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Triple differential cross section@DCS) of the argon 3 and 3 outer shells were obtained from electron-
impact ionization é,2e) experiments with coplanar equal-energy sharing scattering geometries. The advan-
tages of a new asymmetric equal-energy-scattering geometry are described. Data are reported for incident
electron energies of 2020, 1220, 620, and 420 eV. Measurements extend to the high-binding momentum region
of the TDCS. The data are compared with recent distorted-wave calculations, with a view to determining the
range of validity of the models for coplanar equal-energy-sharing kinemg8t650-294{®8)03805-0

PACS numbd(s): 34.80.Dp

. INTRODUCTION good approximation up to abogt= 2 a.u. for both noncopla-
nar and Bethe ridge conditions, with incident energies
Selected kinematics ine(2e) measurements of triple dif- greater than about 1000 eV. The DWBA is good near the
ferential scattering cross sectiofEDCS) of selected atomic  Bethe ridge, and is quite good, at least qualitatii&j; far
states can probe details of atomic structlte?], or of the  from the Bethe ridge. The distorted-wave models tend to be
collision dynamics[3]. In an (e,2e) collision an incident less good when the incident electron energy is low and the
electroney(Eg, ko) ionizes an electron from a target atom or outgoing electrons are detected in coplanar symmetric equal-
molecule and the outgoing electrons are conventionally laenergy conditions.
beled scattere@y(Es,ks), and (with lower energy ejected For coplanar symmetric kinematics, scattered and ejected
€e(Ee.Ke), Where each has an energyand momentunk  electrons are detected with equal energiesE,=E,, at
with the relevant subscripts. The kinematics of @2¢)  equal angles on opposite sides of the incident electron beam,
event are fully determined, excefisually for the electron  and the incident electron energydg=2E + Eep- The prob-
spin. By energy conservation, the separation enérgyof  ability of close electron-electron collisions is maximized and
the bound target electron B,.;=Eq—Es—E., and by mo-  the electron-electron interactions become relatively impor-
mentum conservation the target electron binding momenturtant. This geometry provides a good test of scattering ap-
is g=|ko—ks—K¢|. The momentum transfer in are,ge) proximations because the bound electron momenjuamd
collision isK =kq—kg and is largest when the outgoing elec- the momentum transfé¢ vary by large amounts.
trons have equal energies. Distortion effects become relatively important in the high-
Many quantum-mechanical scattering models are used fag region of the wave function that represents essentially the
the (e,2e) interaction with varying degrees of success. Twoinner region of the atom. The validity of distorted-wave
of the more successful models are the impulse approximatiomodels in the higlg region of the wave functions is not well
and the Born approximation. Within these approximationsestablished, mostly because the TDCS are relatively small
the incident and outgoing electrons are described by planand are difficult to measure with suitable statistical accuracy.
waves, leading to the PWIA and PWBA models, or by dis-In some instances, for example, for 1200-eV incident energy
torted waves, giving the DWIA and DWBA scattering mod- and about 600-eV outgoing electron energy, the available
els. experimental datd6,7] differ, and a definitive statement
The plane-wave models essentially ignore electron interabout the applicability of the models in the highregion
actions with the target atom and the residual ion, and areannot be made. The high—region was studied8] with
expected to be valid only when the electron energies are higboplanar symmetric scattering at 200-eV incident energy,
