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Triply differential cross sections and spin asymmetries &2¢) reactions of the &, state of intermediate-
and highZ atoms in coplanar asymmetric geometry are analyzed within the framework of the relativistic
distorted wave Born approximation. Specific signatures of the relativistic nature of the electron-electron inter-
action, and of the atomic-number-dependent electron-residual ion interaction, are identified.
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PACS numbe(s): 34.80.Dp

I. INTRODUCTION In a recent theoretical study] (referred to as)la de-
tailed interpretation of one specifie,Re) experiment{10]

Total or low-order differential cross sections for inner on the K shell of copper in terms of interference between
shell ionization of atoms with high atomic numbby rela-  longitudinal and transverse ionization amplitudes, and elastic
tivistic electrons have been the subject of theoretical invesscattering from the residual ion was proposed. The present
tigations since the early days of quantum mechanics. Alreadiivestigation was stimulated by new experimental datg
the first studie$1,2] suggest that this process can be treatedhat extend the results $10] systematically into the higd-
in perturbation theory, but that it is mandatory to take into"®gime. The dependence of the TDCS on atomic number,
account the relativistic nature of the interaction between thdhat is revealed by these experiments, is the topic of the
incident and the initially bound electron. Indeed, the perturPreésent theoretical study. The dependence of the spin asym-

bative approach yields qualitative and in many cases quantr—netry on atomic numbgr Is also discussed. I.t can be .st'ud.|ed
tative agreement between calculated and measured inn (e,2e) experiments with transversely polarized relativistic

shell total and singly differential cross sections for a wide® ectrons.
range of impact energies and target spefdsThe situation

changed when triply differential cross sectigd®C9), ob- Il. THEORETICAL BACKGROUND
tained by coincident energy and angle resolved detection of ) . i
the two active electrons, became availapié Theoretical In the following, we establish some properties of the rela-

attemptdreviewed, e.g., ifi5]) to understand the structure of tivistic (¢,2e) processes to be di_scussed, and aiso briefly

the TDCS failed in the initial stages, indicating that the rela-Summarize the formalism underlying our RDWBA calcula-

tivistic (e,2e) process is much more subtle than one mightt'ons'

have anticipated from the results for integrated cross sec-

tions. A. Characterization of (e,2e) processes in Ehrhardt geometry
Thg key to understanding the i.nner §hel| ionization pro- |- e present study, we will exclusively considerZe)

cess_lles In the fact, only 'appreC|ated n recent years, th rocesses involving thesl,, electrons of many-electron at-

elastic scattering of the active electrons in the effective elec(-)mS in coplanar asymmetric unequal energy sharing

trostatic potential, generated by the target nucleus and th@Ehrhardt”) geometny[12]. This arrangement is depicted in
spectator electrons, plays an extremely important [6le

Specificall v the devel t of a th tical d . Fig. 1, which also introduces our notation. The target state
e ot e B Ao oxasag, (oiatonpoentat) s onized by a ighcnergy leton
(RDWBA) [7,8]) including (i) ionizing transitions by virtue (impact kinetic energjlo>>Vy), and a fast electromomen-

2 i i < .

of exchange of a longitudinal or transverse photon betwee’ﬁj.m kl) IS de}ected under' a fixed angty <0 [13]. The

) : . iply differential cross section
the active electrons, an@i) the representation of the free
electrons involved in the process by exact elastic scattering d3g<e 2)
eigenfunctions of the Dirac equation with an effective poten- m
tial generated by the residual ion, has led to an adequate 1ERm2
representation of the experiments.

@

is displayed as function of the observation angleof the
slow electron k,<k;). The quantitiesk; and T; (i
* Author to whom correspondence should be addressed. Electronie 0,1,2) are related by the usual relativistic free particle dis-
address: keller@th.physik.uni-frankfurt.de persion relation

