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Abstract

The electron impact single ionization cross-sections on the BeCB", N3+, O*, Né®*, F&?+ and U® atomic targets, in the beryllium
isoelectronic sequence (BIS), are calculated using the modified versions of simplified improved binary-encounter dipole model (siBED)
[W.M. Huo, Phys. Rev. A 64 (2001) 042719]. The modified models, QIBED (with the ionic correction) and RQIBED (with both the ionic
and relativistic corrections) [M.A. Uddin, A.K.F. Haque, A.K. Basak, B.C. Saha, Phys. Rev. A 70 (2004) 032706], are found to provide an
excellent description of the experimental data for all the targets in BIS with the same generic values of the two pafaaredefksin the
models. The RQIBED results describe satisfactorily the assessed data of Be and its predictiéfs &mctunt for well the experimental
K-shell ionization data of Sn, with almost the same properties of the ionized orbit concerned, even up to around 2 MeV.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction eration of reasonably accurate (up to 30%) cross-sections
over a wide range of incident energies and targets including

The electron impact (El) ionization of atoms and ions is a the exotic ones as well as in the metastable states of targets.
topic, which has had the attention of researchers during thePractitioners, therefore, search for simple models, which can
last 100 years from the early days of modern physics. Nev- provide sufficiently accurate data easily.
ertheless, the interest in this field has not diminished during  Various simple approaches, namely the classical theory
the last decade. An important driving force for these studies of Thomson[20], the empirical formula of Lot§21,22], the
is the field of applications. The ionization cross-sections are classical model of Gryzinsi23] and the empirical model
essential in modeling and understanding the behavior of hotof Bernshtam et al[24], have been evolved. The model of
plasmas in fusion research and astrophysical objects, ioniza-Deutsch and Mrk (DM) [25] has been applied to neutral
tion mass spectrometry, etc. atoms and moleculg26—32] A good review of various the-

In recent years, various quantal methods have been develoretical studies on the El ionization is provided2®,33,34]
oped for generating accurate cross-sections. However, theyAmongst other successful theoretical models, those of Kim
are confined to simple atomic and ionic targgts19]. Al- and Rudd35], Rost[36], Saksena et dl37], and Khare et al.
though these rigorous calculations are arduous, the perfor-[38] deserve mentioning. The binary-encounter dipole (BED)
mance of these methods in describing the experimental datamodel of Kim and Ruddi35] has enjoyed much applications
is rather quite limited. The applied area requires a rapid gen-in molecular targetf39—-43]than their atomic counterparts.

In the BED model, the Mott cross-section has been modi-
mpondmg author. fied and combined with the leading dipole-term of the Bethe

E-mail addressalfazphy@yahoo.com, mauddin@ru.ac.bd cross-section to account for the dipole interaction (soft colli-
(M. Alfaz Uddin). sion), characteristic of the bound electrons. The Mott as well
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as the Bethe cross-section has the kinetic energy of the inci-then held constant in both the QIBED and RQIBED calcula-

dent electrof as the first denominator. The incident electron tions for the atomic Be and the ionic targets; BC2t, N3+,

is attracted by the positive charge of the target nucleus and thisO*+, Neé®*, Fe2t and P8+, We then compare our findings

process enhances the kinetic energy by the so-calttedl- with other theoretical calculations, such as the distorted-wave

eration term U + I (U andl being, respectively, the kinetic ~ Born approximation witlR-matrix (DWBARM) of Laghdas

and binding energies of target electron). In the BED model, et al.[16], the no-exchange distorted-wave Coulomb—Born

