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Differential cross sections for elastic electron scattering in argon have been measured in the angular range of
backward scattering from 130° to 180° at incident electron energies of 5, 7.5, and 10 eV. In these measure-
ments the magnetic angle-changing technique with a newly developed conical solenoid system has been
employed. The differential cross sections measured in the above scattering angle range together with the cross
sections of Gibsoret al. [J. Phys. B29, 3177 (1996] have been integrated to obtain integral elastic and
momentum transfer cross sections. Detailed comparison is presented of the differential and integral cross
sections obtained with the results of various theoretical calculations. The results indicate that, in general, the
theoretical cross sections at the above electron energies are overestimated at the larger scattering angles.
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I. INTRODUCTION long-range polarization and short-range correlation interac-
tions in the electron scattering process, in the low energy
An exact knowledge of the differential cross section forrange; they did use similar and commonly accepted ways to
electron scattering over the complete scattering angle ranggescribe static and exchange interactions. The polarized-
from 0° to 180° is crucial in studies of the dynamics of orbital method has been used by Thompgt3 and Garbaty
electron scattering from atoms and molecules. Measuremenighd LaBahn11] and recently by Dasgupta and Bhafit?]
of differential cross sections for electron scattering have beeto calculate elastic differential and total cross sections.
most commonly performed in the angular range of forwardvicEachran and Stauffg¢f.3] presented differential and inte-
scattering, up to typically 130°. The full angular range ofgral cross sections calculated within their polarized-orbital
backward scattering has become accessible only recentiyiethod in an adiabatic exchange approximation that in-
with the development of the magnetic angle-changing techeluded a dipole polarization potential and treated exchange
nique[1-3]. Differential cross sections for elastic and inelas-exactly. Very recently these authors performed relativistic
tic scattering into the backward hemisphere are provided byalculations [14] within the general framework of their
theoretical calculations. These theoretical data have been emethod that included multipole polarization and dynamical
tensively used in extrapolation procedures to estimate intedistortion potentialsR-matrix calculations for elastic scatter-
gral and momentum transfer cross sections. However, as cag in argon have been carried out by Fetral.[15] and Bell
be seen from a comparison of the calculated differentiakt al. [16]. In these calculations the atomic ground state was
cross sections in the range of high scattering angles up teoupled with a'P pseudostate to include static dipole polar-
180°, different theoretical approaches predict results thaizability of the argon atom. The two calculations differ in the
may differ by a factor of up to two. It is also interesting to choice of the'P pseudostate orbital used. Sgha] has used
note that various theoretical approaches consistently predighe multiconfigurational self-consistent-field method which
integral cross sections for elastic scattering that lie at owas extended to include dynamical effects in the dipole po-
above the upper limit of the range of values obtained in thearization and electron correlation. In several theoretical in-
measurements of total cross sections. vestigations, advantage has been taken of the use of model
The differential cross sections for elastic electron scatterpotentials. Nahar and Wadehfa8] performed calculations
ing in argon in the low-energy range<10 eV) have been of elastic differential cross sections using a model polariza-
measured since the pioneering work of Ramsauer and Kotion potential with an energy-dependent adjustable parameter
lath [4] in the 1930s. The scattering angle range in theirthat was determined from a fit to the experimental cross sec-
measurements was exceptionally wide and extended up tions. Reid and Wadehrd 9] presented calculations of dif-
167.5°; however, the accuracy of the measurements has nfarential cross sections in the energy range below the lowest
been stated and is difficult to estimate. More recent measurexcitation threshold using a parameter-free model for the
ments of absolute differential cross sections have been cacorrelation-polarization potential. In their relativistic calcula-
ried out by Williams[5], Srivastaveet al. [6], Weyhreteret  tions Sienkiewicz and Bayli$20] used a model potential
al. [7], Furstet al. [8], and Gibsoret al.[9] but none of these with two parameters to account for the dipole and quadru-
works gave the cross sections in the scattering angle rangmle correlation polarization. Nakanishi and Schrafizt]
above 130°. accounted for the effects of polarization through a local adia-
There has been a considerable amount of theoretical workatic model potential that was modified by introducing a
on elastic electron scattering in argon. These works diffecutoff parameter. A more elaborate account of the
most significantly in their various approaches to account foipolarization-correlation forces has been given by Gianturco
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and Rodriguez-Ruif22]. These authors used a representa-
tion of the short-range correlation forces derived from
density-functional theory while preserving the polarization o
adiabatic approach for the long-range polarization forces. 180
They compared their results with the calculations of

