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Charge-transfer cross sections in collisions of Bé (q=1-4) and B* (q=1-5)
with ground-state atomic hydrogen
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A prior form of boundary corrected continuum intermediate state approximation has been employed to
calculate charge-transfer cross sections involving different degree ions of berryllium and boron with atomic
hydrogen in the energy range of 25—-200 keV/amu. In this formalism, interactions of the active electron with
the partially stripped ions have been estimated by a model potential. Results agree favorably well with the
available results in some processes. In other processes results have been rfebDERI294{08)04305-4

PACS numbes): 34.70+e

I. INTRODUCTION range of 1 keV/amu—-1 MeV/amu in the framework of the
CTMC method and charge-transfer cross sections to each
Studies on inelastic collision processes involving multi-individual subshell have been given in tabular form. Under
charged ions and atomic hydrogen have attracted a great dghe prevailing circumstances we are motivated to study
of experimental and theoretical works—7] due to their di- charge-transfer cross sections for the interaction of
verse applications on different branches of physics, viz., asB€"" (B") with atomic hydrogen in the intermediate- and
trophysics, fusion research etc. during the last two decadebigh-energy regions. We have formulated our problem in the
Very recently berryllium and boron have been identified agramework of the boundary corrected continuum intermedi-
the plasma facing materials replacing higtsurface materi- 2t€ State(BCCIS) approximation originally proposed by

als such as Ni, Fe, and Mo in the next step fusion reactor andgl etal. [11]' The essence of _this method lies in the
such as ITER. For this reason, a very accurate atomic dat ollowing facts: (i) Intermediate continuum states have been

base of cross sections of different inelastic processes involvlpcorporated into the formalisn@ii) boundary conditions are

o . . . . satisfied correctly, andiii) formulation may be extended
ing ions of berryllium and boron with atomic hydrogen is easily to non-Coulombic interactions as well

required over the entire range of collisional energies. Accu- The organization of the paper is as follo.ws. In Sec. i
rate cross sections for the inelastic processes involving fu”¥heoretical formulation, evaluation of the matrix element:
stripped ions of berryllium and boron with atomic hydrogen 4y construction of the model potential are given. Results

are available in the literature. In contrast, not much Crossyng giscussions are the contents of Sec. lll. Finally conclud-
section data are available for the inelastic processes involpg remarks are given in Sec. IV.

ing partially stripped ions of berryllium and boron with  aAtomic units are used throughout unless otherwise stated.
atomic hydrogen where the interactions of such partially
stripped ions with atomic hydrogen are very complicated in
nature. Of the inelastic processes, we shall focus our atten-
tion only on the charge-transfer phenomenon involving dif- A collisional diagram is shown in Fig. 1. The total Hamil-
ferent degree ions of berryllium and boron with ground-stateonian for the whole system may be written as
atomic hydrogen.

Olson and Salop8] have calculated the charge-transfer =H+ 7o) + A 3
cross sections in collisions of9B, CI*, N9*, and J*(q H=Hot+ Vre(F)+ VedlFe) +Vre(R), @
=3) with atomic hydrogen in the framework of classical
trajectory Monte Carlo simulatioCTMC) method in the
intermediate- and high-energy regions. Subshell results are
not available from their investigations. Hansen and Dubois
[9] have employed a two center atomic-state expansion
method to study charge-transfer cross sections®iiHBH or
He (g=1,3,5) interactions in the energy range of 0.1 to 100
keV/amu. Cross sections for charge transfer into different
subshells of the projectile ions are available from their cal-

II. THEORY

culations. However, they are confined to closed-shell or sub- x‘”(MP) r H+(M7)
shell ions of boron only. Schultet al. [10] have calculated
all the inelastic cross sections in collisions of ‘Béq FIG. 1. Coordinate representation for the reactiofi”

=2-4) with atomic and molecular hydrogen in the energy(Be*=4* or BX9) +H(1s)—X@ D+ (nl)+H".
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where Hg is the kinetic energy term, which has as usualwhere ; is the unperturbed wave function in the entrance
different forms in the entrance and exit channels, respecchannel and may be written as
tively andV represents the pair interaction labeled by sub-
scripts in a charge-transfer reaction wherer, andP rep- L
resent active electron, target ion, and projectile ion, yi=e*i R (rq) 3
respectively.

