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An approach has been proposed and developed to study the positronium(Ps) formation cross sections in the
ground and excitedn=2 levels for the exothermic reaction in a positron-negative hydrogen-ionsH−d collision
in the framework of Coulomb distorted eikonal approximation. Both the differential cross sections(DCS) as
well as integrated cross sections[partial total cross sections(TCS)] have been investigated for the 1s, 2s, and
2p states in a broad energy range, e.g., 1–200 eV. For lower incident energy, the Ps formation in the 2p state
is found to dominate over the 1s and 2s states while for the higher incident energy, the formation to ground
states1sd dominates the other two states. Present results have been compared with other existing theoretical
results where available in the absence of any experimental data. Both the DCS and the partial TCS results are
found to agree quite satisfactorily with the coupled pseudostate results of McAlindenet al. [Phys. Rev. A65,
032715(2002)] in the low-energy range 1–10 eV. At higher incident energies, the present results are always
lower than the Coulomb Born and orthogonalized Coulomb Born results of Basu Choudhuryet al. [Phys. Rev.
A 33, 2358(1986)] and Stratonet al. [Phys. Rev. A44, 7335(1991)], respectively. The present DCSs1s,2sd
exhibits double peak structure at high incident energy that could be attributed to higher-order effects. The
signature of the present double peak structure which is totally absent in the Coulomb Born approximation or in
the orthogonalized Coulomb Born approximation becomes more prominent with increasing incident energy.
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I. INTRODUCTION

The increasing advancement in the detection techniques
as well as in the availability of intense monoenergetic posi-
tron beams have made it possible to perform much more
sophisticated experiments in positron-atom scattering. Of
late, the emphasis on the experimental determinations of to-
tal cross sections for the scattering of positrons by different
gas targets has shifted to the measurement of partial cross
sections [1–6] for the various inelastic channels, among
which the positronium(Ps) formation capture channel is of
utmost importance[7–9]. These measurements have stimu-
lated much theoretical investigations[7–23] for this particu-
lar rearrangement process using different gas targets.

The importance of the process of Ps formation in ground
or excited states in positron- negative hydrogen-ionsH−d col-
lisions has already been emphasized in the earlier theoretical
works [21–23] on this process, particularly in the field of
astrophysics, since the concentration of the H− ion in the
transition regions of planetary nebulae[22] is supposed to be
quite large for the Ps formation reactions thereby making
significant contributions in understanding the detected fea-
ture of the spectrum of the electron positron annihilation
radiation observed to be coming from the direction of the
galactic center and also from solar flares[7].

Since the ionization potential of the H− ion is much less
than the binding energy of the ground and the few excited
states of positronium, the Ps formation channel is open even
at zero positron energy for these states, i.e., the reaction is
exothermic. This gives added incentive for the study of such
process theoretically. Regarding experimental situation, to
our knowledge, there is no measurement for the Ps formation
with H− ionic target as yet, though the breakthrough in the

study of electron-negative ion scattering indicates[24] the
bright future for the corresponding measurements for posi-
tron impact.

As regards other theoretical works on this particular pro-
cess, to our knowledge, two perturbative calculations in the
Coulomb Born approximation(CBA) and in the orthogonal-
ized Coulomb Born approximation(OCBA) due to Basu
Choudhuryet al. [23] and Stratonet al. [22], respectively,
exist in the literature, the other one is due to McAlindenet
al. [21] who studied the process in the framework of coupled
pseudostate approach(CPA), using 19 Ps pseudostates cen-
tered on the positron. Nevertheless, the latter calculations
concentrate on the low incident(positron) energy only.

The present theoretical work deals with the study of the
differential as well as total Ps formation cross sections for
capture to ground and exciteds2s,2pd states ine+-H− ion
collisions. The present calculations have been performed in
the framework of Coulomb distorted eikonal approximation
(CDEA) that takes account of higher-order effects which is
essential for a rearrangement process especially at high inci-
dent energies where the first Born approximation is not sup-
posed to be adequate. Further, for an ionic target, as happens
to be the present case, the long-range Coulomb interaction
between the projectile and the target ion in the initial channel
must be taken into account in order to have a reasonable
estimate for the capture cross sections.