and the target and residual ion can be treated as spectatawith a view to determining the roles of postcollision interac-
that take no part in the event. In this way tle2ge) collision  tions between the outgoing electrons and elastic scattering of
can be treated as a direct knock-out of the target electron bhe incident electron from the nucleus prior to ionization
the incident electron. The PWIA is qualitatively good up to (which is represented in distorted-wave mogleRecently,
aboutg=1 a.u., even far from bound-electron Bethe ridgeRioualet al, [9] cited a number of investigations of He, Ne,
[4] kinematics. Xe, and Ar, and of selected molecules, that used symmetric
In the distorted-wave models the electron wave functiongnergy sharing kinematics. The helium data were matched
are calculated in the appropriate distorting potential that inwell by the DWBA calculationg10].
cludes the electron interactions with the target and residual Argon is a heavier atom and the structure is more com-
ion. The distorted-wave models have been shown to be monglex than helium, so distortion effects might be expected to
generally applicable, and are often valid even for quite lowbecome more important sooner. Measurements orf 14¢
electron energies. The DWIA modgl] is known to be a  and Ne[12] showed the DWBA model calculations were not
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as good for heavier targets at low energies. DWBA calculausing theT matrix t5 for the Coulomb potential;. Because
tions for the highg region were in reasonable agreementthe interaction is translationally invariant the impulse ap-
with recent low-energy symmetricef2e) measurements on proximation permits factorization of the reaction amplitude
argon[13], but the agreement at smaller angles was quitél; into a collision factor and a structure term. The impulse
poor. approximation is usually only valid for high electron kinetic
New data are reported here from coplanar equal-energyenergies, but this condition is relaxed by replacing the plane
sharing €,2¢) measurements of the argons3  waves with distorted waves in the structure factor, keeping
(Esep=29.24 eV) and p ! (Esei=15.76 eV) atomic states the factorization. The distorted waves are constructed in the
with a range of incident electron energies from 420 to 202G6same way as in the DWBA, and the DWIRmatrix element
eV, with data extending well into the higihregion of the is
TDCS. The data are compared with the DWIA and DWBA
models, with a view to determining the validity of the mod- Ti=(K'[ts|k)}{x (kg)x ~(Ko)|ax™ (Ko)), 4
els for coplanar equal-energy-sharing kinematics. Some limi-
tations of the models are exposed, particularly when thevherek=3(k,—k.) andk’=3(ko—q). The parameteq is
electron-electron interactions are relatively strong at low inthe target electron momentum, calculated by momentum
cident energies and small relative scattering angles. The c@onservation, its magnitude was given earlier. The factoriza-
planar asymmetric equal-energy-sharing geometry has néion approximation in the DWIA is not exact, and the
been used often, and some of the advantages of this georstectron-electron collision cannot be treated as a free colli-
etry will be described. Section Il briefly describes thesjon except on or very near the Bethe ridge. As the DWIA
distorted-wave models, and Sec. Ill describes the multichandoes not properly account for the electron-ion interactions it
nel (e,2e) spectrometer used for this work. Calibrating is expected to be a relatively poor approximation in the high-
(e,2e) measurements of the heliuns 1 state are discussed. q region of the TDCS.
Section IV discusses data from the coplanar equal-energy- The DWIA takes account of postcollision electron-

