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Ionization dynamics in fast ion-atom collisions. I. Energy and angular distributions
of low-energy electrons emitted in ionization of He by bare carbon ions
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We have studied the two-center effect~TCE! in ion-atom ionization by measuring the energy and angular
distributions of the double-differential cross sections~DDCSs! (d2s/d«dV) of the low-energy electrons
emitted in a collision of He atoms with 2.5 MeV/nucleon C61 ions. 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 such asds/dV andds/d« 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 paper@Lokesh 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.
@S1050-2947~98!04810-0#
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I. INTRODUCTION

Ionization is one of the most important reactions in hig
energy ion-atom collisions. The low-energy electrons
emitted with the largest probability. The measurements
these electrons’ cross sections differential in energy
emission angle could provide crucial information on ioniz
tion dynamics. The richness of the field originates from
possibility of studying the dynamics of an ionized or fr
~with momentum analyzed! electron in the presence of tw
moving sources of Coulomb potentials. The early measu
ments on the electron double-differential cross secti
~DDCSs! involve mostly the low-charged projectiles such
electrons, protons, and He ions@1–9#. There have only been
a few measurements on electron DDCSs using parti
stripped or bare ions@10–15#. The mechanism of ionization
by highly charged ions is not completely understood. T
electrons emitted in ionization are simultaneously influen
by the long-range Coulomb fields of the target and the p
jectile. Such two-center effects and the postcollision inter
tion play a major role in the case of ionization by high
charged ions. The energy and angular distributions of
electrons in highly charged ion induced ionization provide
fertile field to study the two-center effects.

The first Born approximation~B1! cannot describe the
two-center electron emission~TCEE! even at relatively high
projectile velocity. The theoretical method based on the c
tinuum distorted wave eikonal initial state~CDW-EIS! ap-
proximation has been developed@16# to explain the two-
center effect on electron emission. This method is first or
in the distorted wave series and is shown to be adequa
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describe the dynamics of the ionized electron in the co
bined Coulomb fields of the projectile and the target. T
model was extended to multielectronic targets by Fains
et al. @17,18#. In an independent-particle picture Roothia
Hartree-Fock@19# and screened H-like orbitals were applie
for the initial and final channels, respectively. Recently, t
model was further improved@20# by applying Hartree-Fock-
Slater~HFS! wave functions for the initial and final states o
the electron being ionized. So the method combines two
sic requirements necessary for an adequate descriptio
electron emission in ion-atom collisions: the two-center
fects and realistic~numerical! target wave functions. The lat
ter is important to account for electron ejection in the ba
ward directions@3,20#. A discrepancy between the DDC
data and CDW-EIS~H! approximation~H denotes a H-like
wave function in the initial state! has been observed@15# for
electrons emitted in backward directions in the ionization
molecular hydrogen by bare carbon ions. It is not cle
whether molecular effects may cause such a discrepa
Helium is the simplest two-electron atom used to study io
atom collisions. Stolterfohtet al. @14# have reported the elec
tron DDCS measurements in the ionization of He by diffe
ent high-energy~5 MeV/nucleon! bare ions. A discrepancy
between the CDW-EIS~HFS! prediction and the experimen
tal data remains for cross sections of low- as well as hi
energy electrons for different high-energy ions. Such m
surements for highly charged ions at lower energy
required for which the two-center effects are expected to
stronger. Fainsteinet al. @21# also have applied the CDW
EIS model to study the angular asymmetry of the low-ene
electrons and have found a large disagreement with the
of Suaŕez et al. @6# for p1Ne.

In the present paper we provide a stringent test for th
theoretical methods via the detailed measurements of the
ergy and angular distributions of the low-energy electro
3619 ©1998 The American Physical Society
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3620 PRA 58TRIBEDI, RICHARD, WANG, LIN, GULYAS, AND RUDD
~0.1–300 eV! emitted in the ionization of He bombarded b
bare carbon ions. The data are compared with the B1
CDW-EIS calculations using the H-like and HFS wave fun
tions. The forward-backward asymmetry also have b
studied by comparing the asymmetry parameter with B1
CDW-EIS calculations. For the present collision system
double ionization contributes only about 5%~see the follow-
ing paper, henceforth referred to as paper II, for referenc!
of the single-ionization cross section. Since the majority
the electrons are produced in single ionization, a three-b
kinematics has been used in paper II to derive the longitu
nal momentum distributions of the electrons, the recoil io
and the projectiles from the measured electron DDCSs.

