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Postcollision interaction and two-center effects in ionizing collisions
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Momentum distributions of the recoil target ion and the ejected electron have been calculated for 75-keV
H," +He collisions by applying the classical trajectory Monte C4@IMC) and the continuum-distorted-
wave-eikonal-initial-staté CDW-EIS) theory. A qualitative agreement was found between the calculated cen-
troid values of the momentum distributions and the corresponding experimental data published recently by An
et al. [Phys. Rev. A63, 030703(2001)]. The presence of postcollision interaction effects in the momentum
distributions was analyzed repeating the CTMC calculations with a short-range model potential between the
electron and the projectile ion as a function of the interaction length. The role of two-center effects was
investigated by comparing the CDW-EIS results with those obtained in the first-Born approximation.
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[. INTRODUCTION for the electron. The presence of EQ®&, in general, the PCI
effec) in the momentum spectra of the projectile and the

The process oélectron capture to the continuufECC)  recoil target ion was observed only recerjti-9]. Such ob-
has received much attention in the physics of energetic ionS€rvations became possible applying different experimental
atom collisions since its discoverjl—3]. ECC can be techniques, particularly the recoil ion momentum spectros-

viewed as a continuation of the electron capture into high-COpy (for a review see Ullrictet al. [10)).

. " Here we report on a theoretical investigation of ECC in
!ymg bpund state¢Rydberg statgsof the projectile over the which we attempted to interpret the recent experimental re-
ionization threshold: The process leads to population of th

! U Qults obtained by Aret al. [9]. These authors performed a
low-energy continuum states around the projectile. The eleqijnematically complete experiment on single ionization for
trons “captured” to the continuum of the projectile form a 75-kev H,* + He collisions by combining the techniques of
pronounced cusp-shaped peak in the energy spectrum of thiee projectile energy-loss spectrometry and the recoil ion
forward ejected electrons at an energy that corresponds tmomentum spectroscopy. The momentum vectors of the
ve=vp,, Wherev, andv, are the velocities of the electron heavy collision products were determined by detecting the

and projectile, respectively. The phenomenon of cuspfully momentum analyzed projectiles and the recoil ions in
electron emission is particularly interesting, mainly becauséoincidence. The electron momentum was deduced from mo-

it is a postcollision interaction(PC) effect: The cusp is MeNtum conservation. The authors analyzedcttroidsof

formed as a result of théeng-range Coulomb interaction the longitudinal and transverse momentum distributions for

between the ionized electron and the outgoing charged prob_oth the recoil ions and ejected electrons as a function of the

jectile. Furthermore, the propertigntensity, asymmetry, energy loss of the projectile. They considered the case of 0

etc) of the cusp peak are also influenced by the ionizedDrojectile scattering angle. It was found that the momentum
’ usp p y . distributions of the collision products, especially for the elec-
target atom, i.e., the cusp can be understood only if on

considers the full three-bodfelectron, target core, projec- ?ro'r;\,nsgto;\ll gfa};iﬂgg?;%rifse;fepri(r:‘r:éntal findinas onlv quali-
tile) dynamics of the collision. On this ground the cusp is - €XP b 9 va

regarded as awo-centerelectron emissiond]. tatively, without comparing the data with theoretical calcula-

The cusp peak appearing in the electron spectrum is tions. In the present work we gave a quantitative analysis of

: . . the problem by performing calculations within the frame-
direct manifestation of ECC. The measurement of the energy - of theclassical trajectory Monte CarléCTMC) model
(and angular distribution of the electrons is relatively and thecontinuum distorted wavéCDW) theory. We show
simple, i.e., ECC can be effectively studied experimentall )

\/ ) ——
by determining doubly differential cross sectidiD>CS) for thaF although the gross tendencies of the momen'tum distri
- butions as a function of the energy loss of the projectile can

th(i electron emission around the matching veloaity simply be explained by kinematical effects, the rapid
=v,. This explains why most of the experimental investiga-changes of the momentum centroids observed in the experi-
tions of ECC were carried out by measuring the electrorment at the energy-loss value corresponding to the matching
cusp. velocity ve=v, are indeed signatures of PCI. In our analysis
At the same time, ECC is reflected also in the momentunwe could determine the effects of PCl in the momentum
distributions of the other two collision fragmentthe scat-  distributions by repeating the CTMC calculations with a
tered projectile and the recoil target jorHowever, due to  short-rangeinteraction potential between the electron and
the large projectile-to-electron and target-to-electron masghe projectile ion. These calculations were made at several
ratios the effect for the heavy fragments is much smaller thainteraction length values. In addition to PCI, we investigated
also the contributions due to two-center character of the elec-

tron emission. In order to identify these latter effects, we

*Email address: sarkadil@atomki.hu compared the results of the CDW calculations with those
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obtained in the first-Born approximatidine., a theory that model[22] assumes straight-line trajectory for the projectile
accounts only for the one-center electron emission path and uses Hartree-Fock-Slater wave functions for the ini-
tial and final electronic states.