sharing measurements on argesi 3and $~* states. electron interactiofPCl) effects, since the electron-electron
T matrix describes the whole interaction. In contrast, the
Il. DISTORTED-WAVE MODELS DWBA does not take account of the PCI effects, but they

) S can be included by using effective charges to calculate the
_ The (e,2e) TDCS fo_r electron—|mpact_ ionization of a yistorted waves. Sometimes the Gamow factdi( »)
single electron from an inert target atom is =2mvl[exp(2m)—1], where v=1/k—k,| is used as a
scaling factor in the DWBA to approximate PCI effects. The

d°c kk : . .
_— - 4_5°€ 2 Gamow factor is a factor in th€ matrix.
dadngE, - 2™ (g 2 [Tilks ke kol (D)
with lll. EXPERIMENT
Ti(Ke ke ko) = (Ke kel T| ko) @ Measurements of argors3' and 3! state TDCS have
si1rer srve '

often been restricted tq<2 a.u. by the limiting detection
The expression in Eq1) includes a sum over final and av- efficiency of the apparatus. A multiparameter coincidence
erage over initial magnetic and spin state degeneracies, af¢tection systeni14] allowed simultaneous acquisition of
dQ =sindd@deg. The T; matrix in Eq. (2) is the reaction data from the 87* and 3~ energy-loss peaks, and signifi-
amplitude, it couples the initial statesand the final states. cantly reduced the uncertainty associated with each data
T, includes interactions between the incident and target eled?0int for a given acquisition time. The two electron energy

trons and the nucleus. It is the part of the TDCS that is th@nalyzers were identical 180° electrostatic analyzers with in-
subject of approximation. put optics designed to operate with a deceleration ratio of up

ideal for the TDCS measurements was the output of the
Ti={(x " (kg)x (ko)|vslax™(ko)). (3)  position-sensitive detector formed by two microchannel
plates and a resistive anode. Each resistive anode image was
The electron-electron potentiak is responsible for ioniza- an energy-dispersed scattered electron signal with an energy
tion. The initial statew contains an electron bound to the range of about 30% of the pass energy of the analyzer. The
atom core with separation energy,,. The distorted waves optimization and operation of the apparatus are discussed
for the incident and scattered electrogs,(ko) andx ™ (Ky), elsewherd 15].
respectively, are calculated in a potentiél,=(a|v, The acceptance angle of each detector was 2.7°, and the
+ v3|a). The scattered electron interacts with the inert corecoincidence energy resolution was 2®.2 eV, sufficient to
via the potentialv,, with the addition of a spin-averaged separate the argorp3* state at 15.76 eV and thes3" state
exchange term. A suitable potentia} that describes the at 29.24 eV. The coincidence time resolution was 0.8 ns,
interaction of the outgoing “ejected” electron with the tar- with a time walk[16] of less than 0.12 ns per histogram cell
get's ion core is used to calculate” (ko). For a many- resulting from different electron paths through the analyzer.
electron atom the Hartree-Fock potential is suitable. The background signal intensity from accidental coinci-
In the plane-wave impulse approximation it is assumediences was small in equal-energy-sharing geometries, and
that electron interactions with the core can be ignored, buthe signal-to-noise ratio was usually better than 10:1. The
the electron-electron Coulomb interaction is treated exactlyarget gas was admitted through a 0.3-mm-diameter single
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FIG. 1. Helium 5! TDCS measured in coplanar asymmetric equal-energy-sharing geometry for incident electron enéapita2xsf
eV, (b) 620 eV, andc) 420 eV. The angle acceptances and energy resolution are folded into the calculated ®BWBAand DWIA (----)

TDCS.

