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Calculations of electron-impact single-ionization cross sections of helium isoelectronic systems
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The electron-impact single-ionization cross sections on the helium isoelectronic targets’ H&2*LiC*",
N5* O°*, Né*, Na¥*, F&*, Ag**, and U, are calculated using the recent simplified version of the
binary-encounter dipol¢siBED) model as applied by HupPhys. Rev. A64, 042719(2001)] to various
molecular targets. The simple siBED model is good for the helium atom, but it is inadequate for ionic targets.
Our proposed modificationsi) ionic correction of the siBED mod€RIBED) and(ii) relativistic corrections
of the siBED model(RQIBED) are examined on a wider group of species and compared with other available
experimental and theoretical results. The predictions of QIBED in the nonrelativistic energy domain and of
RQIBED for all energies, with the same parameter values of siBED, produce excellent agreement with the
experimental data and the results close to those of other theories for all the two-electron systems, neutral or
ions on the same footing.
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I. INTRODUCTION [20] isoelectronic systems. Both the DM mod@Bleutsch and

The study of electron-impact ionizatiofEll) of atoms Mark [21]) and the binary-encounter dipolBED) model of
and ions is of fundamental importance for the basic underim and Rudd[22] have been widely applied to electron
standing of collision physics and is useful for numerous apimpact ionization of atoms and molecules. The BED model
p|ications in p|asma kinetics prob|ems1 mass SpectrometrﬁmbOd|eS a modified form of the Mott cross section and the
gas lasers, astrophysics, atmospheric physics, radiation sdethe-dipole cross section with the replacement of the inci-
ence, and semiconductor physics. Because of the formidabRent electron energig/2 by (kj+ki+a?)/2, whereki/2 is
experimental difficulties, the situation concerning the quanthe kinetic energy of the bound electron av@iz is its bind-
titative knowledge of the Ell cross sections is still far beyonding energy. The simplest version of the BED model is the
the need for many areas of application. The void in the exbinary-encounter Beth(BEB) model[22]. The calculations
perimental cross sections has to be filled in through generdased on either BED or BEB are generally in good agree-
tion of high-quality data by accurate theoretical methodsment with the experimental data on simple atoms and mol-
With the advent of fast computers, several quantal methodscules at incident energies from the threshold to several keV
have been developgd—11]. However, quantum calculations with the deviation within 5-15% at the peak; the BED
are arduous and become expensive even with the use of smodel, however, predicts better results than those of BEB
percomputers. One can produce cross-section data just forodel [23-27. The relativistic extension of BEB is the
some selected targets at some discrete energy points usiRBEB model[28]. Although BED and BEB have demon-
the guantal theories just as are done with the experimentairated a considerable success particularly for molecular tar-
tools. Practical applications, however, require a quick estigets, there remains some puzzling asp¢2®%. These mod-
mation of a large number of reasonably accurate crossels have been applied successfully at the threshold region,
section values often over a wider energy range and targetven though the high-energy Bethe approximation is em-
species, which neither experiments nor rigorous methodployed. The replacement of thrélz by(k§+k§+a§)/2 in the
generate easily. Thus simple to use semiempirical and semBethe cross section also has no sound theoretical footing,
classical methods are commonly employed. albeit it works astonishingly well.

