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An approach has been proposed and developed to study the positrdrsuiormation cross sections in the
ground and excited=2 levels for the exothermic reaction in a positron-negative hydrogeHoncollision
in the framework of Coulomb distorted eikonal approximation. Both the differential cross se@aQ® as
well as integrated cross sectiofartial total cross section@CS)] have been investigated for thg, 2s, and
2p states in a broad energy range, e.g., 1-200 eV. For lower incident energy, the Ps formationpiistiite 2
is found to dominate over thesland % states while for the higher incident energy, the formation to ground
state(1s) 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 McAlaidgriPhys. 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 ChowattalrjPhys. Rev.
A 33, 2358(1986)] and Stratoret al. [Phys. Rev. A44, 7335(1991)], respectively. The present DG%$s, 2s)
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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[. INTRODUCTION study of electron-negative ion scattering indicaf2d] the
bright future for the corresponding measurements for posi-
The increasing advancement in the detection techniquegon impact.
as well as in the availability of intense monoenergetic posi- As regards other theoretical works on this particular pro-
tron beams have made it possible to perform much moreess, to our knowledge, two perturbative calculations in the
sophisticated experiments in positron-atom scattering. O€oulomb Born approximatio@CBA) and in the orthogonal-
late, the emphasis on the experimental determinations of tazed Coulomb Born approximatiofOCBA) due to Basu
tal cross sections for the scattering of positrons by differenChoudhuryet al. [23] and Stratoret al. [22], respectively,
gas targets has shifted to the measurement of partial crogxist in the literature, the other one is due to McAlindsn
sections[1-6] for the various inelastic channels, among al. [21] who studied the process in the framework of coupled
which the positronium(P9g formation capture channel is of pseudostate approa¢@PA), using 19 Ps pseudostates cen-
utmost importancg7—9. These measurements have stimu-tered on the positron. Nevertheless, the latter calculations
lated much theoretical investigatiofiz—23 for this particu- concentrate on the low incidefpositror) energy only.

lar rearrangement process using different gas targets. The present theoretical work deals with the study of the
The importance of the process of Ps formation in groundlifferential as well as total Ps formation cross sections for
or excited states in positron- negative hydrogenfidn) col-  capture to ground and exciteg@s,2p) states ine*-H™ ion

lisions has already been emphasized in the earlier theoreticabllisions. The present calculations have been performed in
works [21-23 on this process, particularly in the field of the framework of Coulomb distorted eikonal approximation
astrophysics, since the concentration of the ibh in the (CDEA) that takes account of higher-order effects which is
transition regions of planetary nebuli?] is supposed to be essential for a rearrangement process especially at high inci-
quite large for the Ps formation reactions thereby makingdent energies where the first Born approximation is not sup-
significant contributions in understanding the detected feaposed to be adequate. Further, for an ionic target, as happens
ture of the spectrum of the electron positron annihilationto be the present case, the long-range Coulomb interaction
radiation observed to be coming from the direction of thebetween the projectile and the target ion in the initial channel
galactic center and also from solar flaf@s. must be taken into account in order to have a reasonable
Since the ionization potential of the™Hon is much less estimate for the capture cross sections.
than the binding energy of the ground and the few excited Expecting that the major contribution to excited state cap-
states of positronium, the Ps formation channel is open eveture comes from the=2 level at higher incident energies,
at zero positron energy for these states, i.e., the reaction the main emphasis is given on the calculation of Ps forma-
exothermic. This gives added incentive for the study of suchion to the ground and excitet=2 level(2s, 2p) only, in the
process theoretically. Regarding experimental situation, t@resent work. Further, assuming that the formation cross sec-
our knowledge, there is no measurement for the Ps formatiotion falls off asn™® at intermediate and high incident ener-
with H™ ionic target as yet, though the breakthrough in thegies; the present calculation also allows the prediction of an
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Eothi, ©)

energy regimes. Since the electron affinity of the ibin is Ho - - + o + o
less than the binding energy of the first few excited states of 2 3 0=
the Ps atom, we present our results starting from the incidefyhere the solution; of Eq. (5) is the product of the screened
energy 1 eV onwards for ground or excited sté®s,2p)  Coulomb wave functiofi26] and the bound-state wave func-
capture. The present results have been compared with th@®n of the H ion, i.e.,

existing theoretical resultavhere availablg in the absence

of any experimental data. In the present work we have used = . _ T .