The prior form of the transition amplitude in the frame-

work of the BCCIS approximation may be written as and ¢2°C"Sis the approximate fornfprior) of the total wave
=) BCCl R R function of the whole collisional system in the on-shell ap-
Tl = (U IVrp(R) + Vpe(rp) | i), (2)  proximation and may be written as
|
BCCIS, pyinn _ N aiks- R > 4. S Ca 3
gy (Prion =Ne*t"P(Fp) 1F1(—ivy;1;—ia(vr+vs-1)) 1F1(ivo; 1—ib(kiRr+ K- Ry)), (4)
|
where cases, the interaction of the active electron with the projectile

. ion has been estimated by a model potential as
N=(bus) "1el™@1= 2 (1 +iv)T(1—ivy),

q e—)\rp
Vp(fp)=——— Z—q)+brp}, 6
My Mp Mo(Mp+1) pe(lp) o ro {(Z-q) P (6)
1My T 1eMy MMM _ .
whereZ and q are respectively the nuclear and asymptotic
1 q charge of the projectile iorh and\ are two arbitrary param-
v =—, Up=—. eters chosen variationally with respect to a slater basis set in
Ut vt such a way that the corresponding Hamiltonian of the active

) o electron in the final state is diagonalized to reproduce correct
In the case of heavy particle collision, it has been shf  pinging energies. These binding energies of the active elec-

that tron on different projectile ions are calculated from the tables
.. of Clementi and Roet{i16] and works of Clark and Abdal-
1F1(ivo;1;—ib(kiRr+ k¢ - Ry)) lah[17]. Potential parameters for different projectile ions are
i i N given in Table I. It has been observed that a unique set of
~1F1(vz;1;—ib(kiRp+ ki Rp)). parameters for the potential reproduce binding energies of

o . the captured electron in a different subshell with better accu-
Now it is trival to show that the asymptotic form of the total racy for a particular shell of the projectile ion, which has

wave function may be written as initially a closed shell or subshell structure. For the capture
) BCCIS, . to the open shell of the projectile ion, potential parameters
R“m ¢y~ (prior) have to change a little to find out the binding energies of the

P*}OO

active electron in each different subshell to which the capture
:N¢f(rp)eik‘f..ip_[i(q_1>,Uf]|n<kfRP+|2f.p‘<P)_ (5)  occurs. However, to check the accuracy of the wave func-
tion, the virial theorem has been tested and is found to be
accurate within 0.01% in all cases.
A. Construction of the interacting two-body potentials With the assumption of the rigid core of the projectile ion
and final bound-state wave function [cases(i) and (ii)], it is obvious that the interaction of the
projectile ion with the target nucleus should be Coulombic.

There is no ambiguity in the construction \¢§.('t) and ) )
gury Felr) In case(iii) also, we have treated the interaction of the pro-

it is uniquely determined by the Coulomb potential. The in-
teraction of the active electron and the projectile ion of TABLE |. Model potential ters andb in Eq. (6
chargeq has been described in three different ways as fol- . . Model potential parameters andb in g.(6) are
lows. given for different ions.

The projectile ion has been treated as a rigid core ion due

to screening by the passive electrons and the chatggdn lon \ b

the projectile ion is determined Kj) binding energy screen- Be" 2.3292 3.8616
ing [13,14 (BES), i.e., Zp=(—2n%¢;)'? wheree; is the Be?t 4.3792 3.4616
binding energy of the electron in the final state represented Be** 6.5792 2.3446
by principal quantum numben;, and (ii) slater screening B* 2.1435 4.4119
[13,14] (SS, i.e.,Zp=Z— o, whereZ is the nuclear charge B2* 3.4012 5.8235
of the projectile andr [15] is the total screening charge by g3+ 6.2512 5.8616
the passive electrons. In these two cases, the final-state wave g4+ 7.0512 8.2616

function is hydrogenic with nuclear charg@e . (iii) In other
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This is well justified even if some short-range part exists thatesults of Schultzt al.[10].
will not affect the charge-transfer cross sections.