1050-2947/99/5@)/12847)/$15.00 PRA 59 1284 ©1999 The American Physical Society



PRA 59 INTERPRETATION OF RELATIVISTIC(g2e) . . . 1285

ments arenot equivalent. While this procedure was enforced

by experimental constraints, we argue below that it is also

more adequate than the two scaling prescriptions discussed.
In all relativistic problems, the velocity of light, appears

as an invariable scale parameter. Technically speaking, there

8, is no scale invariant and Lorentz covariant theory of massive
V K, Q.7 particles(see, e.g.[14], Chap. 13. Specifically, the impor-
- tance of relativistic effects ing,2e) processes is character-

ized by the ratiosV,/c? and T;/c?, so that rescaling the
kinetic energied’; with Z? or VV,, amounts to also varying the
FIG. 1. Schematic representation of am2e) experiment in a  importance of relativistic effects. In fact, it is impossible to
coplanar asymmetric unequal energy sharing geometry. The triplgisentangle relativistic and atomic-number-dependent effects
differential cross section is measured as functiod.of The arrows usingany scaling procedure. For the study Dtlependences
perpendicular to the scattering plane labeled With represent the i relativistic (e,2e) collisions, it is therefore advisable to
orientatiqns of incident elect_ron spin expectation value in experiyse similar asymptotic energies for all target systems in order
ments with tranversely polarized beams. to render the results comparable at least with regard to the
importance of relativistic effects. Ag,/c? is a target prop-
T+c?=Vk’c?+c? (2)  erty, the natural choice would be to vary the impact energy
accordingly(i.e., work at fixed excess enefgin order to
(in atomic unitsfi=mg=e=1, ¢c=137.0359895). As indi- minimize the changes i, /c?. However, in Ehrhardt geom-
cated in Fig. 1, such experiments may also be carried oudtry (T,>V,,T;>T,) this procedure may reasonably be
with transversely polarized electrons. The corresponding adsimulated by varying the detection energy of the fastat-

ditional observable is the “spin asymmetry” tered electron, as in the recent experimeft8,11. We will
restrict the present discussion to this case.
d3a(1)—d3a(]) 3 In the relativistic context, the classification of,Re) pro-
'_dsU(T)+d30(l)’ cesses in terms of the magnitude of scaled momentum trans-

fer is thus bound to play a subordinate role. In view of its

i.e., the normalized difference of the TDCS obtained withimPortance in nonrelativisticg2e) theory, it is nevertheless
“spin-up” and “spin-down” electrons. worth mentioning that in all relativisticg,2e) processes un-

The main characteristic of the Ehrhardt geometry is thel€r consideration, the scaled momentum transfer is of order
fact that the direct process, which results in the ejected eledNity- This implies that the the interpretation of Ehrhardt and
tron being observed at the lower enerfy, is much more co-workers[12] (ultimately based on the seminal work of
likely than the exchange process involving a large energP€the[15)), that relates & 2e) reactions at very small mo-
transfer to this electron. Therefore the fast electron may fof"€NtUM transfea to ionization by dipole photon absorption,
all practical purposes be identified with the projectile. Con-2nd collisions with very large momentum transfer to impul-
sequently, the ratio between the magnitude of the momenturfive Compton-like processes, is not very helpful here.
transfer A:=ky—k, to the target and the relevant intrinsic

momentum of the targgpictorially speaking, the Bohr ve- B. Outline of theoretical formalism
locity in the initial bound stateis a characteristic parameter  The TDCS for ionization of one of the {2+ 1) electrons
of these process¢4.2]. of a closed shell with total angular momentyg(or quan-

If one wishes to comparé-dependent signatures of the tym numberx,) is given by
ionization process, a definition of “equivalent scattering ki-

nematics” is required to account for the differences in the d3o K.k, EnE-E, 1

.. R A . . (e,2e) g4 M2 ot1t-2

ionization potential. The simplest case of the hydrogen iso- —w—~——=027)"—— =
. . dQ, dQ, dE Ko ¢t 2

electronic sequence suggests the use of Coulomb units de-

fined by

X Z |T(k161,k2€2;k0€o,Kb€b)|2,
[r]~2"% [k]~Z, [E]~Z? (4) €1€0€2¢p

in order to relate data for different targets. This scaling pro- ®
cedure is, however, only approximately valid for neutral tar-where the quantitieg denote the spin and angular momen-
gets because screening by the passive electrons introducesn projections of continuum and bound electron states, re-
another length scale, reflected in deviations of the experispectively, andT (kq€;,ks€5;Kp€q, kp€p) IS the scatteringd
mental inner shell binding energies from the Coulomb scalmatrix.

