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We have studied the two-center effd@iCE) in ion-atom ionization by measuring the energy and angular
distributions of the double-differential cross sectidi3DCS9 (d?c/dedQ) of the low-energy electrons
emitted in a collision of He atoms with 2.5 MeV/nucleofi'dons. The electrons with energies between 0.1
and 300 eV were detected for 13 different emission angles between 15° and 160°. From the measured DDCSs
we have deduced the single differential cross sections sudlarai{) anddo/de and the total cross section.

The data have been compared with the continuum distorted wave eikonal initial state calculations with H-like
and Hartree-Fock-Slater wave functions for the initial and final state of the electron and first Born calculations.
The forward-backward asymmetry parameter also has been deduced to study the TCE in detail. In the follow-
ing paperLokesh C. Tribediet al, Phys. Rev. A58, 3626(1998] we have explored the collision dynamics

by deducing the momentum distributions of the electron, the recoil ion, and the projectile.
[S1050-294®@8)04810-0

PACS numbdps): 34.50.Fa

[. INTRODUCTION describe the dynamics of the ionized electron in the com-
bined Coulomb fields of the projectile and the target. The
lonization is one of the most important reactions in high-model was extended to multielectronic targets by Fainstein
energy ion-atom collisions. The low-energy electrons areet al. [17,18. In an independent-particle picture Roothian-
emitted with the largest probability. The measurements oHartree-FocK19] and screened H-like orbitals were applied
these electrons’ cross sections differential in energy andPr the initial and final channels, respectively. Recently, the
emission angle could provide crucial information on ioniza-model was further improvef20] by applying Hartree-Fock-

tion dynamics. The richness of the field originates from theSlater(HFS) wave functions for the initial and final states of
possibility of studying the dynamics of an ionized or free the electron being ionized. So the method combines two ba-

(with momentum analyzécelectron in the presence of two sic requirements necessary for an adequate description of

moving sources of Coulomb potentials. The early measure@lectron emission in ion-atom collisions: the two-center ef-

ments on the electron double-differential cross :section%emS and realistiénumerica) target wave functions. The lat-

(DDCSS involve mostly the low-charged projectiles such as er is important to account for electron ejection in the back-
. ward directions[3,20]. A discrepancy between the DDCS
electrons, protons, and He iofts—9]. There have only been

data and CDW-EI8H) approximation(H denotes a H-like

a few measurements on electron DDCSs using partially, . e function in the initial stajehas been observdds] for
stripped or bare iongl0—-13. The mechanism of ionization  g|ectrons emitted in backward directions in the ionization of

by highly charged ions is not completely understood. Thenglecular hydrogen by bare carbon ions. It is not clear
electrons emitted in ionization are simultaneously influencedyhether molecular effects may cause such a discrepancy.
by the long-range Coulomb fields of the target and the proyelium is the simplest two-electron atom used to study ion-
jectile. Such two-center effects and the postcollision interacatom collisions. Stolterfohet al.[14] have reported the elec-
tion play a major role in the case of ionization by highly tron DDCS measurements in the ionization of He by differ-
charged ions. The energy and angular distributions of thent high-energy5 MeV/nucleon bare ions. A discrepancy
electrons in highly charged ion induced ionization provide abetween the CDW-EIGIFS) prediction and the experimen-
fertile field to study the two-center effects. tal data remains for cross sections of low- as well as high-
The first Born approximatior{B1) cannot describe the energy electrons for different high-energy ions. Such mea-
two-center electron emissigifCEE) even at relatively high surements for highly charged ions at lower energy are
projectile velocity. The theoretical method based on the conrequired for which the two-center effects are expected to be
tinuum distorted wave eikonal initial stat€DW-EIS) ap-  stronger. Fainsteiet al. [21] also have applied the CDW-
proximation has been develop¢dl6] to explain the two- EIS model to study the angular asymmetry of the low-energy
center effect on electron emission. This method is first ordeelectrons and have found a large disagreement with the data
in the distorted wave series and is shown to be adequate tif Suaez et al. [6] for p+ Ne.
In the present paper we provide a stringent test for these
theoretical methods via the detailed measurements of the en-
*Electronic address: lokesh@tifrc3.tifr.res.in ergy and angular distributions of the low-energy electrons

