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Abstract

Excitation cross sections and rate coefficients by electron impact were calculated for
the 15°2s - 1s22p, 1s*2s - 1s25° and 15?25 - 1s2p? tramsitions of the Li-like ions (CIV,
NV, OVL, NeVIIL MgX, AIXI, SiXII, SXIV, ArXV], CaXVIH, TiXX, FeXXIV,
NiXXVI, ZnXXVIL GeXXX, SeXXXIl, KrXXXIV and MoXXXX) in the
Coulomb-Born approximation with exchange including relativistic effects and
configuration interaction. Level energies, mixing coefficients and transition
wavelengths and probabilities were also computed.

Calculations performed by the 1/Z perturbation theory and Coulomb-Bom
approximation are compared with the R- matrix method and the distorted-wave
approximation were Z is the nuclear charge.

Formulae obtained for the angular factors of n-¢lectron atomic system allow one to
generalize this method to an arbitrary system of highly charged ions.
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1. Introduction

The dielectronic satellite lines are important for plasma diagnostics to determine the
electron temperature in plasmas from X-ray spectra. The dielectronic satellite for He-
and Li-like 10ns spectra were studied by Gabriel [1], Bhalla et al [2], Bely-Dubau et al
[3-5], Vainshtein et al [6], Dubau et al [7], Nilsen [8], Chen [9].

The importance of the electron capture process by an ion followed by stabilization
of photon emission (i.¢., dielectronic recombination process) in high temperature
plasma has become increasingly appreciated since Burgess [10] pointed out that the
recombination rate is substantially enhanced by this process. Shore [11], Gau and
Hann [12], Bell and Seaton [13] i]avc considered dielectronic recombination from the
viewpoint of the quantum theory of resonant collision processes and made clear
several distinct approximations which other authors have considered more precisely.
The formal reaction theory was employed in [12] to define the contribution of the
open channels to the energy shifts and resonance widths; correct expressions were
derived for the radiative and Auger branching ratios associated with each stage of the
cascade transitions. Formulae derived from ab initio theory [13] were compared with
those deduced previously [10] using intuitive arguments. Quite little difference in the
calculated total dielectronic recombination rates for plasma conditions was found in
[13].

The possibility of the direct observation of dielectronic recombination over the
inner-shell transitions produced by so called dielectronic satellites in X-ray spectra of
O-pinch was directly pointed out by Gabriel& Jordan [14] and discussed later by
Gabriel [1] and Vainshiein et al [15] for solar plasma. Theoretical predictions are
presented in [16] for the iron Ka X-ray emission spectra from high-temperature
astrophysical and laboratory plasmas, assuming optically thin plasma excitation
condition. Recently, this process was studied by Wong et al [17] for plasma obtained
by EBIT. Theory and analytical results for the scattering amplitude for emission of
dielectronic satellites in the framework of the quantum description of resonance
scattering in the Coulomb field (based on the approach developed by Presnyakov
[18]) were given in the paper [19] by Urnov. Direct electron excitation processes were



studied by Vainshtein et al [20], Bely-Dubau et al [4], Sampson et al [21-24].
Coulomb-Born-exchange data for collision strengths and collision rates for inner-shell
excitation from the levels of the 1s*2s and 1s?2p configuration for all fine-structure
levels of the 1s2121' [23] and 1s2131' [24] configurations in Li-like ions with Z=8+74
have been calcnlated. These results include the effects of configuration mixing,
parentage mixing and intermediate coupling scheme of the angular and spin momenta.
It should be noted that transition energies and mixing coefficients were calculated
using the nodeless Slater functions and as a result the data obtained by this method are
not quite precise enough. The 1/Z perturbation theory and Coulomb-Born-exchange
approximation were used in [20] for calculation of the cross sections and rate
coefficients for excitation from 1s?2s and 1s™2p configurations to all fine-structure
levels of 152121’ configurations in Li-like ions with Z= 6+32. This method gives more
accurate data for transition energies and for the cross sections and rate coefficients as
well. It should be noted that the different fitting formulae were used in papers [20]
and [21-24], so it is difficult to find out why the results disagree: because of applying
different methods or because of the different fitting formulae used.

In the present paper we calculated cross sections and rate coefficients for
excitation from the levels of 1s™2s configuration to all fine-structure levels 1s212I' in
Li-like ions with Z= 6-42. The 1/Z perturbation theory and Coulomb-Born-exchange
approximation were used as in [20]. In addition to data given in [20] we obtained data
by numerical method without using fitting formulae and so our results are more
accurate than results in [20]. We also calculated effective cross sections and rate
coefficients for excitation from the levels of 15’2s configuration to levels 1s*2p with
the total momentum J=1/2. These data were obtained as a direct excitation of 1s2s to
26%1s level and mixing of 2s’ls +2p°ls ones by configuration interaction and
influence of the relativistic effects. Branching ratios for the transitions from these
excited states to 1s72p *Py, , 15™2p 2P, 15725 %S, levels were included in the final
data. We hope that it will be possible to calculate data for inner-shell excitation of
Be-, B-, C-, N-, O- like ions since we give the general formmla for excitation cross
sections for the arbitrary n-clectron system.



2. General formulae

2.1. Excitation cress sections calculated by ATOM cede

The cross sections of excitation for the transitions between two levels QLSJ, QL'ST
(Q, Q' and LSJ, L'ST are configurations and total quantum numbers of atomic system
accordingly) in intermediate coupling scheme can be determined by following formula
[25-27]

o(QLSJ-Q'L'ST) = ;cé(nlh,n}ji)A'g + ;GZ (n1j3011,)A 3]

where 6,(n;j;,0,];) is the one-electron cross sections with including the direct and

mterference parts defined as
oz (nj1,myj1) = Ag ZPg (g€ o0y jiinp ikl )
ey
2 b, (al gmyjism ikt ) - SDAR @t gkl 1 It ¢
26+1 e Iz L by £q £
03

and o, (n, j;,n,j;) represents the exchange part:

\ 2
[ ] - LI | ] . LI i i g
op(nyji,mi;) =280 +D) Y [Z}(—l)‘”‘€ Po(qf gy s k4 knln){ ;‘ é“ EH
Lgfif ¢ k *q

3
where Ag=87a,”/q’(2j;+1),  is the multiplicity of the direct and interference parts, jj,

11 and [, I are orbital quantum numbers of bound and free electrons accordingly.

The angular factors are given in [26] for two-eiectron system outside the closed
core. These factors are derived in Appendix A in the general form for an n-electron
system and are discussed in the next Section. Following [25] the radial integrals can
be presented in the following form:
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The atomic radial function P(r) is a solution of the radial equation in the effective
central field of the core for a given energy which is taken from the MZ code (1/Z
perturbation theory method). The external electron is described by the Coulomb wave
function F.{(r) in the field (Z-N)/r, where N is the total number of electrons. To find
the exchange amplitude, the orthogonalized functions are used {25}:
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The calculation of these functions, radial integrals and one-¢lectron cross sections
(eqs.(2) - (6)) is carried out using the ATOM code [28].

2.2. Energy levels and mixing coefficients calcalated by MZ code

The MZ code [6, 29] is based on the perturbation theory method. The energy matrix
in this method ( called 1/Z method or Z-expansion one) is represcnted as an Z-
expansion series where Z is the nuclear charge. Because of the use of Coulomb
wavefunctions the expansion coefficients are the same for all terms of a given
isoelectronic sequence, that is an important advantage of the method. The inferaction
of terms and configurations inside one complex is already taken mto account in the
first order coefficients. A complex is a group of configurations with the same parity
and the same principal quantum numbers. The interaction of configurations from
different complexes is considered in the next orders of the perturbation theory. The
relativistic corrections are calculated in the framework of the Breit operators. The
radiative and higher order relativistic corrections are taken into account additionally
(see for detail [6] and [29]). The energy matrix element can be represented in this

form :
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Here "Q" designates configuration, LSJ are orbital, spin and total momenta of the
system respectively, Z is the nuclear charge, o is the fine structure constant which
equal to 1/137.0359 in a.u.. The total moment J is presented only in the factors By
which are equal to

L' § J
{138

where k=1,2. Calculation of each coefficient in (1) is carried out by means of the
Feynman diagram technique [29]. The coefficients E"; determine the nonrelativistic
part of energy, three coefficients EOR, o" and R’ give relativistic shift of the term
defined by the Breit Hamiltonian and include the contact term, orbit-orbit interaction
and the dependence of mass on velocity. Finally, the coefficients E&2, 65, E'So,

Egz and Eg%) determine the fine structure splitting of terms which consist of three
operators: spin-orbit (E.(ng,o‘S ,ESO) , spm-another-orbit (Eégz)and spin-spin (Eg‘Q)
interactions.

After the diagonalization of the energy matrix, we obtain the energy eigenvalues
(E(QsL;SH)) and eigenvectors (C'(QLS,QsL;S;) for the configurations 1s2s2p, 1s2p’,
1s2s”. Table 1 lists the energies of 7 levels of the 1s2s2p confignration, 8 levels of
1s2p® configuration and one level of 1s2s® configuration for Li-like ions with
7=6+42. The energy data of autoionizing states given in this table are counted from
the ground state 1s2s 28;,». Let us explain designations for levels used in Table 1
since they will be used below. The configuration together with intermediate quantum
numbers of two electron system is described by letters :




C=2s2p('P)1s, K=2s2p(*P)1s, E=25’(*S)1s, M=2p’(CP)1s, F=2p°('S)is,
F=2p*('D)1s, S=15"2s, P=1s*2p %)
and the numbers after letter means (2S+1)(2L+1)}21+1).