Burgesd44] replaced the first denominatdioy 7'+ U + 1 approximation (NXDCB) of Moorefs0], the distorted-wave

and this simple prescription modifies thalependent corre-  Coulomb-Born approximation with exchange (DCHE]],

lation term between the incident and bound electrons. In spitethe analytic fit to the distorted-wave Born-exchange approxi-

of the considerable success of the BED model and its sim- mation (DWBX) of Younge(52], the orthogonalized Born—

pler versions, there remain some anomalies in its structure aOppenheimer approximation (OB{H3] and the relativistic

noted in[45]. distorted wave Born approximation (RDWBA§4]. To ad-
The improved binary-encounter dipole (iBED) mofits] judge the performance of QIBED and RQIBED, we also cal-

replaces the Bethe cross-section term with a simple two- culate the cross-sections from the parent siBED model, the

parameter dependent Born term. It thus removed the ambi-empirical model of Bernshtam et al. (henceforth referred to

guity associated with the Bethe term in the BED model and as BRY)[24], the MBED model55] and the assessed data

its versions. The two parameters of iBED are species depen-of Bell et al.[56].

dent and are related to the nature of the charge distributionin  In Section2, we present a brief description of the siBED,

the bonding region of the molecules. Nevertheless, 46d QIBED and RQIBED models. Discussions on the results are

derived a simplified version of iBED (siBED), where the two furnished in Sectio and a brief summary of the conclusions

parameters can assume generic values. Uddin gt&lap- is listed in Sectior.

plied this siBED model to the atomic targets in the helium

isoelectronic sequence covering a wide range of atomic num-

berZon a broad range of electron incident energies extending2. Outline of the models

to the relativistic domain. It has been observed that sSiBED

works well with a neutral atomic target like He but it needs The cross-section in the QIBED modéb] is given by

modifications in terms of the ionic and relativistic effects. For

the ionic targets these modifications are essential as demon¢QIBED = GMott + UBorn’ 1)

strated earlier if46]. The ionic correction is incorporated by

including the charge parameigof the target in the Burgess

denominatof47,48] of the Mott part of the sSiIBED model. 'gon — sy )

This has led to the development of the QIBED (siBED with

ionic correction) model6]. The inclusion of both the ionic ~ With

whereo-,\%ott is the modified Mott cross-sectigas]

and relativistic effects has produced the RQIBED md4die]. K2—a?  In(k2/a?)

Systematic studies along an isoelectronic sequence of theH = [ 5 — 3 :| 3)
atoms and ions are desirable to aid the continuing efforts kaerg kg + o
in developing model formulas. In particular, after the stu- gpq
pendous success of RQIBED in describing the El ioniza- AN
tion data of all the helium isoelectronic targ¢4€] with a SQ = 5 5 0 4)
constant set of values for the two parametérsaanddo, it kG + (kg +f) /(g + 1)

naturally poses the questiowhether or not these same pa-
rameter values can generate an identical success for other
isoelectronic targetsWhen the values of the two parameters 0 _ o5 (5)
commensurate with the electronic structure of the target are

determined, RQIBED does not remain any more a fitting for- with

andaBorn is the dipole-Born cross-secti¢#5] given by

mula but behaves like a parameter-free model. With this in 643N
view, our objective in the present work is to examine both the F Q- kg ) (6)
QIBED and RQIBED models on the targets of the beryllium 0

sequence. We would like to emphasize here that the two pa-
rameters/; anddz in the QIBED and RQIBED models are
dependent mainly on the electronic structure of the target but
independent of the projectile energy in conformity with our X 5
earlier studie$46,49] Similar observations were also made % / e 1+dit + dot

by Huo[45] for molecular targets. We use the available ex- Kmin  KI(K + kp)? + o3]3[(K — kp)? + a0]3
perimental El ionization cross-sections for adjusting the two

parameters/; anddy. The derived set of these values are ()

(k3—02)/2
_ / k(K2 + oB)2 dE,
0
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and
K4
"TUK k2t 2K — k)Pt ]

(8)

Here, T = k§/2 is the energy of the incident electrali;=
k2/2, the kinetic energy of the bound electrdns «3/2, the
binding energy of the target electron afg = kS/Z, the en-
ergy of the ejected electron witly having the dimension of
momentum in the atomic urj#5]. K = kg — k1 denotes the
momentum transfer vector wilty representing the momen-

tum of the electron after a collision in the atomic unit. The

maximum and minimum values &f are given in57]. No is
the number of electrons in the orbit considered qdénotes
the ionic charge of the target.