1050-2947/98/58)/36197)/$15.00 PRA 58 3619 ©1998 The American Physical Society



3620 TRIBEDI, RICHARD, WANG, LIN, GULYAS, AND RUDD PRA 58

(0.1-300 eV emitted in the ionization of He bombarded by
bare carbon ions. The data are compared with the B1 and
CDW-EIS calculations using the H-like and HFS wave func-
tions. The forward-backward asymmetry also have been
studied by comparing the asymmetry parameter with B1 and
CDW-EIS calculations. For the present collision system the
double ionization contributes only about 5&ee the follow-

ing paper, henceforth referred to as paper Il, for references
of the single-ionization cross section. Since the majority of
the electrons are produced in single ionization, a three-body
kinematics has been used in paper Il to derive the longitudi-
nal momentum distributions of the electrons, the recoil ions,

and the projectiles from the measured electron DDCSs. =
2 10
Qo (b)
Il. EXPERIMENTAL DETAILS g 104 . . —
SRR 1 10 100
The details of the experimental technique can be found in BT ' N ' '
Refs.[7,15]. The scattering chamber and the spectrometer 8 1073 ? ' 45°
were built at the University of Nebraska—Lincoln and moved 10
to Kansas State UniversitkKSU). In brief, bare C ions of 107 ]
energy 2.5 MeV/nucleon were obtained from the tandem van BE
de Graaff accelerator at KSU. A hemispherical electrostatic 1074 3

analyzer was used and a small preacceleration volad®
was applied on the front aperture at the entrance of the ana-
lyzer in order to increase the collection efficiency of the low-
energy electrons. The energy-analyzed electrons were de-
tected by a channel electron multipli€€EM) mounted on
the exit port or aperture of the analyzer. The cone of the
CEM was biased at 100 V to help the low-energy electrons
reach the detector.

The spectrometer could be rotated between 15° and 160°
and the electrons were detected at 13 different angles: 15°, (d)
30°, 45°, 60°, 75°, 80°, 85°, 90°, 95°, 105°, 120°, 135°, and 10 1 10 100 1000
160°. At each angle the data were collected in very fine
energy steps foe, varying between 0.1 and 300 eV. For
each angle the spectrum was taken with and without gas in G, 1. (a)—(d) Double-differential cross sections of electron
the chamber. The data without gas were used for backgrounghission for four different angles, namelg=15°, 30°, 45°, and
subtraction. The chamber was flooded with He gas at a lovgo°. The CDW-EISHFS), CDW-EISH) and B1 calculations are
pressurg0.1-0.15 mY for the low-energy sca(0.1-50 €Y shown by thick solid, thin solid, and dotted lines, respectively.
in order to minimize the scattering of the low-energy elec-

trons emitted in the ionization of the target. Higher-energyeasny could be deflected by stray fields and may cause ad-
(30-300 eV scans were made at higher gas pres$0r8—  itional systematic errors. Extreme precautions were taken to
0.45 mT). The pressure dependence was also studied 10 agyhsyre the cleanliness inside the scattering chamber to re-
certain the region for single collision conditions. The datayoye any source of electrostatic fields. The magnetic field
were corrected to account for the loss due to the scattering Qfas reduced to about 5 mG or less by usingetal shield-
low-energy electrons from the He gas, but the correctionng and an external coil. These were required to detect the

factor was found to be less than E{,%Z]' lowest-energy electrons<(1 eV). Above 100 eV the cross
To put the measured electron yields on an absolute scalgg fions, being too small, had large statistical errors.
we measured at different angles the electron energy spectrum

from the ionization of He in a collision with 1.5-MeV pro-

tons for which the cross section data are kndwh From Ill. RESULTS AND DISCUSSION
these measurements the normalization factor was obtained,
which was energy and angle independent within about 7%.
The statistical error was low{5—10 %) except for the larg- In Figs. 1, 2, and 3 we display the electron DDCS spec-
est angles for which the cross sections are very low. Fotrum obtained for small forward angle®£60°), forward
these angles d.=120°) the statistical error was 5-15%. angles (75%60<90°), and backward angles (95%

The absolute errors in the cross sections that were typically=160°), respectively. The measured DDCSs for various
20-25% between 5 and 100 eV resulted from the normalangles and for some selected energies are shown in Table I.
ization procedure and the counting statistics. For electro drop in the cross sections below 0.5 eV could be due to the
energies below 5 eV and above 100 eV the absolute erroresidual stray fields. The binary encount®E) peaks are
could be as large as 30-50 %. The lowest-energy electroraso shown for 45°, 60°, and 75°. The dotted line represents

Energy (eV)

A. Energy dependence at a fixed angle
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FIG. 2. Same as in Fig. 1 except fé=75°, 80°, 85°, and 90°. ] ) o )
thick and thin solid lines, respectively. The CDW-Et5