ing behavior. To circumvent this problem, Ehrhardt and co- As it is not possible to define a manifestly covariant
workers[12] suggested comparing experiments with a fixedmany-body Hamilton operator for a relativistic Coulomb sys-
ratio Tg/V,. By contrast, the recent experimerts0,11]  tem, a consistent theory of tHematrix for relativistic €,2e)

used a fixed impact kinetic enerdl, of 300 keV for all  processes can only be formulated via the perturbation expan-
target systems, and compensated the differences in bindirglon of quantum electrodynami¢see, e.g.[14]). As noted
energy by varying the detection energy of the fasttteregl  above, it is adequate to represent the action of the passive
electron, so that the kinematics of the individual measureelectrons and the atomic nucleus on the active electrons by a
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classical effective potential. The leadiffgst-) order contri- 200
bution to the perturbation expansion of thee2e) T matrix in 100
the Furry picture(see, e.g.[14]) defined by this potential, ~_ sg
describes ionization by exchange of one virtual photon be- >
tween the incident and the initially bound electron. This - 20
guantity is the RDWBAT matrix (written in the conventions % 10
of [14]): ~N s
E
T(ky,€1;ka,€2;Ko, €0k, €p) - 21
_ di g
=T =T =
—— 0.2
= f A Y OV (%) ¥

-150 -100 =50 0 50 100 150
0, (degree)

X f d®y DL (X=Y) ¥, e,V Y Ve, (V)
FIG. 2. TDCS for €,2e) on theK shell of copper Z=29).
_ Impact energyT,=300 keV, slow outgoing electron enerdy
—f d3x zpf(;)ez(x)y“wf(;)%(x) =71 keV, fast electron observation anglg=—9°. Symbols:
relative experimental dafd.0], normalized to RDWBA calculation
at the maximum; full curve: result of RDWBA calculatiqi8];
Xf d’y D?W(X_y)wk;)fl(y)fl/fx,eb(y)- dashed curve: result of RDWBA calculation including only longi-
tudinal term[9]; dash-dotted curve: result of RFBA calculatii®i.
(6)

Ill. ATOMIC NUMBER DEPENDENCE OF TDCS
It is equivalent to the Miber T matrix elemen{1], with an
exact bound eigenstatx;!r,ﬁEb and exact continuum eigen-

ditions) of the Dirac equation with the effective potential of On theK electrons of copper. In Fig. 2, we show these ex-
the residual ion. Further technical details can be fourj@jn  Perimental results in comparison with results of the RDWBA
A simplified model, the relativistic first-order Born approxi- @1d the RFBA. The relative experimental data indicate a
mation (RFBA) is obtained by neglecting the elastic scatter-double peak structure_for emission of both electrons into the
ing of the projectile electron in the effective potential of the S2Me half-planénegative values of); and 6,). Except for
spectator ion, i.e., by replacing the continuum staggg) ~ (he three data points at large positive, the measured
depending o in Eq. (6) with Dirac plane wave statd46]. TDCS is well reproduced by the RDWBA calculation of

Equation(6) represents the interaction between the tranlli];zgs_'nce n kth's experlm?‘nt thﬁ |orr]1|zat|rc]>n_ potent:?l
sition four currentsf, of the projectile electron ang, of (Vis,,,=8.979 keV) was much smaller than the impact ki-

A. lonization of the K shell of copper

1s1/2

the ejected electron mediated by the free photon Green'8etic energy, the effects of the projectile-spectator ion inter-
functionD® (x—vy), so that, e.g action can be estimated using perturbation theory. A corre-
y2% ’ ’ v AR

sponding detailed study was presented in I. The main results
of this work can be summarized as follows) The second-
T‘“’~J d3 j’l‘o(x)f d3y wa(x—y)jgb(y). (7)  ary maximum of the TDCS for emissions of both electrons
into the same quadrant is due to the destructive interference
of the amplitudeg'°"9 andT'"a"S, This effect is also present
qualitatively in the RFBA resultii) The additional structure
at #,~ —95° is caused by elastic scattering of the projectile
electron in the spectator ion potential, followed by an ioniz-
ing electron-electron collision without momentum transfer to
the spectator ion. This structure also appears in a RDWBA-
type calculation that negleci&"s [19].
dir 3 3, O The model calculation just mentioned also shows some
T ’“f d=x Plo(X)f d%y Doo(X=Y)pap(y) extra structure in the regi(in of the “interference peak,” in-
dicating that in this angular regime, the magnetic interaction

Resolving the four currents int@imelike) density compo-
nentsj°=p and spatial currentg=(j,j2,j%) and using a
gauge (e.g., Feynman or Coulomb gaygen which Dy
=D;,=0, the contributions to the first-orddr matrix may
be rewritten as, e.g.,

_J' d3x jilO(X)J d3y D(x—y)j&,(y) between the projectile electron and the spectator ion cannot
be ignored 9]. Moreover, as was shown [20], the position
— Tlong_ trans ®) of the binary maximum cannot be reproduced using a plane-

wave description of the projectile electr§RFBA).