Reviews on the various theoretical studies on the electron Huo [29] has recently modified the binary-encounter di-
impact ionization are provided in Reffl2-14. The most pole (iBED) model by replacing the Bethe cross section at
simple and widely used empirical formula for the calcula-low energies with the dipole Born cross section. However,
tions of Ell cross sections was given by Ldt5]. Bernsh-  the two parameters in this model are species dependent and
tam et al. [16] proposed a more accurate empirical formulaare related to the nature of the charge distribution in the
(BRY) which they applied for ions of chargg>1. Gryzin-  bonding region. Nevertheless, Huo obtained a simplified ver-
ski [17] proposed the ionization model in the frame work of sion of the iBED(siBED) model, where the two parameters
classical binary-encounter approximatiEA) assuming a can assume a set of generic valii28]. These are applied
continuous velocity distribution of the target electron. Vrienswith considerable success to the calculations of the Ell cross
[18] modified the BEA with the inclusion of an exchange sections of N, H,O, CGO,, CH,, and CF. To the best of our
term and a term denoting the interference between the eXnowledge, neither iBED nor siBED has yet been applied to
change and direct terms. Uddet al. infused a relativistic atomic systems. With respect to the incident electron the
factor in the Vriens’ model to propose as the parameter-freéBED predictions make no distinction between the collision
RBEA model and to apply to the hydrogétd] and helium  with a neutral target and that with an ion. However, the dif-

1050-2947/2004/13)/03270610)/$22.50 70 032706-1 ©2004 The American Physical Society



UDDIN et al. PHYSICAL REVIEW A 70, 032706(2004)

ferences, between the description of the target electron in sep ANy k%—ag In(k%/aé)
neutrals and that in ions are accounted for through the kinetic OMott — k0+ 12 + o2 kéaz - k(2)+ o2 2
energykZ/2, the binding energy2/2 of the target electron, b= "0 0 0

and the differential continuum oscillator strength,o/dE,, and

with E, as the energy of the ejected electron from the initial

0 state to the finap state. The Coulomb field of an ionic  isep_ 7 f“‘o “0)/2( )5—p—dE
target distorts the wave function of the incident electron 2™ K2 dE,
throughout the entire path of its motion, whereas a neutral K

target does so only in its vicinity. Qualitatively, the charge « f max 1+dit+dot dK
distribution of the incident electron is attracted towards the K[(K + kp)2+ 2K - kp)2+ aZ]?

target ion, thus increasing the overlap between the charge 3)
distributions of the incident and target electrons and produc-

ing an enhancement of cross sections. In both the BED angh the above equation¥ =k,—k,; denotes the momentum
BEB model, the increase in the cross section is accounted faransfer in the unit of. with k,; representing the momentum
by scaling the Burgess denominaf8d,32. In line with this,  of the electron after a collision in the same unit. The maxi-
we modify siBED[29], by changing the denominator with mum and minimum values d€ are given in Ref[38]. N, is
scaling the Burgess denominator in the Mott part with thethe number of electrons in the orbit considered. Unless oth-
inclusion of the charge parametgrThe model, so framed, is erwise stated, we have used atomic units all through.
henceforth referred to as QIBED. The relativistic ingredients  In the siBED model of Hud29], the following approxi-

are absent in both the iBED and siBED models, thus makingnation is made:

them inapplicable to the relativistic domain. To deal with Ell

Kmin

in the relativistic domain, we further modify the QIBED dfyy _ 8agNok, @)
model by infusing in it relativistic corrections. The resulting dEp w(k2+ a0)3

model is denoted as RQIBED throughout this paper. o _ o

The eletron impact ionization of the helium isoelectronic " parallel with iBED, the SIBED cross section in terms of
series is one of the most important ion-creation processd9€ Mott and Born parts is givef29] by
from the basic viewpoint. The data for the ionization cross Ooipep = OSBED + o SIBED. (5)
sections for the heliumlike ions form an ideal testing ground * Mott Born
next to the hydrogenlike system for a detailed comparisorf0 facilitate the inclusion of ionic and relativistic correc-
between the experiment and theory. This is due to the fadions, we write theoyor” and ojor. as follows:

that the theory is to deal with only two electrons of the tar-

: . Thotr = SH, (6)
get. In this paper we have examined the proposed QIBED °
and RQIBED model$30] on a wider spectrum of heliumlike
species between He andQ. _ Am No @
To adjudge the performance of the QIBED and RQIBED TR+ k2
models, the predictions of these models are compared with
those of the siBED model and available experimental data Ko— a3 In(kd/ad)
. L . _ 0 0
over a wide range of incident energies. To augment the com- H= > > 2. 2 (8)
i i Koo ko + ap
parative study, we also calculate the cross sections employ-
ing RBEB [28], BRY [16], relativistic DM [33] and RBEA SBED
[20], and use the results of the distorted wave Born approxi- OBon = FG, 9
mation (DWBA) [34,35, Coulomb-Born(CB) approxima-
tion without [36] or with exchanggCBX) [37], and relativ- Fo 643Ny 10
istic two-potential DWBARTPD) referred to as TPDWOL1 in B K (10)
Ref. [5]. A brief description of the QIBED and RQIBED
models of electron impact ionization is given in Sec. Il, dis- ad)i2
cussions on the results are provided in Sec. Ill, and the con- G= f ° kp(kg + ad)? dE,
clusions are noted in the last section. 0
f Kmax 1+d;t+dyt dK
[l. OUTLINE OF THE MODEL Ky KI(K+ ko)? + 2K - ko)? + aZl?
We denote the Mott and Born parts of the iBED cross (11)
section, respectively, by2cP and ol>2P. Then the electron
. . o and
impact single ionization cross section in the iBED model of
Huo [29] is given by ~ K* 12
. (K +k)?2+ aZ[(K-k,)%+a?]
Tisen = Ol + T, M oo P
To account for the ionic enhancement of the EIll cross
where section, we modify the denominator of the fac®in Eq.(7)
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FIG. 1. Electron impact ionization cross section of He as a function of electron energy. Experimental data are fronetRaj§d8].
The solid curve, solid curve with pluses, and solid curve with solid diamonds denote, respectively, the siBED, QIBED, and RQIBED
predictions. The broken curve with solid circles, broken curve with open triangles, broken curve with open diamonds, and broken curve with

open squares are, respectively, the calculations from the BB)Y relativistic DM [33], RBEA [20], and RBEB[28] models. The broken
curve is DWBA[34]. The RTPD[5] results are shown as a solid curve with open circles.

occurring in the expression fery.: [see Eq(6)], replacing fo AmNga?
ko+ko+ap by kg+(kg+ag)/(q+1). The resulting cross sec- T B (Bt D) (16)
tion in the QIBED model becomes
where
TQIBED = ONot -+ TR (13 5 1
=l-7—3 a7
where g (1+1)?
with t' =k3/(2m¢),
oOBED = g'H (14) L
2
=l-— (18)
and P (1+b)?
with b’ =k%/(2m¢), and
; _ 47TNO (15)
TG+ (gt ad)l(q ) o1
kot (K + o B=1 Tra) (19

The expression fowggep does not contain relativistic
components in its fold to describe the Ell cross sections awith a’=a3/(2mc). In the above expressionsiis the mass

the relativistic energies. To augment the expression to thef the electrong is the velocity of light in free space, and
form in the RQIBED model for the relativistic domain, we is the fine structure constant.

have made the modifications in the following two stages. (i) The factorF [see Eq.(10)] for the o3ocC part is re-
(i) The factorS' in Eq. (15) is replaced by placed by

70
~ 60 m 1 iedeigarerar
5 fﬁ&iﬁé;‘gxxx A
s s X e DR
) o TG FIG. 2. Same as Fig. 1 for Li
5 ' Experimental data are from Peart
= and Dolder{43] and Linebergeet
$ al. [44]. The crosses represent the
2 CB predictions[36]. The broken
8 curve is DWBA[34].
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0 64,8§N0 Legendre rulg41]. Following Hu_o[29], we have mgde test
Fo= aﬂz . (20) calculations on the neutral HelLion. Our observations are
1

the following. By varyingd, in a step 0.4, the change in the
The resulting expression for the Ell cross sections in thecross section is rather small and smooth, and this is also true