The data given in Table 1 were used for ATOM code as an one-electron excitation
energies. For example: the 1s°2s -1s2s2p excitation is described by 1s and 2p one-
electron energies. These energies are obtained as the difference of 15%2s -1s2s and
152s2p 1s2s energies respectively. There are two levels of 1s2s configuration and we
can use any one. The 1s2s *S; level was chosen. Table Ic lists 1s energies (E(15°2s
2§,5) - E(1s2s>S; ). Table 1d lists 2p energies (E(2s2p [’P1s **Py) - E(1s2s S, ) and
2s energies ((E(2s°1s S;») - E(1s2s 3G, ). These energy level data were used in the
ATOM code for calculation of P (1) functions (see eqgs.(4- (6))

2.3 Contribution of relativistic effects to the excitation cross sections of three-
electron system
The angular parts (A‘E and A; factors in eq.(1)) are studied in detail for n-electron

(Appendix A) and 3-electron (Appendix B) systems and we discuss below the
contribution of the relativistic effects to these factors and of these factors to the

excitation cross sections.

Two special cases of excitation are considered in our here: 9L 1281, H9LST
— 0L S L LHIL'S T and j939L 1281, 19LST —3381L 1,12 LiTL'S'T which can be
joined into one jiji[L12Si2liz LS - jajfL'1282]n LS. The cross sections for this

excitation transitions can be represented as (see eq.(B.1)):

6(j1jilL12S 1230213813 — i3ia[LiaS12 LS5 1) =
= &y (n1j1,n333)A  GujilL12812 12 L3S — J3 3o [L12S12 1 L5 Sy3)
7

+3 6y(ni1.0 3J3)A ¢ (G1di[L12S121i2 LS5 T - i352[L12S12 1L yS1I")
7
(10)
where & ,(11j;,03]3) is the one-electron cross sections with including the direct and

interference parts defined by eq.(2) and 6, (i1, 3 ) represents the exchange part (see
eq.(3)).



For three-electron system the angular factors are equal to
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where factorsf, (£ 3¢5 LSI,L'S'J';L1,S1), £82(£,45;1.81,1'ST;L,S},) and

C, st (L},812,L12812;L'S") are determined by formulae in Appendix A
(eqs.(A.30), (A.22) and Appendix B (B.4)).

Let us discuss the influence of relativistic effects on these angular factors A’ and
A". The contribution is defined by intermediate coupling coefficients CJ(QLS,Q LS.
Without these coefficients the angular factors can be described as
NGl S12 1o LS. isi LS Lil'SF) = 575
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In the case of j; =0 all our expressions can be represented in more simple form:
N (1s’['S]iz LS, j3)2[L12S12 s L'S'T) =
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N (1s?[!S]j; LSJ, j3j2[L12S12 s L'S'T') = 8(j2, L)8(is, £)8(L 12, L)
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Let us consider 1s’['S]2s *Sy2 - 2p2s|~P]1s 24p, excitation. For this special case

we obtain from eqs.(15) and (16):

(285, + DY
12
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Sum over a; and a, can be calculated by using the formula (B.21). As a result we
obtain ' |
NSRS 25y, 202418}, B 187 =8 h P qag)



To obtain formulae for the next particular case j; = j, we should change j; to j,
in eqs.(10) - (14) and multiply egs. (15) and (16) by factor 2:
N, (1s’['S]j; LSJ, j232[L12S12 IsL'ST) =

28, +DRLHDEI+D [T T 3% ... _ '
— (;(j2 +1))( ){L. L JSZ} 8(32,L)8(j2,)3(L12,L)3(S,S")

(20)
N7 (Is['S1i; LS, j2J2[L12S12 s L'S'T) = 8(j,1)8(j2, H)8(L 12, L")
x((2Sz +DQL+1)2S + 2S+DT+1) / 22 +1) Y. 3 (2, + (2, +1)

2 az
§ {1/2 a 1/2}2{1 i al}z{al r az}z
1/2 8§45 § L' S Lj |8 S I
21)
These formulae are simplified very much in the case j, =0:

N (1s7['S]2s 28y, 28 Shis 2Sy,) = 8(£,0) (22)

NL(ST'SPs 2837 2525l 2S12)=8(£0)3 T, 3 (2, +1)3(a,5) =5(0)

(23)

Formulae for j, =1 are not so simple as for j, =0:

N, (1s’['S2p *Py 2p*[L1pS 1 [IsL'S'T") =

' 2
(2Sy; +DRL+D(2T+1) | T Jo1 ' : 1

(24)
N, (s’ ['SRp 2P; 2p*[L1,S12 IsL'S'T") = 8(£,D3(L1z,L")
><%(2s;2 +DEL+DESHHRIHDY Y (2a; + 1)(2a, +1)

4 a2

1/2 a, U2}2(T 1 a)*fa; T a,)°
“M/2 8, S22 1f\s 2 L
(25)
There is no possibility to simplify the expression in eq.(25).
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The numerical results for all possible L',S’, J and J' quantum numbers are given in
Table 2. These results are compared with the data obtained by including intermediate
coefficients CJ(QLS,QJLJSJ) (see Table 3). The influence of relativistic effects
depends on Z. In the Table 2 these data are given for Z=26. We can see from Table 2
that for some transitions (S212-C234, (P232-F212, P232-M234) this influence is very
large since N' and N" decrease more than in 10 times in comparison with A’ and A”".
This changing is more drastically for $212-C234 transitions since N' decreases 150
times in comparison with A’ but N"=A". It should be noted that N"=A" for all type of
1s7'SI2s 28y - 2p2s["°P]is **P; transitions since N” is independent of all quantum

numbers except J'. In this case

2
{ZCJ(QLS,QJLJSJ)] =1 (26)
QLS

and we obtained that A"=N" for these type of excitation from comparison of egs.(11)
and (13). Let us underline that A'=A" for 1s-2s excitation (see Table 2) because there
is only one kind of allowed excitation in LS coupling scheme-1s7'S12s S -
257['S]1s S, excitation. The excitation of three other levels CpiSlis *Sin,
2p°['S]1s %Py, 2p°'S11s *Py2) fakes place by both superposition of 2’S]1s %8y +
2p’['S]1s %S, configurations and influence of relativistic effects together (for
2p7'S]1s *P1 level). The angular coefficients A’ and A" are determined by
(CYQLS,QL;Sy))” factor in eqs.(10) and (11) where J=1/2, QLS=25['S]1s S, and
QuLsS; = 257'S]1s 28,2,2p°('S11s *S12, 2p7['SHs Py, 2p'S]is *Py;,. Namely these
four mixing coefficients determine the angular factors A’ and A” in Table 2.

3. Results and discussion

Results of our calculation are given in Table 3-7 and Figs.1-4. Table 3 lists
wavelengths (WL) and angular coefficients A, A" for 1s-2p (Table 3a) and 1s-2s
(Table 3b) excitation for Li-like ions with the nuclear charge Z=6, 7, 8, 10, 12, 13, 14,
16, 20, 22, 26, 28, 30, 32, 34, 36, 42. Designations (9) were used for the names of

transitions.

—11-



Let us consider the angular cocfficients A' and A" for emission lines given in
Table 3b. Schematically the excitation process can be represented in the form:
1s22s 28y, +e=(1s2s%28,), +1s2p2 28, +12p2 2Py, +12p2 4P, ) + e

¥ ¥ ¥ ¥

1s%2p 2Py +hiv withJ=1/2,3/2

27

These coefficients were calculated by multiplying A’, A" factors (see 4 last lines for
each ion in Table 3b) by branching ratio (K) given in Table 3b for 8 emission
lines:(1s2s” %Sy - 15%2p 2Py, 152p° %Sy - 15°2p 2Py, 1s2p® 2Py - 1s22p °Py, 1s2p” Py -
1s*2p 2Py with J=1/2 and 3/2). Tt should be noted that only two lines (1s2p® Sy, -
ISZZP p, 152p2 P, - lsﬁp 2PJ) are allowed in LS coupling scheme, the 1s2s* %S,,, -
1s™2p 2P, line is allowed by superposition of configurations (1s2s® + 1s2p®) and data
for the 15211!2 P - Isﬁp 2p, line is non zero because of influence of relativistic
effects (AS=1).

Table 3b lists additional data for emission lines (Q'L'S'Y - QLSJ): radiative
transition probabilities (Ar) and autoionizing rate (I") which are necessary in order to
calculate the branching ratio (K):

Ar(Q'L'S'J'-QLSJ)

Ar(QL'S'T)+T(QL'S'T)’

K(Q'L'S'J-QLST) =
' (28)
A(QL'ST)= Y Ar(QL'ST-QLSJ)

QLSI

Except Ar, I and K Table 3b gives data for relative factor intensities for dielectronic
satellite lines (Qd) which are defined as Qd=I'K for each line. All these data were
obtained by MZ program (see part 2.2 and Ref.[7,29]). it should be noted that Table
3a includes also data for Ar, I', K and Qd.

Qur scaled calculated cross sections ( o) for the six 2s2p('*P)1s >*P; - 15725 %S,
transitions for the 17 Li-like ions are given in Table 4 as a function of scaled scattered

electron energy u, given in units of ZZ(Ry), where Zs = Z-2 is the effective nuclear
charge. 7

12—



ﬁ 2 2
O0—0¢ 7 4 (cm), E=13.6 Z§(Ac+n) (eV) (29)

S

The scaling of both the cross sections and the scattered energy is useful for graph
representation (see Figs. 1(q)-1(V)) since it was possible to show 14 transitions on one
Graph. Let us explain ones more the designations for transitions which are different
from shown in eq.(9):

q=2s2p(P)1s %Py, - 15725 78,1, 1=252p(’P)1s *Py 2 - 1”25 85,
s=2s2p('P)1s 2P;7; - 15225 %S5, t=252p('P)1s *Py 5 - 1525 S 5,
u=2s2p(*P)1s Py - 15725 %S, v=252p(P)1s P2 - 1525 8,0 (30)

These designations were introduced by Gabriel et al [1] and widely used. The
designations given by eq.(9) were introduced by Vainshtein and Safronova {6] and
also used in many papers.