O’Connell and Lang23] who accounted for short-range cor-

relation interaction by employing an energy-independent
model potential obtained from free-electron gas theory. The
compared cross sections showed significant differences in

incident electron
beam

scattered electrons

their values at high scattering angles. Haberlahal. [24] (,%32,5;325{;,) «—Geflection
applied Kohn-Sham density functional theory and used an v angle
exchange-correlation potential derived from the defined cor- unscattered beam in the absence
relation factors. Plenkiewicet al. [25] carried out calcula- of magnefic field

tions using a pseudo-potential approach in which a
correlation-polarization model potential was constructed b%iel
hybridization of short-range free electron gas and Iong-rangﬁ

adiabatic polarization potentials. d the di . Ehown for the incident electron beam and scattered electrons corre-
In the present work we have measured the differentialy s tg an electron energy of 10 eV and the inner coil's current of
cross sections for electron elastic scattering in the range g g3 o

scattering angle from 130° to 180° and at incident electron

energies Of 5, 75, and 10 eV. The magnetic angle-changin%sy type BX919 The target gas beam is produced by a
technique[1-3] has been applied to reach these high valuesingle capillary of internal diameter 0.3 mm and length
of scattering angle and a newly constructed conical solenoidg mm. The overall energy resolution of the present mea-
system has been employed to produce a localized magnetigrements is 70 meV. The incident electron energy was cali-
field. Absolute values of the differential cross sections haveyrated to within +30 meV against the position of tR8
been obtained using the relative flow technique with heliumyegative ion resonance in helium at 19.366 [€g].
as the reference gas. The main aim of these measurementsThe magnetic angle-changing assembly has recently been
was to provide the first experimental cross sections in th@jescribed in detail by Linerét al. [29]. It consists of two
above angle scattering range to help resolve the discrepagairs of inner and outer solenoids. The action of the solenoid
cies in the theoretical calculations in this angular range. Ingssemply is illustrated in Fig. 1 which shows a cross section
these measurements, low values of incident electron energizrough the solenoids in the electron scattering plane. The
=10 eV, have been used, since itis at these low energies tha{agnetic field deflects the electrons that are incident on the
correlation and polarization interactions between the targerget region and also deflects the scattered electrons by the
and incident electron are expected to play dominant roles igame amount. In the present measurements the total deflec-
the scattering process. Preliminary results of the presenjon angle of the scattered electrons is 70°. Coupled with the
studies have been presented previously as conference contgingular range of the rotatable analyzef0° to 1209 this
butions[26,27. allows the detection of scattered electrons over the full back-
ward hemisphere, including 180°. The shape of the solenoids
Il. EXPERIMENT was chosen to .be conical i.n the plan_e perpendicular to th_e
electron scattering plane, since by suitable choice of the di-
The measurements have been carried out with an electrenensions of this conical shape the octupole moment of the
static electron spectrometer and a magnetic angle-changingagnetic field can be cancelled. The dipole moment of the
assembly. This assembly provides a localized, static magsolenoid assembly was cancelled by suitable choice of the
netic field at the interaction region that deflects the incidentatio of currents in the inner and outer solenoids. For the
and scattered electrons. This allows scattering into the baclpresent design this ratio is equal to 1:-0.3¢he quadru-
ward hemisphere to be measured. pole and 16-pole magnetic moments of the system are auto-
The electron spectrometer has been described in detaihatically zero in all currents systems with cylindrical sym-
previously[3]. It consists of a fixed electron monochromator metry) These measures ensure a very rapid decrease of the
and an electron energy analyzer that can be rotated about theagnetic field with radial distance. The magnetic field is
target region through the angular range, —10° to 120° withuniform up to about 2 mm from the center of the target re-
respect to the direction of the incident electron beam. Thejion but then decreases rapidly with radial distance, reaching
monochromator employs a hemispherical energy selector @.1% of its maximum value at a distance of 40 mm. The
mean radius 50 mm. Electrons leaving the energy selectanagnetic angle changer has the effects of slightly increasing
are accelerated and focused onto the target gas beam by twlte angular and spatial extent of the transmitted electron
triple-aperture lenses. Scattered electrons from the target reeam[2]. The ratio of the number of layers of turns in the
gion are decelerated and focused onto the entrance aperturmer and outer solenoid®:4 in the present constructipn
of a hemispherical energy analyzer of 20 mm mean radius bywas adjusted to minimize these effects. The angular scale of
a three-element cylindrical lens. Electrons transmitted by théhe present measurements was calibrated by observing the
analyzer are detected by a channel electron multighéil-  maximum in the elastic differential cross section of argon