orifice gas jet. The 4+A incident electron beam had a diam- mental TDCS data are not absolute, but because the argon
eter of less than 1 mm with small divergence at energie8s ' and ! TDCS were simultaneously obtained, the
around 1000 eV, and an energy spread of about 0.75 eV. Thelative magnitudes could be compared easily. The argon
beam broadened to more than 1.5 mm at 400 eV, but testfata were scaled to obtain the best fit to thes?ate TDCS
showed that the ejected electron analyzer viewed the sanulculated by the DWBA, that included thep3* spectro-
interaction volume from all detection angles. scopic factor of 0.91]. The TDCS of the observeds3!
Some of the measurements were done with coplanar equstate at 29.24 eV was then adjusted to match the scaled ex-
energy sharing conditions, but with asymmetric scatteringperimental intensity. The scaling factor required to achieve
geometry in which the scattered electron detector was fixedgreement between the calculated and obsersed BDCS
on the bound-electron Bethe ridge at about 45°. The ejecteid the spectroscopic factor for thes3' state, known to be
electron detector was scanned through a range of angles @55 when measured using non-coplanar symmetric kinemat-
the opposite side of the incident beam, from 21° to 115°jcs [19]. The spectroscopic factors are independent of the
Data were limited to the binary scattering peak because thiacident energy.
detector dimensions prevented operation with both detectors
on the same side of the incident electron beam. The equal-
energy-sharing asymmetric scattering geometry offered the IV. RESULTS
experimental advantages of a fixed reference signal from the
scattered electron detector that was used to correct for varia-
tions in the target gas intensity or incident electron current. Helium is a suitable target to use when characterizing the
Another advantage was that this geometry had constant m@erformance of theg,2e) apparatus, as the TDCS are rela-
mentum resolution as the ejected electron detector was swefitely large and are well understood for intermediate and
over the angular range of interest, in contrast to truly sym-igh incident electron energies. Some of the helium TDCS
metric geometries where the momentum resolution variedata acquired using coplanar asymmetric equal-energy-
significantly[17]. The momentum transfé¢ is constant and sharing kinematics are shown in Fig. 1, and compared with
electron exchange effects are small, so the Mott scatterinthe distorted-wave model calculations. The incident electron
factor remains constant. Also, the angular range for a giveenergies weréa) 1220 eV,(b) 620 eV, and(c) 420 eV. The
variation ofq is broader by as much as a factor of two thanDWBA is shown in each plot as a solid line and the DWIA
for truly symmetric(energy and angjemeasurements. This by a dotted line. The standard error is plotted for each data
feature reduces the importance of small angular acceptancgmint, but often the uncertainty is smaller than the size of the
and so improved the coincidence data acquisition rates fadlata symbol. The experimental data were scaled to give the
high q, where there was a need to test calculated TDCS datdest visual fit to the calculate@e) TDCS, and the vertical
Double-differential cross sectididDCS) and TDCS data logarithmic scales in part®), (b), and(c) are identical.
for particular experimental conditions were obtained simul- A distinction between the distorted-wave Born and im-
taneously, and the DDCS data were used to normalize thpulse approximations could not be made from the 1220-eV
TDCS data. The DDCS data were compared with a semiedata; both appear equally applicable in the observed angular
empirical binary encounter modgl8]. That model was only range. The distorted-wave models are expected to work quite
expected to be a good representation when the dipole intewell at 620 eV, and the data in Fig(l) show the DWBA
action is small, such as for hydrogen and helium. The experiand DWIA are quite indistinguishable, even at high ejected

A. Characterization with helium



3568 D. K. WATERHOUSE, I. E. McCARTHY, AND J. F. WILLIAMS 57

Bound electron momentum q (atomic units)

4 2 0 2 4 6 8 2 0 2 4 8 2 101 2 3 4 140 t 2 3 4

3
(A

TDCS (atomic units)

-
=3

&

'

t

15 30 45 60 75 90 105 15 30 45 60 75 90 105 15 30 45 60 75 90 105 15 30 45 60 75 90 105

Detection angle (degrees)

FIG. 2. Argon 3~ TDCS measured in coplanar asymmetric equal-energy-sharing geometry with incident electron engay28a6f
eV, (b) 1220 eV,(c) 620 eV andd) 420 eV. The angle acceptances and energy resolution are folded into the calculated ®WBAand

DWIA (----) TDCS.

electron angles, corresponding to highThe high statistical Figures 2a) and 3a) show the 3! and 3! data, respec-
accuracy of the data obtained using this2g) apparatus tively, acquired with an incident energy of 2020 eV. The
showed that in the 420-eV data the DWIA calculation under-scattered and ejected electron energies were each 1000 eV.
estimated slightly the TDCS for higl, and incorrectly pre- The 35~ ! data show a single peak at a detection angle cor-
dicted the direction of maximum momentum trandfefbut  responding toq=0 a.u. The $~* data show two maxima

by less than 1] given by the position of the maximum in the resulting from binary collisions in which the target electron

TDCS. ejected from the atom has a particular momentum. The first
. _ peak at smaller angle, whee<0 a.u., corresponds to the
B. Coplanar asymmetric equal-energy-sharing argon data incident and target electrons having momenta in the same

Measurements were conducted on the argsn'3and direction, and the second peak at larger angles, where