Expecting that the major contribution to excited state cap-
ture comes from then=2 level at higher incident energies,
the main emphasis is given on the calculation of Ps forma-
tion to the ground and excitedn=2 levels2s,2pd only, in the
present work. Further, assuming that the formation cross sec-
tion falls off asn−3 at intermediate and high incident ener-
gies; the present calculation also allows the prediction of an
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estimate of the total Ps formation cross sections in these
energy regimes. Since the electron affinity of the H− ion is
less than the binding energy of the first few excited states of
the Ps atom, we present our results starting from the incident
energy 1 eV onwards for ground or excited states2s,2pd
capture. The present results have been compared with the
existing theoretical results(where available), in the absence
of any experimental data. In the present work we have used
atomic units(a.u.) throughout except for the integral cross
sections which will be expressed in the unit ofpa0

2.

II. THEORY

The expressions for the post and the prior forms of the
amplitude for Ps formation in the processe++H−

→ se+eds1s,2s,2pd+Hs1sd are given as

Tif
post= kc fuVfuCi

+l, s1ad

Tif
prior = kC f

−uViucil, s1bd

whereVi andVf are the perturbations in the initial and final
channels, respectively. In Eqs.(1a) and(1b) Ci

+ or C f
− is an

exact solution of the four body problem satisfying the out-
going or incoming wave boundary condition, respectively. In
the present work we have chosen the post form(1a) since for
such rearrangement processes the post form of the amplitude
might be more appropriate than the prior form[25]. Thus in
the present case,Ci

+ satisfies the equation

sH − EdCi
+ = 0, s2d

where the total Hamiltonian of the presente+−H− ion system
is written as

H = H0 +
Zt

r1
−

Zt

r2
−

Zt

r3
−

1

r12
−

1

r13
+

1

r23
, s3d

Zts=1d being the charge of the target nucleus.rW1, rW2, and rW3

are the position vectors of the incoming positron “1” and the
two bound electrons “2” and “3”, respectively, with respect
to the target nucleus;rW12=rW1−rW2, rW13=rW1−rW3, rW23=rW2−rW3. The
full kinetic-energy operatorH0 in Eq. (3) is given by

H0 = − 1
2¹1

2 − 1
2¹2

2 − 1
2¹3

2. s4d

The binding energy relation for the process is given as,
1
2Ki

2+«h−=sKps
2 /2d+«ps+«h; Ki being the initial momentum

of the incident positron,«h− is the binding energy, andfi is
the ground-state wave function of the negative hydrogen ion;
Kps being the final momentum of the positronium atom and
«ps and «h are the binding energies of the final Ps and H
atoms, respectively.

The asymptotic initial channel wave functionci of the
e+-H− ion system satisfies the following Schrodinger equa-
tion:

FH0 −
Zt

r2
−

Zt

r3
+

1

r23
+

1

r1
Gci = E0ci , s5d

where the solutionci of Eq. (5) is the product of the screened
Coulomb wave function[26] and the bound-state wave func-
tion of the H− ion, i.e.,

cisrW1d = s2pd−3/2expSpai

2
DGs1 − iaid

3expsiKW i · rW1d1F1fiai,1;isKir1 − KW i · rW1dgfisrW2,rW3d,

s6d

whereai =−1/Ki. The ground-state wave function of the H−

ion is given by Chandrasekhar[27] as

fisrW2,rW3d =
1

4p
Nse−ar1e−br2 + e−br1e−ar2d, s7d

with N=0.3948,a=1.039 25, andb=0.283 09. The ground-
state energy of the H− ion for this wave function[27] is E
=−0.513 a.u.

The exact initial-state wave functionCi
+ occurring in Eq.

(1a) has been approximated in the framework of eikonal ap-
proximation as

Ci
+ = ciexpFihiE

−`

z1 S 1

r1
−

1

r12
DGdz18, s8d

with hi =1/Ki. The integration variablez18 in Eq. (8) is thez
component of the vectorrW1. To evaluate the phase integral
occurring in Eq.(8), we choose the polar axis in the direction

of KW i and the result is

Ci
+ = cisrW1dsr1 − z1dihisr12 − z12d−ihi . s9d

In constructing the initial channel wave functionCi
+ in Eq.