T'°n9 describes interactions by exchange of a longitudinal
photon.T!a"s represents transverse photon exchange, in par-
ticular the relativistic electromagnetic coupling of the spatial Sauteret al. [11] have very recently extended the mea-
charge currents of the two active electr¢@d]. surements of10] to silver and gold targets. Figure(8pper

B. lonization of the K shell of silver
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FIG. 3. TDCS for g,2e) on theK shell of silver(Z=47). Impact
energy To=300 keV. Top, slow outgoing electron energy
=71 keV, fast electron observation angg=—9°. Symbols,
relative experimental dafd 1] normalized to RDWBA calculation On the other hand, the upper part of Fig. 3 also shows that
at the maximum; full curve, result of RDWBA calculation; dashed a nonperturbative inclusion of the projectile-spectator ion in-
curve: result of RDWBA calculation including only longitudinal teraction becomes more and more importari &sincreased
term; dotted curve, result of RDWBA calculation including only at a given impact energy. Indeed, the RFBA model fails to
direct term; dash-dotted curve, result of RFBA calculation. Bottom,reproduce the absolute magnitude of the RDWBA cross sec-
RDWBA resullts for slow outgoing electron energy of 70 keV andtion, in contrast to the case of copper. Moreover, the calcu-
different observation angles. Full curvé;=—10° short dashed |ated double scattering signature is less pronounced, indicat-
curve: ;= —15° dotted curvep; = —20° long dashed curvé;  ing that higher-order processes become more important. Like
=—25° dash-dotted curveg, = —30°. full squares, direction of for copper, the massive shift of the binary maximum with
momentum transfer; open squares; )( direction of momentum  ragpect to the direction of momentum transfer is only repro-
transfer; full circles, “critical angle” for double scatteringsee 4 ,,ced by the full RDWBA calculation. Finally, the contribu-
tex®. tion of the exchange amplitude®* plays a subordinate role,

as was mentioned aboy&3].
par) shows their results for silver along with data from the
same theoretical models as in Fig. 2. The two sets of results C. lonization of the K shell of gold
are remarkably similar, indicating that the basic physical The results of 11] for a gold target(Fig. 4) differ dra-

mechamsms dlscusseq in | can also bg '”VOKGS’ to eXpl"]"l:hatically from those discussed so faote the linear rather
inner shell g,2e) reactions on silver. This result is not un- yhan |ogarithmic scaje The secondary maximum is similar
expected N view of the relatively small ionization potential j, h5jute magnitude to the binary one, and has the shape of
involved (Vi5'=25.514 keV). The lower part of Fig. 3 4 proad plateau; this effect has been predicted within the
shows that the secondary maximum for large negative RDWBA model[8]. The agreement of the RDWBA calcu-
becomes more pronounced @stakes larger absolute values lation with the experimental results is very good in the for-
(an effect that would be interesting to study experimentally ward half-plangand, remarkably, also for very large positive
[21]. The shift of its position follows the prediction of the @,, in contrast to the data sets for copper and sjiMeut the
simple double scattering model used iffull circles). This  experiment shows a shallow minimum of the TDCS in the
result emphasizes the fact that the structure in question isackward emission region where the calculation predicts the
unrelated to the conventional “recoil peak” due to back- maximum of the secondary peak.

scattering of the ionized electrd22], that would appear A comparison of the different calculations shows some
opposite to the direction of momentum transfer. additional peculiarities. The result of the RFBA calculation

FIG. 4. Same as Fig. 3, but for a gold< 79) target.
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RDWBA accounts for all major features of the measured
TDCS.

IV. ATOMIC NUMBER DEPENDENCE
OF SPIN ASYMMETRY

For (e,2e) experiments ors states at nonrelativistic ener-
gies, the spin asymmetry defined by E®@) is strictly zero
unless the target is prepared in a polarized stag. The
nonzero asymmetry measured by Prinz, Besch, and Nakel
[25] in (e,2e) scattering on th& shell of silver must there-
fore be attributed to relativistic effects. Indeed, these authors
interpreted their results in terms of relativistic spin-orbit cou-

-150 -100 -50 o 50 100 150 pling of the continuum electrons, i.e., Mott scattering of the
O (degree) unbound electrons in the strong external field generated by

FIG. 5. Spin asymmetries for electron impact ionization of theth® Spectator ion. The experimental observation that the

