at a given electron energy E may be
obtained from the integration
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where %{E,E} is the DCS at an electron

energy £ and a scattering angle . As is seen
from (2) scattering in the 50" — 180° angular
range has a greater weighting factor in its
contribution to a, than forward scattering. It
is also interesting to point out that the deter-
mination of the cross section according to (1)
and (2) would give values with higher accu-
racy especially for the inelastic electron
scattering eliminating the uncertain extrapo-
lation procedures used at present in most of
the experimental measurements.
Measurements of elastic scattering in the
backward direction are also of interest in the
partial wave description of scattering and for
the determination of the phase shifts. This is
more complex for heavier aloms (Xe, Hg)
where more partial waves contribute to the
electron scattering. Here the DCS is given by
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where the scattering amplitude f{E, 8 for the
spin independent scattering is expressed by

f(E8)= !_--i(23+1}{e?"‘3‘ -1)P (cos8) (4)
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In (4) k is the wave number for the inci-
dent electron energy £, & is the phase shift
for given angular momentum [ and Py are re-
spective Legendre polynomials. At the scat-
tering angle of 180" all partial waves that
contribute to the scattering are included in
{4y with their Legendre polynomials
(modulus) equal to 1.

Furthermore, at 180° (as well as at {}n}
scattering angle it is predicted, on the
grounds of theoretical group considerations
[7,8], that the DCS for electronic excitation
of “parity unfavoured” transitions in atoms
e.g. 'S;—»'P, and of certain transitions in
molecules e.g. ¥ —L" is equal to zero. This
new “selection rule” would allow the identi-
fication of the symmetries of excited states
on the basis of their angular behaviour in
electron scattering at and close to 180°. Fi-
nally it is also expected that the observation
of electron scattering in the backward direc-
tion would enable new resonance and cusp
features to be detected.

2. Elastic electron scattering

The absolute differential cross sections
(DCS) for elastic electron scattering in nitro-
gen {N;) obtained at incident electron ener-
gies of 5 and 6eV, in the angular range from
120" to 180", are shown in Figs. 1 and 2 re-
spectively. The most recent experimental data
obtained for lower scattering angles and the
results of theoretical calculations are also
shown for comparison. The high secattering
angle data obtained using the magnetic angle
~ changing technique [9] agree well with the
low scattering angle results in the overlap
region and combine to give elastic cross sec-
tions over the angular range from 20’ to 180",

For the theoretical results at 5 eV
{(Fig. 1) the hybrid theory calculations J11)
which combine vibrational close — coupling
with the adiabatic nuelel approximation
show the best agreement with the experi-
mental cross section although they are about
20 — 30% higher in magnitude. The R-matrix
calculations [12] overestimate the DCS in
the forward direction below 50" and the
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Schwinger multichanne] results [13] in the
region of scattering angle above 100° deviate
from the experimental DCS, These discrep-
ancies between theoretical and measured
DCS have been atfributed to inadequate rep-
resentation of the long-range and short-range
correlation interaction for low- and high-
angle scattering respectively [9]. At 6eV
(Fig. 2} the experimental cross sections are
compared with the only available theoretical
results which are converged vibrational close
— ¢oupling calculations [14]. There is very
good agreement between both sets of data
above 60" but at lower scattering angles the
calculated values overestimate the experi-
mental elastic DCS by about 40% .
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Fig, 1. Differential cross sections for elastic electron
scatlering in nitrogen at an incident electron energy
of 5 eV. Experimental results: [17] — open circles,
[14] — full diameonds, [9] — full squares. Theoretical
results ¢ [11] — full ling, [12] — dotted line, [13] -
dashed-dotred line, [14] — dashed line
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Fig. 2. Differential cross sections for elastic electron
scattering in nitrogen at an incident electron energy of
6 ¢V, Experimental resuits: [14] — full diamonds, [21]
— full squares. Theorstical results: [14] - full line.
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Interesting results have been obtained
for sulphur hexafluoride (SFg) molecules
which unlike nitrogen have spherical sym-
metry and high dipole polarizability. The
DCS for elastic scattering of electrons by
sulphur hexafluoride measured for scatter-
ing angles between 130  and 180" at the
incident energy of 5eV are shown in Fig. 3
together with the DCS for lower scattering
angles obtained in two different laborato-
ries. These results have been obtained
again by the magnetic angle — changing
technique using a modified design of the
source of the localized magnetic field [15].
The cross section decreases with increasing
scattering angle above 1207 and its Jowest
value occurs for backscattering at 180,
The close ~ coupling calculations [16] re-
produce the general angular behaviour of
the experimental cross section. However
for backward scattering they predict a DCS
which is higher by a factor of about 2,
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Fig. 3. Differentiz] cross sections for elastic electron
scattering in sulphur hexafluoride at an incidemt
electron energy of 5 eV, Experimental results: [15] -
full circles, [18] - open squares. Theoretical results:
[16] full line,
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3. Resonance electron scattering