FIG. 1. Electron trajectories computed in the localized magnetic
d produced by a set of inner and outer solenoids, shown in the
gure by rings surrounding the scattering region. The deflection

062716-2



DIFFERENTIAL CROSS SECTIONS FOR ELASTIC PHYSICAL REVIEW A 69, 062716(2004)

that occurs at 180°. The total uncertainty in the angular scale?”  rrrrrrrrn  +EFerrerrereT
is estimated to be +2° and the angular resolution is estimate«? | Ar i
to be 4°. The conical shape has the additional advantage th& -
it provides a very open structure so that the target gas can b = A 5eV g
efficiently pumped away from the target region. B ﬁ /

The differential cross sections for elastic scattering in ar-
gon have been measured over the angular range 130° t &
180°: the magnetic angle changer produced a fixed defectiol § | AE 1
angle of 70° and the electron energy analyzer was rotate( .

i

ction (

about the interaction region to obtain the required 50° angu-® [ v i

lar range. The yield of elastically scattered electrons in argon‘q&; L,

was measured at each scattering angle and corrected for tfg ol o a) % 4%'F
angular response of the electron spectrometer, simultag [ ] °F

neously measured in helium using elastic differential cross TP PO P P I PO P [ R PO P T I PO BP0 P

section of Nesb€t30]. These relative elastic cross sections in 0 20 40 60 80100120140160180 0 20 40 60 80 100120140160180

argon were then made absolute by normalizing to the cros: Scattering angle (deg) Scattering angle (deg)

section measured at 180° using the relative flow technique . ) . )

[31,32 with helium as a reference gas and the calculated FIG. 2. (Color onling Differential cross sections for electron

cross section of Nesbh@80]. The incident current was con- elastic scattering in argon at the energy of 5 é¥.Experimental
results,[]; present resultsh; Ramsauer and Kollatf], O; Gibson

tinuously measured with a Faraday cup. As a check on thgt al. [9], #; Srivastavaet al. [6], @; Furstet al. [8]; results of

procedure used, absolute values of the differential cross S€fhase shifts analysis, — - —, Fuestal. [8]; - -, Gibsonet al. [9];
tion were determined at additional, selected scattering anglgg) experimental results]J; present resultsD; Gibsonet al. [9]

in the region 60°~110° where comparison can be made Withheoretical results, ---, McEachran and Stauffes]; — — —, Fonet
earlier measurements. The relative flow technique employeg|. [15]; —, Saha[17]; ——, Sienkiewicz and Bayli$20]; —-—,
is similar to that used by Khakoo and Trajnm&3]. A shut-  McEachran and Stauffgil4]; — - —, Dasgupta and Bhatifl2];
off valve was placed between the target gas capillary and the- — —, Bell et al. [16].