As per the discussions in Sec. Il A, the form Wp(R)
B. Evaluation of the transition amplitude +Vpe(rp) _may bg. written as follows:
For casegi) and ii),

The transition amplitude in the framework of the BCCIS

approximation may be written as . . Zr Zp
Vrp(R)+Veelrp) = == = (8)
TEf‘>=Nf dirdRre 1 Regpf (Fp) 1Fy(ivg; Liia(ury
For casiii),
+0¢- 7)) 1F1(=ivy;15ib(kiRr+Ke- Ry)) N
o 5 ... g q e
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(SS model, — — —, present workKBES model; and @’s, CTMC of Busnengoet al. [19]; and ®@®®, CTMC results of Schultz

results of Schultzt al. [10]. et al.[10].
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TABLE Il. Total nl cross sections for BeH(1s) (a[b] stands forax 10P).
Cross sections (13° cn¥)
Energy
(keV/amy 2s 2p Q(2) 3s 3p 3d Q(3) Total
25  3.360] 8.040] 1.14+1] 837-2] 6.3§—2] 7.09-3] 154-1] 1.1q+1]
30 2.640] 6.890] 9.530] 844-2] 579-2] 6.1§-3] 1.49-1] 9.6§+0]
40  1570] 4.3§0] 5.990] 6.70-2] 4.09-2] 3.93-3] 1.17-1] 6.06+0]
50  9.44-1] 3.700] 4.640] 4.64-2] 2.64—-2] 2.30-3] 7.501-2] 4.77+0]
60  57%-1] 1590] 2.160] 3.17-2] 1.66-2] 1.33-3] 4.91-2] 2.21+0]
80  235-1] 6.19-1] 850-1] 1.39-2] 6.49-3] 450—4] 2.0§-2] 871-1]
100  1.06-1] 259-1] 3.69-1] 6.64—-3] 2.771-3] 1.74-4] 9.56-3] 3.74-1]
200  547-3] 114-2] 1.67-2] 3.97-4] 1.04-4] 419-6] 509-4] 1.79-2]
TABLE IlI. Total nl cross sections for B&-H(1s) (a[b] stands forax 10P).
Cross sections (10° cn?)
Energy
(keV/amy 2s 2p Q(2) 3s 3p 3d Q(3) Total
25 17901 3.240] 5060] 22§-1] 9.14-1] 463-1] 1.6d0]  6.640]
30  1.330] 24g0] 3810] 201-1] 867-1] 4.16-1] 1.4§0] 5.290]
40 7.72-1] 1.480] 2.200] 1.4§-1] 657-1] 2.79-1] 1.090] 3.2§0]
50 4.6§-1] 859-1] 1.330] 1.0§-1] 454-1] 1.70—-1] 7.31—1] 2.060]
60  2.94-1] 537-1] 826-1] 7.6§—2] 3.0§-1] 1.03-1] 45§-1] 1.340]
80  1.28-1] 22§-1] 354-1] 417-2] 1.4q-1] 3.99-2] 2.21-1] 579-1]
100  6.15-2] 1.07-1] 1.64—1] 2.3§-2] 6.74-2] 1.64-2] 1.08—1] 2.7-1]
200  3.87-3] 6.97-3] 1.08—-2] 2.5-3] 3.80-3] 574-4] 6.93-3] 1.771-2]
TABLE V. Total nl cross sections Bé-H(1s) (a[b] stands forax 10°).
Energy Cross sections (10° cn?)
(keV/iamy
1s Q(1) 2s 2p Q(2) 3s 3p 3d Q(3)
25 6.39-3] 6.39-3] 2.090] 2.440] 4.540] 497-1] 2.040] 3.590] 6.140]
30 5.03-3] 5.03-3] 1.470] 1.840] 3.290] 400-1] 1.840] 2.870] 5.110]
40 335-3] 339-3] 819-1] 1.040] 1.840] 250-1] 1.390] 1.740] 3.340]
50 23§-3] 239-3] 4871-1] 6.49-1] 1.130] 159-1] 1.040] 1.060] 2.240]
60 1.77-3] 1771-3] 299-1] 419-1] 7.1§-1] 104-1] 7.45-1] 656-1] 1.190]
80 1.06-3] 1.0§-3] 1.2§-1] 194-1] 3.29-1] 514-2] 404-1] 27q-1] 7.29-1]
100 6.77—-4] 6.77-4] 6.09-2] 98§-2] 159-1] 297-2] 227-1] 127-1] 3.79-1]
200 1.33—4] 133-4] 349-3] 7.6§-3] 119-2] 491-3] 21G0-2] 6.17-3] 3.21-2]
4s 4p 4d 4f Q(4) Total
25 1.42-1] 5.47-1] 8.37-1] 3.64—1] 1.840] 1.2 +1]
30 1.35-1] 5.67—1] 8.10-1] 3.47-1] 1.890] 1.03+1]
40 1.02—-1] 5.04 1] 6.29 —1] 259 1] 1.490] 6.760]
50 7.13-2] 4.04-1] 4.40-1] 1.7 -1] 1.040] 4.470]
60 4.93-2] 3.13-1] 2.99 1] 1.17-1] 7.79-1] 2.640]
80 2.52—2] 1.87—1] 1.3§—1] 4.7 -2] 3.97—1] 1.450]
100 1.46-2] 1.06 1] 6.6 2] 2.04-2] 2.0 —1] 759 -1]
200 2.36—3] 1.04 - 2] 3.73-3] 6.5 — 4] 1.69 2] 6.03 —2]
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TABLE V. Total nl cross sections for B&-H(1s) (a[b] stands forax 10).

