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Electron-impact excitation cross sections have been calculated for transitions from the_ground
state 25%2p*3P to the n=2 and n =3 excited states of oxygenlike krypton. Configuration-
interaction-type wave functions were employed, and the cross sections were calculated in a close-
coupling approximation for impact energies ranging from near threshold to 10 keV. Coupling be-
tween the n =2 and n =3 excitation levels was generally found to be weak, and a two-state close-
coupling approximation should be adequate for calculating reliable cross sections for most transi-

tions.

I. INTRODUCTION

Ions of oxygenlike sequence are of interest for astrophy-
sics and for studies of plasmas produced in laboratory ex-
periments. Feldman and Doschek' have determined that
intensity ratios of certain spectral emission lines from ox-
ygenlike ions may be sensitive to electron density for a
wide range of temperatures and thus may be useful for
purposes of plasma diagnostics. In order to properly in-
terpret information obtained from spectral lines emitted
from plasmas, accurate energy levels, oscillator strengths,
and electron collision cross sections are needed. Calcula-
tions and measurements of energy levels and oscillator
strengths for oxygenlike ions have been reported by
several authors.>~* Because of the difficulties of measur-
ing electron-ion excitation cross sections, very few such
measurements have been reported for ions of any se-
quence. The codes which are used to model laboratory
plasmas require cross sections for large numbers of transi-
tions and users of these codes rely heavily upon calculated
cross sections for studies of plasma parameters. However,
accurate electron collision cross sections are also difficult
to calculate and relatively few such calculations have been
reported for ions of intermediate and high atomic number.

We report calculations of electron-impact excitation
cross sections for some transitions in oxygenlike krypton.
Emission lines from this ion may be used as a density di-
agnostic in high-temperature tokamak plasmas. Our cal-
culations are motivated in part by observations of oxygen-
like krypton in plasmas produced in experiments on a
gas-puff Z-pinch machine.’ Bhatia and Feldman® have
reported electron collision strengths for transitions among
the 2s22p*, 252p>, and 2p® configurations of oxygenlike
krypton. Their calculations were done in a distorted-wave
approximation using the computer package developed at
the University College, London. Our calculations are car-
ried out in a multistate close-coupling approximation and
include transitions from the ground state 2522p* P to all
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of the n =2 and n =3 excited states of the ion. Only a
few representative results in LS coupling are reported
here. In a separate paper we discuss close-coupling cross
sections in intermediate coupling for transitions from the
ground state to n =2 excited states of Kr*2%7 and in that
paper we compare our results to the distorted-wave results
of Bhatia and Feldman.

It has been shown that the accuracy of electron col-
lisional excitation cross sections is very sensitive to the
representation of the target wave function and to the
strength of the couplings between the various channels.®
However, for inner-shell excitation of multicharged ions,
it appears that the scattering approximation is more im-
portant than a sophisticated target wave function.”'® We
used configuration-interaction-type target wave functions
which we constructed after the extensive testing of the ef-
fects of configuration interaction upon the oscillator
strengths and energy levels of the target states. In gen-
erating the 3s, 3p, and 3d orbitals, we required that oscil-
lator strengths calculated in the dipole length and velocity
approximations agree reasonably well with each other.
We studied the effects of couplings among the terms of
the ground-state configuration by including the 2s22p*'D
and 2522p*!S terms along with the 2522p*3P and we test-
ed the effects of couplings among some excited states as
well. We also discuss some partial cross sections as a
function of L as well as the energy dependence of certain
partial cross sections.

In Secs. II and III we present the calculational pro-
cedure and the results, respectively. Discussion and con-
clusions are given in Sec. IV.

II. PROCEDURE

Hartree-Fock orbitals of Clementi and Roetti!! were
used as a starting point for the 1s, 2s, and 2p orbitals for
the ground state of the target ion. Hibbert’s program CIv3
(Ref. 12) was used to generate the excited 3s, 3p, 3d, 4s,
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TABLE I. Coefficients and exponents for some orbitals for Kr

(n—1)
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The radial functions are given by

nl a, a, a; a, a a, as ay

3s 68.33604 —1075.53056 1736.324 57 0.0 18.841 69 14.022 16 9.60197 0.0

3p 225.12174 —284.99337 0.0 0.0 12.634 60 6.25394 0.0 0.0

3d 571.18562 0.0 0.0 0.0 7.848 94 0.0 0.0 0.0

4s 14.128 18 —323.35734 76.41509 —27.12706 16.968 10 19.703 29 6.23695 3.309 57
4p 77.18088 —106.249 59 14.742 85 0.0 12.55500 6.067 80 2.896 12 0.0