II. THEORY

) ) IIl. RESULTS AND DISCUSSION
In both theoretical calculation€CTMC and CDW we

regarded a simplified c_oIIi_sion system. ThQ_*Hproje_ctiIe_ The centroids of the momentum distributions obtained
was replaced by a pointlike charged particle of identicalg,m the cTMC and CDW-EIS calculations as a function of
mass. The effective charge of the partidg,, was deter- o projectile energy losAE,, are compared with the mea-
mined from the lonization potential of the,Hnolecule, as-  g,req data of Aret al. [9] in Fig. 1. In part(a) of the figure
suming the|=1/2Z; hydrogenic relationship(in atomic  egyits for the longitudinal momentum of the recoil target ion
units). This givesZ,=1.064. o _ are plotted, in partéb) and(c) those for the longitudinal and
The calculations were made in tliedependent-particle  {ransyerse momentum of the ejected electron are shown, re-
mode] i.e., the electron correlation effects were neglectedgpectively. We note that the measured centroid values of the
This means that the He atom was replaced by a one-electrqgngitudinal electron momentum distributions were probably
atom in which the electron moves in an effectl_ve field of thegptained by an erroneous data evaluation procedure: They
He™ ion core. In the CTMC simulations the ion core was gre inconsistent with the data sets of the other two momen-
represented by a model potential developed by Geeal.  tym distributions regarding the energy and momentum con-
[11] baseq on Hartree-Fock calculations. The potential hageryation. However, multiplying these data by a factor of
the following form for a neutral atom: three, we obtained results that are consistent with the other
experimental data, as well as very close to the calculated
VN =-1Z=1)a(r)+ 1]/, @ ceﬁtroid values. In Fig.(b) we plotte)(/j both the original and
the corrected experimental data.
The CTMC results seen in the figure were obtained run-
Q) ={(nl&)[expér)—1]+1} L. ning our CTMC computer code for210’ collision events.
We had to regard such large number of collision events for
The values ofy and ¢ were taken from Garvegt al.[12].  the following reason. The experiment was performed with
For He »=1.77 andé=2.625. high energy and angular resolution for the scattered projec-
Details of our procedure applying the CTMC method fortile: 1.2-eV full width at half maximum(FWHM) for the
the description of various atomic collision processes can bénergy loss and 0.15-mrad FWHM for the angular scattering.
found in previous work§13—19, therefore, here we summa- In our “computer play” the windows for the energy loss and
rize only the main points of the theory. The method is basegcattering angle of the projectile had to be chosen according
on the numerical solution of Newton’s classical equations ofo the experimental resolutions. These small windows
motion for a large number of trajectories under randomlystrongly restricted the number of ionization events, particu-
chosen initial condition$20,21. CTMC has the advantage larly in the range ofAE,>45 eV (AE,=45 eV corre-
that it treats the thregmany? body dynamics exactly. This sponds to the matching electron veloaity=v ). To achieve
is particularly important for the description of processes in-a reasonable statistical accuracy, in the evaluation of the
fluenced by PCI effects. CTMC data we used windows that were twice as large as the
We applied the three-body version of the CTMC theory:experimental resolutions. The use of larger windows did not
The equations of motion were solved for the projectile, thechange the centroids of the momenta appreciably.
active electron, and the target core. The calculations were The CDW-EIS results in the figure belong exactly to 0°
made in two steps. In the first step the equations of motiofprojectile scattering angle, i.e., the triply differential cross
were integrated until the main reaction chanr(ebecitation, — section was not integrated over the angular range of the scat-
ionization, electron capture to bound states of the projectiletered projectile defined by the experimental resolution. This
were well separated. This condition was fulfilled at an inter-“peaking” approximation can be justified again by the very
nuclear distance of 25 a.u. In the second step only collisiolsmall value of the angular windoy®.15 mrad used in the
events leading to ionization were regarded. Since we werexperiment.
interested in PCI effecténcluding the formation of the elec- In Fig. 1 we plotted also the kinematical limits of the
tron cusp, we integrated the equations of motion in the finalmomentum distributions corresponding to 0° projectile scat-
ionization channel over a large internuclear separation, up ttering angle. These limits can be obtained from the energy

whereZ is the nuclear charge and

10° a.u. and momentum conservation:

The CDW calculations were made in the CDW-EIS R,
(continuum-distorted-wave-eikonal-initial-stat@pproxima- p,’)+ Pa= Ppt Pet Pt 2
tion. This model is known to be a very efficient theory for
the description of the continuous electron ejection in ion- Ep+EL=Ep+E] +EetEy. ()

atom collisions(see, e.g., Fainsteiat al. [4]). The ejected -, - o

electron is described by a two-center wave function, theret€re P, andp, are the momentum of the projectile before
fore, the model gives account of the two-center effects in th@nd after the collision, respectively, afid andE,, are the
electron emissiorincluding ECQ. The applied CDW-EIS corresponding kinetic energy of the projectite. andp; are
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FIG. 1. Centroids of the momentum distributions of the recoil target ion and the ejected electron as a function of the projectile energy loss
for 75-keV H," +He collisions. (a) and (b) Longitudinal momentum of the target ion and the electron, respectivelyTransverse
momentum of the electron. Experimental data: open circlesgtAal. [9]; full circles, thep, data of Anet al. multiplied by a factor of 3.
Theories: solid line, CTMC; dashed line, CDW-EIS; thin solid line, kinematical limits.

the momenta of the ejected electron and the recoil target ionwhereuv, is theinitial velocity of the projectile. By combin-
respectively,E., and E; are the corresponding kinetic ener- ing Egs.(5a) and(6), we have

gies. Initially the target atom is in rest, therefore, its momen-

tum p,=0. E, and EX are the inner energy of the target AE,

atom before and after the collision, respectively. The differ- v, Pej Py @)
enceE; —E_ is the ionization potentidl. The energy loss of

the projectile is defined as Equation(4) gives another relationship betweai, and the

) momentum components of the ejected electron and the recoil
AE,=E,—Ep=I+E.+E;. (4 target ion,

For 0° projectile scattering angle E@) yields the following ng+ pé pt2H+ ptzL
+ ’

two equations for the momentum components parallel and AE,=1+ (8)
perpendicular to the incoming ion-beam direction: 2Me 2m
pF;H:pPH+ P+ Py (599 wheremg and m; denote the mass of the electron and the
target ion, respectively. Due to the large mass of the target
0=pe, + Py, - (5p)  ion, the third term here can be neglected. Denoting the elec-
tron emission angle by., we have
Here we used than,=0, Pp. =0, andpp, =0. . , 5
Since for fast ion-atom collisiondAE,<E], we can ex- Pe|t Per Pe| PeL
AE dingE/=p/?/(2m,) into Taylor series =1 = = 7o,
press AE, expanding E,=p,/(2m;) into Taylor series 2m, 2m, cof 9, 2me Sir? 9

aroundg,= p,2)/(2mp). Herem, is the mass of the projectile. 9
We obtain in the first-order approximation
' 5 , By using Eqs.(5b), (7), and(9) the longitudinal momen-
Py Pp Pp(Pp—Pp) tum of the recoil target ion, as well as the longitudinal and
P 2m, 2m, m transverse momenta of the ejected electron can be expressed
as a function of the projectile energy loss and the electron
~0(Pp=Pp) =vp(Py~ Pp)) (6)  emission angle:

AE
p
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AE, 0.6
ptH=U——cosﬁe 2mg(AEp—1), (109
p
Pe|=COSTeV2ZMe(AE,— 1), (10b) 05
Per =SiNTeV2Mo(AE,—1). (100
04|

The kinematical limits shown in Fig. 1 were obtained evalu-
ating the above expressions@¢=0° for p; andpg and at
We=90° for pg, - 3

In Figs. 4@ and Xb) both the experimental and theoret- & 03 -

ical momentum centroid values follow the curves belonging &
to the kinematical limits. This means that the gross tenden-
cies of thep; and pg; momentum centroids observed as a
function of the energy loss of the projectile can simply be
explained by the kinematics of the collision and by the fact
that the angular distribution of the electron emission has a
maximum close ta9.=0° (especially for electron energies 01F , -
smaller than the cusp enepgyt the same time, the abrupt
deviations from the kinematical limits seen at higher values
of the energy lossAE,>45 eV) may partly be attributed to
PCI. ForAE,<45 eV CDW-EIS gives a better description 0 e w =
of the experimental data than CTMC for both ¢ andpg

momentum centroids. In turn, at higher energy-loss values AE, [eV]

CTMC reproduces the measured data better than CDW-EIS.