. . . approximation provides good agreement with the data over
the tBé clalctulatlo_ln_hwnh the tHF|S \I/v?ve funct|0(;1 for tghe the whole energy range except for small forward angies (
€jécted electron. 1he present cajculations réproduce tne r%45°) and large backward angleg=%120°). For example,

sults of the calculations in Rdf3]. The calculations provide, o o X .
in general, good agreement with the data below 10 eV. Foat 15° and 30° the theofEDW-EIS(H)] falls slightly below

) ) . fhe data above 10 eV and underestimates the data throughout
higher energlesdezlooeV) the agreement is poor for small the whole energy range for 160°. It can be seen that the
fﬁ:wa:]d angles ¢=60°) anddfor alL th(ej backvyard aﬂg.les'hCDW-EIS calculations, using HFS wave functions to a large

e theory seems to reproduce the data :]wte weo n t Bxtent, reduce these discrepancies for both the forward and
whole energy range for angles between 60 and 90.' backward angles. In fact, the CDW-EKS) approximation

The Ipyvest-energy electrons are produced in a d!stant 0|5rovides excellent agreement with the data over the entire
soft collision and are too slow to follow the fast projectile. energy range for all the angles except f5€45°, for which
These soft electrons therefore would be less influenced b e calculations fall about 30% below the data’above 100 eV
the projectile Cpulomb field and hence their dynamic_s woul etween 45° and 120° the CDW-HI) and CDW- '
.be governed pf.'”?a”'y by a qn_e-cen(mrget Coulc_)mb lon-. EIS(HFS approximations give almost identical results and
ization. Hence it is not surprising that the B1 which explains rovide an impressive agreement with the data over the
the one-center emission quite well, gives good agreemerﬁvhole energy rangé0.5-300 eV. Therefore, CDW-EIGH)
below 10 eV. The deviation of B1 calculations for the ex- calculations are not éhown for A@psgm 'I:he two calcu-
treme forward angles is caused by the postcollision imeracl'ations differ for 6<45° and cross ovér around 10 eV
tion of the electrons with the projectile. These observation hereas the CDW-EIB)) result falls below the CDW- ’
are consistent with the fact that the two-center mechanism IS(HFS) result for large backward angles
ionization and the postcollision effects, which are not in- '
cluded in the B1 calculations, are more important in the case
of heavy-ion impact.

The CDW-EIS calculations with HFECDW-EISHFS)] Although excellent agreement with the CDW-BHES)
and H-like [CDW-EISH)] wave functions are shown by and CDW-EISH) approximations is observed in the energy

B. Angular distributions at a fixed energy
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TABLE I. Measured double-differential cross sections in units of Mb/eV sr for different angles. For errors see the text. Numbers in
brackets denote multiplicative powers of 10.

e (eV) 15° 30° 45° 60° 75° 80° 85° 90° 105° 120° 135° 160°
0.1 1.07 0.47 0.51 0.80 0.76 0.70 0.64 0.58 0.30 0.45 0.68 .68
0.3 1.69 0.97 0.95 1.22 1.26 1.25 1.25 1.23 0.66 0.80 121 1.40
0.5 1.68 1.03 1.25 1.84 1.73 1.70 1.42 1.38 1.42 114 1.30 1.55

1 1.45 1.47 154 1.82 1.98 1.90 1.82 1.80 1.47 1.37 1.25 1.20
3 1.40 1.17 1.19 1.54 1.54 1.41 1.38 1.28 1.16 0.87 0.82 0.55
7 0.96 1.09 1.16 1.35 131 1.16 114 1.06 0.70 0.52 0.46 0.41
11 0.87 0.88 0.92 1.02 1.00 0.82 0.77 0.693 0.1 0.333 0.29 0.265
21 0.43 0.48 0.47 0.58 0.50 0.50 0.42 0.42 0.227 0.136 0.116 0.103
30 0.25 0.27 0.300 0.361 0.39 0.34 0.29 0.28 0.143 0.079 0.62 0.58
45 0.13 0.15 0.158 0.200 0.235 0.21 0.18 0.166  0.067 0.0306 0.0225 0.020