4d 70.88099 —27.64533 0.0 0.0 5.78241 3.30030 0.0 0.0

4p, 4d, and 5s orbitals, and to obtain configuration-
interaction (CI) wave functions for all states in the LS
coupling scheme. The wave functions are of the form

N
W(LS)= S c;p:i(BLS), (1)

i=1

where the single-configuration functions ¢; are construct-
ed from one-electron orbitals. Each orbital consists of a
product of a spin function, a spherical harmonic, and a
radial function. The angular momenta are coupled in a
manner prescribed by (53;) to give the total orbital and spin
angular momenta L and S, respectively.

The radial functions of the orbital are given by
(n—1) .
Py(r=r"3 a;rie ur, (2)
i=1
where n and [ are the principal and orbital angular
momentum quantum numbers. For a given choice of ex-
ponents, «;, the expansion coefficients, a;, are uniformly
determined from the orthogonality condition

fO”P,,,(r)P,,.,(r)dr=8,,,,. , l<n'<n. 3)

The excited-state orbitals were constructed and energy op-
timized one at a time using CIV3 according to Eq. (3). In

TABLE I1. Some energy levels for Kr*2,

i Level Configuration AE (a.u.)
1 p 25%2p* 0.0
2 D 25%2p* 0.6759
3 Is 252p* 1.4319
4 3pe 2s2p° 5.4703
5 p° 252p°® 7.4698
6 s 1s%2p* 12.8449
7 5s° 25%2p33s 66.1490
8 3s° 25%2p33s 66.5444
9 3p° 252p%(*D)3s 67.2730
10 'D° 25%2p%(?D)3s 67.4698
11 p° 2522p°3s 67.7675
12 ip° 25%2p33s 67.9607
13 Sp 252p*3s 70.7113
14 'p 252p*(3P)3s 71.2552
15 p 252p*(°P)3s 71.2801
16 SDe 252p3(*S)3d 72.0562
17 3p° 2522p3(15)3d 72.2822
18 3D 252p*('D)3s 72.4568
19 'D 252p%('D)3s 72.9614
20 Ise 2522p%*D)3d 73.0033
21 ’F° 25%2p%(*D)3d 73.0686
22 3G° 2522p33d 73.1319
23 ’p° 25s%2p%®D)3d 73.1626
24 1G° 2s2p33d 73.1652
25 pe 25%2p33d 73.1982
26 D° 25%2p%?D)3d 73.2577
27 D° 2522p3(*D)3d 73.2980
28 3s° 25%2p33d 73.3209
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TABLE II. (Continued).

i Level Configuration AE (a.u))
29 ’p 252p*3s 73.4479
30 F 2522p%(*D )3d 73.5307
31 3p 25%2p3(2P)3d 73.6573
32 ’p° 2522p%(*P)3d 73.6758
33 'D° 2522p3(°P)3d 73.7348
34 3’F 2522p3(*P)3d 73.8154
35 s 252p*3s 73.9781
36 F 252p3(*P)3d 74.0398
37 5p 252p33p 74.0688
38 p° 2522p3(2P)3d 74.1036
39 p 2522p%(4S)3p 74.1835
40 P 2522p3(*S)3p 74.2079
41 p 2522p3(’D)3p 74.0764
42 3F 252p33p 75.1144
43 D 2522p%(*D)3p 75.1203
44 'F 2522p%3p 75.1342
45 ’p 25s2p%(’D)3p 75.2334
46 'D 252p3(*D)3p 75.3316
47 ’D 2522p3(*P)3p 75.5815
48 p 252p3(*P)3p 75.6239
49 s 2522p3p 75.6365
50 3p 2s2p3(*P)3p 75.6633
51 'D 2s2p3(*P)3p 75.6755
52 s 252p33p 75.8995
53 5D 252p*(3P)3d 76.4462
54 5p 252p*3d 76.7246
55 3D 25[2p*(P)]*P3d 76.9779

constructing the excited-state orbitals, the 1s? core is
frozen. The orbital parameters of the excited orbitals thus
determined are given in Table 1. In Table II we list some
of the energy ordered levels along with the configurations
and the energies relative to the ground state. These were
obtained from set-I wave functions (described below)
which yielded a ground-state energy of —2071.9332 a.u.
for the ion.