On contrary to thepy and pg; momentum distributions, FIG. 2. Distribution of the ionizing collision events in the
the centroid values g, do not follow the kinematical limit A\ __p,, plane obtained from the CTMC calculations. Solid lines:
[See F|g 1C):| The reason |S that |n th|S case the I|m|t be' Eq (10@ for e|ectron emission ang'es ﬁe: 00, 10°' 20°, and
longs to electron emission angfe.=90°, and the majority  30°.
of the collision events are characterized with an emission
angled,<90°. Both theory accounts the sudden drop occurdifference in the shapes of the cusp, the momentum centroid
ring in the transverse electron momentumAdE,=45 eV.  values obtained by CDW and CDW-EIS were almost identi-
An et al. [9] explained this drop as a focusing effect: The cal.
attractive PCI focuses the ejected electrons toward the pro- We also notice that in a realistic calculation one should
jectile. The focusing effect has a maximum for the cusp-consider the electron on the,H projectile. This electron
electron emission at.=v,, leading to a minimum of the may actively participate in the collision, for example, it may
transverse electron momentum. Here, againAfap <45 eV polarize the electric field around the projectile. Such an ef-
CDW-EIS gives almost a perfect description of the measurediect may influence the momentum distributions of the colli-
data, while CTMC strongly underestimates them. At highersion fragments significantly.
energy-loss values the performance of the two theories is The important role played by the kinematics of the colli-
opposite. sion in the behavior of the momentum centroids is well dem-

We notice that the CDW-EIS curves in Figgajland Xc) onstrated by the map plotted in Fig. 2. Here each point in the
are almost symmetric with respect to thg=v, line. Thisis  AE,—py plane represents an individual ionizing collision
in disagreement with the strong asymmetry of the experievent resulted by the CTMC calculations. The lines show the
mental data around.=v: The measure@, andpe, mo-  relationship(10g betweerp,; andAE, for electron emission
mentum centroids rapidly increase abavg=v,. On the angles ofd.=0°, 10°, 20°, and 30°. FQhE,<45 eV the
basis of this observation one may think that the disagreememhajority of the points lie very close to kinematical limit de-
between the CDW-EIS theory and the experiment is somefined by thed,=0° curve. We note that the collision events
how related to the fact that this theory is unable to predict then the figure belong tod,=0° projectile scattering angle
asymmetry of the ECC cusp in the electron spect(see, (within the angular window of 0.3 mradA similar behavior
e.g., Zaodszkyet al. [23]). Interestingly, the symmetry or can be observed for the distribution of the longitudinal elec-
asymmetry of the electron cusp does not determine unamron momentum componeiiot shown here
biguously the behavior of the momentum centroids around In order to separate the contribution of PCI to the momen-
ve=v,. We came to this conclusion by applying the CDW tum distributions we made the following CTMC analysis. We
theory (i.e., without the “EIS” approximation for calcula-  were interested, first of all, in the formation of the electron
tion of the momentum centroids. The electron cusp predictedusp. The process was first investigated in the framework of
by this theory for bare ion projectiles is asymmetric, in ac-the CTMC approach by Reinhold and Olsi@#]. These au-
cordance with the observations. Surprisingly, in spite of thehors studied the convergence of the cross section
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for the cusp-electron emission as a function of the internu-  0.20
clear separation. For 100-keV protons on He collisions they
found that full convergence was achieved for internuclear
separations as large as °L@.u. This result clearly proved 0.15
that the electron cusp is a PCI phenomenon.

Our analysis was similar to that of Reinhold and Olson.
We introduced the following model potential for the
projectile-electron interaction:

DDCS [arb. units]
o
o

Z, rire
G I S

In the limit r—%V,(r) becomes the Coulomb potential,

—Z,/r. For afiniter . valueV,¢(r) is a short-range potential 0.00
characterized by the interaction length For larger values

it decays exponentially, while for smallvalues it is Cou-
lombic.