60 0.079 0.082 0.090 0.133 0.160 0.147 0.12 0.110  0.0346 0.0123 0.0102 0.0098
75 0.050 0.052 0.060 0.091 0.119 0.109 0.087 0.075 0.0200 0.079 0.0054 0.0054
90 0.033 0.0325 0.041 0.065 0.090 0.082 0.061 0.053 0.0125 0.0041 0.0030 0.00316
120  0.017 0.0173 0.0220 0.040 0.062 0.053 0.042 0.030 0.0059 0.00162 0.00135 0.00121
150 0.010 0.0113 0.0137 0.027 0.044 0.038 0.030 0.019 0.0027 0.00115 [—8]234.76 4]

180 0.0063 0.00717 0.0085 0.0187 0.033 0.0280 0.0194 0.012 0.00133 [—3]943.8d—-4] 3.60—4]

210 0.0043 0.0053 0.0072 0.0150 0.0307 0.0073 [-49 2.95-4] 2.37-4] 1.83—4]
240  0.0031 0.00394 0.0051 0.0114 0.0244 0.0047 [2@F 2.09-4] 1.39-4] 1.07-4]
270  0.0022 0.00287 0.0038 0.0095 0.0201 0.0033 [+8F 1.39-4] 1.01-4] 9.13-4]
300 0.00164 0.00215 0.00307 0.0084 0.0167 0.0020 [884 8.44-5] 5.99-5] 1.03-5]

dependence of the DDCS data, the comparison of the angulaross sections are enhanced in the forward direction and de-
distribution data with the calculations may provide a deepepleted in the backward direction compared to the B1 predic-
insight. In Fig. 4 we show the angular distributions for five tions and may be explained as the deflection of the electrons
different electron energies. The distributions peak at 75° foin the forward direction due to the postcollision interaction
all the energies. S with the projectile. The CDW-EI&{) approximation under-

For higher-energy electrons the dl_str_lbutlons grad_ually beestimates the datéy about 25—50 Yat these energied0
come more peaked around 75°. Similar observations alsgnd 50 eV for both the extreme forward and large backward
have been reported before. The difference in the shape of thg,gjes, whereas the CDW-EISFS) approximation provides
distributions for low- and high-energy electrons has beenymost perfect agreement with the data for all the angles. For
discussed in light of the binary nature of collisiof®. The o higher energie€l50 and 300 eYthe sharp peak is re-
distributions are asymmetric about the peak, i.e., the cross. q,ced by the B1 and both of the CDW-EIS theories. A
sections at forward angles are much larger than those f Brge portion of the these high-energ60 and 300 eYelec-
backwa;]d :Tngles. h lculati trons that are emitted around 7@e., at the peak of the

. For the lowest energyl eV), the Bl. calculation agrees angular distributioncome from the binary encounter process

with the data for forward angles but is too high by about[see the BE hump in Fig.(8], which is a pure two-body

25% for the backward angles. The CDW'ﬁS)f and  hrocess and hence the B1 also explains the data. However,
CDW-EIS(H) approximations overestimate the dafar 1 the same energy electrons emitted in smaller angles

eV) by about 20% and 30%, respectively, for extreme for- 9<60° ted f the BE ke Fi d
ward angles. For the largest backward angle the CDW( ) are separated from the paake Figs. &) an

e ) 1(d)] and are mostly contributed to by the three-body ioniza-
EISHFS) and CDW-EISH) approximations give otoo—low Jion process. The CDW-E[8I) calculations largely underes-
cross sections compared to the data by about 30% and 40 fimate the data for extreme forward and large backward
respectively. These discrepancies are within the absolute eé'ngles but the CDW-EISIFS) calculation provides a much
rors, yet could be indicative of th? fe_lilur_e of the.theory fO( better éxplanation of the data. Note that for large backward
such low-energy electrons. The distribution at this energy is,\gjes the CDW-EIGFS) approximation underestimates
shlfte_d slightly forward compared to the B1 prediction and,[he data(at 300 eV, but the B1 reproduces it quite well,
may imply the presence of a very weak two-center ?ﬁecﬁ'hese observations are not understood and need to be studied
even for soft collisions. Both of the CDW-EIS calculations in more detail
predict an even larger forward shifting (45°) of the distribu- '
tion that is not observed in the data. Since the shifting for-
ward is indicative of the TCEE, it may be concluded that the C. Angular asymmetry
CDW-EIS approximation overpredicts the two-center effects
and the postcollision interactions for very soft collisions. At We express the angular distribution of the electrons emit-
slightly higher energy(10 and 50 eV the data show little ted into the solid anglelQ) with energye =k?/2 by the ex-
additional shifting compared to the B1 calculations. Thepression21]
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FIG. 5. Forward-backward asymmetry parametgk) as a
function of electron energy. The solid and dotted lines denote the
CDW-EISHFS) and B1 calculations, respectively.