atomic units(a.u) throughout except for the integral cross Yi(ry) = 2m SlzeXp<T>F(l ~liay)

sections which will be expressed in the unite3.

estimate of the total Ps formation cross sections in these { Z Z 1 1]¢
i =

XeXFﬂKi . Fl)lFl[i(l’i,l;i(Kirl - Ki . Fl)]¢i(F2,F3),

Il. THEORY (6)
The expressions for the post and the prior forms of theVhere«;=-1/K;. The ground-state wave function of the H
amplitude for Ps formation in the process®+H-  Ionis given by Chandrasekhg27] as
—(e'e)(1s, 2s,2p)+H(1s) are given as 1
(279 =, —N(e ez + e Phiemr), (@)
TisPoS'= (| Vi), (18 7
with N=0.3948,a¢=1.039 25, an@3=0.283 09. The ground-
T, Prior = R AVAIAY (1b) state energy of the Hion for this wave function[27] is E

=-0.513 a.u.

The exact initial-state wave functiolf; occurring in Eq.
(1a) has been approximated in the framework of eikonal ap-
proximation as

whereV; andV; are the perturbations in the initial and final
channels, respectively. In Eqd.a) and(1b) ¥} or V5 is an
exact solution of the four body problem satisfying the out-
going or incoming wave boundary condition, respectively. In z(1 1
‘1’T=t//ie><p[inij ( )1(121,

the present work we have chosen the post fata since for (8)
such rearrangement processes the post form of the amplitude
might be more appropriate than the prior fof&b]. Thus in

the present casdl; satisfies the equation

ERR )

with 7,=1/K;. The integration variable; in Eq. (8) is thez
component of the vectar;. To evaluate the phase integral
occurring in Eq(8), we choose the polar axis in the direction

+ _
(H-B¥7=0, ) of K; and the result is
yvherg the total Hamiltonian of the preseitH™ ion system U = () (1= 20) M(F1p— 207 (9)
is written as
In constructing the initial channel wave functiahy in Eq.
Z Z zZ 1 1 1 (1a), an assumption is mad#or the sake of simplicity that
H=Ho+ = -——-——-—- —t ©) the incident positron is distorted only by the active electron 2

to be captured, while the role of the passive electron 3 is only

Z(=1) being the charge of the target nucleis. 7, andrs to screen the nucleus by its negative charge cloud, t_hereby
are the position vectors of the incoming positron “1” and thergducmg the four-body prpblem toa three-body one 1n the
o bound electrons “2” and “3”. respectively. with res ethmal channel. This approximation should be quite legitimate

S pectively, wit PECltor intermediate and high incident positron energies. The
to the target nucleusy,=r{—r,, r13=f,—f3, F3=F>—F3. The

full Kinetic-energy operatok, in Eq. (3) is given by final-state wave functiony; in Eq. (18 is chosen as

— aiK¢S

H0: _ %Vi_ %V%— %Vg (4) ‘r//f e ¢ps¢ha (10)
o _ o where K; is the final momentum of the Ps atorB=(r;

Ihe binding energy relation for the process is given as.,)/2; ¢,sand#, are the bound-state wave functions of the
3K +en-=(K3J2) +epstep; K; being the initial momentum  ps and H atom, respectively. In view of Eq4a), (3), and
of the incident positrong,,- is the binding energy, and; is  (10), the post form of the interactiov; in Eq. (1a) given as
the ground-state wave function of the negative hydrogen ion;
Kps being the final momentum of the positronium atom and V. = 4 4 1 . 1 (11)
eps and gy, are the binding energies of the final Ps and H f= r
atoms, respectively.