We can see from Figs.1(q) -1(u) that cross sections change smoothly with u and
their values does not change very much with Z. For such transitions the curves for
different ions (especially for small Z) do not cross in the entire energy interval; the
scaled cross sections at the same energy value (u) increases with Z. It should be noted
that there are some curves crossing for high Z that can be explained by relativistic
effects. We can see from Table 3a that factors A’ and A" change different with Z: A’
decreases (x,s), increases (t, u, v) or smoothly changes (q) with maximum for Z=22
but A" is constant for 6 lines and any Z (see part 2.3 and Table 2). It should be noted
also that A™>A" for three lines {q, r, t) on all interval of Z and vise versa we have
(A'<A™) for another three lined (s,u, v). We can see that there are two types of curves:
(1) when cross sections increase smoothly with energy u and decrease after maximum
for u= 0.64 - 2.56 and (2) when o decreases sharply with u. The first case takes place
for g, r, t transitions and the second one is for s.u, v transitions. This behavior of curve
can be explained by the predominant contribution of direct cross sections (A'c’) for

the first case and the exchanging part (A"c") for the second one. This conclusion can

—-13-



be made because of the fact that the ratio 6"/c’ decreases with energy as E° and the
sharp decreasing cross sections for the first case (s,u, v transitions) shows that the
cross sections for the transitions lines are determined by the exchanging part A"c".

We have the largest value of A’ for q transition and we see from Figs.1 that the
values of cross sections for this transition are large than for another 5 transitions for
all Z. By relativistic effects A’ decreases with Z after maximum for Z=22 and the
cross sections for Z>22 increases only a little with Z and begins to decrease for 7Z=36.
The curve of cross sections for Z=42 is placed between curves for Z=22 and Z=26 for
the small energy and between curves for Z=16 and 20 for the large energy u crossing
the curves for Z=22 and Z=20 around u=0.32 + 0.64. There is more sharp changing of
curve for the r transition since A' for this transition decreases with Z from A'=0.606
for Z=6 to 0.231 for Z=42. Because of this decreasing of A' the curve for cross
sections with Z=42 is placed between curves for Z=14 and 16 for small energy and
between Z=6 and 8 for the large energy while crossing the curves Z=14, 13, 12, 10, 8
around u=0.04+1.28.

Table 5 represents cross sections of 1s-2s excitation (Oc) for 8 emission lines
1s22p -1s2s? , 15%2p -1s2p” for the 17 Li-like ions. The Gabriel's designations [1] were

used for these lines also:

0=2s1s 251/2 - lsﬁp 2P3,-2, p=25213 281/2 - 1522p 2P1/2, m=2pzls ZSUZ - 1522p 2P3,2,
n=2p21s 251/2 - 15221) 2P112, C=2p215 2P1/2 - 1522[) 2P3/2, d=2pzls 2P1/2 - 15221) 2P1/2,

h=2p2}s 4P1/2 - 152213 2P3{2, i=2P213 4Pl/2 - 152213 2P1/2 31

The values of these cross sections are much less than for 6 above mentioned
transitions since there is only one level (25°1s 8y, ) which can be directly excited
from the ground 1s%2s 28, level (Is - 2s excitation) but there is no allowed dipole
transition from this level. There are transitions allowed in LS coupling scheme from
the two levels (2p°1s %S, and 2p°ls *Pyp) which are in the same complex as 25°1s
25, » level but those two levels can not be excited directly but only by superposition of
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2s%1s+ 2p°1s configurations and relativistic interaction (AS=1). As a result the values
of cross sections given by Table 5 are in 107 - 10° times less than the values of cross
sections given by Table 4. Their ratio of cross sections is proportional Z° where
n=2+6 since the first order functions obtained by superposition of configurations or
relativistic interactions are proportional to Z or 7? (see Ref.[30]). Because of this
strong dependence on Z we used logarithmic scale for the G¢ for 8 emission lines

15°2p -1525° , 1s22p -1s2p® shown on Figs.2o - 2i. We can see from Figs. 20 - 2i that

cross sections change smoothly with u and there is no crossing of curves which
belongs to cross sections with different Z: GC(Z=42)f0'C(Z=6}=103 = 10°. Some sharp

changing of curves for cross sections with small Z can be explained by the limit of our
method since their values are very small (10°).

The collisional excitation rates, R, were calculated from excitation cross sections
assuming a Maxwellian distribution of electron velocities. In Table 7, 8 and Graphs 3,

4 scaled excitation rate coefficients, Rc, are shown as a function of the scaled electron

temperature 1/8 in units of Z% (Ry) for the same 17 Li-like ions. R is obtained from

the plotted R values by using the next formula:

R=1078 %exp(_BAe) in cm’/s, (32)
)

where Ag is the transition energy in units of Z%(Ry) given in Table 6 and 7 as a last

line. The variations with energy and Z are very similar to those seen in Graphs 1 and 2

except Fig 1q. 1r ant 1t since there are no maximum on curves of the collisional

excitation rates.

Comparison of our calculated data with another theoretical calculations and
experimental data are given in Table 8 and 9. Table 8 list the excitation cross sections
for the six 2s2p(1’3P)Is Zp, . 1s%2s 2§, , transitions for the two Li-like ions (Ti19+ and
Fe?"). Our calculated data are compared with results calculated using the relativistic
distorted -wave code of Zhang, Sampson and Clark [31} and experimental results

measured on the Livermore electron beam ion trap. These measurements were made

near the threshold (the scaled electron energy u ~ 0.02) . The uncertainties in the
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measurements are between 14 and 27% for Li-like transitions. The experimental data
are agree with two theoretical results within the error bars except for "u" line. It was
underlined in [17] that this line is one of the most difficult transitions to measure.
Theoretical results almost coincide for this line.

Comparison of excitation rare coefficients are given in Table 9 for the 14 lines of
FeXXIV ion. We compare our data with data obtained by Bely-Dubau et al [4]
calculated using the University College London computer package. The scattering
problem is solved in this code by using the distorted wave approximation with
configuration interaction. We can see from Table 9 that both theoretical results agree
quite well except data for three lines: s,h and n. We could not explain disagreement in
these two results for these three lines since there was not any difference between these
three lines and another 11 lines for which we found the excellent agreement by two
methods.

4. Conclusion

This paper has presented inner-shell collisional data for Li-like with 6<7<42. The 1/Z
perturbation theory and Coulomb-Bom- exchange approximation calculations
performed here are less complicated than the relativistic distorted-wave approximation
[31] but give good agreement with those results. This method can be applied for an
arbitrary electron systems using the general formulae given in Appendix A.

Acknowledgments

The research described in this publication was made possible in part (U.I.Safronova)
by Grant N NL3000 from the International Science Foundation and Russian Grant for
Fundamental Research (95-02-04534a).

—~ 16—




References

1. Gabriel, AN., Mon.Not.R.astr.Soc., 169, 211 (1972)

2. Bhalla, C.P., Gabriel, A N. and Presnyakov, L.P., Mon.Not.R.astr.Soc., 172,
359 (1975)

3. Bely-Dubau, F., Gabriel, AN. and Volonte. S., Mon.Not.R.astr.Soc., 186, 405
(1979), 189, 801 (1979

4. Bely-Dubau, F., Dubau, J., Faucher, P. and Gabnel, AN, Mon.Not.R astr.Soc.,
198, 239 (1982)

5. Bely-Dubau, F., Dubau, J., Faucher, P., Gabriel, AN, Loulergue, L., Steeman
Clark, L., Mon.Not.R.astr.Soc., 201, 1155 (1982

6. Vainshtein, L.A. and Safronova, U.L, At.Data & Nucl.Data Tables, 21, 49
(1978), ibid 25, 311 (1980)

7. Dubau, J., Gabriel, AN., Loulergue, L., Steeman - Clark, L., Volonte, S., Mon.
Not.R.astr.Soc., 195, 705 (1981)

8. Nilsen, J., At.Data & Nucl.Data Tables, 37, 191 (1987), 38, 339 (1988)

9. Chen, MN. , At.Data & Nucl.Data Tables, 34, 301 (1986)

10. Burgess, A., Ap.J., 139, 776 (1964)

11. Shore, BW., Astr. J., 158, 1205 (1969)

12. Gau, IN. and Hann, Y_, J. Quant.Spectrosc.Rad. Transf., 23, 121 (1980)

13. Bell, R N. and Seaton, M.J., J.Phys.B:At.Mol.Phys., 18, 1589 (1985)

14. Gabriel, AN. and Jordan, C., Mon.Not.R.astr.Soc., 145, 241 (1969)

15. Vainshtein, L.A. and Safronova, U L, Sov. Short Comm. in Phys., 3, 40 (1972)

16. Jacobs, V.1, Doschek, G.A., Seely, J.F., and Cowan.R.D., Phys Rev., A 39,
2411 (1989)

17. Wong, K L., Beiersdorfer, P., Marrs, RE., Reed, K.J. and Vogel, D.A., AIP
Conference Proceedings 274, 545 (1992)

18. Presnyakov, L.P., Sov.Phys.:Uspehi, 119, 49 (1976)

19. Umov, A M., Preprint Lebedev Physical Inst. (Moscow), 134 (1978)

—17—



20. Vainshtein, L.A_, Safronova, U.l.and Umov, A.M., Preprint Lebedev Physical
Inst. (Moscow), 212 (1978); Proceed.of Lebedev Phys.Inst., USSR Academy of
Sciences, 119, 13 (1980)