leak valve controlling the target gas flow. This provided a

finite volume between these two valves and when the shut- [ll. RESULTS AND DISCUSSION

off valve was closed the pressure in the volume rose steadily.
The relative gas flows for the argon and helium gases were
determined from their measured rate of pressure increases The absolute differential cross sections measured in argon
using a Baratron pressure gauge. The driving pressure @ft electron energies of 5, 7.5, and 10 eV and over the angular
argon behind the capillary was maintained within the rangéange from 130° to 180° are presented in Figs),23(a), and
5.8—6.7 Pa. The pressure of the helium reference gas w#%a). respectively. They are also listed in Table I. The addi-
adjusted to fulfil the requirement of equal mean free pattfional measurements, in the range from 60° to 110°, that
lengths for both gases in the beam-forming capillary. ThisVere undertaken to provide comparison with previous ex-

gave a ratio of driving pressures for helium and argon gase€rimental data are also shown in Figé)23(a), and 4a)
equal to 2.8. and are included in Table I. Figure&g, 3(b), and 4b) com-

In order to maintain high operational stability of the elec- Pare the results of Gibsaet al.[9], the most recent measure-

tron spectrometer both gases were always present simultglentS performed °|n theo ang_ular region 15°-130 and_ our
. . . esults of the 130°-180° region with the results of various
neously in the vacuum chamber. This was achieved by ad;

" . . " heoretical calculations in argga2—-17,2Q which have been
mitting one gas to the scattering region through the C""p'”""%hosen for comparison from a number of theoretical works

and the other directly tp the vacuum phamber through asid 0-25. They represent various theoretical approaches used
valve. The measured yield also contains a contribution due t, 1o calculations.
background gas in the interaction region. This contribution  The present results extend substantially the angular range
was determined by bypassing the capillary and admitting thgs the available cross-section data in argon. They are shown
argon and helium gases directly into the vacuum chambeggether with the experimental data of Srivastataal. [6],
through side valves. Furstet al. [8], and Gibsoret al. [9], obtained for scattering
The quoted uncertainties in the measured values of thgngles below 130°, and with the results of Ramsauer and
absolute elastic cross sections arise from the determination efollath [4] which for 5 eV and 10 eV extend to 150° and
the relative flow rates of argon and helium, the scattered67.5°. These latter are the only existing data in the region of
electron yields, and the incident electron current. There isarge scattering angles. For the three incident energies our
also the uncertainty in the theoretical elastic cross section fadifferential cross sections agree favorably at 130° with the
helium [30] which is quoted as 1%. From the statistical dis- cross sections of Furst al. [8] and Gibsoret al. [9] which
tribution of several series of measurements, the resultant uare consistent with each other. Our measurements at selected
certainty in the measured elastic differential cross sections iscattering angles below 130° also agree well with the exist-
estimated to be 15%. ing differential cross sections. The cross sections of Srivas-

A. Differential cross sections
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O g IRERERERE RN RS RS R TABLE |. Differential cross sections, in units of 189 m? sr?,
"'a : for elastic electron scattering in argon at incident energies of 5, 7.5,
NE L Ar and 10 eV.

§ B- 7.5eV
° %
=t L3 Electron
o
S 'F - I energy (eV)
§ - . :ﬁ ] Scattering
» - :ﬁ : § angle (deg) 5 75 10
2 | 9
5 F ‘é@ - 60 1.32
3 & 90 0.881 0.962
c ' Fa) & 501
o F : 3 95 0.832
£ £ ; ] 100 0.558
[a) [P T A O T T T T | I I T A T T 105 0.470
0 20 40 60 80 100120140160180 O 20 40 60 80 100120140160180
Scattering angle (deg) Scattering angle (deg) 110 0.351
126 0.158
FIG. 3. (Color onling Differential cross sections for electron 128 0.209

elastic scattering in argon at t_he energy of 7.5 ﬁ)’_ExperimentaI 130 0.170 0.288 0.251

results,[]; present result@, Glbson_et al. _[9], 4, Srivastaveet al. 135 0.225 0.493 0.558

[6]; results of phase shifts analysis;, Gibsonet al. [9]; (b) ex- 140 0.307 0774 0.925

perimental resultd,]; present results); Gibsonet al. [9]; theoret- ’ ’ ’

ical results, ---, McEachran and Stauffas]; — — —, Fonet al.[15]; 145 0.390 112 1.60