Energy Cross sections (13° cn?)
(keV/iamy
1s Q1) 25 2p Q2) 3s 3p 3d Q(3)
50 326-2] 329-2] 539-1] 3.5q0] 4.090] 3.64-1] 1.190] 3.910] 5.440]
60 248-2] 249-2] 331-1] 2.440] 2.770] 237-1] 869-1] 2.4740] 3.530]
80 158—2] 159-2] 14§-1] 1.3q0] 1.450] 1.01-1] 5.07-1] 1.040] 1.630]
100 1.09-2] 109-2] 7.83-2] 757-1] 839-1] 527-2] 317-1] 479-1] 8.4§-1]
200 248-3] 249-3] 129-2] 944-2] 10§-1] 557-3] 464-2] 271-2] 7.91-2]
500 1.96—4] 196-4] 854-4] 211-3] 29§-3] 341-4] 1.07-3] 241-4] 1.60-3]
4s 4p 4d Af Q(4) 5s 5p 5d 5f
50 1.64—1] 50§-1] 1.5q0] 1.630] 3.840] 8.09-2] 419-1] 7.14-1] 850-1]
60 1.16-1] 3.89-1] 1.090] 1.140] 2.710] 6.01-2] 311-1] 540-1] 6.69-1]
80 574-2] 233-1] 529-1] 51-1] 1.330] 320-2] 1.89-1] 2.8§-1] 3.56-1]
100 292-2] 149-1] 269-1] 239-1] 6.8[-1] 1.69-2] 929-2] 157-1] 1.79-1]
200 282-3] 233-2] 169-2] 889-3] 519-2] 156-3] 9.69-3] 991-3] 7.43-3]
500 1.61-4] 50§-4] 151-4] 259-5] 843-4] 869-5] 209-4] 9095-5] 2.14-5]
59 Q(5) Total
50 2.7 1] 2.330] 1.57+1]
60 2.20-1] 1.800] 1.0 +1]
80 1.13-1] 9.97—1] 5.430]
100 5.28—2] 4.97 1] 2.840]
200 1.45-3] 2.99 2] 2.70-1]
500 1.61-6] 4.09 — 4] 5.0 — 3]

wherea=Z—q. All the terms in the transition matrix ele- Gauss Legendre quadrature method with an accuracy of
ment may be generated by suitable parametric differentiatiof.1%. However, it may be mentioned that sixth-order para-
from a general term of the form as metric differentiation of the final expression fork” has

been required to generate all the cross sections of our present

-\ . . . .
ki investigation and has been performed analytically.

K:f dFTdﬁTeiikf.RP 1F1(iv1;1;ia(vfrT

] L. lll. RESULTS AND DISCUSSIONS
FOr ) aFa(—iuy Lib(kRr ki Rr) Our calculated results for the partial and total charge-
R e AT transfer cross section in the Bgq=1-4)+H interaction
XemT 1y (100 in different shells or subshells are given in Tables 11-V and
comparison with other available total charge transfer cross
This six-dimensional integral may be reduced to a onesections are displayed in Figs. 2-5, respectively. The same
dimensional integral in compact form following an earlier computed results for the ‘B(q=1-5)+H interaction are
investigation[18] by our group. Finally cross sections are shown in Tables VI-X and Figs. 6-10, respectively. Due to
obtained by integration over scattering angles. These intehe nonavailability of experimental results in most of the
grals are performed numerically in a 24-point and a 48-pointases comparisons are mainly confined to other theoretical

TABLE VI. Total nl cross sections for BH(1s) (a[b] stands forax 10°).

Cross sections (10° cn?)