21. Sampson, D.H, Parks, A.D. and Clark. R.E.H,, Phys.Rev., A 15, 1393 (1977)

22. Sampson, D.H, Parks, A.D. and Clark. R.E.H., J Phys.B:At.Mol.Phys., 12, 3257
(1979)

23. Goett, S.J. and Sampson, D.H, At.Data & Nucl.Data Tables, 29, 535 (1983)

24. Sampson, D H, Goett, 8.J., Petrou. G.V,, Zhang, H., and Clark. REH.,
At.Data & Nucl.Data Tables, 32, 343 (1985)

25. Vainshtein, L.A., Sobelman, 1.1. and Yukov, E.A., Excitation of Atoms and
Broadening of Spectral Lines (Springer, Berlin, 1995, 2nd edition)

26. Safronova, U.L, Shlyaptseva, A.S., Vainshtein, L.A., Kato, T.and Masai, K_,
Physica Scripta 46, 409 (1992)

27. Safronova, U.L, Shlyaptseva, A.S., Vainshtein, L.A., Kato, T.and Masai, K.,
At.Data & Nucl.Data Tables, 60, 1 (1995)

28. Shevelko, V.P.and Vainshtein, L.A., Atomicv Physics for Hot Plasma (IOP Publ.
Bristol, 1993)

29. Aghtskii, E.V. and Safronova, U.L, Spectroscopy of autoionizing states of
multichafged ions, Energoatomizdat, Moscow, (1985)

30. Safronova U.L. and Rudzikas Z.B., J.Phys.B:At.Mol.Phys., 9, 1989 (1976)

31. Zhang, H., Sampson, and Clark. R E.H., Phys.Rev., A 41, 198 (1990)

—18—



Appendix A. Intermediate coupling scheme for n-electron system
The excitation cross section for one-electron system can be represented in a form
[25]

16ma’ 1
d(nglo.n441)= e 0

(2£0 +1)221 lfP (QE ﬂofo,nlf kfk)

gt Lo X
o N AYart . 2
212'(2;”1)( 1) y{gk ‘. x,}Px.(qfqnof,kEknlfl)l

(A.D

where
(x €4 ‘i
P, (afqnoloim Lkl ) = J2ig +1)(2£0+1)(2£‘k+1)(2£’1+1)L0 0 0

e ¢ a0
[ 0 l)T T ;+1 8(3; )JFQE ()P, fo(IZ)kak(rl)Pﬂlfl(rz)

(A2)

(x tq 4
P, (qf gnof o:klynfy) = JRIG D2 + DL +D2L+D g ¢

£y £y T -‘
X df1 dr 2 x+l Jqu (1)Py ¢, (T2 Mg, ()P0, (1)
(A.3)
For describing of n-clectron system in intermediate coupling scheme let us first

consider an amplitude of excitation in non-relativistic case [25]

QLS QLS
(n—1)! alzang: oy %Ca"%-ﬂn [ann;ank Vv ,k%]
(A.4)

P(QLSMMg,Q'L'SM'M}) =

where g; = nl;m;m, is one-electron quantum pumbers and Q,Q' mean configuration
and intermediate quantum numbers of atomic system: L, and S, (for example:

Q=j1j;_[L128Izlig[LBSlg]j,;[LMSM]...[Lln_lsln_l]jn). Many-electron system should be
described by linear combination of the zero order states belonging to the subspace
of the degenerate levels. To provide orthonormality of the wave function the

antisymmetric in all indexes coefficients C? must obey
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2 CR.CY . =nlsQ,Q) (A.5)

0y Oty
Matrix elements V can be represent in the factorization form for angular and radial

(A2, A.3) parts:

- £q—Lx * +mg+m
Viosak f;i Ei Zi T Y g, (8 9q) Veym, (B @ )-D™ " 8(my, m )
¢ ¢ £Y ¢ £, £
a k a o
X Blms, Mg, {"’mq my mI*ma m,: —m)P t(# qhalo:Balakéy)
(A.6)
o *
Vgt = 2 20 20N 0g,0) Yeum, O @)D 8(m, m, )
£y £om, fm 1
£ £, £Y ¢ £ £
q o o k .
XS(msk ,msa {_mq ma' mI_ma mk —m}P‘E (ngnafa ,kf knarf CY.')

(A.7)
where P; is defined by eqs.(A.2) and (A.3) accordingly. In the results of
calculations we can obtain for P(QLSMM;, Q'L'S'M'M's):

> > Y IYEpMm

Tyt = = - - .
(n-1) *L12S12Lig 1Sm1 fqMgfxl £1~£54, ap £

r fq gk af L | a -
x Y (£ qmOe0q.£ kmkek(Pk)L_mq m, uAM M n (2L +DH2L+DH

(L1pSiL1Si - L'S)

P(QLSMMg,Q'L'S'M'Mg) =

X Co iytoin (Li2S12,L12812 - LS)CEIj;fﬁ'z,,,gn_lj;_le;j;

' . L' £
«[8(a, )8(m,_,mg )S(M;s,Ms)3(S,S)P,(qf gngl p;0nf nk? (D {i," /L }
4 ;1 n n1

P L a}ﬁ51zs'1

_Pf(qﬂqnn n> gknn n)( a-t ) fk gq ¢ ’g.n En Ln—l ( + )( +)

ity 3 St Set V208 YSo 12 8]

x (—1 -1 1) 21TV Mg

( ) Msn_l( ) LMSH—I msq _MS iMSn-l m Sq —Ids,i JJ
AS8)

where we use designations



Y(£ g 040q £ xmiBy@y) =10 XY, 1 (6,0q) Ye,m, Gk0x) (A9)

The amplitude of excitation in intermediate coupling scheme should be
determine by P(QLSMM 5, Q'L'SM'Ms) and intermediate mixing cocfficients
C’(QiLsS:QLS)

PQ,IM,, QM= X X CHQL;S;,QLSCT(QL'S,Q,L;S))

QLSQL'S'MMMgMg
_ L. S J QA L 8 J
x (ST +)| M, _Mj](—l)‘* SMJ@ID)| 3 p M, _MJ
x P(QLSMM;, Q'L'S'M' M)
(A.10)
The intermediate mixing coefficients C(QiL;S;,QLS) should be calculated by
diagonalizing the matrix of energy with taking into account the relativistic and
correlation effects. These coefficients are discussed in the Part 3. After the simple
but cumbersome calculations we found for the amplitude;

P(QIM;, QI M) = >, D Y (L qmgBy04.7 KMy B P )(—D ™Sk
£ gmgfymy apagnasily

qu by aY I a2 2 Ya ¥ a) @ V2 1/2
~mg My KA-M; —p WA M; g f—H2 —Mg Mg
« 3¢ (QLS,QuLsS))CT QLS QLS -D

QLSQLS'

1
X 2 2, 2.Ceijitain (L1S1L12512 > Lin-1S 11 L1a 1811, L385)
(n-1 L5812 Lin-1Sta—1 £17%n £
xC

-12

ity gia i . (L'12 812 L1212 - L' 1a-1 S'in-1 Lin-1S1a-1.L'5 §5)
JQRL+ 1)(2L'+1)(2J +D2I'+1)

Z[ﬁ(a 0)8(a,,0042(23 +1{ ‘. ! }{1{ i g}Pg(qf? 1 ainpf sKE3)

Lin
—(- 1)£+a+2a1+S+S $23+L' 487+ 412 (Qa+1)(2a; + D(Q2a, + ) \/(75 +1)(28'+1)

_ £, aljfy £, a
x Pf (qg qnng ﬂ’kﬂ knnf H){E K E f}{ L Ll L'in_l}

q

>(J a alla; J ax|} a i/2 1/2
¢ LIS S L'{|Ss S §

(A.11)
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The cross section of excitation in intermediate coupling scheme can be
determmine by usual way [25]
o(jui2lL12S121i3 -+~ L3853, ija[L12 15 --- LySyI") =

Ay
T @I+D mSZIﬂsk M?l-\“d] Jao d‘”c:'P (Q;IM;, QJJ'MJ)

(A.12)

where A=8m(a;)/q°(2j,+1). The dependence on ® is in Y defined by Eq.(A.9).
By using this formula we can simple calculate the integrals in (A.12).