—, Saha[17]; ——, Sienkiewicz and Baylig20]; —-—, McEachran 150 0.507 1.51

and Stauffef14]; — - —, Dasgupta and Bhatid2]; — — —, Bell 153 222

et al.[16]. 155 0.635 1.95 2.43

. . _ . 158 2.66

taya}et al. [6]h§1rr(]a Ic.:onS|stentIy hlgheor in the region al:l)ovle the 160 0.746 232 287

minimum \iv ich lies at about 120° and con&stgnty ower 165 0.903 254 393

below 120° than the results of Fumest al. [8] and Gibsoret 170 0.966 577 3.59

al. [9] up to about 25%. It is interesting to note that the ‘ ‘ :

results of Ramsauer and Kollaj] (for 5 eV and 10 eYare 175 1.07 282 394

180 1.12 2.92 422

FIG. 4. (Color onling Differential cross sections for electron
elastic scattering in argon at the energy of 10 &).Experimental
results,[J; present resultsh; Ramsauer and Kollatf]; O, Gibson
et al. [9]; ¢, Srivastavaet al. [6]; @, Furstet al. [8]; results of
phase shifts analysis, ——, Fuettal. [8]; - -, Gibsonet al. [9]; (b)
experimental results,], present results), Gibsonet al. [9]; theo-
retical results, ---, McEachran and StaufféB]; — — —, Fonet al.
[15]; —, Saha[17]; ——, Sienkiewicz and Baylig20]; —-—,
McEachran and Stauffgil4]; — - —, Dasgupta and Bhatifl2];

— — —, Bell et al. [16].
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in reasonably good agreement with the present differential
cross sections. In Figs(&), 3(a), and 4a) we also include, in

the whole angular range 0°-180° cross sections calculated
from the phase shifts determined by Fugstl. [8] and Gib-
sonet al.[9] in the analysis of their cross sections measured
in the angular range below 130°.

Comparing the experimental and theoretical cross sections
it can be seen that at the energy of 5 eV, the calculated cross
sections are consistently higher than the measured cross sec-
tion in the angular region above 13[Fig. 2b)]. At 180° the
calculated cross sections lie from 25% to about 90% above
the experimental value. They also differ from each other by
as much as a factor of 1.5. The one that differs most from our
experimental result is the cross section from the early,
polarized-orbital calculations of McEachran and Stauffer
[13] that only included the dipole polarization interaction.
Better agreement with experiment has been achieved with
their very recent relativistic calculatiofi$4] which accounts
for multipole polarization and dynamical distortion. The
closest to our high-angle cross sections are the results of the
R-matrix calculations of Belkt al. [16] and the polarized-
orbital calculations of Dasgupta and Bhafik2]. Both in-
clude only the adiabatic dipole part of the interaction and
these results almost coincide with each other. It is of note
that the theoretical cross sections shown in Fidp) 2epro-
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duce rather well the experimental angular dependence in the 26l ' O+ b T T L]
intermediate angular range 60°-130° and generally follow € ul
the experimental cross sections. However below 60° that I |

agreement is noticeably reduced and the theoretical cross z

sections are more scattered with the results of Dasgupta and § 21

Bhatia[12] and Bellet al. [16] showing the greatest differ- § 181

ence. It is also worth noting that in the region below 20° the @ 18]

theoretical cross sections display differences of the same or- § 14

der as that for the backward scattering near 180°. This also B 12[

applies at 7.5 and 10 eV incident energy. The cross sections g 10l

calculated in the region of 180° using the phase shifts of = i

Furstet al. [8] and Gibsoret al. [9] [Fig. 2@)] also exceed 6

our experimental values.
In Figs. 3a) and 3b) similar comparisons are made for Electron energy (eV)