Energy

(keV/iamy 2p Q(2) 3s 3p 3d Q(3) Total
25 5.210] 5.210] 953-2] 671-2] 6.79-3] 1.69-1] 5.340]
30 4.040] 4.040] 9.20-2] 599-2] 6.00-3] 159-1] 4.190]
40 2.370] 2.370] 6.99-2] 4.17-2] 3.89-3] 11§-1] 2.4§0]
50 1.4%0] 1.450] 464-2] 26-2] 229-3] 7.55-2] 1.570]
60 9.26—-1] 9.2d-1] 3.06—-2] 16-2] 133-3] 489-2] 9.74-1]
80 411-1] 411-1] 139-2] 6.44-3] 459-4] 204-2] 431-1]
100 2.08—-1] 2.03-1] 6.37—-3] 274-3] 1.74-4] 9.2§-3] 2.17-1]

200 1.62—-2] 1.69-2] 3.8§-4] 103-4] 424-6] 4.93-4] 167-2]
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results only. In order to reduce the length of the tables, no 4155 <
numerical results obtained in BES and SS models are giver A
in the tables. They are only compared in figures.
Charge-transfer cross sections into subshells-e2 and
n=3 in Be"+H interaction are given in Table Il. Due to the
nonavailability of any other theoretical or experimental re-
sults for B +H interaction, our computed results are com-
pared in Fig. 2. From the table, we find that dominant cross
sections come from the=2 shell and then=3 shell con-
tributes around 5% to the total cross section. From Fig. 2 it is
evident that all results have a converging trend towards
higher energies and differ by a few factors at lower part of
the energy range. Table Ill contains the subshell results of
the Bé" +H interaction. Results for total cross sections are
compared in Fig. 3 with CTMC results of Schuétal.[10].
From Table Ill, we see that the maximum contribution s
comes from the=2 shell and has a converging trend within 10" 5|0 150 1:0 =50
30% for capture into thev=3 shell. For each individual
subshell, cross sections are favored intophtate, which is Energy (keV/amu)
at parity with the obser\(at|ons of Schulez al. [101 How- FIG. 6. Total capture cross sections fof BH(1s) collisions.
ever, we observe from Fig. 3 that at higher energies results ofheory: — present workmodel potentiat - , present work
Schultzet al. [10] differ by a factor 2 and the discrepancy (ss modey; - - -, present work BES mode); A’s, the results of
gradually diminishes towards lower energies. Our compute@jansen and Duboikg].
results in BES and SS screening methods have a similar
pattern of energy variation. Charge transfer cross sectionferent for other partially stripped ions of berryllium. Our
into each subshell are displayed in Table IV and total crosgomputed results for total cross sections are in very good
sections are compared in Fig. 4 for collision of*Bewith agreement with those of Schukt al.[10] and fairly consis-
atomic hydrogen. From the table, we see that maximuntent with CDW-EFS results of Busnengo al. [19].
cross section is obtained from the=3 shell and thereby Charge-transfer cross section into different subshells in
have a converging trend within 25% for capture ime4  collision of B with ground-state atomic hydrogen are dis-
shell. For this process our computed results are in googlayed in Table VI and total cross-section results are com-
agreement with those of Schuke al.[10] in regard to sub- pared in Fig. 6. From the table, we find that the maximum
shell distribution of the charge-transfer cross sections excemontribution comes from the@=2 shell and is convergent
for the fact that our cross sections attain their peak at the 3 within 5% for capture into thea=3 shell, which is in very
state, in contrast to their maximum at thp 8tate. As may good agreement with the computed results of Hansen and
be expected, our computed results in BES and SS models aBaibois[9]. However, the subshell distributions of cross sec-
almost identical and differ from the results obtained in thetions into then=3 shell are in disagreement with each other
model potential approach. However, our computed totathough the net contribution from this shell is very small. Our
cross-section results are lower by a factor of 3 with those obther(BES and S¥results differ significantly. Table VII and
Schultzet al.[10] at the highest energies and the discrepancyFig. 7 contain numerical and graphical results of tHé BH
gradually diminishes significantly at lower energies. Resultsnteraction, respectively. Neither any theoretical nor any ex-
for collision of Bé" with ground-state atomic hydrogen are perimental results are available for this process. In this case
given in Table V. From the table, we may find that maximumthe maximum cross section is obtained from the2 shell
contribution comes from the=4 shell. For each individual with a dominant contribution from the@state and then
shell cross sections have attained their peak into the highest3 shell contributes around 35% to the total cross section.
angular momentum state. This behavior is significantly dif-Our computed results in three different approaches have the

. BT + H(15)

)

=16

10 '~

Cross Section (in ¢m

TABLE VII. Total nl cross sections for 8-H(1s) (a[b] stands forax 10°).