A= -[ dmkdqu(E qmqeq(pqag kmkek(Pk)Y*(fq m'q eq(Pq e m'y ek(PI:)
= B(é'q:fq)s(mqamq)s(fkaz'k)a(mk,mic)
(A.13)

For calculations the cross section in intermediate coupling schemes it should be

used the next formula:

El f?, aIfl £3 a)
.- ( |
2=, 2 2 2 -m; m3 pA-m; m3 |

£y € 3ms auaiki@zls a'p'agasp,
J a a, Ya, J a,Ya 1/2 1/2
X Z Z (—M _ —_ ! Ll M 21— . m m )
M; M) Ms, Ms, R AR My o pp ATHe Mg Mg
( J a a;Ya, T a'zl a, 1/2 1/ 2)
X t H ' ' ' =
-Mj; - —pAr; My phA-M2 By Mg
1 1 ' '
= X Z > ¥a, a)ﬁ(p:p)(za_}_l) (2a2+1)5(32>az)5(uz:u2)

apa;jpjazitz a'p 31}1132‘!.12 MJM T

(3 3 4 )
My —p -y -M; —u —p'y MJ !lz T My oL

1 1 i 1 1
aa%:%@a +1) (2a; +1) (2a; + 1) 33%2 (2a+1)(2a; +D (22, +1)
(A.14)

After the simple but cumbersome calculations we found for the cross sections in

intermediate coupling scheme:
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. - - «F L] ¥ L L] A
o(j1j2ll1S1lis--- LSyt il 2 15 - L3S ¥) = (2—1_:)_1_)(1{1 +R; +R3)

(A.15)
where
Z Z Z 2P—€(qf nnen:nn kfk)Pf(qf n fn,n f k‘ek)
Loly £ g 0ot 0y
1 ., . o wmm (A.16)
X (2£+1) Si(0pfln,n3€,)S;(npfy npfy)
£
R, = Z ZZ z Pf(qg nngn:k’fknn n){ * En a}
£a0y £ a ¢ f 00t qf
x Pp(al qnof o: ke n"'g'"){ ta a}
£ qBnt a- M klint p b Lq 0 (A.17)

x (- Y M2 (0l 0,0, M2 (0 e ngdy)

a3z

Wl
Ry= 2 2 2, 2P/(gfgn of 030 nkl 1 Pp(qlqn ol n3 Kl nn n){ gn ﬂ,}
Lofy £0 ¢ £, 6,00 q

(~D)HEHS (1€ 5,00 )S e 700l n)
(A.18)

where the next designaﬁons were used:

¥ 3¢ (QLS,Q,L;S;)C! (QL'S,QiL;5S))

Sf (nng n#n 4 n)

(n —1)'QLSQ'LS
x 2 2. Coiitoin (L1pS1L12S12 L 1S1a-1L 1515181, 18)
L12S12Fan-1810-1 £17n1
xCpi i i W SlnSe L S Ly 1Sta s L'S)
< £,(2 £ LSLLS T L)

n-n>?
(A.19)

. L, L L ¢
£,(£ £ ;LSLLS T Ly )= (=)= JEL+DRL+DY . ;
4 en Lln—l

a~n:
n

x(—1)~S+H a(s,s')ﬁhl)(zrﬂ){; i g}

-23 =



(A.20)

o ]_
313 _ ¥ ¥ ¥ r
M2#2 (n,f 0,0 ,) = (n_l),gs Qgs{:’(QLs,QJLISJ C'(QL'S,QLS))
x 2.Cojitys 121212812 Lin 1Sin 1 L1n1S1a1,LS)

L12S12-L1gSia—t £17€n 1

' N " L L] [
ittt (L2812 L1282 Lt S'inct Lin 1S1n 1, L'S)

x f:ﬁz (f nﬁ;];LSJ,L' S J';Lnln-1S;n—l)

(A21)
£5°2 (£ o LS LS T3 L1, 1 Sp ) =

- L L
(-1)a+1““'1+5“"1w/(2a+1)(2L+1){2L'+1){. - }{ 2 U2 2}
En ‘gn Lln—l Sln—l S S

x (—T)2ar T LS 2 5, $1)(2a, + 2T+ D)2T+1D2S+ 1)(28'+1
1 2 X )
J a al al J' 3.2
X
'S L[| S LU
(A.22)

It should be noted that the index a, in (A.22) can be equal to 0 or 1 (triangle'e rule

for 6-j Wigner coeefficient). In this case we can remove one sum in (A.17)

R= D M2 (n,l, n,l M (a,f,,0007)=R° + R

a,a;
RO = D MO0, 0,0 IME (0,050 0), (4.23)
a
1= DM (0,1, M (0 5,1
]
After simple but cumbersome calculations we found

M2 ¢ 00 ) =S, (0, ,,0,.00)8(a;, T W(2a+1)/2 (A24)

and
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2a+1
5 Sa(@ul 0.0, l0)S, (8,0 ,0,00) (A.25)

SRO

By using this equations we cat rewrite ¢ in the next form:

o(iriz[L12Stz ks -+ LySyJ, 1i2[L12S12 15 -+ LyS3) = (2AJALO +1)

x 2.2 ZSg(n £ 0yl {1/23 Pe(ql inf n3 il ukl )

2
20+1 Ly £ .
- 2 Z.(_I)£+£ {Ek 7 ! g!}PE'(qg qﬂne n;kg knnen)]

q

222

a W L, £
BT 2 T T at o' e{ ‘ f'}

£ nyfangty q

X Pf'(ngnnf n;ke kn‘nf'n)

(A.26)

where

M3 (0,0 ,,n.6,)= S 3.CN(QLS,QsL;S;)CT(QL'S,Q;Ly.Sy)

(n _1yqunms
% " o # Z- n Zcfﬂlmgnjn (L12512L12512 s 'Lln—lS]nwlLln—isln—l ,LS)
Li2S12-Lig—1S1n-1 f17n-1
X Cf]j} n-]j; iflnj'n (L'IZ S'l2 L12812 ;- ‘Lvln—l S'ln-l L]nulsln—_{:L' S')

£22 (£ £ LST,L'S' T L, 1810 1)
(A.27)

£31(£ £y LST, LIS T L 1Spyq) = (~1) 22 a1 S A0S 00202

x 3L+ 1)2a, + DL + DEL+1)(2T + DHEI+)2S + D2S+D)

L L ¢ 1 12 U2/{T ¢ a)fa, T 1
X + " L
¢ f, LuaflSm: S SJIL's L8 s U

(A.28)

Let us investigate the excitation of a system with two electrons above core. For

this special case we can find for :
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(A.29)
where
L L ¢TI 7 ¢
£,(£205; LS, LIS T;£ 1) = (-DirHSH s,s'{ : H : }
E(22= 2 1) ( ) & )gz gz fl L LS
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(A.30)
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x 2L T DEL+1)(2S + D(2S+1(2T + D2I'+)

(A31)
Let us use two designations else in order to represent eq.(A.26) in more compact

form:



- 2 .
R(qlgnyf o nyf ki) = o1 e(@qnafaiml kly)

25 +1 £, / £
Z(—l)i’HZ { 2 g: }Pz (qfqnyls:klynyty)
(A.32)
£, ¢
Re(ql g nyf5:klynyl)) = Z("‘ )+t { i fz }Pz (qf gnzf 2k k205)

(A.33)
Using these designations we obtain for 6(3ij2L:SJ3'1iLS'd")

DY

Lofy ¢

o(j1i2 LSy, JIJ2LJSIJ)‘— (2J ,) Z 2. QZCI (QLS,Q;L;Sy)

Tyl anyfy
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x Zceljlgzjz (LSYCy .y, 'S

2
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(A34)
Sums over naly, 0's I and I; can be simple calculated by using the definition for C
Conean (1) = NG 1 W81, 1000 2. 12) + (DU SR 821,32 )5(0 1, 2)
(A.35)
where Nju j2)=1 if ji#j2 or N1 j2)=1/N2 if jy=jo. It should be noted that we wrote in
eq.(A.35) only the angular quantun mumbers in order do not encoumber this
formula. After simple but cumbersome calculations we obtain
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+(~DYS GGy, 1) (G2 i LST,L'S' T )Ry (al gna s jike i)
+(-DSE (G, ) (udn; LSLUS T 15)R, (@ g0z i1 okl i)

+(- 1)’~+S+L'+S'+iz+h+fz+ﬁ 8. i>)Ee (1 LSLL'S T 2 )Re(@f quajismpikey )|
Ag
eIy, z 7 a

x N(i132 )Nz )(5(j1 iV (oo, LSLL'S' T §y ‘2')93:3 (qf g2 jp:klxn3 s )
[ L T . K3 PR 1o T, * 1 . £ .
+ (DL, ) (1231 LSLL'S' T 1 )R (af gz o sk kma jy)

3 3 - ot - -' ' 1 1 - 1 - L .
+(-DYSET (G, i (12 LSI,L'S' T ), 5)R(qf gn2J; Kl k2 J2)

I_Z ZCI(QLS QLS )T (QL'S,QIL;ST)

+(—I)L‘*S"I‘U’Surjﬁjl+j.’"+j'1 &z J2 )f; ' (jlj.l;LSJ ,L'ST; 1p %)mz (9 qn23;: k4 kn|2j'1 )):IF
(36)
‘We can choose, for example, that j;=J';. In this case eq.(36) can be written in more
short form:

6(j1i2 L3853, 132 L1S3T7) = [Z 3 C’(QLS,Q;L;S;)CT(QL'S,Q)L;S))

(21 :) &Sis

' . QYT g . Pt 2
XNy iz )NGri ) (o sLSTLL'S T3 )R (€ i smy15ke 1) |

5 z:z[z 5 Q8,015 ) (QUS. QL))

(ZJ ') £t QLSQTL'S'

2
NG NG Uzdo s LSI LS T3y 5)932 (qf gz Jz k4 knzlz)]
(A37)
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Appendix B. Intermediate coupling scheme for three-clectron system
Let us investigate the excitation cross section for a system with three
electrons above core. For this special case we can find from eq.(A.26):

6(J1J21L 1251213515853 ,j1i2[L12812135L5S37") =

(2J+!)ZZ 3 3 >CNQLS,QiLsS,)C QLS. QILSS))

f47x T |ngésnst's ASQATS'

X-Z_ > zCfljlfgjzfgjg(LI2SI2:Lnlzs;Z;LS)CgLi*lgzjvzg'sj;(L'lzs'naL"lZS;Z;L'S')

L4282 f12

£,(£ 505 LY, L'S'T; L1 )P, (@€ g0y 3im3¢ 3kL )

2
5 05 ¢
g [26 Pf(qfqnsf:ssﬂsfskf?k) Z( 1) Py(qt n3e3,k£kn333){gk Ly f’}]l

DI NDINDI Zc’ (QLS,Q;L;S;)C (Q'L'S,QjL;Sy)