II. EXPERIMENTAL DETAILS

The details of the experimental technique can be foun
Refs. @7,15#. The scattering chamber and the spectrome
were built at the University of Nebraska–Lincoln and mov
to Kansas State University~KSU!. In brief, bare C ions of
energy 2.5 MeV/nucleon were obtained from the tandem
de Graaff accelerator at KSU. A hemispherical electrost
analyzer was used and a small preacceleration voltage~5 V!
was applied on the front aperture at the entrance of the
lyzer in order to increase the collection efficiency of the lo
energy electrons. The energy-analyzed electrons were
tected by a channel electron multiplier~CEM! mounted on
the exit port or aperture of the analyzer. The cone of
CEM was biased at 100 V to help the low-energy electro
reach the detector.

The spectrometer could be rotated between 15° and 1
and the electrons were detected at 13 different angles:
30°, 45°, 60°, 75°, 80°, 85°, 90°, 95°, 105°, 120°, 135°, a
160°. At each angle the data were collected in very fi
energy steps for«e varying between 0.1 and 300 eV. Fo
each angle the spectrum was taken with and without ga
the chamber. The data without gas were used for backgro
subtraction. The chamber was flooded with He gas at a
pressure~0.1–0.15 mT! for the low-energy scan~0.1–50 eV!
in order to minimize the scattering of the low-energy ele
trons emitted in the ionization of the target. Higher-ener
~30–300 eV! scans were made at higher gas pressure~0.3–
0.45 mT!. The pressure dependence was also studied to
certain the region for single collision conditions. The da
were corrected to account for the loss due to the scatterin
low-energy electrons from the He gas, but the correct
factor was found to be less than 5%@22#.

To put the measured electron yields on an absolute sc
we measured at different angles the electron energy spec
from the ionization of He in a collision with 1.5-MeV pro
tons for which the cross section data are known@4#. From
these measurements the normalization factor was obtai
which was energy and angle independent within about 7
The statistical error was low (,5 – 10 %) except for the larg
est angles for which the cross sections are very low.
these angles (ue>120°) the statistical error was 5–15 %
The absolute errors in the cross sections that were typic
20–25 % between 5 and 100 eV resulted from the norm
ization procedure and the counting statistics. For elect
energies below 5 eV and above 100 eV the absolute er
could be as large as 30–50 %. The lowest-energy elect
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easily could be deflected by stray fields and may cause
ditional systematic errors. Extreme precautions were take
ensure the cleanliness inside the scattering chamber to
move any source of electrostatic fields. The magnetic fi
was reduced to about 5 mG or less by usingm-metal shield-
ing and an external coil. These were required to detect
lowest-energy electrons (,1 eV). Above 100 eV the cross
sections, being too small, had large statistical errors.

III. RESULTS AND DISCUSSION

A. Energy dependence at a fixed angle

In Figs. 1, 2, and 3 we display the electron DDCS sp
trum obtained for small forward angles (u<60°), forward
angles (75°<u<90°), and backward angles (95°<u
<160°), respectively. The measured DDCSs for vario
angles and for some selected energies are shown in Tab
A drop in the cross sections below 0.5 eV could be due to
residual stray fields. The binary encounter~BE! peaks are
also shown for 45°, 60°, and 75°. The dotted line represe

FIG. 1. ~a!–~d! Double-differential cross sections of electro
emission for four different angles, namely,u515°, 30°, 45°, and
60°. The CDW-EIS~HFS!, CDW-EIS~H! and B1 calculations are
shown by thick solid, thin solid, and dotted lines, respectively.
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PRA 58 3621IONIZATION DYNAMICS IN FAST . . . . I. . . .
the B1 calculation with the HFS wave function for th
ejected electron. The present calculations reproduce the
sults of the calculations in Ref.@3#. The calculations provide
in general, good agreement with the data below 10 eV.
higher energies (ee>10 eV) the agreement is poor for sma
forward angles (u<60°) and for all the backward angle
The theory seems to reproduce the data quite well in
whole energy range for angles between 60° and 90°.