RQIBED model reduces to for the case withd, using the step size of 0.05. Ondg is
RQIBED , _ROIBED fixed, the other parametet, is determined by an optimal

ORQIBED= OMott  t TBom (21) representation of the high-energy part of the cross section.
where For these two targets, we have found that these parameters
have negligible effects on the cross sections at low energies,
oRABED = RH (22)  as expected, but the agreement with the experiment in the
high region improves considerably. In the application of the
and SIBED model, the valuesl,=0.0 andd,=0.05 [29], sug-
ORABED = FRG, (23)  gested for neutral molecules, are also found good for He and

Li* and hence are held fixed for other targets in this study. In
Figs. 1-11, the present calculations from the siBED, QIBED,
IIl. RESULTS AND DISCUSSIONS and RQIBED models are compared with the available ex-

perimental data: the findings of DWBF84,35, RTPD [5],
The ionization potentials of the targets are calculated usand Coulomb Borrj36,37 calculations and the present cal-

ing the Dirac-Hartree-Fock code9]. The radiir,s of the  culations using the RBEB28], BRY [16], relativistic DM
maximum charge density of the orbital required in the DM[33], and RBEA[20] models.

calculations are obtained from hydrogenlike wave function

with the effective charg&.s=2-5/16 [40], whereZ is the o

atomic number of the target. The two-dimensional integra- A. lonization of He

tions overK and E, in the siBED, QIBED, and RQIBED The siBED, QIBED, and RQIBED predictions for He are
models are carried out numerically using the 64-point Gaussdisplayed in Fig. 1, along with the experimental cross sec-
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tions [42] and the results of RBEB28], BRY [16], relativ-  throughout the entire range of incident energies. DM and
istic DM [33], RBEA[20], DWBA [34], and RTPD[5]. The = DWBA also yield satisfactory fits to the experimental data
RBEB, siBED, QIBED, and RQIBED results are almost but the QIBED and RQIBED are distinctly better, particu-
identical and agree very well with the findings of the experi-larly in the threshold region. The CB predictions overesti-
ment and the RTPD calculations. DWBA gives the right pat-mate the experimental cross sections in and around the
tern of the experimental data with overestimation at the peakhreshold and peak regions. The results of RBEA largely
position. The DM, BRY, and RBEA calculations fail to de- overestimate the data in the threshold and peak regions and
scribe the experimental data both in magnitude and patterrslightly underestimate at the higher energies with its peak
The siBED, QIBED, and RQIBED results are almost indis-position different from the experimental one.

tinguishable as there is no ionic correction arising from the
neutral target and the relativistic effect in the energy range of
the data is negligible.

C. lonization of B3*

The siBED, QIBED, and RQIBED predictions forBare
depicted, in Fig. 3, along with the experimental cross sec-
tions [45] and the RBEB[28], BRY [16], DM [33], RBEA

In Fig. 2, we present the calculated cross sections for Li[20], and DWBA [34] results. Both the siBED and RBEB
from siBED, QIBED, and RQIBED, experimental results results are alomst similar and underestimate the experimental
[43,44, and findings from the RBEB28], BRY [16], DM values at the threshold and peak regions. The QIBED and
[33], and RBEA[20] models, and from the CB36] and RQIBED cross sections are almost identical in the studied
DWBA [34] theories. The large difference between theincident energy range and are seen to produce a good agree-
siBED and QIBED cross sections shows that the contributiooment with the experimental data. The difference between the
from the ionic correction is significant and the siBED is in- SIBED cross sections with those of QIBED or RQIBED is
adequate for an ionic target. RBEB also fails to describe thenhanced over than that for the*léase. The DWBA find-
experimental results at the threshold and peak regionsngs are close to both the experimental and QIBED or
Within the energy range of the experimental data, the effecRQIBED results. The DM model is definitely doing better
stemming from the relativistic correction is negligible to pro- than BRY and RBEA. The BRY model generates a fair fit to
duce a tangible difference between the QIBED and RQIBEDthe data in the threshold region, but drastically underesti-
results, both showing excellent agreement with the datanates the data in most of the domain including the peak