The oscillator strengths in the length f; and velocity
fv forms are given, respectively, by12

2AE 2 <\P(z) q,(f))' 4)

3m
zl(\y(l)

where the outer sum is over M; and M, degeneracies of
the two states, and

AE:E(/)_EH) ,

gV=02LY+1)25"+1) .
Superscripts (i) and (f) refer to initial and final states,
respectively, N is the number of electrons, and E is the
energy of the state.
Our target wave functions were initially constructed
with configurations having orbitals with principal quan-

L

and

fr=

2 {W)l : (5)
¢ VAE

tum number up to n =5 and / =2. In Table III two sets
of results are presented for f; and f, and are designated
by (i) and (ii). These were produced from target wave
functions designated by I and II, respectively. Set (i) was
obtained by using a target wave function for the ground
state containing 12 configurations. The energy levels in
Table II were obtained using this set. However, in order
to reduce the enormous computer time required to calcu-
late the cross sections, the set II was generated from set I
by retaining only a single configuration for the ground
state which yields a total energy of —2071.9171 a.u. for
the ion. Configuration-interaction wave functions were
employed to describe the excited states, except that for set
II, only configurations containing orbitals with n up to 4
and / =2 were retained.

The program CIV3 was used to generate the CI coeffi-
cients for the configurations which describe the target
wave functions. Initially, we included all the configura-
tions of the same symmetry as the given target states and
containing excited orbitals up to n =4 and ! =2. Finally,
the number of terms in the expansion of the target wave
functions was reduced by retaining only CI coefficients
which are greater than 5X107°. Table IV gives the CI
coefficients for some of the set-II target wave functions
employed in the calculation of the cross sections.

The reduction from set-I to set-II wave functions did
not alter the f values significantly, as can be seen by com-
paring results (i) and (ii) in Table III. In addition, tests
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TABLE III. Oscillator strengths for Kr+2. The figure in square brackets is the power of 10 by
which the number is multiplied.

(@) (ii)

Level Configuration fL fv AE (a.u) fL fv

ise 2522p3s 0.272[—1] 0.271[—1] 66.5459 0.268[—1] 0.270[—1]
2522p33d 0.136 0.100 73.3149 0.134 0.100
252p*(*P)3p 0.186[—1] 0.954[ —2] 78.3232 0.179[—1] 0.950[—2]
252p*(?P)3p 0.725[ 2] 0.352[—2] 81.3214 0.736[—2] 0.353[—2]
2522p’4s 0.557[—3] 0.548[—3]
2522p34d 0.211[—2] 0.913[—3]
252p*ap 0.109[—3] 0.763[—4]
252p%°P)3s3p  0.777[—3] 0.288[—3]

P 252p° 0.612[—1] 0.487[—1] 5.4642 0.616[—1] 0.438[—1]
252p3s 0.214[—1] 0.225 67.7625 0.220[—1] 0.224[—1]
2522p3(*D)3d 0.371 0.273 73.2920 0.355 0.273
2522p3(*P)3d 0.319[—1] 0.239[—1] 73.6521 0.333[—1] 0.240[— 1]
2p°3s 0.123[—1] 0.700[—2] 78.2293 0.118[—1] 0.697[—2]
252p*(*P)3p 0.455 0.232[—1] 78.8479 0.428[—1] 0.230[—1]
252p*(*P)3p 0.196[ —1] 0.923[—2] 81.6124 0.195[—1] 0.921[—2]
2p33d 0.480[— 3] 0.560[ —3] 83.9259 0.762[—3] 0.580[—3]
25%2pi4s 0.320[—3] 0.210[—3]

’p° 2522p3(2D)3s 0.387[—1] 0.381[—1] 67.2686 0.384[—1] 0.377[—1]
2522p3(*S)3d 0.308 0.233 72.3384 0.301 0.232
252p3(°D)3d 0.395 0.302 73.2193 0.393 0.296
252p*(*P)3d 0.367 0.276 73.7347 0.366 0.271
252p*(*P)3p 0.803[—1] 0.403[—1] 78.6649 0.771[—1] 0.401[—1]
252p*('D)3p 0.200[ —3] 0.100[—4] 80.3572 0.230[—4] 0.140[—4]
252p*(P)3p 0.413[—1]  0.201[—1] 81.5898 0.396[—1] 0.191[—1]
2p33d 0.283[—2] 0.202[—2] 84.1910 0.297[—2] 0.188[—2]
25%2p%(’D)4s 0.490[ —3] 0.370[—3]
25%2p3(4S)4d 0.794[—3] 0.371[-3]
2522p3(*D)4d 0.388[—2] 0.164[—2]
2522p%(*P)3d 0.492[—2] 0.199[—2]
252p*(3P)3p 0.187[—2] 0.670[ —3]