The Mott parb,\(,fon in (1) represents the cross-section aris-

ing from the direct { = 0) interaction, while the Born part
oBQom originates from the dipold & 1) interaction. The first

quantitiess;, B, and B, in (12) and (13)re defined in terms
of ' = k3/2mc?, b’ = kZ/2mc? andd’ = o3/2mc?, respec-
tively, as

1
2 —_ .
ﬂt - l (l—'—t/)Z, (14)
1
2 —_ —_
ﬂb =1 (l—|— b/)z’ (15)
and
1
2 —_ -
=1y (16)

3. Results and discussion

For the neutral targets, we used the ionization potential
given by Desclauj60]. The kinetic energy of the bound elec-

term ofH in (3) embodies the direct and exchange contribu- o of all targets and the ionization potentials of the ionic
tions, and the second one, the logarithmic term, denotes theggets are calculated using the Dirac—Hartree—Fock code

interference of the two. The denominatoséf in (4) replaces

[61]. Using the 64-point Gauss—Legendre ri@2] the two-

the incident energy by an effective energy in the binary- gimensjonalintegrations ovirandE, in the SiBED, QIBED

encounter model, modified with the ionic factgr£ 1). The
first term in the numerator (& dit + dot?) in (7) represents

and RQIBED calculations are carried out numerically. The
two parametersi; anddo, are determined by the least-square

the contribution from the long-range part of the dipole in- fitting code MINUIT[63]. As pointed out ir45], the value of

teraction, and the terms involving the parametarandds

d1 determines the cross-section peak. The valug ef 0.0

denote the effect from the short-ranged shielded part of the, the SiBED model45] for the neutral molecules, which has

dipole interaction (seg!5]). The parameterg; andd» have

been found good for the helium isoelectronic targets, is also

dependence on the electronic structure of the target. Theyio,ng appropriate to all the targets in this study. The parame-
can conveniently be evaluated by comparing of the calcu- e 4, mainly governs the high energy behavior of the cross-

lated cross-sections with the experimental data.
In modifying the siBED mode[45] for the relativistic

effect, we retain the original structure of the interaction ma-

sections. Itis found that the valuesdfin the range 0.0-0.05
along withd; = 0.0 provide close fit to the dat#&ig. 1 de-
picts the calculated cross-sections, summed over all orbits, in

trix element and infuse the relativistic components through the typical case of the X target for the different values db

the prefactors o8¢ in (4) and F€ in (6) following closely
the work of Deutsch’s grouf27,32], Casnati et al[58] and
Hombourge59]. This simple prescription for the RQIBED

using the RQIBED model. Since the relativistic effectis negli-
gibly smallin the energy range, especially for the light atomic
targets considered herein, both the QIBED and RQIBED re-

model has been applied with a considerable success not only 15 agree nicely. In this figure, the heavy solid, shaded,

for the He isoelectronic sequer@®] but also for the K-shell
ionization of atom$49]. In the RQIBED model, the expres-
sion for the El ionization cross-section has been shiagh
to have the form:

ORQIBED = Otott + Tor: 9)
where
oot = SV H, (10)
Ulgorn = FRG! (11)
47 Noa?
R o 0 , (12)
Br + By + B2)/(q + 1)
6483 N
Fr = S¥ulo (13)
05,3t

Usingmas the mass of the electraras the velocity of light

in the free space and as the fine structure constant, the

short-dashed and light solid curves labelled, respectively, by
RQIBEDOO, RQIBEDO1, RQIBED03 and RQIBEDOS5 rep-
resenting the calculations with = 0.0, 0.01, 0.03 and 0.05,
while keepingd; fixed at 0.0 for all cases. Itis clear from the
figure that ford, > 0.01, the cross-sections diverge at higher
energies. The set of valuds = d»> = 0.0 gives not only the
required convergence in cross-sections at higher energies, but
also produce satisfactory fits to the experimental data for all
the targets, as we will view later. These values are held fixed
throughout the subsequent calculations.