1s,,, State, as function of slow electron observation angle, calcu@Symmetry is small in the region of the binary peak, and

lated in RDWBA. Impact energf¥,=300 keV, slow electron ob- larger in the region of the secondary maximum, is in agree-
servation energyf,=71 keV, fast electron observation angle ment with the standard semiclassical picture In which the
=—9°. Full curve, gold target; dashed curve, silver target; dotteddinary (“recoil” ) peak is due to electron-electron scattering
curve, copper target. without (with) momentum transfer to the spectator {@b].
This interpretation was confirmed by the good agreement of

has no similarity with the measured data, indicating an overEhe experimental data with RDWBA calculations, that in-

T o L2 clude elastic scattering in the effective potential generated b
whelming influence of the projectile-spectator ion interac- d P g y

tion. Al h ffects pl ) tant role th the spectator ion to all ordef24]. Moreover, first-order cal-
lon. AIS0, exchange efiects play a more important role thar, 4o ng ignoring elastic scattering in all continuum states
for the lighter target systems. In particular, they S|gn|f|cantly[26] predict vanishing spin asymmetries also in the relativis-

|_Prflluencebthe sr:ape of the cz:tjl'clzulatedl TDE’S &QtK —90 'f thtic domain. Hence relativistic effects in the elastic scattering
ese observations are readlly explained in ermZS:g Bf the electrons in the spectator ion field are ultimately re-
large ionization potential of th& electrons of gold ¥

18112 sponsible for the spin asymmetries observed.
=80.7 keV): the ratio of impact energy and ionization po- It was argued if{24] that asymmetries induced by con-
tential is too small to warrant the applicability of a perturba-tinuum spin-orbit coupling should be strongfydependent.
tive treatment of projectile scattering, and the ratio of theComparison of calculated asymmetries for different target
outgoing electron kinetic energie${/T,~2.1) is too small  systems on the basis of tNg, scaling described in Sec. Il A,
for a typical “Ehrhardt”-type situation. It is also interesting showed the expected increase of the asymmetry Zit all
to observe thal'°"9 alone dictates the shape of the TDCS angles. The experimental verification of this effect was pro-
for | 6,]>120° (backward emission whereas the inclusion posed as a strong test of the continuum spin-orbit coupling
of T'"@"S js essential for reproducing the plateau structure. interpretation. However, as was shown in Sec. Il A, this line

The changes in the shape of the TDCS as functiof;of of reasoning is inconclusive because\p scaling, the im-
(lower part of Fig. 4 shed some light on these observations.portance of all relativistic effects is increased along with
For larger absolute values 6f, the double-peak structure of Therefore, it is advisable to reconsider thelependence of
the TDCS for negatived, observed in Fig. 3 reemerges, and the asymmetry for fixed impact energy.
the peak close to the forward direction is shifted towards Figure 5 shows asymmetries calculated in RDWBA for
0,=0° (where it eventually merges with the binary peak, asthe three atomic targets discussed in the previous section.
demonstrated if24], Fig. 5. The “interference peak” in Corresponding experiments are currently being carried out
Fig. 3 follows the same pattern. In the RFBA calculation,[27]. We predict that the asymmetry function increases with
one obtains a small hump in this regiarpper part of Fig. #  atomic number in the angular regime 100°<§,<<—30°
that shows the same trend when analyzed as functiofy of considered iff24,25, and is close to zero in the binary re-
(data not shown We therefore conclude that the left part of gime. This is consistent with the semiclassical argument of
the broad secondary structure is again in large part due to tH@5]. Our present calculations suggest, however, that the
interference mechanism discussed in |I. asymmetry for the heaviest target, goldsimallerthan the

On the other hand, the double scattering analysis of theesult for silver in the region of the backward maximum
large#, behavior of the TDCS is obviously inapplicable: (—150°<¢,<—85°) of the gold TDCScompare Figs. 3 and
this picture would predict a maximum where a minimum 4). This effect did not manifest itself in thé, scaled data of
between the two secondary peaks develops at larger absoly@4], indicating that it is of relativistic rather than strong-
values of 6, (full circles). It does not allow to predict the field origin. As we could attribute the large TDCS in this
changes in position of these structures. This demonstrateegime to the strong elastic rescattering in the ionic field of
that a perturbative approach to describing projectile scattetthe highZ atom(see Sec. I)l, we conclude that the interpre-
ing effects in the inner shell ionization of hightargets like tation in terms of continuum spin-orbit coupling alone does
gold is not possible in this regime of impact energies,not suffice to explain these spin asymmetries.
whereas the all-order treatment of elastic scattering effects in Some insight into this phenomenon may be obtained by

Asymmetry (percent)
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40

=47

Asymmetry (percent)
Asymmetry (percent)

~150 -100 -50 0 50 100 150 —50
©, (degree)

FIG. 6. Spin asymmetries for electron impact ionization of the
1s,,, state of gold, kinematics as in Fig. 5. Full curve, of RDWBA
calculation; dashed curve, RDWBA calculation with longitudinal
amplitude only.