3p~ ! states in coplanar asymmetric equal-energy-sharing>0 a.u., is where the incident and target electron momenta
geometry. The 8 * and ! data were acquired simulta- are in opposite directions. The minimum between the peaks

neously, but are plotted separately for clarity. The data areorresponds taj=0 a.u., which has zero probability. The
compared with the DWBA and DWIA calculated TDCS. observation of the binding momentugnin the electron col-
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FIG. 3. Argon 3! TDCS measured in coplanar asymmetric equal-energy-sharing geometry. The incident electron enerd@s were
2020 eV,(b) 1220 eV,(c) 620 eV, andd) 420 eV. The angle acceptances and energy resolution are folded into the calculated BWBA

and DWIA (----) TDCS.
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TABLE I. Coplanar asymmetric equal-energy-sharing kinematics fitting parameters used to obtain the
best visual fit of the observed argos 3 and 3! TDCS to the calculated DWBA and DWIA TDCS for the
listed incident electron energies. The number§)imdicate the uncertainty in the last digit in the scaling and
angle parameters.

DWBA DWIA Ratio of

Incident Sum factor Angle shift Sum factor Angle shift DWBA to
energy(eV) 3s 3p (degrees 3s 3p (degrees DWIA
2000 0.50(2) 0.95 0.1(2 0.51 (2 0.95 0.0(2) 1.49 (5
1200 0.48(2) 0.95 -0.6 (2 0.50 (2) 0.95 -0.6 (2 1.57 (4
600 0.48(2) 0.95 0.0(2 0.52 (2) 0.95 —-0.4 (2 1.74 (4)
400 0.52(3) 0.95 -0.2 (2 0.52 (3) 0.95 -0.8 (2 2.03 (5)

lision is distorted by momentum transfers due to the remainshown in Figs. &) and 3c), respectively, were obtained.

der of the target, represented in the calculations by distorte@the shape of the DWBA calculation for the 3 state agrees
waves. This reduces the depth of the minimum. The finitavell with the data, but the DWIA calculation predicts a mini-
momentum resolution of the apparatus also reduces thgum in the 3! cross section near 65° that is not present in
depth. Our analysis suggests that even a slight azimuthghe experimental data. The DWIA is expected to be less ap-
misalignment of the electron detectdtsss than 0.1°from  pjicaple as the energy of the electrons decreases because the
the coplanar condition has a large effect on the momenturfyctorization approximation becomes less good. Also, the
resolution in the region near=0 a.u. impulse approximation is less valid for low electron energies

_l _l . .
The 37" and " data were simultaneously acquired, 55" colisions are further from the free-electron condition. By
providing an accurate method of comparing the relative

; . . simultaneously detecting thes3! and 3! TDCS, it was
TDCS magnitudes predicted by the model calculations. Th . _
3p ! data in Fig. 3 were scaled to provide the best visual ﬁ%bserved that the DWBA overestimates '3 TDCS by

0 :
to the 3~ DWBA TDCS for positiveq, corresponding to t5/o at small scattering angles. The DWIA model does not

- l _1 . B B
detection angle®, greater than about 45°, and included thepred'Ct the shape Of.th$3 or 3 distribution as well as
accepted spectroscopic factor of 0[a3. In Fig. 2, the cal- the DWBA and, at ejected electron angles greater than about

o H 1
culated 3~ TDCS were adjusted to obtain the best visual fit85"» the DWIA overestimates thep3™ TDCS. ,
to the 3! data. Similar data are shown in Figs. 2 and 3 for_ Dat@ obtained with 420-eV incident energy are shown in