Figs. 2-9resent our results from the siBED, QIBED and
RQIBED models usingi = d> = 0.0 along with the exper-
imental and other theoretical cross-sections. For the case of
U8Bt the EI cross-sections are considered only from the 2s
orbit while for all other targets in this study these represent
the summed cross-sections over all orbits. As noted earlier,
the BRY and MBED cross-sections are also calculated in the
present study for comparison.
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Fig. 1. The El ionization cross-sections ofN summed over all orbits,
calculated in the RQIBED model for different values of the paraméter

Throughout the entire energy range, the experimental data are
reproduced excellently by the QIBED and RQIBED results,
which are almost indistinguishable signifying the negligible
contribution from the relativistic effect in the energy domain
considered. The smallness of the relativistic effectis expected
since the binding and the kinetic energies of the bound elec-
tron are not large. The siBED calculations underestimate the
data substantially around the peak region. The difference be-
tween the results of sSiBED and QIBED is a clear signature of
the significant contribution from the ionic correction incor-
porated in the latter.

Apart from the high energy tail, the BRY calculations give
a poor fit to the data with the predicted peak position dis-
placed towards the lower energies relative to the data peak.
The DWBX results are somewhat better than those of BRY
near the threshold and around the peak region, but surpris-
ingly getworse at higher energies. The assessed data underes-
timate the experimental cross-sections at the peak, although
agree in pattern with the latter.

with d = 0.0 fixed, are compared with the experimental data from Falk et 3.2. lonization of et

al. [64], Donets and Ovsyannikd66], Crandall et al[67] and Gregory et
al.[68]. The heavy solid, shaded, short-dashed and light solid curves are the

RQIBED results using, = 0.0, 0.01, 0.03 and 0.05, respectively.

3.1. lonization of B

The siBED, QIBED and RQIBED predictions for'Bare

compared, irFig. 2 with the experimental cross-section data
[64], the findings from DWBX[52], the results from BRY

[24] and the assessed data of Bell e{a6]. The DWBX re-

sults follow closely the data and the predictions of QIBED or
RQIBED. However, the agreement of the latter is much better.

70
& Falketal.

_. 9041 RQIBED
« —e—QIBED
£ SiBED
© 504 i N\, e BRY
(2 --+--DWBX
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Fig. 2. The El ionization cross-sections of Bsummed over all orbits, as
a function of incident energy. The calculated cross-sections from siBED
(shaded curve), QIBED (curve with solid circles) and RQIBED (heavy solid

curve) are compared with the experimental data of Falk ef6d]. The
dashed curve represents the results from the BRY m@d¢l The dashed
curve with pluses is from the DWBX calculations of Youndbg]. The
dashed curve with the open diamonds are the assessed (4. of

In Fig. 3, we compare the calculated cross-sections from
the siBED, QIBED and RQIBED models with the experimen-
tal data of Falk et al64], Woodruff et al.[65], Donets and
Ovsyanniko\66]; the theoretical results (1] from DCBX,

[50] from NXDCB, and[52] from DWBX; our findings from
BRY [24]; and the assessed datd®6]. As the data 0f65]
suggest that 40% contributions come from the metastable

1.6
x DCBX
a NXDCB
1.4+ FAY + Falketal.
Sk = Woodruff et al.
.‘t * o Donets & Ovsyannikov

. 127 RQIBED
& —e—QIBED
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Fig. 3. The same as iRig. 2 for C2*. The calculated cross-sections from
siBED (shaded curve), QIBED (curve with solid circles) and RQIBED
(heavy solid curve) are compared to the experimental data of Falk et al.
[64], Woodruff et al.[65], and Donets and Ovsyannikf&6].The open tri-
angles and crosses are the theoretical results of NX[BOBand DCBX