DDCS (Mb/eV-sr)

center electroTCE). However, there was a large discrep-
ancy between the observed(k) values and the CDW-
EIS(HFS calculations fore<10 eV. Fainsteinet al. [21]
have shown that apart from the TCE, the forward-backward
asymmetry can also result if the ionized electron moves in a
non-Coulomb field, as in the case of any multielectron target
(such as He, in the present casAs a result, the Bl also
gives forward-backward asymmetry, i.e., nonzerofor
—0. In the present case the(k)’s from the B1 are very
small, which was not the case for 100-k@w Ne [21] stud-
ied earlier. So for the present system the TCE is the most
important contributer to the angular asymmetry of the low-
0 15 30 45 60 75 90 105120135150165180 energy electron emission. For higher electron energies (
Angle (degree) =50 eV) the B1 and CDW-EI&IFS) curves are parallel or
approach each other weakly with increasing energy and this
FIG. 4. Angular distribution of electrons for a fixed energy. The may mean that the role of two-center effects is constant or

thick solid, thin solid, and dotted lines represent the CDW-decreases slightly with increasing electron energies.
EIS(HFS), CDW-EISH), and B1 calculations, respectively.

D. Single-differential cross sections

d?o The singly differential distributionslo/d() and do/de

S(0)= mZE BL(K)P(cos b), (1) were derived by performing numerical integration of the en-
ergy or angular distributions of the DDCSs, respectively.
where PL is the Legendre p0|yn0mia|_ The asymmetry pa_FigUre 6 shows thdo/de as a function ok (See also Table
rameter is defined as II). Excellent agreement between the datiacles and both
of the CDW-EIS calculations throughout the whole energy
range is observed. Interestingly, there is no appreciable dif-

> Bajea(k) ference between the CDW-HISFS) and CDW-EISH) cal-
S(0)—S(m) 7] B1(K) : o
a(k)= = ~ ) culations. This is because the forward and backward angles,
S(0) +S(m) 2 Bai(K) Bo(K) + Ba(k) where the largest discrepancies have been observed between
. j
j

the two calculations, are less important in the integrated

cross sections. Overall agreement with the B1 calculation is
Although S0) and ) were not measured, they could be also good except below 10 eV, for which the theory overes-
deduced by extrapolating the angular distributions since thémates the data by about 20—25%. We have also shown
distributions vary smoothly near 0° and 180°. It may be seerfsquare similar data(taken from Ref[15]) for the ionization
from Fig. 5 thata(k) is very small &0.1) in the zero- of H, by the same projectile. The cross sections in the case of
energy limit and increases with the electron energy. The BH, are larger compared to those for the He target as ex-
predicts the value of(k) lower than the data, while the pected, based on the binding-energy considerations. How-
CDW-EISHFS) approximation is in much better agreement. ever, the differences in the cross sections are large only for
A large forward-backward asymmetry was observed bylow-energy <10 eV) electrons. Above 50 eV the cross sec-
Suare et al.[6] for low-energy electrons emitted in 106-keV tions for H, and He are almost the same and imply that a
p+Ne collisions and was interpreted as due to the two-majority of the higher-energy electrong*50 eV) may
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FIG. 7. Single-differential cross sectiond(/d().) as a func-

FIG. 6. Single-differential cross sectiongd/de,) for C°"+He . .
. . tion of electron emission angle. The symbols have the same mean-
(circles as a function of electron energy. The squares represent the

data for 2.5-MeV/nucleon € +H, (from Tribediet al.[15]). The "9 3 In Fig- 6.
solid, dashed, and dotted lines represent the CDWHHS),
CDW-EIS(H), and B1 calculations. E. Comparison between the DDCSs for He and K

originate from violent, close collisions so that the emission (\jNe sthowtln Fig. 8 thz ratt|gcl}? onr:he DDCtSs(,jfor Ithae _(I;e
probability is almost independent of the initial binding en- and H targets measure  a - 'he expected value
estimated to be approximately equal to Gdhshed ling

ergy. The angular distributions of the single differential cross, T .
sections @o/dQ) are shown in Fig. Tsee Table Il The based on the fact that the DDCS is inversely proportional to

peak observed at 70° is consistent with the angular distribut-he square of the initial binding energy. The binding energies

tions of the DDCSs as discussed before. The Bl gives Lor Hz and He targets are assumed to be those _for the unper-
reasonable explanation of the data, although the CD fgurbed states, i.e., 0.57 and 0.903 a.u., respectively. Interest-