(percent)
o ©

|
-
o

considering the RDWBA asymmetry obtained from the lon-
gitudinal scattering amplitude only. Remarkably, Fig. 6
shows that the strongest deviations from the full RDWBA
result occur for observation of both electrons in the same
guadrant. Comparison with Fig.(@pper parnt shows that in -40
this region the effect of the transverse ionization amplitude is

Asymmetry
3

-30

-50
-150 -100 -50

0 50 100 150
B, (degree)

40 =47 . .
FIG. 8. Same as Fig. 7, but results of RFBA calculations.

w
o

indeed most pronounced. Hence we find that the expected
increase of the spin asymmetry withmanifests itself only

in the angular region where the current-current interaction of
the electrons plays an important role.

However, as discussed abofgee alsq9]), the magnetic
projectile-spectator ion coupling is effective in the same an-
gular regime 90°<6,,6,<0°). In order to disentangle
these effects, we compare, for five different fast electron ob-
servation angles, asymmetries for ionization of telec-
trons of silver and gold calculated with RDWB/ig. 7) and
RFBA (Fig. 8. The asymmetries predicted by the first-order
Born calculation are essentially independent of the fast elec-
tron observation angle over the whole angular rateggeept
in the region of the strong TDCS minima, where the sharp
maxima in the asymmetry are an artifact of the definition of
the asymmetry, sef24]). This is consistent with the con-
tinuum spin-orbit coupling interpretation of the asymmetry:
the kinematics of ejected electron rescattering in the ionic
potential are the same for all fast electron observation angles,
while any influence of the kinematics of the electron-electron
scattering process should result in a dependence of the asym-
metry on momentum transfer. The RDWBA data strongly

—20 fluctuate as a function of; except for—150°<6,<—50°.

-150  -100 _508 d° 50 100 150 This indicates that here the nonvanishing asymmetry is in
2 (degree) large part due to Mott scattering of the ejected electron in the

FIG. 7. Spin asymmetries for electron impact ionization of thefield of the atomic nucleus, whereas spin effects due to the
1s,,, state, as function of slow electron observation angle, calcuProjectile-spectator ion interaction play no important role.
lated in RDWBA. Impact energ¥,=300 keV, slow electron ob- All calculations show very small asymmetries in the region
servation energ¥,=70 keV, differentd, (identification of curves  Of the binary peak, again confirming the essence of the in-
as in Fig. 3. Top, silver target; bottom, gold target. terpretation put forward ifi25].

Asymmetry (percent)

Asymmetry (percent)
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V. CONCLUSIONS longitudinal and transverse interaction between the two ac-

. . tive electrons. Our present calculations provide evidence that
The different feat_ures ofg( 2¢) TD.C S for qm‘erent target a large contribution of the transverse amplitude is a precon-
systems observed in recent experiments in coplanar asy

Nition for observing large asymmetry values, in particular the
metric geometry[11] can be explained in terms of the - ’ -
mechanisms included in the ROWBA model, namely, Mottexpectedz dependence. The details of the relation between

the spin effects in electron-electron scattering and electron-

;cattering of the active electrons _in the field of the S.peCtatogpectator ion scattering in the different asymptotic channels
ion, and mte_rference of the amplitudes for Iongltuc_ilnal andwhich conspire to determine the spin asymmetries measured
transverse single-photon exchange. Even at very high atomic (e,2€) experiments, remain to be understood

”“mb?rs’ the interference me_:chanlsm plays a key role for N(,)te added in prO(;fAﬂer submission of the p.resent pa-
emission of both electrons into the same quadrant. For y

s . T “per, Sauteret al. completed and published their measure-
To,T1,T,>V,, a perturbative treatment of projectile rescat ments of the spin asymmetries discussed in Se2. The

tering suffices for a qualitative interpretation. Strong nonper-

turbative features show up for lower relative kinetic ener iesexperimental results are in quantitative agreement with the
P 9 predictions of Fig. 5.

or high Z.
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