the cross sections at 7.5 eV incident energy. Our differential
cross section at 130° agrees with the measured value of Gib- FIG. 5. (Color onling Integral cross sections for elastic electron
son et al. [9], within experimental uncertainty. The present scattering in argorl], present results; total cross section measure-
measurement above 130° is the first result obtained in thigents,¥; Sinapiuset al. [34], A, Jostet al. [35]; ¢, Ferchet al.
range of scattering angle in argon. The cross section di36l; ®, Buckman and Lohman(87]; », Kaupila et al. [38]; <,
Srivastavaet al. [6], as at 5 eV, show differences with re- Nickel et al. [43]; D', Szmytkowskiet al. [42]; O, Charltonet al.
spect to the other measurements at scattering angles betwd@f]l; A, Subramanian and KumgdQJ; ©, Golden and Bandel
90° and 1307Fig. a)]. However they are in better overall [_41]; V, Baek and Grosswend@#4]; theoretical integral cross sec-
accord with the results of Gibscet al. [9] in the region of ~ Uons. - McEachran and Stauff¢t3], — — -, Fonet al. [15]; —,
the first minimum near 40°. Figure(9 indicates that for ~>ana[17l; ——, Sienkiewicz and Bayli20]; ——, McEachran and
high scattering angles, as in the case of 5 eV, the theoretic taUﬁe_r[ld']’ — - — Dasgupta and Bhatjd 2], — — —, Bell et

- . - . . . [16]; integral cross sections from phase shift fitting, Gibson
calculations predict absolute differential cross sections thazt al. [9]
are higher than our experimental values by up to 100% inthe ~

case for the earlier work of McEachran and Stauffe8].  peen deduced from integration of the differential cross sec-
The exception again is te-matrix result of Bellet al.[16], tions over the total angular range 0°~180°. For the angular
whose cross section is in very good agreement with th‘?ange 15°-130°, the cross sections of Gibsoal. [9] were
present measurement. However, around 40°-50°, the Croggken. For the angular range 130°-180°, the present cross
section of Bellet al. [16] deviates from the experimental sections were used. For the angular range 0°-15°, the results

results more than the other theoretical calculations. The crossy Gibsonet al. were extrapolated, using their phase shifts
section obtained from the phase shift analysis of Gibsbn qptained in fitting the 15°~130° cross section.

al. [9] [Fig. 3@)], reproduces very well the experimental  The integrated cross sections obtained at 5, 7.5, and
results below 130° but at 180° is 30% higher than thejg ev are compared with the results of total cross-section
present measurement. . measurementi84—-44 and calculated integral cross sections
At the incident electron energy of 10 eV our cross section12_17 29 in Fig. 5. The deduced momentum transfer cross
at 130° and our additional measurements at 60° and 90° aigctions are shown in Fig. 6 together with the calculated
in good agreement with the results of Fuestal. [8] and  ¢ross sectiong12-17,20 and the cross sections obtained
Gibsonet al. [9] which, in turn, are consistent with each from swarm experimentg45-47. The present integral and
other[Fig. 4@)]. As for the cases of 5 eV and 7.5 eV inci- momentum transfer cross sections are also listed in Table II
dent energy, the theoretical resulisg. 4b)], tend to over-  together with their associated uncertainties. The uncertainties
estimate the cross sections for high scattering angles, wheR the integral and momentum transfer cross sections are less
compared with our measurements. Again, Bxenatrix cal-  than 8.5% and 11.5%, respectively, and result from the un-
culations of Bellet al. [16] provide results which are close certainties in the differential cross sections of Gibsaral.
(within 9% at 1807 to our high-angle cross sections. At this (typically around 7% and in the present workl5%). The

energy they are also in good accord with the lower anglgncertainty arising from the extrapolated cross section

measurements of Gibset al. [9]. The scatter of the theo- (g°_15° rangg contributes less than 1% to the total uncer-
retical cross sections at 180° is still as high as for the othefyjnty,

two electron energies with the cross section of McEachran o, integrated cross section is in very good agreement
and Stauffef13] giving the largest value. The cross sectionsyith the measurements of the total cross section, as can be
obtained using the phase shift analysis of Fetsdl.[8] and  seen in Fig. 5. In particular our results at 5 eV and at 7.5 eV
Gibsonet al. [9] give values that at 180° are 23% and 55%, gre within 3% of the recent measurements of Buckman and
respectively, higher than our experimental regBly. 4a]. | ohmann[37] and Szmytkowsket al.[42] that are the most
accurate available. For all three energies our integrated
cross-section values are also within 3% of the average of the
The integral elastic cross sectien and the momentum existing experimental total cross sections. The integral cross
transfer cross section,, at the three studied energies have sections obtained in the theoretical calculati¢h2—17,2Q

B. Integral and momentum transfer cross sections
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above our integrated results as may be expected from the
discussion of their differential cross sectigfgys. 2a), 3(a),
and 4a)].