incident electron energies @) 1220 eV,(c) 620 eV, andd) F'Eﬁ- 4d) and 3d). The agreement between the observed
420 eV. The experimentally detennined 3 spectroscopic 38 ~ TDCS and the calculated DWBA TDCS is good, but
factor for the observed state at 29.24 eV and the anguldhe€ DWIA does not agree well. At small detection angles the
shifts required for the best visual fit between the observedgreement for the 8* state between experiment and the
TDCS and the TDCS using the DWIA and DWBA models calculated models is good, although the agreement at larger
are presented in Table I. In general for asymmetric equaingles appears to deteriorate, and the DWIA is poor gear
energy-sharing kinematics, the observed Bspectroscopic =0 a.u.
factor was consistently about 10% smaller than expected, for
all incident electron energies and for both scattering models. C. Coplanar symmetric argon data
Also, the DWIA model predicted smaller TDCS than the . .
DWBA, with the difference increasing as the incident energy _Data for coplanar _syr_nmetnc scgttermg TDCS were ob-
decreased. Both models predicted the direction of maximurfin€d with the same incident energies as the coplanar asym-
intensity quite well, given that there is uncertaintyp.2° ~ Metric equal energy sharing data discussed above. The sym-
in the detection angles. However, the DWIA TDCS neededMetric energy-sharing geometry is expected to be the most
to be shifted an additionalt0.4° for the 620-eV and an extra revealing test of the DWBA as postcollision interactions in
—0.6° for the 420-eV data than the relevant DWBA calcu-the final state become more important and, as noted earlier,
lated TDCS. the DWBA does not contain this interaction explicitly. The
For 1220-eV incident energy, with scattered and ejecte@®s ' symmetric TDCS data were normalized to the 3
electron energies of 600 eV each, the data for the'and  asymmetric TDCS at the common detection angle of 45°.
3p~ ! peak are shown in Figs.(® and 3b). Similar mea- Data for the 3 ! and 3! states are plotted in Figs. 4 and
surements were reported previou$B;7] but different con- 5, respectively, and are compared with the DWBA and
clusions about the accuracy of the DWBA calculation wereDWIA calculations. Unfortunately the physical size of the
made in both cases, and were prompted mainly by differinglectron detectors prevented measurements from extending
experimental observations in the highregion. These data, to relative scattering angles less than about @&th detec-
which extend to higheq than either of the previous mea- tor at 329, where the predicted TDCS show some interesting
surements, show the DWBA calculation compares well, everstructure. The data were treated in the same way as the asym-
at highq, for the 3~ and 3! states. metric data, and the spectroscopic factor of the observed
When the incident electron energy was lowered to 620 e\8s™ ! state at 29.24 eV and the angular shifts required for the
and the scattered and ejected electron energies were 300 é¢ést visual data fits are presented in Table Il. In general for
each, the TDCS data for the argos™3 and 3 ! states symmetric equal-energy-sharing kinematics, the spectro-
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FIG. 4. Argon 3! TDCS as for Fig. 2, but for coplanar symmetric scattering geometry.

scopic factor for the § ! state was within one standard de- DWIA calculation compare well for thes3! and 3!
viation of the expected value of 0.55. Once again the DWIAstates, however, it appears that the apparatus limit was
TDCS was smaller than the DWBA TDCS, and the differ- reached at high scattering angles where the obsersed 3
ence increased as the incident energy decreased. Both moBBCS flattens out. This may have prevented observation of
els predicted the direction of maximum intensity well, exceptthe minimum predicted by both models. At angles greater
in the 420-eV data. As well, in the 420-eV data an additionalthan 70° the observeds3? true coincidence signal rate was
shift of —0.8+0.2° in the calculated8 ' DWIA TDCS was less than about X 10~2 events/sec. Even at this relatively
required relative to thes3'* TDCS. high incident electron energy the DWBA overestimates
The observed TDCS for thes3! and 3! states of ar-  slightly the ! TDCS at small scattering angles, indicating
gon measured in coplanar symmetric geometry with an incithat electron-electron interactions in the final state may al-
dent energy of 2020 eV is shown in Figsia4and 5a), ready be important. Data for 620-eV incident electron energy
respectively. With such high incident electron energy everare shown in Figs. 4¢) and 5c), and for 420-eV incident
the DWIA is a good model. The angular range of te8 8 energy in Figs. &) and 5d). The DWIA is a reasonable
TDCS is only about two-thirds of the range measured inapproximation in both instances, but it predicts deeper
asymmetric geometry at the same incident energy. Data faninima than observed at higl In Figs. 5c) and 8d) the
an incident electron energy of 1220 eV, with scattered andigreement of the DWBA with the observegp3 TDCS
ejected electron energies of 600 eV, are shown in Fif®. 4 whereq>0 a.u. is good, and thes3! TDCS is predicted
and 3b). These data show the shapes of the DWBA andwell at all angles for all incident electron energies.