We repeated the CTMC calculatiofsee Sec. )lwith the
above model potential by using different values of the inter-
action lengthr.=5, 10 and 100 a.u. The number of the col-
lision events in each case was 20. The results are plotted
in Fig. 3. In part(a) the energy spectra of the forward ejected
(9.=0°%3°) electrons belonging to different interaction
lengths are seen. In pdti) the longitudinal momentum cen-
troids of the recoil target ion obtained for differemtvalues
are shown as a function of the energy loss of the projectile.
Comparing part$a) and(b) one may conclude that while the
cusp peak dramatically decreases with decreasing interactio
length(corresponding to smaller strength of RGbr the py
momentum centroid one can observe only small changes.

The above result means that the longitudinal momentum 04 , , . : , , .
centroid of the recoil target ion contains less information ' 30 40 50 60
about the electron cusp than the electron energy sped¢tum AE. [eV]
momentum distribution In the following we show that the P
dependence of thp; momentum centroid on the projectile
energy loss is rather determined—Dbesides the kinematical ef- FIG. 3. Results of CTMC calculations performed with a model
fects discussed above—by two-center effects. These lattd@otential for the projectile-electron interaction defined by 8d).
effects cannot be separated by CTMC calculations, they ar@® Energy spectra of the electron cusp belonging to interaction
present even for the smallest interaction length investigatel§ngth values off =5 arb. units(open squargsr.=10 arb. units
in the present worki.=5 a.u. However, information about (ull circles), rc=100 arb. units(full triangles, andr =2 (open
the two-center effects can be obtained by comparing the rec_lrcles). (b) '_I'he cent_r0|d of the Iongltud_lnal momentum dls_,trlbutlon
sults of CDW-EIS calculations with those of ane-center  ©f i€ recoil target ion ate=5 arb. units(dashed-dotted liner
theory, the first-Born B1) approximation. Such a compari- |':10 arb. un'ts(daS.hEd "n.g an.drF:w (solid ling). The thin solid

. - . . . ine denotes the kinematical limit.
son is made in Fig. 4. One can establish a large difference
between the momentum centroids predicted by the two theo-
ries: The B1 results do not show any singularity at the
energy-loss value corresponding d¢g=v,, and the mini- tile energy-loss values around the matching peigt v,
mum value of thep, momentum centroid is considerably indicating that in this range the projectile-centered con-
larger in this case than for CDW-EIS. tinuum states play a more important role than the target-

In B1 discussed above the final continuum states are cercentered ones. At the same tini, (P) is unable to describe
terd at the target atom. Within the first-Born approximationthe low-energy electron emission: In Fig. 4 & (P) curve
one can formulate another one-center theory by choosinghows an increasing deviation from the kinematical limit
projectile-centerectontinuum states for the final states. We with decreasing\E, values. This behavior is opposite to the
denote the latter approximation B4 (P). This is known to  experimental observatioisee Fig. 1L We may conclude that
account for the ECC process, but due to the one-center chan a correct description one has to include both the target-
acter of the theory it predicts a symmetric electron cusp. Wend projectile-centered continuum states.
used alsB1(P) to calculate the momentum centroids of the = Furthermore, neither d1 andB1(P) can reproduce the
recoil target and the electron. The obtained val(fes py sudden change of the momentum centroids observed in the
see Fig. 4are very close to the CDW-EIS results for projec- experiment just above.=v, (see Fig. 1 Again, this feature

. (12)

0.05

Py [a.u.]
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FIG. 4. The centroid of the longitudinal momentum distribution R R R S

of the recoil target ion. The notations of the curves: solid line, 4 42 43 44 45
CDW-EIS; dashed line, first-Born approximation with target-
centered continuum states; dashed-dotted line, first-Born approxi-
mation with projectile-centered continuum states; thin solid line,
kinematical limit. FIG. 5. Contour plots of the longitudinal momentum distribution
of the recoil target ion calculated by the CTMC method applyimg

of the momentum centroids can probably be explained onl)t,he Coulomb potential andb) the short-range model potential

by including the continuum oboth the projectile and the Qeflned_by Eq(11) with 1,=>5 arb. units f.or the projectile-electron
: > interaction. The scale of the plots is linear, the numbers at the
target, 1.e., It Is a two-center effect.