The asymptotic initial channel wave functioff of the  Thus in the framework of Coulomb distorted eikonal ap-
e'-H™ ion system satisfies the following Schrodinger equa-proximation, the expression fof°*'in Eq. (1a) takes the
tion: form

052717-2



POSITRONIUM FORMATION IN THE GROUND AND.. PHYSICAL REVIEW A 69, 052717(2004)

Tif = - _C f K exp(— Npgdl1 = Fo)eXp(— Aprs) lo= f f f f1(N, ) F2(Ng, 72)
¢y e /T
X Vs pyy-(Fo, Fa)eXpliK; - 1) 1F 1 (i, L5i(Kiry = K - Fy)) plai,t) —dédhsdh,dt,
_ _ 2 2 2, '
X(I'l _ Zl)lni(rlz_ le)—lnidlrldr?zdf’s, (12) (q +A )((|q q1|) + /-Ll)(|q q2| IU‘Z)
(17)
whereC, involves the normalization constants for the bound,yit f(Ng, 7)=(~Ny) 7L fo(Ng, 7) = (=\p) 7L

and continuum states occurring in HE42); w; 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

01,02, 11, 4o are functions of the initial and final momenta

_(Pzi,Kf), the initial and final bound state parameters
@, B, \ps,\p) @s well as the integration variablas,\,, and

t;. The actual integral occurring in EGL2) may be generated

from |, by suitable parametric differentiations. Tgéntegral

do = 5|Tif|2_ (13) in Eq. (17) was performed analytically by Lew{80] to ob-
dQ v tain
The total cross sectionr is obtained by integrating Eq13) Iz ™ n B +\B?-a'y (18
over the solid angle of the Ps atom, i.e., 0 \u’lg/Z_ oy LB - \/13/2_ a'y '
e (™ do with
f .
o= 27T_J —sin 6 dé, 14 , .
viJo dQ (14 B = NIG1 = Gol® + (g + 12)?] + o (N> + 0 + pu3)

_ . iy + (N2 + 05 + )
wherev; andv; are the initial and final velocities of thef
and Ps, respectively. and
To evaluate the transition amplitude in Efj2) we use the P s a2 2 2 2
following contour integral representations of the confluent ¥ =06~ Gl + (ua+ )] X [+ N+ p10)°]
hypergeometric function as well as the eikonal phase factors X [g5+ (N + up)?]. (19

occurring in Eq.(12). The confluent hypergeometric func- i ) i o
tion: The functionJ, in Eg. (18) involves a logarithmic branch cut

[13] and hence in order to avoid complexity in mathematical
1 (o1 evaluation, we use the following integral representaff@ij

(0, -
Filie,1,2) = — p(a,t)expzt)dt, (15)  for the functionJy:
2 ry
Jo =27 J

dx

—_— 20
a' X2+ 2B'x+y (20)

with p(a,t)=t"1"¢(t-1)7* T, 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 si
of 1, arg “t” and arg {t-1)" are both zerd28]. The eikonal
phase factor is of the form

here the product’y’ has been split in such a manner that

otha’ andy’ are individual linear functions of the integra-
tion variables\; and \,. By virtue of this choice we can
perform\; and\, integrations analytically. In view of Egs.
™ (17) and(20), we arrive at the following type of integral:

2i sin(>minpl(Fintm) Joszf A fO\g, ) F (Ao, 1) dxagdh,, (21)
+

B\ + Chy+ DNAy)
xf (= N) T lexp(\y)dX, (163
Cc

y—(77_m

where the contouc, refers to the same as that in EG64).
The \q,)\, integrations in Eq(21) have now been per-
formed analytically by the use of residue calculation tech-

where the contouc has a branch cut from O te. To obtain S
ques to obtain finally

this we have made use of the contour integral representatm'?]'

of the complexI” function[29]. i -
wwo=-srze [ 73] 5]

F=-5 Sln(WX)J( Uy Tlexp-tdt'.  (16b) XoFa(=im,im,1,2")dx, (22

where 2 =1-(AD/BC); ,F; denotes the hypergeometric
In view of the above two integral representations and carryfunction with argumentz’. We are thus finally left with a
ing out the space integrations in E@2), we arrive at a basic two-dimensional integral overandt;. The complex integra-
integral of the typgapart from the constants tion overt; has been converted to a real one-dimensional
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(a)