In Fig. 6 our deduced momentum transfer cross section is
compared with that derived from swarm experiments
[45-47 and that obtained from theoretical calculations
[12-17,20Q. The present cross sections at 5 eV and at 7.5 eV
are in good agreemeiito better than 10%with the three
previous experimental determinations of the momentum
transfer cross section. At 10 eV our cross section is closer to
the results of Frost and Phelp&5] and Suzuket al.[47] (to
within 2% and 8%, respectivelyjthan to that of Nakamura
and Kurachi[46] (22% differenc@ The momentum transfer
Electron energy (eV) cross sections obtained from the theoretical calculations
[12-17,20 are again generally above the four experimental
results, with the exception of the cross sections of BeHl.

[16] and Dasgupta and Bhatid2]. These differences be-

tween the experimental and theoretical results are particu-
larly strong in the energy region above 7 eV. The theoretical
_.—, McEachran and Stauffgt4]: — - —, Dasgupta and Bhatia momentum transfer cross sec_tlons also show larger dlffer-
(12 — — —, Bell et al. [16]; cross sections from phase shift ences from each _other t_han in the case of the theoretical
fitting, -+, Gibsonet al. [9]. integral cross sections. Itis of note that the momentum trans-
fer cross section of Gibsoet al. [9] also exceed the present

. . . result.
are, in general, higher than the average of the expenmentaﬁa Scattering into the backward hemisphere does, by defini-

ones and also higher than our deduced integral cross sectiggy,, jnroduce higher partial contribution to the momentum
This difference Increases with Increasing elect.ron energy. Yransfer cross section than it does to the integral cross sec-
the above theoretical works, tiematrix calculations of Bell 0 For example, we find that at 7.5 and 10 eV electron

et al. [16] and the polarized-orbital calculations Dasguptagnergies, scattering into the region 130°~180° gives 46% and
and Bhatia[12] predict the lowest values of integral Cross g4e,"contributions, respectively, into our deduced momen-
sections which, in fact, coincide with the present determinag,m, yransfer cross section, while these contributions to the

tions. The low integral r::ross sections of Eetl al.[16] ap-  inegral cross sections are both equal to 20%. We also note
phear to arise bcecauose t (ejy ovgrestlr_nate the cross SﬁCt'on O¥ft the disagreement between the calculated and experimen-
the range 30°-70° and underestimate it over the rangg, momentum transfer cross-sections results from overesti-

700_11.00’ when compared.with the results of Gibmral. mations of the differential cross sections for high scattering
[see Figs. @)-4(b)]. The differences between the integral 5465 in the calculations. Integration of the theoretical dif-

cross sections of Dasgupta and Bhdid] at 7.5 and 10 V' o rentia| cross sections over the 0°~130° range produces val-

and our deduced cross sections is due to differences in tg,s that are comparable to those obtained by integrating of
differential cross sections at high scattering angles. Their reg, o experimental results of Gibsat al. [9], extrapolated
sults below 130° are in very good agreement with the experiyoyn 1o 0°. At 5 eV the theoretical values are within 3.5% of
mental cross sections. The same comment applies t0 thge eyherimental value of Gibsat al, and within 14.5% at
cross sections of Foet al. [15] which are at the higher limit ) o\, “On the other hand, similar integration of the theoret-
but still within the range of the total cross-section experi-i4| cross sections over the 130°—180° angular range gives

mental values. Several of the theoretical cross sections, €.9alues that exceed the values obtained by integrating the
Refs.[13,14,17,20lie noticeably above the range of experi- , aqant results over the same range. The differences are 24—

mental values. This is because they predict higher diﬁerentia@o % at 5 eV and 2373 % at 10 elThis does not include
cross sections over the whole angular range. Figure 5 al e earlier results of McEachran and Stauffé8] which
presents integral cross section Qeduced from the p_hase Shisg%ow even higher differencéshus it is apparent that over-

of Gibsonet al. [9]. These two integral cross sections are ogtimation of the differential cross sections for scattering in
the backward direction is the main source of the high theo-
retical momentum transfer cross sections. This underlines the
importance of accurate determination of the differential cross
section in the backward scattering direction.