[51], respectively.
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state, we have presented the calculations of DWBX, BRY, the increase in the ionic effect with the chargef the target.

sSiBED, QIBED and RQIBED, with a mixture of the 60% However, at energies higher than about 1000 eV, the siBED

and 40% contributions from the ground and metastable statesgalculations converge to the QIBED or RQIBED results. For

respectively. this target, the relativistic effect still remains too meagre to
Similar to the B" target, the predictions from the QIBED  show up any tangible difference in the QIBED and RQIBED

and RQIBED models are almostidentical. The present resultsresults.

due to the siBED model underestimate the data in the low The MBED calculations describe the data well from the

energy region, underscoring the importance of the ionic cor- threshold to about the peak region, but underestimate the

rection. Although the predicted peak position of the QIBED experimental data at energies beyond the peak. However,

or RQIBED model is slightly shifted from the peak region of MBED shows good agreement with the other theoretical find-

the data, there is a good agreement with both in the patternings[50-53] BRY produces worse results near the peak re-

and magnitudes of cross-sections between the calculationsyion but at higher energies it improves. At energies beyond

and experiments. In particular, there is an excellent agree-the peak region, both the QIBED and the RQIBED models

ment between the results of QIBED and experiments at low yield much better results than other calculations.

and high energies. The BRY results produce the best fit to the

experimental data. The cross-sections due to NXD&B, 3.4. lonization of &+

DCBX [51] and DWBX[52] and the data frorfb6] compare

favorably with the findings of the either QIBED or RQIBED In Fig. 5 we compare the siBED, QIBED and RQIBED

model. results for @+ with the experimental cross-sections of Falk et
al. [64], Donets and Ovsyannikd®6], Crandall et al[67],
3.3. lonization of &+ and Ganas and Greg69]; the assessed data of Bell et al.

[56]; the results of DCBX51] and DWBX[52] quantal cal-
Fig. 4 shows the comparison of the predicted cross- culations; and the predictions from BR24] and MBED

sections from siBED, QIBED and RIBED with the experi- ) )
mental data of Falk et §64], Donets and Ovsyannikd@6], ~ The QIBED and RQIBED results, which are almost in-
Crandall et al[67] and Gregory et a[68]; the assessed data  distinguishable even for this target, produce by far the best
of Bell et al.[56]; the other theoretical resul[§0-53} and description of data relative to the other calculations. The for-
the model calculationf24,55] As is apparent fronfrig. 4, mer two models, however, fail to reproduce the structure of
QIBED and RQIBED produce an excellentfitto all the exper- th€ data near the peak region. The discrepancy between the
imental data and agree fairly well with the recommended data SIBED calculations and the data up to about 1000 eV justifies
of [56] up to the peak region. The QIBED or RQIBED model, the ionic correction in the QIBED and RQIBED models. The
however, underestimate the data beyond the peak region. The

siBED predictions show a larger discrepancies with the data 351
than the previous cases of Bind G*. This is a reflection of o Faketal.
m  Crandall et al.
34 A O  Donets & Ovsyannikov
3 A A Ganas & Green
6 = I. MBED
i & Faketal. L BRY
" m  Crandall et al. i X DCBX
L O Donets & Ovsyannikov 2.5 RQIBED
51 X DCBX o :
— \ 9 A Gregory et al. £ SIBED
e A NXDCB 2 —e—QIBED
o " + 0BO - -+ - -DWBX
© 4 o] RQIBED ‘O_ 2 --<--Belletal
B ._ —e—QIBED ~
= : SIBED 5
c -l 0 A% =
g 3 2 s
-t (7] .
[4] [
) [}
) 17}
8 % e
o © 14
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Electron energy (eV) 0 f - |
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Fig. 4. The same as iAig. 3for N3t excepting that the solid diamonds are Electron energy (eV)
the experimental data of Crandall et @7] and solid triangles are the data
from Gregory et al[68]. The pluses are the calculations fr@®3]. The thin Fig. 5. The same as iRig. 3for O* excepting that the solid triangles are