Cross sections (10° cn?)
Energy

(keV/iamy 2s 2p Q(2) 3s 3p 3d Q(3) Total

25  1.240] 2.240] 3.490] 2.2§-1] 9.01-1] 4.2G-1] 1.50] 5.030]
30 9.09-1] 1.630] 2.540] 2.04—-1] 8.64-1] 3.93-1] 1.40]  4.0q0]
40 520-1] 9.2§-1] 1.450] 1.49-1] 659-1] 2.7§-1] 1.0§0] 2.530]
50 3.1§-1] 5.67-1] 8.80—1] 1.09—-1] 457-1] 1.73-1] 7.3§—1] 1.640]
60  2.04-1] 359-1] 563-1] 7.84-2] 3.09-1] 1.0§-1] 4.93—1] 1.040]
80  9.31-2] 1.64-1] 257-1] 4.27-2] 1.44-1] 411-2] 2.26-1] 4.83-1]
100  4.70-2] 8.34-2] 1.30—1] 2.44-2] 6.83-2] 1.70-2] 1.10—-1] 2.4q-1]
200  3.59-3] 7.1§-3] 1.01—2] 2.64—3] 3.89-3] 6.03—-4] 7.01—3] 1.79-2]
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FIG. 8. Total capture cross sections fot'B-H(1s) collisions.
Theory: —, present workmodel potentigt ...... , present workSS
mode); (— — —), present work(BES model; A's, the results of
same energy variation except in magnitude. Numerical reransen and Duboi®]; and®’s, CTMC results of Olson and Salop
sults for collision of B* with atomic hydrogen are displayed et al. [8].
in Table VIII and graphical comparisons are drawn in Fig. 8.

From the table we observe that charge transfer intorthe

=3 shell is most favored and thereby decreases by a 25%greement with our results in BES and SS models. From
contribution from then=4 shell to the total cross sections. Table 1X, we find that charge-transfer cross sections for col-
At lower energies the @ state dominates and with increasing lision of B** with atomic hydrogen have a maximum value
impact energy the |3 state overcomes the situation. From at then=4 shell at low energies and as impact energy in-
Fig. 8 we see that our computed results for total capture croggeases the contribution from time=3 shell becomes domi-
sections in the model potential approach have excellentating over all other shells. Capture into thd 8ubshell is
agreement with those of Hansen and Dulj§is CTMC re-  mostly favorable for thev=3 shell except at highest energy.
sults of Olson and Salop8] have discrepancies with our On the other hand, thef4subshell contribution is maximum
observation in the model potential approach but have faiat low energies and this maximum gradually shifted towards

Energy (keV/amu)
FIG. 7. Same as in Fig. 2 for®B+H(1s) collisions.

TABLE VIII. Total nl cross sections for B-H(1s) (a[b] stands forax 1(P).

Energy Cross section (106 cnr)
(keV/iamy
2s 2p Q(2) 3s 3p 3d Q(3)
25 9.69—1] 1.570] 2.540] 509-1] 2.090] 3.440] 5.9§0]
30 712-1] 1.190] 1.840] 407-1] 1.850] 2.60] 4.850]
40 415-1] 6.69-1] 1.040] 246-1] 1.440] 1.760] 3.410]
50 259-1] 4.14-1] 6.73-1] 159-1] 1.030] 1.090] 2.270]
60 1.70-1] 27G-1] 4.40-1] 1.01-1] 757-1] 6.79—1] 1.540]
80 810-2] 127-1] 20§-1] 4.99-2] 413-1] 283-1] 7.44-1]
100 423-2] 6.64-2] 1.09-1] 2.89-2] 231-1] 12§-1] 3.87-1]
200 354—-3] 573-3] 927-3] 47G-3] 213-2] 6.44-3] 3.24-2]
4s 4p 4d 4f Q(4) Total
25 1.41-1] 529 —1] 7.5 1] 3.00—1] 1.740] 1.04+1]
30 1.34-1] 5.54—1] 7.67—-1] 2.96-1] 1.750] 8.440]
40 1.02-1] 506 —1] 6.27—1] 231-1] 1.460] 5.950]
50 7.15—-2] 417 1] 4.47-1] 1.6q—1] 1.090] 4.090]
60 4.95-2] 3.20-1] 3.08 1] 1.07-1] 7.8 —1] 2.770]
80 2.54—2] 1.8 —1] 1.44—1] 4.5 —2] 4.09-1] 1.350]
100 1.47-2] 1.1G-1] 7.0q-2] 2.00-2] 2.19-1] 7.10-1]

200 2.38—3] 1.06 —2] 3.89 - 3] 6.61 —4] 1.79-2] 5.97 2]
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TABLE IX. Total nl cross sections for 8-H(1s) (a[b] stands forax 10P).