1 | ' | '
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01 (deg)
(b)
0 30 60 9 120 150 180
8,(deg)
FIG. 1. Differential cross section®CS) (in ag sr'Y) for posi-
tronium formation in %,2s, and 2 states in positron-negative Lo
hydrogen-ion collisions for incident ener@y=5 eV, solid line for 100 150
1s, dashed line for & and dotted line for @ state. 6,(deg)
integral [32] over the range O to 1 and the final two- ()
dimensional integral in the transition matrix elemeity.
(1a)] is then evaluated numerically using Gaussian quadra-
ture methodg31].
Ill. RESULTS AND DISCUSSIONS L
We have computed the Ps formation cross sections, both 0 (Jgg) 150
1

differential and total, for the processe"+H™(1s)
—>(e.+e)(1s,25,2p)+!-|(15) in the framgwork FJf CDEA. . FIG. 2. (a) Ps formation cross sectioiBCS) to a 1s state for
Figures 1-3 exhibit the present differential cross sectiongcigent energy 10 eV. Dashed dot curve represents present result
(DCS) in the ground and excitet®s, 2p) states for incident  and the solid curve represents the results of McAlindeal. [21].
positron energiesE;) 5 eV, 10 eV, and 25 eV, respectively. (b) Same asa) but for the 2 state.(c) Same asa) but for 2p state.
Figure 1 reveals that the Ps formation in all the statgs 1
2s, 2p is strongly favored in the forward direction. The DCS figures, the present cross sections for all the states
curve for the % state(solid) in Fig. 1 shows two distinct (1s,2s,2p) are quite close to those due to McAlindenhal.
minima separated by a broad distinct peak at an an@8°.  [21], except at extreme forwar=0°) angles(within the
For the 2 state(dasheg, on the other hand, the DCS curve resolution of their figuresthough their maximum cross sec-
shows a very sharp single minimum a#5° followed by a  tions(at zero anglgare always higher than the present ones.
shoulderlike structure, while for thep2state, instead of a The qualitative nature of the two curvé@e present and that
distinct minimum, only a kink at around 55°, followed by a
broad maximum(=135°) 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 thgpatate and smallest for the :
2s state while the & state lies in between. Similar feature 14
was noted by McAlinderet al. [21] in their CPA for low
scattering angles at a higher incident ene¢gyg., 10 eV. y
For higher scattering angles, on the other hand, the magni- s 103
tude of the partial DCS follows the ordep2 2s> 1s. How- a
ever some exceptions occurs at extreme backward angles, ° g i T
e.g., in the regior=165° —180°. It may be mentioned that in 109 % T
the work of McAlindenet al. [21], the figures are presented h
in a reduced linear scale and as such the finer details of the 3|
DCS structure are somewhat suppressed.
In Fig. 2a), 2(b), and 2c) we have displayed the present 0 30 60 90 120 150 180
DCS results for the 4 2s, and 2 states, respectively, at 0,(deg)
E;=10 eV along with the corresponding results of McAlin-
denet al. [21] for comparison. As may be noted from the FIG. 3. Same as Fig. 1 but incident energy 25 eV.
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6
10 , S

0 30 60 90 120 150 180 10 -
0,(deg) 0 30 60 9 120 150 180

0, (deg)

FIG. 4. DCS for Ps formation inslstate for different incident
energy. Solid curve for 50 eV, dashed line for 100 eV, and dotted

line for 200 eV. FIG. 6. Same as Fig. 4 but for Ps formation ip &ate.

maximum (minimum) starts appearing with increasing inci-
due to Ref[21]) in Figs. 2a)-2(c) is also more or less simi- dent energyvide Figs. 3-6, and gets more and more pro-
lar, although the peak and dip positions are slightly differentnounced with increasing energy. Figures 4—6 indicate the
_ Figure 3 displays similar DCS result@s in Fig. 3 butfor  prominent occurrence of these maximaEat 200 eV.

higher value of the incident energy, e.B;=25 eV. The fig- Anticipating that the Ps formation into the &tate is most
ure reveals that at comparatively higher incident energy, thgominant at high incident energy, we now present in Fig. 7,
maximum value of the present DCS at forward angles issome high-energy DCS results.g., for 300 and 500 e\Mor
largest for the & state, smallest for thesXstate, and @lies  the ground-statéls) capture only. Figure 7 gives more clear
in between, while for higher scattering angles, the magnitud@yidence of the fact that with increasing incident energy, the
of the partial DCS is in the increasing order for th& 25,  sjgnature of the double peak structure becomes more and
and 2 states(i.e., 1s>2s>2p). This behavior may be con- more prominent.
trasted with that in Fig. 1 for lower incident energy. Com-  The occurrence of the first minimum in thes and %
parison betV\_/een Figs. 1 z_:md 3 also indicatr_as _that the strugjifferential curvegvide Figs. 1, 3-5, and)7nay be ascribed
tures noted in all the partial DCS for lower incident energytg the fact that the contributions from the attractive and the
(Ei=5 eV in Fig. J) somewhat tend to smooth out with in- repysive parts of the interaction potential to the scattering
creasing incident energe.g., ;=25 eV in Fig. 3. amplitude interfere destructively at this angle. Since with