The lowest-energy electrons are produced in a distan
soft collision and are too slow to follow the fast projectil
These soft electrons therefore would be less influenced
the projectile Coulomb field and hence their dynamics wo
be governed primarily by a one-center~target! Coulomb ion-
ization. Hence it is not surprising that the B1 which expla
the one-center emission quite well, gives good agreem
below 10 eV. The deviation of B1 calculations for the e
treme forward angles is caused by the postcollision inte
tion of the electrons with the projectile. These observatio
are consistent with the fact that the two-center mechanism
ionization and the postcollision effects, which are not
cluded in the B1 calculations, are more important in the c
of heavy-ion impact.

The CDW-EIS calculations with HFS@CDW-EIS~HFS!#
and H-like @CDW-EIS~H!# wave functions are shown b

FIG. 2. Same as in Fig. 1 except foru575°, 80°, 85°, and 90°.
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thick and thin solid lines, respectively. The CDW-EIS~H!
approximation provides good agreement with the data o
the whole energy range except for small forward anglesu
<45°) and large backward angles (u>120°). For example,
at 15° and 30° the theory@CDW-EIS~H!# falls slightly below
the data above 10 eV and underestimates the data throug
the whole energy range for 160°. It can be seen that
CDW-EIS calculations, using HFS wave functions to a lar
extent, reduce these discrepancies for both the forward
backward angles. In fact, the CDW-EIS~HFS! approximation
provides excellent agreement with the data over the en
energy range for all the angles except foru<45°, for which
the calculations fall about 30% below the data above 100
Between 45° and 120° the CDW-EIS~H! and CDW-
EIS~HFS! approximations give almost identical results a
provide an impressive agreement with the data over
whole energy range~0.5–300 eV!. Therefore, CDW-EIS~H!
calculations are not shown for 45°<u<90°. The two calcu-
lations differ for u<45° and cross over around 10 eV
whereas the CDW-EIS~H! result falls below the CDW-
EIS~HFS! result for large backward angles.

B. Angular distributions at a fixed energy

Although excellent agreement with the CDW-EIS~HFS!
and CDW-EIS~H! approximations is observed in the ener

FIG. 3. Same as in Fig. 1 except foru5105°, 120°, 135°, and
160°.
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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. Num
brackets denote multiplicative powers of 10.

« ~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 1.21 1.40
0.5 1.68 1.03 1.25 1.84 1.73 1.70 1.42 1.38 1.42 1.14 1.30 1.55
1 1.45 1.47 1.54 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 1.31 1.16 1.14 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 0.51 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 0.02
60 0.079 0.082 0.090 0.133 0.160 0.147 0.12 0.110 0.0346 0.0123 0.0102 0.00
75 0.050 0.052 0.060 0.091 0.119 0.109 0.087 0.075 0.0200 0.079 0.0054 0.00
90 0.033 0.0325 0.041 0.065 0.090 0.082 0.061 0.053 0.0125 0.0041 0.0030 0.00
120 0.017 0.0173 0.0220 0.040 0.062 0.053 0.042 0.030 0.0059 0.00162 0.00135 0.0
150 0.010 0.0113 0.0137 0.027 0.044 0.038 0.030 0.019 0.0027 0.00115 5.23@24# 4.76@24#

180 0.0063 0.00717 0.0085 0.0187 0.033 0.0280 0.0194 0.012 0.00133 3.94@24# 3.86@24# 3.60@24#

210 0.0043 0.0053 0.0072 0.0150 0.0307 0.0073 2.9@24# 2.95@24# 2.37@24# 1.83@24#

240 0.0031 0.00394 0.0051 0.0114 0.0244 0.0047 2.05@24# 2.05@24# 1.39@24# 1.07@24#

270 0.0022 0.00287 0.0038 0.0095 0.0201 0.0033 1.35@24# 1.35@24# 1.07@24# 9.13@24#

300 0.00164 0.00215 0.00307 0.0084 0.0167 0.0020 8.44@25# 8.44@25# 5.98@25# 1.03@25#
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dependence of the DDCS data, the comparison of the ang
distribution data with the calculations may provide a dee
insight. In Fig. 4 we show the angular distributions for fi
different electron energies. The distributions peak at 75°
all the energies.