L4 Ek £ 2ag| & n3£3n3£3

(2] +')

1 "o e

Xz 3 X Coitaintain L12812:L128123L8)C 05,014 (LS,L1p81;L'S)
LzS1z f1f2

2
. . . oy £, £
xfgiaz((e333;LSJ,L'S'J';L12512)(-1)f+f Pf-(qﬁqn3£3;k£kn3£3){ fi £3 e})

q
(B.1)
where (see eqs.(A.20) and (A.22))

: , _ZL,lLL' ¢
£,(£ 105 LSLL'S' I L) = (=1 JL+D2L+D 0 £, L
4
x (—1)S+H 8(S,S‘)J(2]+1)(2J'+l){1{, i s}

(B.2)



f?;az (f 3‘€'3;LSJ, L[S’J’;L“Izsiz) = (”I)Zf+2al +L12+817 - F+I+L4+S"+1/2

x (2 +1)(22; +1)(2a, + DL + DL+1)2S + D2S+IN2J + 1)2T'+1)

X{L j 5y f}{az 1/2 v/211) ¢ ayifa; J as
£y 5 Lpfls, S S{lUs Lfls s Lt

(B.3)

Coefficients C £4itl 2320303 (L 12312 ,Lnlzs.l'z 5 LS) determine coupling scheme for
three electrons system (j;.j2.j3) with intermediate quantum numbers L;,S;,

Citairesis L12512-L12812;LS) = N(itizis)

X [S(LIZ ,L12)8(S12.812 Py s (F1di£232)8(4 3, 33)

+y/(2Ly, +1)(2S); + DL, + DS}, +!){1/2 Si2 1/2}

1/2 S;; S

. . . - - Ln
8 (PL'uS'iz (£113,€232)0(£ 3.1 ){;i JE Lz}

P, (F133-4 230)(E 3, jo —T)h+ialaz S {13 & IZ}H

2 L Lp
where P defines two-clectron system and equal to B4
P sr, (01d:£232) = 8(£1,3:1)3(£ 2J2)+8(£1,52)0(£ 2. 11) (B.5)
A normalized factor N{jjzjs) is determined by an equation (see eq.(A.5))
2. [Cf iezintsis T12512,L12512 ;LS)]2 =6 . (B.6)

1:125;2 £ 12 23
As a result N(jijajs)=1 for all different i, j» and j; and N(jijzis)F1/¥2 when two of
indexes j are coincided (N(ujijs)= N(itjziz)= Najzjs)=1/¥2 ). Let us consider
i LA A S ALl
32; C it nintais L1212, L1281 LS)C,, oy o o (LS, L1pS12; L'S) (B.7)
12
After simple but cumbersome calculations we obtain for this expression
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3 Z Cfmemfgg(LmSu,Luslz,LS)Cgﬂ Caf'stshs (L12512,L32812:L'8) =

{1

=N(1j2j3)NGi2i3)[A1 +A; +Aj]
(B.8)
where

A, =3(L1,L15)8(512,51 )\/ (2Ly5 +1)(28); + (2L, + 123, + 1)

1/2 Sy, 172 i i Ly
X{l /2 S5, S }[ L32Sta (Jl.’2=]3]2)8(€3=]3)5(£3:Jl){ iy L' Ly

' L
P o (1d2-1332)8(£3,33)8('3., §2 ){J z i,,l‘ LZ }( 1)11+12+L12+“512}

1/2 Sy, 1/2}

+8(L'13,L12)8(8'12 ,512 )\/ELH +1)(@Spz + DLy, +1)(2S12 + I){I /2 S S
12

\ i3k Ln
[ Lusu(Js.lz:.lllz)s(fs:h)s(f3,13){ iy L Lu}

' J3 2 L hi+h+Llz+S
Luslz(33.}1:.}1]2)8(£33.]2)8(£ ,Js){l L le}( 1y 1 IZJ

(B.9)

As = (2L, + D2}, +Dy2L1, +1)(2Sy; + DL, + D28y, +1)
1/2 Sy, 1/2\J1/2 S}, 1/2
* M
1/2 8, S [l1/2 s, S
L. . v oo i b Ll B Lo
X[Pﬁush(33.12,]332)5(33711)5(53731){1-1 L le}{j.l L' L.u}

' 13 J?. L“IZ j;i j'l L].Z ~1 jl+_]2+L12+Slg
L2312(J3J2,Jsjl)ﬁ(fs,h)s(f ,Jz){ L Lu}{j'z 1 Liz}( )

' i Lullis 1 Lo i1+ L1248
, : 12 {(_1)irtiz+L12+S12
zslz (J311,J312 )6(£ 39.]2 )8( 3 >J 1 ){ L le}{]] L le }( )

s B Ll it L
Pp- o (1> 333008(43,32)8(L'3 . §2 ){Jz L 1, sz L L'u}

% (_1)j1+}z+h+12+L12+512+L'12+S'12 ]

(B.10)
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A =8(L12.115)8(812,812)8(L' 2 ,L}5)8(S'12 , Sty Py . Citdz» driz) B.11
x(£3,13)L'3,53) '
and
Pes(iri» itiz) =[8(i1 110825 i2) +8(i, 2 )8z, N-Dir+i 5 ]
(B.12)

« [1 +(~D)ittia it ]
It is possible to consider any case of electron excitation for three clectron system by
using this expression. In order to calculate the mner shell cross section of excitation
(1s['SI2s %S- 2p2s[’Plis *'P and 1'S]2 % - 2P[L'1,;S']ls L'S) let us
investigate more common cases: j{j{[L1,S12 IBLS ~ j8i8IL 1212 HIL'S' and
ML 1S 1, HOLS — 3953 [L 12512 iYL'S'. We can see that only the A; term from
eq.(B.8) gives contribution to these transitions. It should be noted that the two
terms in As (eq.(B.12)) contribute for the jjPL 1,8, HILS — j$3IL 1S3, LiTL'S
excitation (the first and third terms) and the four terms are equal each other for the
2012812 HILS - j332[L1,S12 IfL'S' excitation. The normalized factors (see
¢q.B.8) are equal to 1/¥2 for the first case and 1/2 for the second one.
As a result we obtain for in the case of j¥j[L S HILS - PG LS LS
excitation j; =j, =i%.j3 =33 and j =33, 5> =j3.j3 =i and

2

1 o " ' ' " LI,
5 > Cgﬂ‘?gﬂ?gﬂ‘g(LIZSIZsLIZSH;LS)Cf]jggzj'ﬁgsj(l)(LIZSIZ:L12SIZ’L SH)=
it

=L}, + (28, + 1)\5(21,12 +1)(2S;, +1X2L 1, + D28y, +1)
X{Uz S}, 1/2}{1/2 St 1/2}{;‘_3 P L"u}{ﬁ i L:'u}
1/2 S S 1172 s, Sl L Lpjlif L' L
x8(€ 3,i)8(¢'s , )1t LStz
(B.13)
In the case of j{j{[L.1;S1 HILS - 3i3L xS HiL'S' excitation

i1=dr=i%is =18 and ji=j» =3,z =]} we obtain for sum over , I

% 2.C glfgﬁ?gﬂg(LIZSD:L“HS;Z;LS)C 0,801 £ L1Sn,LpSiL'S) =
ik ‘

—-32—




=2(2L7, +1)(28]; + Dy(2Ly, + 128, + 2L, + (28}, +1)
x{llz S 1/2}{1/2 S12 1/2}{3'2 i L"D.Hj? 3 L"u}
1/2 Sy, S 172 S, S L Ll L' Ly

x8(2 3,39)8(£'5 , )~ A+ +Lia+S5z

(B.14)
These formulas can be simplified in the case of j°; =0 and L,7=0, $;5 =0, e.g.

15%(*S)nj for initial state. We obtained instead of eqs.(B.13) and (B.14):

1 " L ' ' “ T raQny
E;E: C 00,5008 00, L12812;LS)C, o) a0, o(L12S12,L45515;L'8") =
*t2

_i " ' 1/2 S;Z 1/2 BB
—\/5(2312 +14/2S1, +1{1/2 S, S }( 1)

x8(39,L)8(%,L12)8(L12,L)8(£5.0)8(¢5,13)
(B.15)

1 ] LA ' ' L] Ty
5{; Co 00,00, 00 L12812;L8)C, 5, 100 (L12812,102815;L'8") =
*2

=S +I2S + 1 2 Sl T e
1/2 Sy S
X S(jg 3L)8(jg :L“IZ )S(L'IZ ’L')S(‘e 3 :O)a(f’:i $J(2) )
(B.16)
Let us return to eq.(B.1) in order to investigate the next two terms in eq.(B.1)
X o(€3€3; 12[L12812 1518, 1132 [L12812 135 L'S T') =
1 " " " e
x5 D, 2 Coitritsiy L12S12,L1aS12:LS)C, oy o o (LS, L3815 L'S")

L1281z £1€2
f,(£505;LSI,L'S'T;LY,)
(B.17)
YP2(€ 5055 d1da [L15812135LS%, 5132 [L12S1215:L'S' ) =

1 w " " "oy ro
x5 20 2 Coptrintsiy L1812, L1281 LO)C, 5 1, S, L1aS1as L'S)
szslz £l£2
f?taz(f3£'3;LSJ,L'S'J';L"12$;2)
(B.18)
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We already calculate sums over /; and J, for our two cases (see eq.(B.15) and
(B.16)). It is not problem to sum over L", by taking delta function (see eq.(B.15)
and (B.16)).In order to sum over S"|, we used the next formulas:

o J172 8, 172 ={11 } .
S;Zz(zSH +I){I/2 S;g 1/2} 2:23812 (B )
" skl 172 S /2|12 85, 172 ={1/2 2, 1/2}
(B.20)
a by 1
- B.21