Figures 4—6 exhibit the ground states) as well as ex- jncreasing incident energy both the amplitudes for attractive
cited stateg2s,2p) Ps formation DCS results for higher in- and repulsive parts become more and more peaked in the
cident energies, e.g., 50, 100, and 200 eV. Comparing Fig$erward direction, the position of the minimurdue to the
1-3 and 4-6 it may be noted that the minima for tseZsas  destructive interference between the jwshifts towards
well as the kink for the @ curves shift towards smaller smaller angles as the energy increases. The minima for the
angles with increasing incident energy. Further, a secondary

DCS( a% sr'1)

0 30 60 90 120 150 180
0 30 60 90 120 150 180 6, (deg)
0, (deg)

FIG. 7. Same as Fig. 4 but for higher incident energies. Dashed
FIG. 5. Same as Fig. 4 but for Ps formation is Rate. curve for 300 eV and solid curve for 500 eV.
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FIG. 9. Partial total cross sectiof§CS) (units of mag) for
104 © positronium formation in &,2s,2p states and the integrated cross
= section (1s+2s+2p) for the wider incident energy range
Ny (5—200 eV. Solid curve for integrated result, dashed curve fsr 1
5 state, dotted curve forsxstate, and dashed double dot curve fpr 2
s state.
bD- . .
order multiple scattering effect that has been accounted for

0 2 4 6 8 10
Incident energy (eV)

through the eikonal phase factors.
Figures 8a), 8(b), and &c) display the partial total cross
FIG. 8. (a) Partial total cross sectiorianits ofqraé) for positro- SeCt'Or,]S(TCS) for capture ',mo $,2s, and 2 states for the
nium formation in & state for energy range 2—10 eV. Solid curve |OWer incident energy regimee.g., 2—10 eY. The corre-
represents results due to McAlindenal. [21] and the dashed dot SPonding results of McAlindeet al. [21] (from 0-10 ey
curve represents present resuﬂb) Same aqa) but for the Ps have a|SO beeﬂ InC|Uded n the flgureS fOI‘ Companson It IS
formation in 2 state.(c) Same aga) but for the Ps formation ing ~ revealed from the Figs.(8-8(c) that the magnitude of the
state. present TCS is in decreasing order fa; 2s, and 2 states in
the high-energy regime>20 eV), while in the lower-energy
regime, the present partial TCS is found to be highest for the
2p state and lowest for theswhile the E lies in between.
imilar features have also been noted by McAlinagral.
[vide Figs. 8a)—8(c)] in the low-energy regim¢0—10 eV.
It may be pointed out in this context that the present

m-degenerate states occur at different scattering angles a
as a result, the total differential cross sections for thestate
do not exhibit such a minimuni33] but instead show a

shoulderlike _str.ucture "f‘ that.region. The appearance of thﬁwodel is not suitable in the very low-energy regime and as
secondary minima at higher incident energiesy., Figs. 4, g ch figures @)-8(c) present the results only for 2—10 eV.
5, and 7 for the s and 2 differential curves may be attrib-  op the other hand, the results obtained from the low-energy
uted to the secqnd order effect. qu_theélate on the. other model (CPA) of McAlinden et al. [21] is expected to be
hand, the prominent secondary minima appearing in e 1 rejiable in the extreme low-energy regirreear zero energy
2s differential curves(Figs. 5 and Y are again somewhat  Figure 9 demonstrates the present partial total cross sec-
suppressed resulting in some humplike structufég. 6), tions (TCS) for the Is,2s, and 2 states for the energy re-
due to the same reason as stated above for the first minimurgime 5—-200 eV as well as the integrated cross seciibgs
i.e., the maxima and minima of thep@(m=0) state occur at  +2s+2p). The inset of Fig. 9 illustrates the detailed behavior
different scattering angles than those for thg,2m=+1)  of the partial and the summed TCS in the low and interme-
states. As is also evident from Fig. 6, these secondardiate energy region5—50 eVj.
minima (for the 2p statg become more and more prominent ~As may be noted from Fig. 9, all the partial TCS
with increasing incident energy, indicating the importance of(1s, 2s,2p) as well as the summed total TGQ%s+2s+2p)
the higher-order effects for higher incident energies. ltdecrease monotonically with increasing incident energy. Fig-
should be pointed out here that no such secondary minimurore 9 also reveals that for lower incident ener¢g.g.,
occurs in the CBA23] or in the OCBA[22] results even at  5-10 eV}, the TCS for the @ state is higher than those for
very high incident energye.g., 300 eYV. 1s and % states(2s being lower than §) while in the inter-