solid curve represents the results from MBEB]. the data of Ganas and Gref&9].
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kinetic and binding energies are not yet sufficiently high to or RQIBED, suggesting the increasing ionic effect with the
reflect the relativistic effect from the RQIBED findings. The chargeq of the target.
MBED predictions, although close to thos€s1] and BRY, The DWBARM calculations of16], which includes the
underestimate the experimental data in most of the energy re-indirect EA process, yield good agreement with all experi-
gion. However, BRY reproduces the datg®8] at the high mental data, except the data[66]. A comparison of results
energy end. DWBX52], on the other hand, reproduces the due to the MBED model and the DWBARM theory shows
data fromthreshold to the peak region well, but underestimatethat the contribution from EA is not significant, in confor-
the experimental cross-sections beyond the peak region. Thamity with the earlier observation of Uddin et §b5]. The
assessed daf{a6] seem to underestimate all the available discrepancies between the datg@6] and those of70] in
experimental data. the overlapping region is noticeable.

The figure also shows an enhancement of the cross-
sections at around 550eV due to the contribution of the 3.6. |onization of F&t
excitation-autoionization (EAB4]. A contribution from the

metastable state of the target may also be possible. These To the best of our knowledge, the experimental data on
two factors may cause discrepancy as neither QIBED nor 22+ gre not available. The motivation of using this target

RQIBED has provisions for these physical aspects. with an appreciable value @f = 22 is to study the role of
relativistic effects. We compare, ifig. 7, the predicted cross-
3.5. lonization of N&" sections from QIBED and RQIBED with the findings from

the siBED, BRY, and MBED models; and the results due to
In Fig. 6 the siBED, QIBED and RQIBED results are the DCBX[51] and DWBX[52] methods.

compared with the experimental cross-sections of Donets ~The difference between the QIBED and RQIBED results
and Ovsyannikoy66], Duponchelle et a[70], and Bannis- shows the effect of the relativistic correction. Except at high
ter [71]; the model calculations from BR[24] and MBED energies, the siBED results greatly underestimate other the-
[55]; and the quantal results of DWBAR6] and DCBX oretical cross-sections. At higher energies the DCBX and
[51]. The MBED results agree very well with all experimen- DWBX results are very similar but fall off more rapidly than
tal data except the data 6] at higher energies. QIBED the QIBED and RQIBED values. We have observed the sim-
and RQIBED, which generate almost identical results, show ilar trend in 0 (Fig. 5 and Né&* (Fig. 6). The rate of fall
excellent fit to the data up to the peak region and at higher of other theoretical cross-sections with energy may be partly
energies, but disagree with the datg[ @8] slightly beyond due to the fact that the associated methods are non-relativistic
the peak region. The siBED calculations show a larger dis- andthe Born cross-sections may notbe adequate atrelativistic
crepancies with the data and the findings of either QIBED energies. The rising tendency of the predicted cross-sections

10

91

+ Duponchelle et al.

© Donets & Ovsyannikov
m  Bannister 8 1
x DCBX

------ BRY

C\E‘ o DWBARM — 71
G 6- MBED £
@ ——RQIBED ©
f —e—QIBED 8 1
E 54 /& N\ . =) R
&= z
c
2 i S 5
Q b -
@ 2
o @ 4
o g @ RQIBED
o @
5 o —e—QIBED
O 34
5] X DOBX
SIBED
1. . N BRY
+--DWBX
14
0+ T T ——r
100 1000 10000 100000 0
Electron energy (eV) 0 2 4 6 8 10 12

Electron energy (keV)
Fig. 6. The same as ifiig. 3for Ne®* excepting that the solid diamonds
and solid squares are the data from Duponchelle d7@].and Bannister Fig. 7. The same as ifig. 2for FE¥2+. The crosses are the DCBX calcula-
[71]. The open diamonds are the DWBARM results frfif]. tions[51].