Energy Cross sections (13° cn?)
(keV/iamy
1s Q1) 25 2p Q(2) 3s 3p 3d Q(3)
25 1.37-3] 1.37-3] 294-1] 3.01-1] 5.9§-1] 1.130] 3.540] 1.571] 1.991]
30 111-3] 1.17-3] 219-1] 224-1] 443-1] 85-1] 2.740] 1.141] 1.5(1]
40 7.90—4] 7.90-4] 1.34-1] 13§-1] 26§-1] 514-1] 1.640] 6.560] 8.760]
50 597-4] 597-4] 86§-2] 897-2] 176-1] 327-1] 1.150] 3.970] 5.340]
60 463-4] 469-4] 593-2] 61-2] 121-1] 209-1] 837-1] 2.440] 3.470]
80 3.09-4] 309-4] 306-2] 329-2] 631-2] 944-2] 48[-1] 1.070] 1.590]
100 218-4] 21§-4] 179-2] 18§-2] 36G-2] 477-2] 30G-1] 474-1] 821-1]
200 568—-5] 563-5] 1.89-3] 2.39-3] 42§-3] 514-3] 441-2] 269-2] 7.601-2]
4s 4p 4d Af Q(4) 5s 5p
25 3.24—1] 9.49 - 1] 3.070] 3.240] 7.5q0] 1.04-1] 9.67-1]
30 2.97-1] 8.7 —1] 2.890] 3.040] 7.040] 1.17-1] 1.060]
40 2.24-1] 6.79—1] 2.270] 2.340] 5.450] 1.01-1] 9.74-1]
50 1.59—1] 5.0 —1] 1.540] 1.660] 3.940] 8.04 — 2] 7.0 -1]
60 1.17-1] 3.79-1] 1.140] 1.140] 2.790] 5.97 2] 5.1 1]
80 5.46 —2] 2.2§ —1] 5.37 —1] 5.24 —1] 1.340] 3.13-2] 2.0 1]
100 2.78-2] 1.49 1] 2.69—1] 2.40—1] 6.790] 1.64-2] 1.0 1]
200 2.71-3] 2.26 2] 1.69 —2] 8.93 —3] 5.00—2] 1.53 —3] 2.04 —2]
5d 5f 59 Q(5) Total
25 8.66—1] 8.97-1] 2.601-1] 3.040] 3.111]
30 9.60—1] 1.040] 2.99-1] 3.450] 2.5q1]
40 9.00—1] 1.090] 3.24-1] 3.390] 1.791]
50 7.23-1] 8.74 1] 2.8 -1] 2.670] 1.211]
60 5.45—1] 6.87 —1] 2.21-1] 2.030] 8.350]
80 2.89—1] 3.64—1] 1.1 —1] 1.140] 4.040]
100 1.52—1] 1.87-1] 5.37-2] 5.0 —1] 2.040]
200 9.87—3] 7.4§ - 3] 1.44 —3] 4.09 -2] 1.77-1]