The double peak structure occurring in the DCS of Psmediate energy regimee.g., for 10—20 eV, the magnitude
formations in Figs. 4—7 could be attributed due to higher-of the partial TCS follows the orders 2p> 2s and beyond
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TABLE I. Integral cross sections for positronium formation in the ground stag&-k™ ion collision. The
numbers in square brackets indicate the power of 10 by which the entry is to be multiplied.

Incident CBA OCBA CPA CDEA
energy

(eV) Basu Choudhuret al. Straton and Drachman Stratehal. McAlinden et al. Present results
1 0.1533] 82.5 57 53.07

10 ~5(approX 4.415

20 0.1531] 0.1291]

50 0.1610] 0.1010]

100 0.17{-1] 0.986-2] 0.803-2]
200 0.125-2] 0.401-3]

20 eV onwards(e.g., 20—200 ey the partial TCS is in I[V. CONCLUSIONS
decreasing order for thesl 2s, and 2 states (i.e.,
1s>2s>2p). At low incident energies, the presef@DEA) Ps forma-

For the sake of some numerical measure, we have digion in 2p state is found to be the dominant process among
played in Table I, the present integrated cross sections for thime three statess]2s, 2p. This feature is in conformity with
ground state(1s) Ps formation in the positron- negative the low-energy calculations of McAlindeat al. [21]. At
hydrogen-ion collision along with the other correspondinghigher incident energy, on the other hand, the ground-state
existing theoretical resultf21-23. As may be noted from (1s) Ps formation dominates.
the table, the present CDEA cross sections compare well At high incident energy, thesl2s DCS exhibit a distinct
with the coupled pseudostate results of McAlindgml.[21]  double peak structure that could be attributed to the higher-
at low incident energie€l—10 eV}, the former(presentbe-  order effects arising from the eikonal phase factors. The sig-
ing always lower than the lattgi21]. For higher incident nature of the double peak becomes more and more prominent
energy(20—200 eV, on the other hand, the present CDEA With increasing incident energy indicating the increasing im-
results may be compared with the available CBA results oportance of the higher-order effects with incident energy. For
Basu Choudhunet al. [23] as well as the OCBA results of the 2p state, _however, the double peak structure is not so
Stratonet al. [22]. As is evident from the table, for the prominent as in the case of aind 2 states because of the

. degenerate states. No such double peak structure occurs in
ground-state1ls) Ps formation, the present CDEA results are S
the Coulomb BornCBA) results[23] even at high incident
always smaller than the CBA or the OCBA resuUl&,23. . " ) results[23] ev 'gh Inci

bie | furth s th ) a energy.
Table | further reveals that at intermediate eneigyy., At low incident energies, the present CDEA results com-

20 eV), the present CDEA results agree well with the CBA hare el with the results of McAlindert al. [21] using
results[23], however the discrepancy between the above W pled pseudostate approach, although the present results
results increases with increasing incident energy. In fact evegiways give lower estimate of the lattg1]. At higher inci-

at ;=200 eV, the two resultsCDEA and CBA differ by  dent energies, on the other hand the present CDEA results lie
more than a factor of 3. This discrepancy could again bejways below the corresponding Coulomb Born resiagj.
attributed to the higher-order effects arising from the eikonalThe discrepancy between the present CDEA and CB3)
phase factors in the present model. Further, as is well knownesults arising due to higher-order effects however increases
for a rearrangement process the higher-order effects domwith increasing incident energy as is expected for a rear-
nate at high incident energies. rangement process.
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