EIS(HFS) approximation provides better agreement. The:;]glyt'_ thﬁ Obi(:]r\t/ﬁd r?t'ot IS notaconlsttant blét rather ct:r?atn?es
CDW-EIS(H) approximation underestimates the data at IargethrasI ca th' € elect ron et?]ergy. may tel Zefnf I? or
backward angles by about 25 to 40%. The two CDW-EIS € lowest-energy electrons the expenmental data fall near

e dotted line. This is consistent with the fact that the

models start to differ above 105° and the difference become . . .
owest-energy electrons are mostly emitted in the distant or

0 o
as large as 40% for 160°. large impact parameter collisions in which case the initial

The total cross sections may be calculated by mtegratm%tate of the target atom is not perturbed much and hence the

the SDCSs in either Fig. 6 or 7. The results of these integra- . . - .
tions were 323 Mb and 317 Mb, respectively, and are forassumptlon of the |n_|t|al unperturbed pm_dmg energies holds_
electron energies between 0.1 and 300 eV and emissiolive- As the energy increases, the ratio increases to approxi-

arge betveen 15° and 160" The COW-BIES appro. 212 2.5 For e bny encounter cectons et e
mation predicts 320 Mb for the same limits and hence is in gain. y Pro)

excellent agreement with the data. The B1 gives 358 Mb aglose collision and a large amount of momentgm IS trans-
: . : erred to the electron. Therefore, the cross section for elec-
the integrated cross section. Inclusion of all the angle

(0°-180°) and higher energi¢6—5000 eV increases the %ron emission at the BE peak is almost independent of the
CDW-EISHFS) value to 347 Mb binding energy and the value & should be nearly one, as
' can be seen from the data. Beyond the BE region the ratio

) _ _ _ increases again. Such a structure is also reproduced by the
TABLE II. Single-differential cross sectiongi¢/de) for some

selected electron energiés in units of Mb/eV. Typical errors are
about 25% above 5 eYsee the tejt

TABLE lll. Single-differential cross sectionglg/dQ) for dif-

& do/de & do/de & do/de ferent angleg6) in units of Mb/sr. Typical errors are about 25%.
0.1 7.06 7 10.5 120 026 - - - -

0.3 12.8 10 8.05 150 0.172 o 15 30 45 iy

0.5 16.68 20 4.35 180 0.121 do/dQ 30.9 29.8 325 40.2
0.7 18.75 40 1.65 200 0.0944 6 75° 80° 85° 90°

1 18.64 50 1.2 250 0.068 do/dQ 43.1 40.7 36.2 325

3 13.76 80 0.53 270 0.0592 6 105° 120° 135° 160°

5 12.87 100 0.354 300 0.048 do/dQ 18.1 12.3 10.95 9.55
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10 T T T IV. CONCLUSIONS

DDCS Ratio 60° We have measured the energy and angular distributions of
the double differential cross sections of low-enef@yL.—300
eV) electron emission in ion-atom ionization for 2.5-MeV/
nucleon ¢*+He. A detailed comparison between the
DDCS for H, and He is presented. The two-center effect has
been explored in detail. The CDW-EISFS) approximation
provides excellent agreement with the data, although some
discrepancies exist. The CDW-EFp) approximation shows
1 10 100 1000 several disagreements for large backward angles and extreme
Energy (eV) forward angles. However, both calculations are based on the
independent electron approximation where the role of
FIG. 8. Ratio of the DDCS for He to that oftor §=60°. The  glectron-electron interaction is neglected. It is not clear
solid line is the calculation using HFS wave functions for He and\yhether the electron-electron interaction plays a role for the
H-like wave function for H. For the dotted line, see the text. observed small discrepancy with the theory. The forward-
backward asymmetry parameters were deduced from the ob-
served angular distributions for different electron energies.

CDW-EIS theory, although there are some differences. F{rom a comparison with the CDW-EISFS) and B1 calcu-

these calculations the HFS and H-like wave functions wer ationsa g WES cgncluded thati for t'hle presen; SyStﬁm’ the
used for He and K respectively. The two-center effect can- orward-backward asymmetry is mainly caused by the two-

not cause such a structure in the DDCS ratio since both of€Nter effect. The measurements of the projectile energy de-
the targets are influenced in a similar way by the TCE Thigoendence of the electron DDCS also should be addressed and

is also evident from the observation that the B1 reproduce©rk in this direction is in progress.

the §trL_|cture iR quite well (no_t s_hovx_n). The difference in _ ACKNOWLEDGMENT
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