Momentum transfer cross section (102 m?

FIG. 6. (Color online Momentum transfer cross sections in ar-
gon, [, present results; experimental cross secti®s,Frost and
Phelps[45]; ¢, Nakamura and Kuracli#6]; @, Suzukiet al. [47];
theoretical cross sections: ---, McEachran and Sta(iffg, — — —,
Fon et al. [15]; —, Saha[17]; ——, Sienkiewicz and Baylif20];

TABLE 1I. Integral cross sectioroy and momentum transfer
cross sectiom, in units of 102° m?, for elastic electron scattering
in argon at incident energies of 5, 7.5, and 10 eV.

Energy(eV) oy Om
IV. CONCLUSIONS
5 9.10£0.72 7.43+£0.68
75 14.1+1.2 11.7+1.3 The present differential cross sections in argon, obtained
10 18.4+1.6 12.9+41.5 at electron energy of 7.5 eV, are the first and presently the

only experimentally measured cross sections in the angular
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range of backward scattering 130°-180°. Moreover the re- Similar discrepancies between theory and experiment at
sults obtained at energies of 5 and 10 eV are the first meddgh scattering angled 30°~1807 have been encountered by
sured cross sections close to 180°. We have performed @ho et al. [48] in their measurements of differential cross

comparison of the existing theoretical results with the experiSections for elastic electron scattering in krypton. For ex-
Ample at 10 eV incident energy, the calculated 180° differ-

mental cross sections over the range, 15°-180°. In generd, tial i f Sienkiewi 4 Baviito d
the theoretical results lie above the present measurements fopiidl Cross sections of Sienkiewicz and Bay] an

) . . . - McEachran and Stauffg50] are higher by 20% and 60%,
high scattering angles. This also applies to the cross SeCt'O'?gspectively than the measured value
derived from the phase shift analysis of the cross sections 4 i yenerally accepted that polarization-correlation inter-

measured over the low and intermediate scattering anglgsion plays an important role in electron scattering in the
range(15°-130j. Further it is noticable that the theoretical hackward direction. Gianturcet al. [22] have discussed
differential cross sections, calculated using different theoretyarious treatments of polarization-correlation interaction in
ical approximations, are in fair agreement W|th eaCh Otheihe case of e|ectr0n Scattering by atoms of nob'e ga&e.s
over the range of intermediate scattering angles. Howevefum to argor). They have shown that at low electron ener-
they display significant differences in the region of high scatgies and high scattering angles, the cross sections may be
tering angles. predicted to have similar angular dependences, but their ab-
We have also determined the elastic integral and momersolute values may differ significantly depending on the ap-
tum transfer cross sections from integration of the presenproximation used. The discrepancies observed in this work
differential cross section&l30°-180% and those of Gibson between the measured cross sections and the results of vari-
et al. [9] (15°-130° extrapolated down to)0°The deduced ous theoretical approaches may be thus ascribed to difficul-
cross sections show good agreement with the measured totégs in modeling the polarization-correlation interaction.
cross sections and momentum transfer cross sections derived In conclusion, we hope that our work will stimulate fur-
from electron swarm data, respectively. On the other handher experimental and theoretical studies of the differential
theoretical integral and momentum transfer cross sectiongross sections of the noble gases to resolve the existing in-
from various theoretical approaches are higher than the awonsistencies and determine the relative importance of the
erage of these experimental cross sections. We suggest tharious interaction involved in the electron scattering pro-
the above inconsistencies between experimental and theoreess.
ical cross sections are a result of overestimation of the dif-
ferential cross sections for high-angle electron scattering in ACKNOWLEDGMENTS
the theoretical calculations. These inconsistencies are par- This work has been partially supported by the Polish State
ticularly evident for the case of the momentum transfer cros€ommittee for Scientific Research and by the Engineering
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