(1a), an assumption is made(for the sake of simplicity) that
the incident positron is distorted only by the active electron 2
to be captured, while the role of the passive electron 3 is only
to screen the nucleus by its negative charge cloud, thereby
reducing the four-body problem to a three-body one in the
final channel. This approximation should be quite legitimate
for intermediate and high incident positron energies. The
final-state wave functionc f in Eq. (1a) is chosen as

c f = eiKW f·S
W
fpsfh, s10d

where KW f is the final momentum of the Ps atom;SW =srW1

+rW2d /2; fps andfh are the bound-state wave functions of the
Ps and H atom, respectively. In view of Eqs.(1a), (3), and
(10), the post form of the interactionVf in Eq. (1a) given as

Vf =
Zt

r1
−

Zt

r2
−

1

r13
+

1

r23
. s11d

Thus in the framework of Coulomb distorted eikonal ap-
proximation, the expression forTif

post in Eq. (1a) takes the
form
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Tif < −
m f

2p
C1E e−iKW f·S

W
exps− lPsurW1 − rW2udexps− lHr3d

3VffH−srW2,rW3dexpsiKW i · rW1d1F1„iai,1;isKir1 − KW i · rW1d…

3sr1 − z1dihisr12 − z12d−ihidrW1drW2drW3, s12d

whereC1 involves the normalization constants for the bound
and continuum states occurring in Eq.(12); m f is the three-
body reduced mass in the final channel.

Finally, the TDCS for the Ps formation process of a nega-
tive hydrogen ion is given by

ds

dV
=

v f

vi
uTif u2. s13d

The total cross sections is obtained by integrating Eq.(13)
over the solid angle of the Ps atom, i.e.,

s = 2p
v f

vi
E

0

p ds

dV
sin u du, s14d

wherevi and v f are the initial and final velocities of thee+

and Ps, respectively.
To evaluate the transition amplitude in Eq.(12) we use the

following contour integral representations of the confluent
hypergeometric function as well as the eikonal phase factors
occurring in Eq.(12). The confluent hypergeometric func-
tion:

1F1sia,1,zd =
1

2pi
E

G1

s0+,1+d
psa,tdexpsztddt, s15d

with psa ,td= t−1+iast−1d−ia, G1 is a closed contour encircling
the two points 0 and 1 once anticlockwise. At the point
where the contour crosses the real axis to the right-hand side
of 1, arg “t” and arg “st−1d” are both zero[28]. The eikonal
phase factor is of the form

y±sh−md =
s− 1dm+1

2i sins7pihdGs7 ih ± md

3E
c

s− ld7ih±m−1expslyddl, s16ad

where the contourc has a branch cut from 0 tò. To obtain
this we have made use of the contour integral representation
of the complexG function [29].

Gsxd = −
1

2i sinspxd
E

c
s− t8dx−1exps− t8ddt8. s16bd

In view of the above two integral representations and carry-
ing out the space integrations in Eq.(12), we arrive at a basic
integral of the type(apart from the constants)

I0 < E
c1

E
c2

E
Gi

f1sl1,h1df2sl2,h2d

3
psai,tid

sq2 + l2dssuqW − qW1ud2 + m1
2dsuqW − qW2u2 + m2

2d
dqWdl1dl2dti ,

s17d

with f1sl1,hid=s−l1d−ihi−1; f2sl2,hid=s−l2dihi−1;
qW1,qW2,m1,m2 are functions of the initial and final momenta

sKW i ,KW fd, the initial and final bound state parameters
sa ,b ,lps,lhd as well as the integration variablesl1,l2, and
ti. The actual integral occurring in Eq.(12) may be generated
from I0 by suitable parametric differentiations. TheqW integral
in Eq. (17) was performed analytically by Lewis[30] to ob-
tain

J0 =
p2

Îb82 − a8g8
lnFb8 + Îb82 − a8g8

b8 − Îb82 − a8g8
G , s18d

with

b8 = lfuqW1 − qW2u2 + sm1 + m2d2g + m2sl2 + q1
2 + m1

2d

+ m1sl2 + q2
2 + m2

2d

and

a8g8 = fuqW1 − qW2u2 + sm1 + m2d2g 3 fq1
2 + sl + m1d2g

3 fq2
2 + sl + m2d2g. s19d

The functionJ0 in Eq. (18) involves a logarithmic branch cut
[13] and hence in order to avoid complexity in mathematical
evaluation, we use the following integral representation[31]
for the functionJ0:

J0 = 2p2E
0

` dx

a8x2 + 2b8x + g8
, s20d

where the producta8g8 has been split in such a manner that
botha8 andg8 are individual linear functions of the integra-
tion variablesl1 and l2. By virtue of this choice we can
performl1 andl2 integrations analytically. In view of Eqs.
(17) and (20), we arrive at the following type of integral:

J0 =E
0

` E
c1

fsl1,hidfsl2,hid
sA + Bl1 + Cl2 + Dl1l2d

dxdl1dl2, s21d

where the contourc1 refers to the same as that in Eq.(16a).
The l1,l2 integrations in Eq.(21) have now been per-

formed analytically by the use of residue calculation tech-
niques to obtain finally

I0sti,vd < − 4p2 1

2pi
E

c
E

0

` 1

A
FB

A
G ihiFC

A
G−ihi

32F1s− ihi,ihi,1,z8ddx, s22d

where z8=1−sAD/BCd; 2F1 denotes the hypergeometric
function with argumentz8. We are thus finally left with a
two-dimensional integral overx andti. The complex integra-
tion over ti has been converted to a real one-dimensional
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integral [32] over the range 0 to 1 and the final two-
dimensional integral in the transition matrix element[Eq.
(1a)] is then evaluated numerically using Gaussian quadra-
ture methods[31].

III. RESULTS AND DISCUSSIONS

We have computed the Ps formation cross sections, both
differential and total, for the processe++H−s1sd
→ se+eds1s,2s,2pd+Hs1sd in the framework of CDEA.

Figures 1–3 exhibit the present differential cross sections
(DCS) in the ground and exciteds2s,2pd states for incident
positron energiessEid 5 eV, 10 eV, and 25 eV, respectively.

Figure 1 reveals that the Ps formation in all the states 1s,
2s, 2p is strongly favored in the forward direction. The DCS
curve for the 1s state (solid) in Fig. 1 shows two distinct
minima separated by a broad distinct peak at an angle<85°.
For the 2s state(dashed), on the other hand, the DCS curve
shows a very sharp single minimum at<45° followed by a
shoulderlike structure, while for the 2p state, instead of a
distinct minimum, only a kink at around 55°, followed by a
broad maximums<135°d are noted. It is also evident from
Fig. 1 that at 5 eV, the maximum Ps cross section at extreme
forward angles is largest for the 2p state and smallest for the
2s state while the 1s state lies in between. Similar feature
was noted by McAlindenet al. [21] in their CPA for low
scattering angles at a higher incident energy(e.g., 10 eV).
For higher scattering angles, on the other hand, the magni-
tude of the partial DCS follows the order 2p.2s.1s. How-
ever some exceptions occurs at extreme backward angles,
e.g., in the region<165° –180°. It may be mentioned that in
the work of McAlindenet al. [21], the figures are presented
in a reduced linear scale and as such the finer details of the
DCS structure are somewhat suppressed.

In Fig. 2(a), 2(b), and 2(c) we have displayed the present
DCS results for the 1s, 2s, and 2p states, respectively, at
Ei =10 eV along with the corresponding results of McAlin-
den et al. [21] for comparison. As may be noted from the

figures, the present cross sections for all the states
s1s,2s,2pd are quite close to those due to McAlindenet al.
[21], except at extreme forwards<0°d angles(within the
resolution of their figures) though their maximum cross sec-
tions (at zero angle) are always higher than the present ones.
The qualitative nature of the two curves(the present and that

FIG. 1. Differential cross sections(DCS) (in a0
2 sr−1) for posi-

tronium formation in 1s,2s, and 2p states in positron-negative
hydrogen-ion collisions for incident energyEi =5 eV, solid line for
1s, dashed line for 2s, and dotted line for 2p state.

FIG. 2. (a) Ps formation cross sections(DCS) to a 1s state for
incident energy 10 eV. Dashed dot curve represents present result
and the solid curve represents the results of McAlindenet al. [21].
(b) Same as(a) but for the 2s state.(c) Same as(a) but for 2p state.

FIG. 3. Same as Fig. 1 but incident energy 25 eV.
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due to Ref.[21]) in Figs. 2(a)–2(c) is also more or less simi-
lar, although the peak and dip positions are slightly different.

Figure 3 displays similar DCS results(as in Fig. 1) but for
higher value of the incident energy, e.g.,Ei =25 eV. The fig-
ure reveals that at comparatively higher incident energy, the
maximum value of the present DCS at forward angles is
largest for the 1s state, smallest for the 2s state, and 2p lies
in between, while for higher scattering angles, the magnitude
of the partial DCS is in the increasing order for the 1s, 2s,
and 2p states(i.e., 1s.2s.2p). This behavior may be con-
trasted with that in Fig. 1 for lower incident energy. Com-
parison between Figs. 1 and 3 also indicates that the struc-
tures noted in all the partial DCS for lower incident energy
(Ei =5 eV in Fig. 1) somewhat tend to smooth out with in-
creasing incident energy(e.g.,Ei =25 eV in Fig. 3).