TABLE IV. Some CI coefficients for Kr*2,

2p®1S = —0.15385(25%2p*)—0.988 07(2p®)+0.000 21(25s22p *3p ) +0.006 33(2p *3p)

2522p3(2P)3d *F°= —0.180 54(252p>(*D)3d ) +0.983 43(252p>(*P)3d ) +0.01650(2s 2p*('D)3p)

2p%3p *D =0.138 36(2522p>(*P)3p ) —0.00007(252p*(*D )3p ) +0.990 38(2p *3p)

2p33s38°=0.999 25(2p >35) +0.038 17(2s 2p*3p) +0.006 72(2s 2p*4p)

2522p3(2D)3d *P°=0.01047(2s 2p°)—0.01247(2p>35) —0.030 167(2p*3d ) +0.035 667(2s 2p*3p)
+0.030935(25 2p 335 ) +0.228 099(2522p*(>P)3d ) —0.971 89(25?2p(?D)3d )

252p* 15 =0.98809(2522p*) —0.153 86(2p®)—0.001 91(2522p>3p ) +0.00007(2p*3p)

252p33P°= —0.999 92(252p %) +0.004 95(25 22p*35) —0.005 38(25s2p*(*P)3d ) +0.009 25(2s°2p*(*D)3d )

2522p* 1D =0.998 50(2s22p*) —0.000 55(25 2p *(*P)3p ) —0.054 67(2s 22p *(*D )3p ) —0.000 79(2p*3p)

252p 3 'P°=0.999 86(2s 2p3) +0.004 76(2p >35) —0.010 08(2p>3d) =0.005 24(2s22p*3s)

—0.00526(2s22p*(2P)3d ) +0.009 57(25s%2p*(*D)3d )
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were carried out’ by comparing cross sections calculated
when either set was used. Insignificant changes in the
various n =2 and n =3 cross sections were obtained. The
cross sections presented in this paper were thus obtained
using the set-II wave functions, and Table IV gives some
examples of the target states used. The complete set of
states and configurations used in the calculation of the
cross sections is too large to reproduce in full here.

In Table III we list f; and f) for some optically al-
lowed transitions. The largest oscillator strengths are for
transitions from the 2p level to the 3d levels. We note
that f; and fp differ considerably for transitions out of
the 2s level. For the 25%2p33s 3P° state, the agreement
between f; and f, is reasonably good. However, for
the inner-shell transitions to the 2s2p**P)3p°P°,
252p*(®P)3p 3P, and 2s52p°3P°, the agreement is poor,
even though the same orbitals are used. In order to make
fr and fy more nearly equal for such transitions one
must add many configurations involvin§ higher orbitals.
This was also observed for Na-like ions’ and for Ti*3.1
In the latter case, it was found that the scattering approxi-
mation used was more important than more extensive
configuration interaction in the target wave functions for
transitions involving inner-shell excitations.

The coupled integro-differential equations were solved
using the noniterative integral equation method of Henry
et al.'® Step size at small radial distances were chosen to
be 0.0017a, and exchange terms were dropped at 17.0a,,
where the magnitude of the largest orbital had fallen to
less than 107>,

Partial cross sections for the forbidden transitions fall
off rapidly with increasing total angular momentum L,
and truncation of the partial sum at L =20 is sufficient to
achieve a cross-section sum accurate to 0.01% at the
highest energy considered for most of the transitions. For
the 2522p*3P—252p°3P° cross section values of L up to
40 were retained to converge the sum to within 0.1% at
the highest energy. For L > 25 a unitarized Born approxi-
mation was used to obtain the contribution from the
highest partial waves. For high L the Bethe partial cross
sections were generally within 6% of the close-coupling
(CCO) cross sections.

The collision strength, Q(i,f), for a transition between
some initial state / and final state f is related to the cross
section o5 by

Ui, f=wkloy , (6)

where w; is the statistical weight of the initial state i, k;
is the energy of the incident electron (in rydbergs) relative
to tzhe state i, and the cross section is measured in units of
ma .