The triangle rale in eq.(B.19) gives that S';; can be equal to 0 or 1 only. In the
result we find X and Y for our two special cases of excitations of 1s’['S]nj states

X, (£3€5:18*['S)39 LS, 1319 L12S;12 IsL'S'T) =
_ (281, +DERLHDERT +DRT'+D {J' J jg}(_l)lﬂgﬂ-g&; B22)
2258 +D L S
x 8(39,L)8(j3, H)3(L12,L')(S,8)8(£ 3,0)8(¢ 3, 33)

X, (€50'5:35%[1S139 LST, j939[L 1S, IsL'S' 1) =
_ (281 +DRL+IY2T +1)(23+D) {J' R jg}(_l)lﬁs+J B23)
Qi3 +D L S
x 8(33, L)8(33, ) L12,L)(S, S 3,008(£'5,3)

Y22 (2305152 8133 LSL, j359[L 12812 s L'S'T) =
= (28} +1)(2a; + 122, + DL+D(2S + DRS+2T +D(2T+1) /2

rpl1/2 a; U2Y[J §§ ajlfa; T az}
23481241 4L"-F+) '2 3 1 :
D™ {1/2 Sp 8 HL S LHS’ S L

x (33, L)3(§, )3(L12,L')8(¢ 3,008(¢ 3, 13

(B.24)



Y2 (0305318718159 LST, 930 L 1S, s L'S'T") =
=(2S;; +1)2a; +1)(2a, + DRL+1)(2S + D2S+1)2T + H(2T'+1)
X(_1)231+S'—1/2+L+L'—J+J'{1/2 a 1/2}{1 P al}{al y az}

172 8 Sl s Lf|s s U
x 8(33,1)8(33, Y3(L12,1')8(¢ 3,0)8(¢ 3, 13)
(B.25)
These formulas allow us to calculate all angular coefficients for our special cases:
(15°['S]2s 2S- 2p2s[*P}1s >*P and 15°['S]2! 7T - 2F[L"1,S1,11s L'S") with /=0, 1.
Let us consider 157]'S]2s °S- 2p2s[°P}1s *>*P excitation. For this special
case we obtain from eqs.(B.22), (B.24):
X (2303152 ['S2s 28y, 2p2q1Sp s 1S'T") = B
J@Sy, +DEFH) 1 6(-17 V2 8(LDS(S 1/ 2823 0845

26)

Y22 (2305515 [ SP2s 28y, 2p2d1S;, s 1S'T") =
= J28}, +1)2a; +1D(2a, +D2S+D2T'+1)
v f1/2 23, 1/2)fa; T a .
_\a+S2+ 2 1 2Us0r NS NS(£ 1

(B.27)

Let us remind (see eq.(B.1)) that we can sum OVer & and a; (Y)’. By using
eq.(B.21) we find very simple formula for (Y)* summed over a; and ay:

T3 [vi (0550 SRs 281, 2024181, s 1 M =@r+0aens s 08¢

2
n (B.28)
Let us consider 1s7'S]2s 28y, - 2s°['S]1s *S,, excitation. For this special

case we obtain from egs.(B.23), (B.25):
X (€ 5512 [ S8 28y, 221 STls 2Sy,) = V23(£.03(23,0)8(£5,0) (B29)

1 ! N
Y202 (4305182 [1S]2s 28,287 [ S]ls 2812) = (22, + 1)B(a),5)0(¢ 0)3(£3,0)8(£ 3.0,
(B.30)
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and after sum over a; and a, we find for (Y)

ST (635520 SP2s 28y, 252 [15Is %S, )]2 = 43(¢,0)8(¢ 3,0)8(¢’3,0)

& ang

(B.31)
For the third special case 1s’['S}2p *P; - 2p*[L'1; S'12}1s we also can use
eqs.(B.23), (B.25):

' 1 ' ! Qe ' ' ' 1 Ty
X (€3€5;18*[1S2p 151 2p*[L2S1 MsL'S'T) = §(£,1)8(Ly,, L)8(S ,5)3(3 3,008(¢ 5,1

5 ‘/(23'12 +DRL+DRI+DRI+D [T 7 (<pV2
3 L s

(B.32)

Y (€351 S 2D 151, 202 [LipSip JIs 'S T') = 8(EDS(L1z L)5(¢ 5,008(¢5.D)

= \/2(28'12 +1)(2a; + B(2a, + DERL+D2SH)2T + DH(2T'+1)

(= 1) 22 4L S 1T 172 a, 17213 1 alja; J a,
1/2 8§ S }IL" 1/72 Lj|S8 1/2 L'

(B.33)



Tablela.Energy of Is2I2/ states counted from 1s’2s in unit 10" cm™
Designations: C=2s2p('P)1s, K=2s2p(’P)1s, S=1s’2s

€232 C234 K232 K234 K432 K434 K436

-8212 -8212 8212 -8212 8212 8212 -8212

244.7552 2447523 241.8784 241 8880 2373566 2373572 237.3670
343.0809 343.0788 339.7243 339.7441 333.9331 333.9369 333.9582
4579185 4579195 454.0772 454.1137 447.0132 4470234 447.0645
5892845 589.2922 5849526 585.0144 576.6109 576.6324 576.7044
737.1989 737.2184 732.3687 732.4676 722.7432 722.7825 722.9005

BWNQO\N

11 901.6849 901.7230 896.3473 896.497% 8854298 8354955 835.6785
12 1082.769 1082.835 1076913 1077.133 1064693 1064.796 1065.068
13 1280.482 1280586 1274.092 1274405 1260.559 1260.711 1261.103
14 1494.857 1495013 1487915 1488348 1473.054 1473.272 1473.819
15 1725932 1726.154 1718415 1718999 1702209 1702511 1703.257

16  1973.746 1974.054 1965625 1966.401 1948.058 1943.464 1949.461
17 2238.347 2238759 2229583 2230597 2210.636 2211.168 2212.477
18 2519782 2520.321 2510329 2511.638 2489.982 2490.666 2492.357
19 2818.107 2818796 2807.905 2809.573 2786.137 2786.999 2789.156
20 3133.378 3134.242 3122354 3124.460 3099.145 3100215 3102.933

3465.660 3466.725 3453.722 3456.357 3429.053 3430.360 3433.749
3815.020 3816311 3802.058 3805.329 3775910 3777486 3781.670
4181.530 4183.073 4167413 4171444 4139770 4141644 4146.768
4565268 4567.087 4549.841 4554.775 4520687 4522.891 4520.116
25 4966313 4968436 4949398 4955399 4918.720 4921283 4928.792

RN

26 5384.754 5387.202 5366.144 5373398 5333932 5336882 5345879
27 3820680 3823476 5800.142 5808.861 5766387 5769.749 5780.464
28  6274.184 6277351 6251458 6261.878 6216.152 6219.948 6232.636
19  6745.367 6748923 6720.164 6732349 6683.301 6687.550 6702.492
30 7234320 7238298 7206333 7220975 7167.910 7172.625 7190.131

31 7741.179 7745580 7710046 7727.265 7670.055 7675249 7693.639
32 £266.027 8270.880 8231.383 8251.530 8189.820 8195499 8219.183
33 8808990 8814.313 8770.435 $793.890 8727.292 8733459 8760.818
34 9370.188 9376.002 9327.290 9354.465 9282.563 9289215 9320.683
35 9949746 9956.068 9902.043 9933.383 9855.727 9862.857 9898.901

36 1054779 10554.65 10494.80 10530.78 1044688 10454.49 10495.60
37 1116447 11171.87 1110566 11146.79 11056.i3 11064.20 11110.92
38  11799.91 11807.88 11734.74 1178156 11683.59 11692.10 11745.00
39 1245426 1246282 1238214 1243523 1232937 12338.30 12397.97
40 1312768 1313685 1304800 13107.96 1299358 13002.52 13070.01

41 1382032 13830.12 1373243 13799.91 1367635 13686.08 13761.25
42 1453235 1454279 1443556 1451125 1437731 14337.90 14471.87
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Tablelb.Energy of 152/20’ states counted from 123 in unit 10" cm™