For higher-energy electrons the distributions gradually
come more peaked around 75°. Similar observations
have been reported before. The difference in the shape o
distributions for low- and high-energy electrons has be
discussed in light of the binary nature of collisions@3#. The
distributions are asymmetric about the peak, i.e., the c
sections at forward angles are much larger than those
backward angles.

For the lowest energy~1 eV!, the B1 calculation agree
with the data for forward angles but is too high by abo
25% for the backward angles. The CDW-EIS~HFS! and
CDW-EIS~H! approximations overestimate the data~for 1
eV! by about 20% and 30%, respectively, for extreme f
ward angles. For the largest backward angle the CD
EIS~HFS! and CDW-EIS~H! approximations give too-low
cross sections compared to the data by about 30% and 4
respectively. These discrepancies are within the absolute
rors, yet could be indicative of the failure of the theory f
such low-energy electrons. The distribution at this energ
shifted slightly forward compared to the B1 prediction a
may imply the presence of a very weak two-center eff
even for soft collisions. Both of the CDW-EIS calculation
predict an even larger forward shifting (45°) of the distrib
tion that is not observed in the data. Since the shifting f
ward is indicative of the TCEE, it may be concluded that t
CDW-EIS approximation overpredicts the two-center effe
and the postcollision interactions for very soft collisions.
slightly higher energy~10 and 50 eV! the data show little
additional shifting compared to the B1 calculations. T
lar
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cross sections are enhanced in the forward direction and
pleted in the backward direction compared to the B1 pred
tions and may be explained as the deflection of the electr
in the forward direction due to the postcollision interacti
with the projectile. The CDW-EIS~H! approximation under-
estimates the data~by about 25–50 %! at these energies~10
and 50 eV! for both the extreme forward and large backwa
angles, whereas the CDW-EIS~HFS! approximation provides
almost perfect agreement with the data for all the angles.
the higher energies~150 and 300 eV! the sharp peak is re
produced by the B1 and both of the CDW-EIS theories.
large portion of the these high-energy~150 and 300 eV! elec-
trons that are emitted around 70°~i.e., at the peak of the
angular distribution! come from the binary encounter proce
@see the BE hump in Fig. 2~a!#, which is a pure two-body
process and hence the B1 also explains the data. Howe
the same energy electrons emitted in smaller ang
(u<60°) are separated from the BE peak@see Figs. 1~c! and
1~d!# and are mostly contributed to by the three-body ioniz
tion process. The CDW-EIS~H! calculations largely underes
timate the data for extreme forward and large backw
angles, but the CDW-EIS~HFS! calculation provides a much
better explanation of the data. Note that for large backw
angles the CDW-EIS~HFS! approximation underestimate
the data~at 300 eV!, but the B1 reproduces it quite wel
These observations are not understood and need to be st
in more detail.

C. Angular asymmetry

We express the angular distribution of the electrons em
ted into the solid angledV with energy«5k2/2 by the ex-
pression@21#
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S~u!5
d2s

d«dV
5( bL~k!PL~cosu!, ~1!

where PL is the Legendre polynomial. The asymmetry p
rameter is defined as

a~k!5
S~0!2S~p!

S~0!1S~p!
5

(
j

b2 j 11~k!

(
j

b2 j~k!

'
b1~k!

b0~k!1b2~k!
. ~2!