Figures 4–6 exhibit the ground states1sd as well as ex-
cited statess2s,2pd Ps formation DCS results for higher in-
cident energies, e.g., 50, 100, and 200 eV. Comparing Figs.
1–3 and 4–6 it may be noted that the minima for the 1s, 2s as
well as the kink for the 2p curves shift towards smaller
angles with increasing incident energy. Further, a secondary

maximum(minimum) starts appearing with increasing inci-
dent energy(vide Figs. 3–6), and gets more and more pro-
nounced with increasing energy. Figures 4–6 indicate the
prominent occurrence of these maxima atEi =200 eV.

Anticipating that the Ps formation into the 1s state is most
dominant at high incident energy, we now present in Fig. 7,
some high-energy DCS results(e.g., for 300 and 500 eV) for
the ground-states1sd capture only. Figure 7 gives more clear
evidence of the fact that with increasing incident energy, the
signature of the double peak structure becomes more and
more prominent.

The occurrence of the first minimum in the 1s and 2s
differential curves(vide Figs. 1, 3–5, and 7) may be ascribed
to the fact that the contributions from the attractive and the
repulsive parts of the interaction potential to the scattering
amplitude interfere destructively at this angle. Since with
increasing incident energy both the amplitudes for attractive
and repulsive parts become more and more peaked in the
forward direction, the position of the minimum(due to the
destructive interference between the two) shifts towards
smaller angles as the energy increases. The minima for the

FIG. 4. DCS for Ps formation in 1s state for different incident
energy. Solid curve for 50 eV, dashed line for 100 eV, and dotted
line for 200 eV.

FIG. 5. Same as Fig. 4 but for Ps formation in 2s state.

FIG. 6. Same as Fig. 4 but for Ps formation in 2p state.

FIG. 7. Same as Fig. 4 but for higher incident energies. Dashed
curve for 300 eV and solid curve for 500 eV.
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m-degenerate states occur at different scattering angles and
as a result, the total differential cross sections for the 2p state
do not exhibit such a minimum[33] but instead show a
shoulderlike structure in that region. The appearance of the
secondary minima at higher incident energies(e.g., Figs. 4,
5, and 7) for the 1s and 2s differential curves may be attrib-
uted to the second order effect. For the 2p state on the other
hand, the prominent secondary minima appearing in the 1s,
2s differential curves(Figs. 5 and 7) are again somewhat
suppressed resulting in some humplike structures(Fig. 6),
due to the same reason as stated above for the first minimum,
i.e., the maxima and minima of the 2p0 sm=0d state occur at
different scattering angles than those for the 2p±1 sm= ±1d
states. As is also evident from Fig. 6, these secondary
minima (for the 2p state) become more and more prominent
with increasing incident energy, indicating the importance of
the higher-order effects for higher incident energies. It
should be pointed out here that no such secondary minimum
occurs in the CBA[23] or in the OCBA[22] results even at
very high incident energy(e.g., 300 eV).

The double peak structure occurring in the DCS of Ps
formations in Figs. 4–7 could be attributed due to higher-

order multiple scattering effect that has been accounted for
through the eikonal phase factors.

Figures 8(a), 8(b), and 8(c) display the partial total cross
sections(TCS) for capture into 1s,2s, and 2p states for the
lower incident energy regime(e.g., 2–10 eV). The corre-
sponding results of McAlindenet al. [21] (from 0–10 eV)
have also been included in the figures for comparison. It is
revealed from the Figs. 8(a)–8(c) that the magnitude of the
present TCS is in decreasing order for 1s,2s, and 2p states in
the high-energy regimes.20 eVd, while in the lower-energy
regime, the present partial TCS is found to be highest for the
2p state and lowest for the 2s, while the 1s lies in between.
Similar features have also been noted by McAlindenet al.
[vide Figs. 8(a)–8(c)] in the low-energy regimes0–10 eVd.

It may be pointed out in this context that the present
model is not suitable in the very low-energy regime and as
such figures 8(a)–8(c) present the results only for 2–10 eV.
On the other hand, the results obtained from the low-energy
model (CPA) of McAlinden et al. [21] is expected to be
reliable in the extreme low-energy regime(near zero energy).