the 4d state as projectile energy increases. Contribution from
then=5 shell is around 20%. For the same process, we find
N B*t+H (15) from Fig. 9 that CTMC results of Olson and Sal] have
close agreement only at lower energies but consistencies dis-
appear at high energies in comparison to our results. How-
ever, the disagreement among our computed results reduces
as the charge on the projectile ion increases. Our computed
results for charge transfer cross sections in the8H inter-
action are displayed in Table X and graphical comparisons
are drawn in Fig. 10. From the table, it is evident that maxi-
mum capture takes place into the=4 shell and has a con-
verging trend towards higher shells having a contribution
around 30% from th@=5 shell. From Fig. 10, we see that
our computed results are in excellent agreement with the
experimental observations of Goféa al. [5]. Computed re-
sults in the CDW-EFS approximation of Busneregal.[19]
are lower by a factor of 2 over the entire region. However,
results of Hansen and Dubdi8] in the coupled state calcu-
lation are lower by a factor of 5 at low energies and the
FIG. 9. Total capture cross sections fot*B-H(1s) collisions. ~ discrepancy enhances with increasing projectile energy.
Theory: —, present workmodel potentiat ...... , present workSS Though we have not shown in the tables, the cross sec-
mode); (— — —), present work(BES model; and 0000@®, tions are found to be maximum at the=0 state for a given
CTMC results of Olson and Salagt al. [8]. value ofl andn in all the cases. This corresponds to the
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TABLE X. Total nl cross sections for B-H(1s) (a[b] stands forax 1(°).
Energy Cross sections (10° cn?)
(keV/iamy
1s Q1) 2s 2p Q(2) 3s
50 1.69—2] 1.69—2] 6.00—1] 2.860] 3.460] 5.44—1]
60 1.34-2] 1.34 - 2] 3.87-1] 2.070] 2.490] 3.74-1]
80 9.10-3] 9.10-3] 1.71-1] 1.140] 1.340] 1.8 —1]
100 6.56— 3] 6.5 — 3] 9.37 2] 7.39 —1] 8.370] 9.81 —2]
200 2.08—3] 2.09 - 3] 1.1 - 2] 1.27-1] 1.34-1] 8.14 3]
500 2.07-4] 2.07-4] 9.6 —4] 4.27-3] 5.29 —3] 4.0 — 4]
3p 3d Q(3) 4s 4p 4d
50 1.520] 1.3q1] 1.511] 2.66—1] 7.7 -1] 6.240]
60 9.99-1] 8.190] 9.560] 1.94-1] 5.39 —1] 4.470]
80 519-1] 3.5q0] 4.260] 1.07-1] 2.8 -1] 2.290]
100 3.17-1] 1.690] 2.140] 5.99 -2] 1.6 1] 1.150]
200 6.06— 2] 9.97-2] 1.64-1] 4.94 -3] 3.071-2] 7.19-2]
500 2.27-3] 8.99 — 4] 3.57-3] 1.9 — 4] 1.1 — 3] 5.80 —4]
af Q(4) 5 5p 5d 5f
50 1.1¢1] 1.891] 1.29-1] 7.0 —1] 2.7q0] 5.770]
60 7.640] 1.241] 1.01-1] 515 -1] 2.140] 4.540]
80 3.620] 6.240] 5.971-2] 2.1q-1] 1.290] 2.540]
100 1.7%0] 3.190] 3.5]-2] 1.04 -1] 6.94 1] 1.370]
200 7.82-2] 1.8 —1] 3.09-3] 2.31-2] 4.63-2] 7.07-2]
500 2.3¢—4] 2.17-3] 1.06 - 4] 8.69 —4] 3.54 —4] 2.09 —4]
50 Q(5) Total
50 3.070] 1.241] 4.951]
60 2.370] 9.740] 3.491]
80 1.240] 5.340] 1.7941]
100 6.05—1] 2.810] 8.860]
200 2.08—2] 1.64—1] 6.57 —1]
500 2.7%—5] 1.54 - 3] 1.27-2]
107 classical picture that the electron is mostly captured into or-
B3*+H(1S) bitals in collisional plane and this behavior is also in confor-
mity with the previous calculatiofR0]. It is evident from the
& tables that cross sections have peak values at particular val-
£ ues ofl andn. This may be justified by the energy resonance
c 1" of the electron in the initial and final state. However, this
e justification is little altered when the asymptotic charge on
] the projectile ion exceeds three, which may be explained in
S terms of Landau-Zener dynamics.
[52]
§ 107® IV. CONCLUDING REMARKS
< State selective capture cross sections have been calculated
in the framework of boundary corrected continuum interme-
diate state(BCCIS) approximation in collisions of all pos-
&7 | | sible ions of berryllium and boron with ground-state atomic
]

' ' L hydrogen. For closed-shell structure of the projectile ion, our

0 50 100

Energy (keV/ amu)

] . X . ) ;
50 200 250 300 results obtained in three different models are consistent with

a certain degree of accuracy but disagreement is pronounced

FIG. 10. Total capture cross sections fé¥B-H(1s) collisions. ~ for projectile ions having open shell structure. This feature
Theory: —, present theoryy VVV, CTMC results of Olson and indicates that in the case of studies on charge-transfer pro-
Salop[8]; AAA, the results of Hansen and Dubdi; ®@@@®,  cesses involving partially stripped ions of open-shell struc-
the results of CDW-EFS of Busnengn al. [19]. Expt.: JOOO,  ture with atoms, much care has to be taken in describing the

the results of Goffeet al. [5].

interaction of the active electron with the projectile ion. Fair



3582 M. DAS, M. PURKAIT, AND C. R. MANDAL 57
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