III. RESULTS AND DISCUSSION

The cross sections in Fig. 1 were obtained by coupling
the states 25%2p* 3P, 2p>3d, and 252p*3d (3CC) and those
in Fig. 8 by coupling the states 2s2p*’P, 'D,
252p3(®D)3p, and 25%2p*(®P)3p (4CC). For the rest of
the figures, the states which are indicated in each figure
were coupled together along with the ground state in the
CC approximation. In Figs. 3 and 5, for example, the
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FIG. 1. Partial cross sections as a function of L for the
252p*3P—2522p%®P)3d>F° transition at four collision ener-
gies.

cross sections were computed in 7CC and 8CC calcula-
tions, respectively. o (ma3) in Figs. 1 and 2, and o(7a})
in Figs. 3—8 represent short forms of o, (in units of 7a?)
and o (in units of 7a3), respectively.

In Fig. 1 we show the partial cross sections as a func-
tion of L for the 2522p*3P—2522p3(2P)3d 3F" transition
at 147.8, 200, 500, and 1000 Ry. At all four energies the
partial cross section peaks near L =S5, but the peak cross
section occurs at higher values of L for the higher ener-
gies. The peak value of the partial cross section dimin-
ishes with increasing energy. At lower energies the contri-
bution from higher partial waves decreases rapidly with
increasing L after L =10. At higher energies the de-
crease in o is more gradual.

In Fig. 2, the partial cross sections as a function of L
are shown for transition from the ground state to the 3D
states at a collision energy of 350 Ry. Here the peak o,
occurs near L =7 for all three transitions. While o; has
the same shape for all three transitions, the partial cross
sections are much higher at all L for the transition to the
2522p3(*P)3p state than for transitions to the other two *D
states. The values of the total cross sections are
4.24x 10" a3, 7.63x 10~ °7a}, and 4.85x 10~ °7a} for
the 2s22p3(*P)3p, 25%2p*(*D)3p, and the 2p°3p, respec-
tively.

In Figs. 3—8 we show the computed cross sections for
several types of transitions. For brevity, a cross section
such as o(25%2p*3P—2s2p>3P°) is represented in Fig. 5,
for example, simply as o[2s2p°]. There should be no
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confusion because for each figure the cross sections belong
to the same symmetry, except in Fig. 3 which gives cross
sections for the ¥°S° states. However, the 3S° cross sec-
tions are clearly marked in this figure. The largest cross
section is for the 25%2p*3P—2s2p>3P° transition which is
approximately 3.2 X 10~ 3ma} at the lowest collision ener-
gy of 26.2 Ry and is still relatively large (~10~%) at 800
Ry (see Fig. 5). The cross sections for k2 < 150 Ry for the
252p>3P° and 2s2p° ! P° states in Figs. 5 and 6, respective-
ly, are from our previous calculation'* in which only the
n =2 channels were coupled. The cross section for the
transition to the 2522p3(°D)3d 3P° is also relatively large.
It is about 3.5X 10~ °ra? at 200 Ry and is only slightly
smaller (2.1 10" %7a2) at 800 Ry. The transition to the
25%2p3(*D)3d *S° state also has a cross section of approxi-
mately 1.1 X 10~ *ra} near 200 Ry and it diminishes slow-
ly over the range of collision energies shown (see Fig. 3).

In order to investigate the effects of coupling among
the terms of the ground-state configuration, we first com-
puted the cross section for the 2p°®'S state with only the
2522p*3P and the 2p®!S states in a two-state close-
coupling calculation. We then calculated the cross section
for this transition with the 2522p*!D and 2522p*'S terms
included in a four-state calculation. The same procedure
was followed for other states in which the coupling was
studied. The effects of coupling among the terms of the
ground-state configuration were found to be negligible.
We also found that the effects of coupling between the
n=2 and n =3 excited states were generally unimpor-
tant.

—
—
-
—
-
—

SUVARN
VAR RN
-~ . .
\\/ \.
weE \ 7
r:-: \.
I \
\
109 I," A ‘\ ]
NEO C ","' { \.
& » \

100 \ a[2p3(2P)3p] -
- .\

10 -
: “\ a(2p®3p]
i ol2p3(?D)3p1 Y,

BPS™') INN H N TN N NN N N N R N N
0 10 20 30

FIG. 2. o; vs L at 350 Ry for transition to the D states
252p%2D)3p, 25%2p3(*P)3p, and 2p>3p.

MSEZANE, LEE, REED, AND HENRY

34
-5
T T T T T T T T T T
E \
- 0[2122p33dl
o
u
108 -
C 0(2s22p33s)
-
- a[252p%(*P)3p]
r_
- o(2s2p*(2P)3p]
T 107 -1
5 =
-8
10 E‘ o[2s22p33s]
B 2522p4 3p »5g°
ol[2s2p%3p]
ool 1 11 P4 [
0 200 400 600 800 1000 1200
k2 (Ry)

FIG. 3. Cross sections for transition to the >S° and S° excit-

ed states.