Although S~0! and S~p! were not measured, they could b
deduced by extrapolating the angular distributions since
distributions vary smoothly near 0° and 180°. It may be se
from Fig. 5 thata(k) is very small ('0.1) in the zero-
energy limit and increases with the electron energy. The
predicts the value ofa(k) lower than the data, while the
CDW-EIS~HFS! approximation is in much better agreeme
A large forward-backward asymmetry was observed
Suaréz et al. @6# for low-energy electrons emitted in 106-ke
p1Ne collisions and was interpreted as due to the tw

FIG. 4. Angular distribution of electrons for a fixed energy. T
thick solid, thin solid, and dotted lines represent the CD
EIS~HFS!, CDW-EIS~H!, and B1 calculations, respectively.
-

e
n

1

.
y

-

center electron~TCE!. However, there was a large discre
ancy between the observeda(k) values and the CDW-
EIS~HFS! calculations for«<10 eV. Fainsteinet al. @21#
have shown that apart from the TCE, the forward-backw
asymmetry can also result if the ionized electron moves i
non-Coulomb field, as in the case of any multielectron tar
~such as He, in the present case!. As a result, the B1 also
gives forward-backward asymmetry, i.e., nonzeroa, for «
→0. In the present case thea(k)’s from the B1 are very
small, which was not the case for 100-keVp1Ne @21# stud-
ied earlier. So for the present system the TCE is the m
important contributer to the angular asymmetry of the lo
energy electron emission. For higher electron energies«
>50 eV) the B1 and CDW-EIS~HFS! curves are parallel or
approach each other weakly with increasing energy and
may mean that the role of two-center effects is constan
decreases slightly with increasing electron energies.

D. Single-differential cross sections

The singly differential distributionsds/dV and ds/d«
were derived by performing numerical integration of the e
ergy or angular distributions of the DDCSs, respective
Figure 6 shows theds/d« as a function of« ~see also Table
II !. Excellent agreement between the data~circles! and both
of the CDW-EIS calculations throughout the whole ener
range is observed. Interestingly, there is no appreciable
ference between the CDW-EIS~HFS! and CDW-EIS~H! cal-
culations. This is because the forward and backward ang
where the largest discrepancies have been observed bet
the two calculations, are less important in the integra
cross sections. Overall agreement with the B1 calculatio
also good except below 10 eV, for which the theory over
timates the data by about 20–25 %. We have also sho
~square! similar data~taken from Ref.@15#! for the ionization
of H2 by the same projectile. The cross sections in the cas
H2 are larger compared to those for the He target as
pected, based on the binding-energy considerations. H
ever, the differences in the cross sections are large only
low-energy (,10 eV) electrons. Above 50 eV the cross se
tions for H2 and He are almost the same and imply tha
majority of the higher-energy electrons («>50 eV) may

-

FIG. 5. Forward-backward asymmetry parametera(k) as a
function of electron energy. The solid and dotted lines denote
CDW-EIS~HFS! and B1 calculations, respectively.
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3624 PRA 58TRIBEDI, RICHARD, WANG, LIN, GULYAS, AND RUDD
originate from violent, close collisions so that the emiss
probability is almost independent of the initial binding e
ergy. The angular distributions of the single differential cro
sections (ds/dV) are shown in Fig. 7~see Table III!. The
peak observed at 70° is consistent with the angular distr
tions of the DDCSs as discussed before. The B1 give
reasonable explanation of the data, although the CD
EIS~HFS! approximation provides better agreement. T
CDW-EIS~H! approximation underestimates the data at la
backward angles by about 25 to 40%. The two CDW-E
models start to differ above 105° and the difference beco
as large as 40% for 160°.

The total cross sections may be calculated by integra
the SDCSs in either Fig. 6 or 7. The results of these integ
tions were 323 Mb and 317 Mb, respectively, and are
electron energies between 0.1 and 300 eV and emis
angle between 15° and 160°. The CDW-EIS~HFS! approxi-
mation predicts 320 Mb for the same limits and hence is
excellent agreement with the data. The B1 gives 358 Mb
the integrated cross section. Inclusion of all the ang
(0° – 180°) and higher energies~0–5000 eV! increases the
CDW-EIS~HFS! value to 347 Mb.

TABLE II. Single-differential cross sections (ds/d«) for some
selected electron energies~«! in units of Mb/eV. Typical errors are
about 25% above 5 eV~see the text!.