B. lonization of Li*

7
o A Rachafi et al.
£ 6 m  Donets and Ovsynnikov
© 5 X CBX
Q { —-=—BRY
o |- DWBA _
T 4] a2 DM FIG. 6. Same as Fig. 1 for
5 _'_SIBBEEDD O%*. The data are from Rachadt
£ 3| —e—RaBED al. [46] and Donets and Ovsynni-
-] P 3 T ESEQ kov [47]. The crosses are the CBX
2 calculations from Ref[37]. The
8 1 g broken curve is DWBA34].

0 .

1000

10000

Electron energy (eV)

032706-5



UDDIN et al. PHYSICAL REVIEW A 70, 032706(2004)

3
—_ 25 | @  Duponchelle et al.
o i B Donets and Ovsynnikov
g X  CBX
S 2 | — - — BRY
2 n. g‘{,.VBA FIG. 7. Same as Fig. 1 for

T e +
§ 15 | QlBED NeB*. The da_lta are from Donets
*g' SIBED and Ovsynnikov [47] and Du-
] ——RQIBED ponchelleet al. [49]. The crosses
§ L - - < --RBEA are the CBX calculations from
5 s 0 --RBES Ref. [37].
0.5
0 0 . - - —_— — - T T - ——
1000 10000 100000

Electron energy (eV)

region. The RBEA model overestimates the experimental While BRY describes the experimental data satisfactorily
data in the vicinity of the threshold region, but produceswell in the threshold region, it underestimates the data near
reasonable agreement with the data in the remaining regioand beyond the peak region. The RBEA model produces an
The discrepancy between the RBEA predictions and the exexcellent agreement with the experimental cross sections up
perimental data is reduced from the situation for the previouso the peak region but underestimates the data in the region
He and L targets. beyond the peak position.

- 4 E. lonization of N5*
D. lonization of C

In Fig. 5, the siBED, QIBED, and RQIBED results for
Figure 4 compares the predicted cross sections 4f C N°* are compared with the experimental cross sections

from siBED, QIBED, RQIBED with the experimental data [45,47,48 and the RBEB[28], BRY [16], DM [33], RBEA
[45—-47, the results from the DWBA34] and CBX [37] [20], DWBA [34], and CBX[37] predictions. The QIBED
theories, and predictions from the RBEB3], BRY [16], and  and RQIBED findings are almost identical, both agree well
DM [33] models. Here again siBED and RBEB cross sec-with one or other of the experimental data sets and are close
tions are far from the experimental results in the thresholdo the DWBA and CBX results. Here again the siBED results
and peak regions, while both QIBED and RQIBED with are almost similar to the RBEB predictions and both are far
their almost identical results produce a good agreement witbff the experimental cross sections. The large difference per-
all three sets of data, marking a clear signature of the subsists between the siBED and either of QIBED and RQIBED
stantial contribution from the implemented ionic correction. predictions. The DM calculations definitely underestimates

1.8

1.6 1
1.4

1.2 4

FIG. 8. Electron impact ionization cross sec-
tion of N&®* as a function of reduced enerdgy
The curves are the same as in Fig. 1.
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S FIG. 9. Reduced cross section
E 04; of electron impact ionization for
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' t. The curves are same as in
0.2 4 Fig. 1.
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in the threshold region but produce excellent agreement with G. lonization of Ne®*

all the experimental data near and beyond the peak region. tpe SIBED, QIBED, and RQIBED calculations for ke

The BRY calculations perform p(_)orly with the experimental;, Fig. 7, are compared with the experimental dgt,49;

data except at the threshold region. The RBEA results shoyy, . predictions from the RBEE28], BRY [16], DM [33],

a close agreement with the experimental data up to the peay, RBEA[20] models: and the results from DWBES4]
region but underestimate the data beyond the region. and CBX[37]. The profound difference between the SIBED
and QIBED/RQIBED cross sections is contributed from the
ionic correction, which enhances the predicted cross sections