. . . . . __contour-lines show relative intensities.
Now the question arises: Can one obtain new information

about PCI by applying the combined technique of the pro-mentum distribution of the collision fragments, we deter-
jectile energy-loss spectrometry and the recoil ion momenmined the momentum centroids for the recoil target ion and
tum spectroscopy? According to Fig. 3, the direct measurethe ejected electron as a function of the scattering angle of
ment of the electron cusp seems to be a more sensitive wdkie projectile. To this we used the CDW-EIS theory. The
of the study of PCI than the measurement of the centroid ofalculations were made for projectile scattering anglgs
the recoil target ion momentum distribution. To answer the=0, 0.30, 0.48, and 0.67 mrad. The results are summarized
above question, we analyzed thél p, momentum distribu- in Fig. 6. Interestingly, a small change 6, gives rise to a
tion instead of regarding only its centroids. For this purposda’ge change of the momentum centroids. pgrandpg the
we fitted a function in the plane defined ByE, and py to effect is stronger foAE,>45 eV, thereby the smgulanty
the “surface” of the corresponding triply differential cross caused by PCl ab.=v, becomes more pronounced with
sections obtained from the CTMC calculations. The contoufNcréasingd, . The dependence on the projectile scattering
plots of the fitted surfaces for interaction lengthsref o angle_ s particularly strong for the transverse momentum of
andr,=5 a.u. are presented in Figgaband 5b), respec- the ejected electr_on in the_ whole regarded_ range\ Bf, .
tively. The difference between the two momentum distribu—The _results of.th|s analysis call the attention to a_further
tions is very large. The stronger focusing effect in case of th@os&_ble expepmental study of PCI: Qne could obtain valu-
long-range Coulomb potential results in a much narrowetable information about PCI b'y ffr‘Pea“”g the measurements
momentum distribution compared to the case of the short®f AN et al-[9] for nonzeroprojectile scattering angles.
range potential. This is in contrast with the small dependence
of the momentum centroid as a function of the interaction
length, particularly forAE,<45 eV([see Fig. 80)]. We applied the CTMC method and the CDW-EIS theory
As a further analysis of the presence of PCI in the mo-+o interpret the experimental data obtained by étral. [9]

IV. CONCLUSIONS
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FIG. 6. Results of CDW-EIS calculations for the centroids of the momentum distributions of the recoil target ion and the ejected electron
as a function of the projectile energy loss at different values of the projectile scatteringfgngla and(b) Longitudinal momentum of the
target ion and the electron, respectively) Transverse momentum of the electron. The solid, the dashed, the dashed-dotted, and the
dashed-dotted-dotted lines belong to valuesigt 0, 0.30, 0.48, and 0.67 mrad, respectively.

for 75-keV H,"+He collisions. We found a qualitative besides the kinematical effects—by the two-center character
agreement between the measured and calculated moment@hthe electron emission.
centroid values of the recoil target ion and the ejected elec- From our CTMC simulations carried out with the short-
tron. We showed that the gross dependence of the longitudfange potential we also concluded that the measurement of
nal momentum centroids as a function of the energy loss ofhe momentum centroids yields less information about the
the projectile can simply be explained by the kinematicaldetails of the cusp formatiofor, in general, about PCthan
limits of the momentum distributions, and by the fact that thethe direct measurement of the electron cusp. At the same
angular distribution of the ejected electron has a maximuniime, the high-resolution measurement of tietailed mo-
close to9,=0° (particularly for electron energies smaller mentum distributionsvould probably be a sensitive way to
than the cusp energy study PCI effects. Furthermore, on the basis of CDW-EIS
Our calculations confirmed the conclusion of &nal.[9]  calculations we showed that the momentum distributions of
that the rapid changes of the momentum centroids observefe collision fragments depend sensitively on the scattering
in the experiment at the energy-loss value corresponding tangle of the projectile, with increasing projectile scattering
the matching velocity .=v,, are signatures of PCI. In order angle thev.=v, singularity becomes more pronounced.
to investigate the sensitivity of the momentum centroids tol herefore, the extension of the measurements oétAal. [9]
PCI, we repeated the CTMC calculations applying a short{fo nonzero projectile scattering angles would also be a sig-
range model potential between the electron and the projectilgificant step to clarify the role of PCI in ionizing collisions.
ion as a function of the interaction length. By varying the
interaction length we could change the strength of PCI. We
observed only slight changes of the centroid values when the
interaction length varied between 5 a.u. and infinity. This This work was supported by the Hungarian Scientific
finding together with the analysis carried out within the first-Research FoundatiofOTKA, Grant No. T03183Band the
Born approximation applying target- and projectile-centeredNational Information Infrastructure PrografiIIF). L. G.
final continuum states indicate that the behavior of the mogratefully acknowledges the financial support of the Bolyai
mentum centroids as a function of the energy loss of thdResearch Foundation of the Hungarian Academy of
projectile is less affected by PCI, rather it is determined—Sciences.
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