82 M.A. Uddin et al. / International Journal of Mass Spectrometry 244 (2005) 76—83

30

with siBED is due to the absence of the ionic factor in its
structure, which becomes prominent at the low energies and
decreases with the increase of the incident energies as ex

pected.

3.7. lonization of &+

There are yet no experimental data offtl Fig. 8 com-
pares the calculated 2s-orbit ionization cross-sections from
our QIBED and RQIBED models with the DWBp%2] and
RDWBA [54] results.

In the QIBED and RQIBED models, the EI ionization
cross-sections are determined by the ionization potehtial
and kinetic energy of the bound electron in addition to the
incident energyT. It is to be noted thaf(2s)= 32.46 keV
andU(2s) = 27.67 keV for P8 closely resemble t(1s) =
29.38keV andU(1s)= 33.31 keV for Sn. Thus the El cross-
sections for 8t in the 2s-orbit should be close to those for
the K-shell ionizations of Sn. The comparison of the pre-
dicted results irFig. 8 with the experimental data of Rester
and Dancé72] for Sn shows that RQIBED describes the data
well. The RDWBA calculations fall off with energy faster
than the data, while DWBX and QIBED greatly underesti-
mate the results of RQIBED and RDWBA. The discrepancy
between the QIBED and RQIBED results relay the impor-
tance of the relativistic effect which is significantly large for
this target.

o RDWBA
= RQIBED
= = = DWBX

® Rester & Dance (for Sn)
—e—QIBED

Cross section (102 cm?)

100 1000 10000

Electron energy T (keV)

10

Fig. 8. The Elionization cross-section of& for the 2s orbit. The RQIBED
predictions in solid curve, QIBED results in thin solid curve with solid dots,
DWBX calculations of[52], in broken curve and RDWBA results {54]

in open circles are compared with the experimental daf@2jffor K-shell
ionization of Sn (see text for explanation).
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Fig. 9. The Elionization cross-sections of Be. The calculated cross-sections
from RQIBED (heavy solid curve) and QIBED (curve with solid circles) are
compared with the assessed data (in broken curve with open diamonds) of
Bell et al.[56].

3.8. lonization of Be

To the best of our knowledge, no experimental or theo-
retical data, other than the assessed cross-sections of Bell et
al. [56], are available on the atomic Be. The predictions of
the RQIBED model are compared with the assessed data in
Fig. 9. The results due to Bell et al. compare close to the data
except for a narrow region beyond the peak region.

4. Conclusions

The present work reports the performance of the siBED
model [45] along with its extensions, the QIBED and
RQIBED modelg55] on the neutral Be atom and the ions
in the Be isoelectronic sequence e.g:,B?t, N3+, O*,
Nebt and P8t. Replacing the Bethe part in the BED model
[35] by the Born cross-section term with the two parameters
in the siBED mode[45], seems to bear a far reaching con-
sequence. The identical valuesdaf= d> = 0.0 for the Be-
like targets in the present work and for the K-shell ionization
[49], suggest that the generic values of the two parameters
in the QIBED and RQIBED models are amply dependent on
the electronic configuration of the targets. Using the same
set of values for the parametefsandd, in this study, it is
observed that the QIBED and RQIBED models produce al-
most similar results which describe satisfactorily the data of
these ions and the assessed data of Be in the non-relativistic
domain. In the relativistic region, the difference between the
results of QIBED and RQIBED begins to manifest forFe
(Fig. 7) and become significantly large fof8t (Fig. 8). The
RQIBED results, with the same valuesdafandd,, for the
ionization cross-section for the 2s-orbit of%) agree very
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well with the experimental data for the K-shell ionization for
Sn.

In the present study, the generic values of the two param-

eters,d1 = do = 0.0, provide the best fits to the data of all

Be-like targets. The same values are found good for the El

K-shell ionization investigation we reported receni\8].

This is expected as, in both cases, the ionization takes place

from the filled s-orbit. If it is found possible to obtain generic
values for other isoelectronic sequences, then RQIBED will
be alucrative simple model, the practitioners are looking for.
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