The magnetic angle-changing technique
have been used to make the first observation of
the resonance structures oorrespundmg to the
25 ’S state in He and the np(® Pia ) Jg}|[n+lj|s
states in Me™, Ar, Kr and Xe™ in elastic scat-
tering n&ar lﬂﬂ*’ 3]. The results obtained for
the 413 ( P32,12)58 resonance in krypton are
shown in Figs. 4 and 5 respectively. Also
shown are theoretical profiles (full curves)
which have been obtained from a fitting pro-
cedure using the partial waves cross section
formulas for the spin - dependent scattering, In
the angular range above 130° the shapes of the
structures stay approximately unchanged with
increasing scattering angle. Also the magni-
tude of the resonance structures, measured
with respect to the non - resonant background,
is appmxunately constant, The *Py, structure
(Fig. 5} is symmcmc and has smaller intensity
than the *Pin stmcture: and 1s also broader.
These features of the *Pys resonance are re-
lated to its position above the first two 4p’Ss ]

= 2,1 excited states of krypton. The above
backscattering measurements allowed the natu-
ral width of the *P,; resonance to be deter-
mined to be 30 + 4 meV.
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Fig. 4. Resonance structures of the Py, state in the elas-
tic electron scattering by krypton at indicated seattering
angles [3]. Full lines give the fitted theoretical profiles.
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Fig. 5. Resonance structures of the sz state in the
elastic electron scattering by krypton at indicated
scattering angles [3]. Full lines give the fitted theo-
retical profiles.
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Fig. 6. Differential cross sections for excitation of the
2'S state of helium at given scattering angles [19].
Wertical lines above the specira indicate caleulated
resonance energies [20]. The 2'$ and 2'P excitation
thresholds are also shown.
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Resonance processes of the negative-ion
states decaying to excited states of atoms
have been observed for the first time for the
backward scattering in studies of excitation
of the n = 2 states of helium [1, 19]. Fig. 6
compares the DCS recorded at 180° using
the magnetic angle-changing technique with
that obtained at lower scattering angles with-
out use of a magnetic field [19]. A dramatic
change in the shape of resonant structures
with scattering angle is clearly seen which
gives more information on the highly-excited
ridge resonances. In particular, in the 180"
spectrum a dip is observed at 22.69eV
which coincides with the position of the *P°
and “S° resonances determined by theoretical
calculations [20]. In this spectrum of notice
is a cusp structure at the 2°P excitation
threshold which has a shape of a dip fol-
lowed by a peak. A cusp at the 2°P threshold
but displaying a different shape is also de-
tected in the 135" spectrum.
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I[MPYIKHE 1 HEIIPYKHE PO3CIHOBAHHSA
EJEKTPOHIB ATOMAMMU I MOJIEKYJIAMHU
Y 3BOPOTHOMY HAIIPSIMI

M.3ybex

Kadenpa disvkd enextpounux senm, Texniunuit yaisepeuter, 80-952 T nancek, [Nonkina

NoplnoMasioThed OCTAHHL PeIVILTATH 3 ACCTIAKEHs POICIOBAHHA ENEKTPOHIE
aTOMAMH T2 MofeKynavi Ha kyti Ao 180", OBrosoproioTsees pesynbTaTh, onepmani
npu Kytax poschosamms min 120° mo 180° mam npymmoro i mempymuoro
PO3CilOBaHHA CACKTPOHIS 3 BHKOPHCTAHHAM METONMEH MaruiTHo! aMidn KyTa,
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