We compare the siBED, QIBED, and RQIBED results forin good agreement with the experimental data. The CBX,
0%, in Fig. 6, with both the experimental cross sectionsSDWBA, BRY, DM, and RBEA results are near to one an-
[46,47 and the theroretical predictions from RBHRS8],  other, the former two calculations being closer to those of
BRY [16], DM [33], RBEA [20], DWBA [34], and CBX  QIBED and RQIBED, which are almost similar with the dif-
[37]. Both the RBEB and siBED cross sections are almosterence showing at the high-energy end. The RBEA results
alike and underestimate the experimental data. The QIBER|early are closer to the experimental data up to about 8 keV
and RQIBED calculations continue to be close to each otheind then fall off in magnitude faster than the data at higher
produce a fairly good agreement with the experimentalenergies. RBEB, similar to SiBED, produces results far off
DWBA, and CBX results, and are far different from those of from the experimental cross sections.

SiBED.

The RBEA model overestimates the experimental data ap-
proximately up to the cross-section peak. In the peak region
and beyond it, the RBEA model produces a fairly good fit to  In view of the unavailability of the experimental Ell cross
both the data sets. The BRY calculations overestimate up teections for N&', to the best of our knowledge, we compare
the peak, but show fairly good agreement near and beyonifie predicted cross sections from the present QIBED and
the peak. On the other hand, the DM model shows goodRQIBED models with those from siBED, RBERS], BRY
agreement up to the peak region, but overestimates the dafh6], DM [33], RBEA [20], DWBA [34], and RTPD[5] in
beyond the peak. Fig. 8. The siBED results are greatly underestimated except

F. lonization of O%*

H. lonization of Na®*

0.9
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0.7 { —=—BRY
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Claytor et al.
Marrrs et al.
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: SIBED ization cross section of Y* as a
A function of reduced energies. Ex-
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et al. [50] and Marrset al. [51].
The crosses are the RDWBA cal-
culations of Fontest al.[35]. The
other curves are the same as in

Fig. 1.
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Cross-section ( barn )

Reduced energy t

at high incident energies from all other predictions, whichRTPD. The RBEA results are closer to the RTPD predictions.
are close up to and near the peak position. The difference iBoth RQIBED and RBEA with relativistic ingredients in
the QIBED and RQIBED predictions, although small, is nowtheir structure are seen to agree much better with RTPD than
clearly visible at the high-energy end. Both the QIBED andDWBA. The relativistic DM [33] produces cross sections
RQIBED results are close to those of DWBA and RTPD.having large discrepancies with the RTPD results. The re-
DM gives overestimated cross sections, at the higher enefrarkable differences amongst the siBED, QIBED, and
gies, compared to the rest of the predictions. The RBEERQIBED_re_SL_JIts reflect the s_ubstantlal size of_ both the ionic
results, although are almost similar to those of SiBED at theind relativistic effects, and justify the correction factors in-

threshold and peak regions, quickly catch up the RTPD crosorPorated in the RQIBED model. The RBEB calculations,
sections at the high-energy end. although are far from the quantal results at the threshold and

peak regions, sharply rise to the RTPD cross sections at the
04 relativistic energies.
. lonization of Fe<**
K. lonization of U %*
o The siBED, QIBED, and RQIBED predictions for®%
are compared, in Fig. 11, with the experimental data of Clay-

The experimental Ell cross sections of the?fdon are
also not available to the best of our knowledge. We compar