Figure 9 demonstrates the present partial total cross sec-
tions (TCS) for the 1s,2s, and 2p states for the energy re-
gime 5–200 eV as well as the integrated cross sectionss1s
+2s+2pd. The inset of Fig. 9 illustrates the detailed behavior
of the partial and the summed TCS in the low and interme-
diate energy regionss5–50 eVd.

As may be noted from Fig. 9, all the partial TCS
s1s,2s,2pd as well as the summed total TCSs1s+2s+2pd
decrease monotonically with increasing incident energy. Fig-
ure 9 also reveals that for lower incident energy(e.g.,
5–10 eV), the TCS for the 2p state is higher than those for
1s and 2s states(2s being lower than 1s) while in the inter-
mediate energy regime( e.g., for 10–20 eV), the magnitude
of the partial TCS follows the order 1s.2p.2s and beyond

FIG. 8. (a) Partial total cross sections(units ofpa0
2) for positro-

nium formation in 1s state for energy range 2–10 eV. Solid curve
represents results due to McAlindenet al. [21] and the dashed dot
curve represents present results.(b) Same as(a) but for the Ps
formation in 2s state.(c) Same as(a) but for the Ps formation in 2p
state.

FIG. 9. Partial total cross sections(TCS) (units of pa0
2) for

positronium formation in 1s,2s,2p states and the integrated cross
section s1s+2s+2pd for the wider incident energy range
s5–200 eVd. Solid curve for integrated result, dashed curve for 1s
state, dotted curve for 2s state, and dashed double dot curve for 2p
state.
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20 eV onwards(e.g., 20–200 eV), the partial TCS is in
decreasing order for the 1s, 2s, and 2p states (i.e.,
1s.2s.2p).

For the sake of some numerical measure, we have dis-
played in Table I, the present integrated cross sections for the
ground states1sd Ps formation in the positron- negative
hydrogen-ion collision along with the other corresponding
existing theoretical results[21–23]. As may be noted from
the table, the present CDEA cross sections compare well
with the coupled pseudostate results of McAlindenet al. [21]
at low incident energiess1–10 eVd, the former(present) be-
ing always lower than the latter[21]. For higher incident
energys20–200 eVd, on the other hand, the present CDEA
results may be compared with the available CBA results of
Basu Choudhuryet al. [23] as well as the OCBA results of
Straton et al. [22]. As is evident from the table, for the
ground-states1sd Ps formation, the present CDEA results are
always smaller than the CBA or the OCBA results[22,23].
Table I further reveals that at intermediate energy(e.g.,
20 eV), the present CDEA results agree well with the CBA
results[23], however the discrepancy between the above two
results increases with increasing incident energy. In fact even
at Ei =200 eV, the two results(CDEA and CBA) differ by
more than a factor of 3. This discrepancy could again be
attributed to the higher-order effects arising from the eikonal
phase factors in the present model. Further, as is well known,
for a rearrangement process the higher-order effects domi-
nate at high incident energies.

IV. CONCLUSIONS

At low incident energies, the present(CDEA) Ps forma-
tion in 2p state is found to be the dominant process among
the three states 1s,2s,2p. This feature is in conformity with
the low-energy calculations of McAlindenet al. [21]. At
higher incident energy, on the other hand, the ground-state
s1sd Ps formation dominates.

At high incident energy, the 1s,2s DCS exhibit a distinct
double peak structure that could be attributed to the higher-
order effects arising from the eikonal phase factors. The sig-
nature of the double peak becomes more and more prominent
with increasing incident energy indicating the increasing im-
portance of the higher-order effects with incident energy. For
the 2p state, however, the double peak structure is not so
prominent as in the case of 1s and 2s states because of them-
degenerate states. No such double peak structure occurs in
the Coulomb Born(CBA) results[23] even at high incident
energy.

At low incident energies, the present CDEA results com-
pare well with the results of McAlindenet al. [21] using
coupled pseudostate approach, although the present results
always give lower estimate of the latter[21]. At higher inci-
dent energies, on the other hand the present CDEA results lie
always below the corresponding Coulomb Born results[23].
The discrepancy between the present CDEA and CBA[23]
results arising due to higher-order effects however increases
with increasing incident energy as is expected for a rear-
rangement process.
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