10-8

10°

2
a(wao)

10710

10"

T T TTTTT] T T T TTTTT] T T T TTTIT] T LR

T

\ otz
o[22 2p33p]
100(2p°3p]

1200

k2 (Ry)

FIG. 4. Cross sections for transition to the S excited states.



aln 2)

34 ELECTRON-IMPACT EXCITATION OF OXYGENLIKE KRYPTON 3741

T T T T T T T T _,
F 0 e T T l
- E
1078 - —
1073 1 E
F -y
- 1079 g -
L
0[28295] ~NE -
—4 L . 5 -
1074 3 L o[2s22p33p])
C 10710 -
i E
3 T stattom) -
£ r L 1055 [2s2p*3d]
105} - LU —
E E a[2s2p*3s]
r - a(2p°3p}
- \U[ZSZZPS(ZP)M] Ll b
o(2s2p%('5)3p) 400 800 1200
1076 —— 2,331 2
= / al2s“2p*3s] k% (Ry)
E o[2s2p*(3P)3p) . . .
r s FIG. 7. Cross sections for transition to the 3S excited states.
- a(2p3s]
ot L 1o A 2CC calculation is expected to give cross sections
200 400 600 800 1000 1200 which are better than 10% of their corresponding multi-
K2 (Ry) state close-coupling results when transitions are between

the ground state and the n =3 configurations. This fol-
lows from tests involving comparison of cross sections
calculated in 2CC using our CI target wave functions and
some of the present multistate results. Weak coupling
T T T T T T T T among the various excitation channels can be expected for
highly stripped ions such as oxygenlike krypton since the
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Coulomb interaction of the incident electron with the
large residual charge on the ion is expected to dominate
all other interactions. However, the 2CC approximation
is generally inadequate'® when cross sections between the
ground state and the n =2 levels are desired.

In the Bethe limit the cross section for a dipole-allowed
transition is directly proportional to the oscillator strength
and inversely proportional to the transition energy. Con-
sistent with this, our three largest cross sections are for
transitions having large oscillator strengths and the larg-
est cross section is for a An =0 transition with a relatively
small threshold. Among the transitions to the n =3 lev-
els, the largest cross sections are for transitions involving
transfer of a 2p electron to a 3d orbital. In studies of
electron impact of neonlike krypton, transitions involving
transfer of a 2p electron to a 3d orbital similarly had large
cross sections.'®

As mentioned in Sec. II, the accuracy of the target
wave function and the number of states included in the
close-coupling expansion are the two factors having the
greatest effect upon the reliability of the calculated cross
sections. Near equality of the length and velocity forms
of the optical oscillator strengths is often a criterion for
gauging the accuracy of the target wave function. We
have noted that for certain transitions involving promo-
tion of an inner-shell electron, we did not achieve near
equality of f; and f) with the wave functions employed
in our scattering calculations. Nevertheless, we believe
that the target wave functions employed are sufficiently
accurate to give reliable results for the calculated cross
sections. Burke et al.'® used a ten-state R-matrix expan-
sion to calculate electron-impact excitation of Ti** from
the ground state 3p®3d to the terms of the 3p33d? config-
uration. Although there are some sizable differences in
the length and velocity forms of the oscillator strengths
obtained with their target wave functions, they achieved
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good agreement with the experimental results of Falk
et al.'” Msezane and Henry'® found that CI target wave
functions produced essentially the same cross sections as
those obtained using simple Hartree-Fock target wave
functions, when used in the close-coupling approximation.
Similarly, Henry and Msezane’ obtained good agreement
with measurements of Crandall et al.'® for studies of
sodiumlike ions in which an inner-shell 2s electron was
excited to an autoionizing level.

IV. CONCLUSION

We have used a closed-coupling approximation to ob-
tain electron collision cross sections for selected transition
in oxygenlike krypton. We have studied the L depen-
dence of some cross sections and we have studied the ef-
fects of couplings among various excitation channels. We
found that the effects of these couplings are generally
small and for most transitions between the n =2 and
n =3 levels a two-state close-coupling calculation is suffi-
cient for obtaining accurate cross sections. We are
currently studying relativistic effects which are being
treated as a first-order perturbation to our nonrelativistic
wave functions. In future publications we will report the
results of these studies along with electron collision
strengths in intermediate coupling.
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