510, S e teduced crose seclondelned Dt toretal (50 (195 and 222 koang et . 51
Iateal i?]e the B?esent work using the SIBED, OQIBED 198 keV); the present calculations from the nonrelativistic
! ' BRY [16], relativistic RBEB[28], DM [33], and RBEA[20]
RQIBED, RBEB, BRY, DM, RBEA models with those the ,,4eis: and the relativistic DWBARDWBA) calculations
DWBA [34] and RTPD calculationf5]. o of Ref. [35]. As seen from the figure, the data of Refs.
_As seen in Fig. 9, the RQIBED curve, which is clearly 50 51 seem to have different normalizations. In particular,
different from the QIBED one due to the appreciable relativ-at 198 keV/(t=1.744, the experimental cross section of the
istic effects, is in good agreement with the quantum-former is 9.7 b, which compares very high relative to the
mechanical RTPD calculations. RBEA also compares veryglue 2.82+0.35 b of Refi51] and 2.88 b, the result esti-
well with RTPD. Although the DM and DWBA predictions mated by Moore and Regé2] from the cross section for
are close to those of RTPD near the threshold region, the)°l* The experimental value of ReB1] is in close confor-
disagreement between the former two and the latter begins t@ity with the sophisticated RDWBA results, the findings
appear beyond the peak region and becomes pronouncedfedm the proposed QIBED, and RQIBED models and the
higher energies. The siBED results are very different and(RBEA and DM calculations. The nonrelativistic SiBED,
greatly underestimated compared to the other predictions iQIBED, and BRY calculations as well as the relativistic
the incident energy range considered, except the RBEB findRBEB predictions are far away from the either sets of ex-
ings. The difference between the RBEB and siBED stemerimental data and the RDWBA results. The siBED and
from the relativistic effects. RBEB cross sections, which greatly underestimate the ex-
perimental cross section of Rgb1] even at the 198 keV
incident energy, underscores the inadequacy of both the
siBED and RBEB models for the charged ionic targets and
To the best of our knowledge, the experimental Ell crosghe need for the ionic and relativistic corrections infused in
sections of Ag®* are also not available. The motivation of its structure.
using a highZ target such as A§* is vindicated by the large
difference in the QIBED and RQIBED results due to a sub- IV. CONCLUSIONS
stantial contribution from the relativistic correction infused The siBED model, which yields an encouraging descrip-
in the latter, which predicts cross sections close to those afon of the Ell cross sections on moleculg29], has been

J. lonization of Ag*®*
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found to be excellent as well for a neutral atomic target suchivistic energies. The proposed RQIBED model, with the
as He. The use af;=0.0 andd,=0.05 for the two param- same values fod; andd, for all the studied two-electron
eters in Eq.(11), obtained for the molecules in RdR29], targets, generates cross sections close to the relativistic
seems valid for He. However siBED, similar to the RBEB RTPD [5] (Figs. 1,8—10, CBX [37] (Figs. 4—3, and relativ-

[28] model, is found to be inadequate for a wide range ofistic DWBA [35] (Fig. 11) calculations and at the same time
ionic targets considered herein. Even in the nonrelativistichows the best overall agreements with the experimental re-
region, the siBED model underestimates the experimentadults amongst the analytical relativistic models, namely, DM,
cross sections in both the threshold and peak regions, @&@BEB, and RBEA. considered herein. The RQIBED model
RBEB does. The discrepancies between the experimentalith the same two parameters of R¢R9] produces very
data and the siBED predictions can be greatly mitigated byencouraging results for all ionic targets. It can be a promising
introducing the ionic correction to the Mott part in the struc-tool for easy and quick generations of the Ell cross sections
ture of siBED, resulting in the QIBED model. The large due to its accurate and speedy predictive power.
differences in the QIBED and the relativistic RDWBA cal-

culations[35] for the oo+ target (Fig. 11) underscore the ACKNOWLEDGMENT

need for relativistic correction in QIBED. In the relativistic

domain, it is essential that both the Mott and Born parts of The authors wish to thank Professor F. Bary Malik, South-
the QIBED model incorporate the relativistic corrections,ern lIllinois University, Carbondale, USA for fruitful discus-
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