« ds/d« « ds/d« « ds/d«

0.1 7.06 7 10.5 120 0.26
0.3 12.8 10 8.05 150 0.172
0.5 16.68 20 4.35 180 0.121
0.7 18.75 40 1.65 200 0.0944
1 18.64 50 1.2 250 0.068
3 13.76 80 0.53 270 0.0592
5 12.87 100 0.354 300 0.048

FIG. 6. Single-differential cross sections (ds/d«e) for C611He
~circles! as a function of electron energy. The squares represen
data for 2.5-MeV/nucleon C611H2 ~from Tribedi et al. @15#!. The
solid, dashed, and dotted lines represent the CDW-EIS~HFS!,
CDW-EIS~H!, and B1 calculations.
n
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E. Comparison between the DDCSs for He and H2

We show in Fig. 8 the ratio (R) of the DDCSs for the He
and H2 targets measured at 60°. The expected value ofR is
estimated to be approximately equal to 0.4~dashed line!
based on the fact that the DDCS is inversely proportiona
the square of the initial binding energy. The binding energ
for H2 and He targets are assumed to be those for the un
turbed states, i.e., 0.57 and 0.903 a.u., respectively. Inte
ingly, the observed ratio is not a constant but rather chan
drastically with the electron energy. It may be seen that
the lowest-energy electrons the experimental data fall n
the dotted line. This is consistent with the fact that t
lowest-energy electrons are mostly emitted in the distan
large impact parameter collisions in which case the ini
state of the target atom is not perturbed much and hence
assumption of the initial unperturbed binding energies ho
true. As the energy increases, the ratio increases to app
mately 2.5. For the binary encounter electrons the ratio
creases again. At the binary encounter the projectile suffe
close collision and a large amount of momentum is tra
ferred to the electron. Therefore, the cross section for e
tron emission at the BE peak is almost independent of
binding energy and the value ofR should be nearly one, a
can be seen from the data. Beyond the BE region the r
increases again. Such a structure is also reproduced by

TABLE III. Single-differential cross sections (ds/dV) for dif-
ferent angles~u! in units of Mb/sr. Typical errors are about 25%.

u 15° 30° 45° 60°

ds/dV 30.9 29.8 32.5 40.2
u 75° 80° 85° 90°

ds/dV 43.1 40.7 36.2 32.5
u 105° 120° 135° 160°

ds/dV 18.1 12.3 10.95 9.55

he

FIG. 7. Single-differential cross sections (ds/dVe) as a func-
tion of electron emission angle. The symbols have the same m
ing as in Fig. 6.
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CDW-EIS theory, although there are some differences.
these calculations the HFS and H-like wave functions w
used for He and H2, respectively. The two-center effect ca
not cause such a structure in the DDCS ratio since both
the targets are influenced in a similar way by the TCE. T
is also evident from the observation that the B1 reprodu
the structure inR quite well ~not shown!. The difference in
the initial state momentum distribution of the electrons
two different atoms is believed to be responsible for suc
structure. The electron-electron correlation may also pla
role.

FIG. 8. Ratio of the DDCS for He to that of H2 for u560°. The
solid line is the calculation using HFS wave functions for He a
H-like wave function for H2. For the dotted line, see the text.
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IV. CONCLUSIONS

We have measured the energy and angular distribution
the double differential cross sections of low-energy~0.1–300
eV! electron emission in ion-atom ionization for 2.5-MeV
nucleon C611He. A detailed comparison between th
DDCS for H2 and He is presented. The two-center effect h
been explored in detail. The CDW-EIS~HFS! approximation
provides excellent agreement with the data, although so
discrepancies exist. The CDW-EIS~H! approximation shows
several disagreements for large backward angles and ext
forward angles. However, both calculations are based on
independent electron approximation where the role
electron-electron interaction is neglected. It is not cle
whether the electron-electron interaction plays a role for
observed small discrepancy with the theory. The forwa
backward asymmetry parameters were deduced from the
served angular distributions for different electron energi
From a comparison with the CDW-EIS~HFS! and B1 calcu-
lations, it was concluded that, for the present system,
forward-backward asymmetry is mainly caused by the tw
center effect. The measurements of the projectile energy
pendence of the electron DDCS also should be addressed
work in this direction is in progress.
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