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anot resolved). Angular distributions of the elastically and inclas~
tically sce.;'.tered elecirons causing the Ddundameantel and first and
second overtone excitations have been measured in the 8° to 80° range.
Certain aspects of the experimental procedures and the angular behavior
of scme of the inelastic to elastic scattering inte’nsity ratios {R)
2t 7 and 60 eV impact energies are presented ‘\here.

The experimental procedure consis‘ts of scattei'ing ‘an energy
selecied electron beam by a static low-pressure Hz target gas and

=mezsuring the scattered signal intensities at fixed electron impact
-

ecerzies (Z) aad scattering angles (6) as ~a function of energy-loss.
Due to the weak inelastic signal inlensiiies a long iategration time is required

and the experimental conditions

.

o actieve adeqguate signal-to-noise ratios
correspording to measurements at different angles and energies are some= )

wrnat different. The guantity that one can extract from these measurements

.. WIcZis lezst sudject to experizental uncertainties is R and 1ts angular

deperdence at differest energles. Figure 1 shows the ratio R of the

retory. Work supy
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7The elastic scattering of electrons by L, has been studied
=
Ll . - g
together with the pure vibratiomal excitation (rotational levels are
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bave been determined with less accuracy.
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scattered signal intensity at an energy—loés corresponding to the excitation
of th;. fundamental vibration to the signal intensity of the elastic peak
at incident energies of 7 and 60 eV. The individual points are experi-
mental values. The curves are cz;leul:.ted in the Born approximation
wit:.h static and polarization potentials which take' account of the non~

spherical nature of the molecule and with exchange included in the

Ochkur~Rudge approximation. The calculation is discussed in more deta.il

elsewhere. The ratios Ra for excitation of the second vibrationsl state

They are about ten times smaller

buf ‘iﬁve approximately the same angular dependence as the ratios R1 .

The elastic differential scattering cross sections (DCS) have
been determined under identical experimental 'conditions in arbitrary units
and at 7 eV normalized to the asbsolute scale by using the total scattering
cross sections of Golden, Bandel and Salerno.vl The shape of elastic Cs

curve agrees very well with the experimental curve of Ehrhardt, et al?

‘From the intensity ratios and from the elastic DCS the inelastic ICS

have also been obtained ian absolute s_cale. Extrapolation of the DCS to ¢°
and to 180° yields an integrated cro;s seétion for the fundamental
vibrational excitation of 0.61 ag (= 40%, including an estimate of the
extrapolation error) as compared to that of 0.76 ag- of Eurbardt, et al..
The vibrational excitation DCS at 60.eV.he.s a minimea at 30° and rises
to a plateau at 50°-80°.

Measurements cerried out at différent scattering angles corres-
pond to diffez;ent (¢4 O)efi‘ (explaine}d below) and cannot be directly

: ’ s N
compared even when other ezépermental conditions (target density, beam
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sions relzuing €ross sections and scattered sigral intensities contain
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the sath leazth in an overly simplified way. Ia a realistic experiment,

: volume and 2 beam containing many electrons with some kind of enerzy zad
spaiial &istrivution. Tize measured scatiered signal is the result o
.

scatiering eveaats associated with Gifferent path lengths, cross
sections asd solid angles ol detection. . Ore can define only an efiectiive
(p2tn lengtz) X (solid angle). This quantity (£ & Q)ef“ is a Sfunction of
the Beobtering angle azd has to be known for absolute DCS determination

{or its reiziive value a5 a functioa oF scattering angle has to e known

to be adle To coxpare ICS measured at different angles).
Previcus caleulations of (2 & Q)e-‘*" involved simplifications and
e -

-

approxizations in scattering geometry, particle distrivution an

o
o
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angalar cepesndence of £ andfor . The effect of a more rigorous treat-

=t is described hers. Circular aperitures define the beam cone and

similarly apervures A and Az define tke view cone (see Fig. 2).

Scatiered signal can ve detected from the volume defined by the surfaces
of tzese two intersecting cozes. The inccming electron beam density
distrinucion is represented by & Gaussien function having its maximum

Censlty zlong tue cone axis. To each volume element within the scatbering

volize e weighnting factor is assigned which is composed of three factors:
’ - - . - -,

(&) the electron beas density at that volume element, (o) the solid angle
sustended Ty the detector at that volume element, and (c) the appropriate

Lt

orrection for the change of DCS with engle within the view cone., The

[]

cases of ¢(8). The error is Qefined as

surfaces.) This integral is by definition proporiicnal o (2a0)

e
ni

. o L N . o N
ty at 90 for relative ICS determination and

©
o5
£
b
n
3
(e}
151
i
]
}a
e
N
o
o
ot
[o]
I

error esiimetion. In the limiting case of very narrow beams znd & Cross

section constant over the whole scattering volume the iategral is
.
averscly proportional to sin 8. The encrgy depeadence of the DCS and

the eaergy spread of the electroan beam were neglected. The integration

was truncated at 2 GB in the beam cone. The scattering geomeiry for tize
- . o
caspg considered here: GB = ev =5, 85 = 3.89 cm, S, = 0.68 exm,

0.038 ea. GB is the beam cone aagle where

it

D, = 0.89 em, and A=A

‘tae intensily falls to one half of ils peak value; A aud & are the

2
radii of {he exit aperitures; for the definition of the other quaatities,
see Fig. 2. TFigure 3 shows the error (%) introduced iato tae DCS by

using sia & instead of the inverse (L a4 Q correction for the various
hd eff

sin & ~ (2 a Q)
Error = eff | x 1005
| wan,
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Wanen DTS are determined from experimeatal data, the procecdure for I
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~ Bust be iterative because an approximate form for ICS{

erls

(2 aq)
%0 be assumed Lo svart with. Oace an a.pproxi_:nate 2 aq)
a veitter 2C5(8) can be cetermined, and so oa.

fere we do calculations designed Yo test the error introduced

by vsing an improper scattering leagtn correction. In these caleulations
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with & (8) = 10
guess

5w

gueSS(e) is used (in step € ebove) to compute the {4 4 2o

correction without iterating, and we determine what error this will

cause if the actual DCS is a given different one Gactual(e)' The calcu-

lation shows that for this scattering geometry and for a case where
~0,0322 & : N - :

caotual(a)'g 10 (H, elastic DCS at 60 eV) one introduces a 40%,

14%, or 10% error ia the DCS at 10° by using a sin € correction, a

(£ dﬂ):ff correction with o (8) =1, ora (£ dﬂ):;.f correction

re
-0.0122 §

guess
(B, elastic DCS at 10 eV), respectively.

Relatively large (but not uareasonable) cone angles have been
considered here to illustrate the importance of the proper path length
correction. The errors introduced into the DCS at low scatteringz angles

can be significant even for very slightly divérging beanms.
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FIGURE CAPTIONS .
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Figure 1. Vidrational excitation to elastic scatiering intensity ratios
at 7 and 60 eV impact energies.

Figure 2. Scattering geomeiry. Dashed lines drawa tarough the axes of
‘the beam and view cones define the nominal scatbtering angle 9.

Flgure 3. Error (%) introduced into the ICS by using (sin 8) iastead o

.
-

(2 a Q);}f correction for various cases of o(8),
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