Bound electron momentum g (atomic units)
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FIG. 5. Argon ! TDCS as for Fig. 3, but measured in coplanar symmetric scattering geometry.
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TABLE II. As for Table I, but for coplanar symmetric geometry.

DWBA DWIA Ratio of
Incident Sum factor Angle shift Sum factor Angle shift DWBA to
energy(eV) 3s 3p (degrees 3s 3p (degrees DWIA
2000 0.55(2) 0.95 -0.4 (2 0.53 (2) 0.95 -0.4 (2 1.46 (4)
1200 0.56(2) 0.95 -0.4 (2 0.52 (2) 0.95 -0.2 (2 1.52 (4)
600 0.56(1) 0.95 -0.4 (2 0.55 (1) 0.95 -0.6 (2 1.74 (4)
400 0.52(3) 0.95 -0.2 (2 0.51 (3) 0.95 -1.3 (2 2.15 (5)
It is notable that the DWIA and especially the DWBA fail V. CONCLUSIONS

for the ! state at scattering angles less than 45° where
<0 a.u. Simultaneous acquisition of the 3 and P!
states using this apparatus provides the necessary evide
that the difference observed at small angles in tipe 13

A systematic study of the argos3* and 3~ TDCS for
n%%planar equal-energy sharing kinematics has provided a
good test of the validity of the DWBA and DWIA scattering
models in this kinematics. In particular, coplanar symmetric

TDCS is more likely to originate from the calculations ratherda,[a show the models systematically overestimated the
than from an experimental effect. The DWIA model could beTDCS of the argon @ ! state forq<0 a.u. as the incident

expepted_ to be poor due. to break_down_of the |mpulse_a electron energy was decreased from 2020 to 420 eV. The
proximation at low energies. The inclusion of electron-ion
! . X . ; agreement was worst at 420 eV, even when the Gamow fac-
interactions by using the DWBA does nothing to improve the . .

. tor was included in the DWBA model. The same data
comparison forq<0 a.u., but the agreement for large .

o s o showed that the DWBA worked well in the same energy
>0 a.u. is significantly better. A similar situation was ob-

-1
served[20] in argon data on the Bethe ridge for an incident;ange forg>0a.u. for the B "~ state, and at all values of

: r electrons ionized from the argos and helium & orbit-
electron energy of 1000 eV and ejected electron energy of )
120 eV, where the DWBA overestimated slightly the 3 als. The DWBA and DWIA models were tested for the first

. time using a relatively new coplanar asymmetric equal-
TDC_:.S for small scattering Qngles yvheq&O a.u. The post- energy-sharing kinematics. The DWBA was in good agree-
collision electron-electron interaction®Cl) are automati-

) . ) ; ment with the experimental data over the range 420—2020
{ne DWBA does not oxplcity inchude fhe PCT effects fo- S, incdent electron energy, whie agreement with the
. o Xplicitly Inciu DWIA was limited to 2020 and 1220 eV incident energies,
lowing the collision. This omission is corrected to some ex-

tent by including the Gamow factor, described earlier, in theandq>0 a.u.

DWBA. The PCI effects would be largest for small relative

scattering angles and would therefore tend to reduce the pre- ACKNOWLEDGMENTS
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