Designations: E=25’('S)1s, M=2p’CP)1s, F=2p’('S)1s, F=2p*('D)1s, S=1s2s

E212
-S212
2351398
331.3839
444.1281
573.3867
719.1762

881.5165
1060.430
1255.940
1468.076
1696.866

1942 344
2204.544
2483.504
2779.264
3091 868

3421.359
3767.738
4131.204
4511.661
4909.215

5323.927
5755.857
6205.071
6671.639
7155.629

T657.120
8176.187
8712912
9267381
9839.682

1042991
11038.16
11664.53
12309.12
1297205

13653.43
14353.37

M432

-8212

244 9464
343.0646
457.7006
5888725
736.6019

900.9139
1081 836
1279 401
1493.640
1724.592

1972.296
2236.793
2518.128
2816.347
3131.489

3463.633
3812.800
4179.054
4562.449
4963.041

5380.885
5816.041
6268.568
6738.529
7225.991

7731.023
8253.699
8794.099
9352306
9928 411

10522.51
11134.70
11765.10
12413.81
13080.95

13766.65
14471.04

M232

-S212

248.1032
347.3383
463.0894
595.3748
744.2162

909.6391
1091672
1290.346
1505.697
1737.763

1936.584
2252.205
2534673
2834.040
3150.359

3483.692
3834099
4201.649
4586417
4988 480

5407 925
5844.841
6299.326
6771.482
7261.417

7769244
8295078
28839043
9401.261
9981.863

1058098
11198.75
1183532
12490.83
1316544

13859.30
14572.57

F212
-$212
2524275
352.4494
4689961
602.0880
751.7502

918.0115
1100.906
1300.470
1516.748
1749.786

1999637
2266.358
2550.012
2850.668
3168.399

3503.288
3855417
4224 880
4611.774
5016.201

5438270
5878.093
6335.789
6811 481
7305.299

7817.376
8347853
8396.872
9464.585
10051.15

10656.72
11281.47
1192557
1258920
13272.55

13975.82
14699.19

Md4d M4 P24

-S212

2449540
343.0805
457.7301
588.9229
736.6831

901.0382
. 1082.020
1279 662
1494004
1725.087

1972.957
2237.662
2519.255
281791
3133.330

34635.937
3815.676
4182.619
4566.841
4968 421

5387.440
5823.986
6278.150
6750028
7239.720

7747 331
8272.968
3316.747
9378.187
9959214

1055816
1117575
11812.13
12467 45
1314185

13835.51
14548 57

-S212

248.11%0
347.3694
463.1476
5954755
744.3801

909.8934
1092052
1290397
1506.474
1738.836

1988.038
2254.143
2537217
2837.332
3154.564

348899
3840.713
4209805
4596.368
5000.501

5422310
5861904
6319.397
6794.910
7288.568

7800.501
8330.846
8879.744
9447.342
10033.79

10639.26
11263.90
11907.90
12571.42
13254.66

13957.80
14681.05

-8212

2473929
3463627
461.8588
593.9023
7425181

907.7348
1089.584
1288.100
1503.322
1735290

1984.048
2249.642
2532.123
2831.544
3147962

3481438
3832037
4199.830
4584 889
4987.293

5407.125
5844.473
6299426
6772082
7262.543

7770912
8297.300
8341821
9404 598
9985.753

10585.42
11203.73
11840.82
12496.85
1317196

13866.32
14580.68

M436

-8212

244 9577
343.0914
4577544
588.9695
736.7639

901.1685
1082218
1279952
1494.412
1725.645

1973.699
2238626
2520482
2819.324
3135213

3468.210
3818.380
4185.789
4570.506
4972.602

3392150
5829229
6283.920
6756.313
7246.500

7754581
8280.662
8324.855
9387.278
9968.054

10567.32
1118520

1182184

1247738
1315199

13934.32
14656.78

F256
-8212-
2473765
346.3360
461 8188
593.8459
742.4425

907.6382

1089.4670
1287.9650
1503.1760
1735.1470

1983.9270
2249.5740
2532.1500
2831.7210
31483620

3482.1500
3833.1740
4201.5250
4587.3050
4990.6170

5411.5770
5850.3000
6306.9100
6781.5330
72743020

7785.3510
8314.8180
8862.8510
9429 5920
10015.200

10619.83
11243.65
11886.83
12549.54
1323197

13845.82
14559.03




Table 1c. The 1s energy obtamed as a difference between the energies of
1525 2 Siz and 1s2s Sl levels

I=6

=7

=8

=10

Z=12

=13

=14

Z=16

=20

293.1477 417.5412 563.938% 922.8301 1370.026 1626.81% 1905.792 2530453 4048.039

=22

=26

=28

=30

=32

7=34

Z=36

=42

4941.96 700283 8171.15 943241

1078747 12237.26 13782.78 19003.27

Table 1d. The 2p, 2s energies obtained as a difference between the energies of

1s2s2p (1.SJ) and 1s2s €Sy) levels, 1s2s* ( 2$,2) and 1s2s S;) levels.

Level =6 =7 =8 =19 I=12 Z=13 Z=14 7=16 =20
K234 51.257 77798 109.827 190337 292.896 352419 417452 564.043 923649
X232 51269 77.821 109869 190444 293116 3352719 417872 564813 925.689
C234 48398 74464 106022 185639 287186 346229 410.782 556393 913.849
C232 48392 74464 106.022 185639 287.256 346339 410.782 556.703 914.639
K434 55793 83607 116912 200026 305236 366.099 4323522 3581973 947359
K432 355793 83.607 116932 200078 305336 366.259 434902 582393 948.919
E212 58000 86152 119.810 203.664 309536 370.889 437712 588103 956.199
F212 40718 65093 94940 171003 269.116 326349 389.052 530813 879.689
M232 45046 70186 100847 178616 278356 336479 400082 543883 897.989
M432 48200 74476 106231 186236 288.186 347429 412162 558.143 916599
Level =22 =26 Z=28 =30 Z=32 =34 =36 =42

K234 113656 162937 190941 2211.67 253596 288272 325208 4493.97

K232 1139.97 163658 191959 222624 255634 290977 3287.98 4569.67

€234 112560 161577 189369 219390 251686 286167 3228.18 4462.57

232 112691 161809 189684 219809 252164 286695 323508 447297

K434 116453 1666.08 195108 225984 2392.09 294790 332828 461737

K432 1166.10 166893 195495 2264.47 259747 295479 333588 453437

E212 117420 167887 1966.14 227677 2611.52 297028 336288 462757

F212 108661 156450 183522 2127.27 243953 277294 3126.18 430607

M232 110790 159479 187194 217077 2492.16 2836.11 320178 4432.67

M432 112010 1621.86 190274 220645 2533.92 2838535 326028 465187

39—



Table 2. Comparison N'; and N"'; with A'; and A", obtained for Z=26

a) 1s-2p excitation

Transitions N Ay N A"
1s°['S12s *81-2p2s('P)1s °P,, 0.167 0.232 0.167 0.167
$212 232

1s*['S12s 8,2-2p2s(’P)1s Py 05 0426 0.167 0.167
$212 K232

12 ['S12s %S1-2p2sCP)1s “Pyy 0 0007 0.167 0.167
S212 K432

1% ['S]2s %8,-2p2s('P)1s %P3 0.333 0.002 0.333 0333
$212 -C234

12 ['S]2s 281,-2p2s(°P)1s *Pss 10 129 0.333 0.333
$212 K234

1s*['S2s %812-2p2sCP)1s “P3n 0 0043 0.333 0.333
$212 K434

182 ['S]12s %812-2p2s(P)1s ‘P52 0 0 05 05
$212 K436

b) 1s-2s excitation

Transitions N A% N A%
12 ['S]2s %S12-25%('S)1s %Sy 1.0 093 1.0 0923
$212 E212

15 [1SPs %8,2-2p°CP)1s 2Py 0 0.0048 0  0.0048
$212 -M232

12 ['S12s %8,2-2p*('S)1s %8112 0 00610 ¢ 00610
$212 F212

12 ['S12s %812-2p°CP)1s ‘P12 0 00110 0.0110

S212 -M432

0




Table 2 (continued) c)1s-2p excitation

Transitions Ny Ay N A"
1°['S12p “P32-2p"CP)1s P 0.823 0.0230 0.259 0.322
P234 -M234

12 ['SP2p *P3-2p°('D)1s “Dap 0.0555 0.0524 0222 0.171
P234 -F254

15 ['SI2p *P3-2p’CP)1s “Psp 0 0.137 0.185 0.174
P234 -M434

15*['S12p 2P3-2p°("D)1s *Dsp2 05 0429 0333 0.427
P234 -F256

152 ['S]2p *P52-2p*(CP)1s *Psn 0 00707 0.417 0.323
P234 -M436

15’ ['SI2p 2P12-2p*('D)1s *Ds2 0 o 0.167 0.146
P232 F256

1s*['S12p 2P12-2p°CP)1s *Psp 0 0 0.333 0.354

P232 -M436

—4] —



Table 2 {(continued)

¢)1s-2p excitation

Transitions N'[ A’I N” I A"}

2rl 2 273 2
1 ['S12p “Py12-2p°CP)1s Py 0.667 0.722 0.185 0.198
P232 -M232
12 ['S2p *P122p°(*S)1s *S112 0.111 0.0148 0.111 0.0335
P232 F212
1°['S2p *P12-2p°CP)1s Py 0 00284 0.204 0.255
P232 -M432
1> ['SI2p 2Py -25°("S)1s %8 0 00123 0 00135
P232 E212
1s2['S2p *P32-2p°CP)1s Py 0.167 0.110 0.0741 0.0669
P234 -M232
12 ['S2p “Ps22p°('S)1s %S 0.111 0.162 0.111 0.140
P234 F212
1s*['SP2p *P1,-2p*CP)1s *Pya 0  7.0x10°  0.0648 0.0373
P234 -M432
12 ['S12p *P3-25°('S)1s %8s 6 0006 ¢ 0006
P234 E212
1S*['S12p *P12-2p°CP)1s 2Py, 0.333 0.0230 0.148 0.0223
P232 -M234
15 ['SP2p *Pr-2p’('D)1s *Dss 0.555 0.866 0.222 0.325
P232 F254
1*['S12p *P1-2p°CP)1s ‘P 0 57x10°  0.296 0.319

P232 -M434

—42 -



Table 3. Wavelengths (WL) in A, radiative transition probabilities (Ar),
autoionization rates (I), relative factor intensities (Qd) in 10"s™ , branching
ratio (K), angular ceefficients for cross section of excitation (A' and A").

Designations: C=2s2p(‘P)1s, K=2s2p(°P)1s, S=1s"2s,

a) 1s-2p excitation
Z=6 Transitien
t (2328212
s (C234-S212
g K234-8212
r  K232-8212
u K434-8212
v K432-8212
Z=T7 Transition
t €232-8212
s (C234-8212
q K234-8212
r K232-8212
n  K434-8212
v  K432-8212
Z=8 Transition
s C234-8212
t  C232-8212
g K234-8212
r K232-8212
u  K434-S212
v K432-8212

=10 Transition

s (2348212
t C232-8212
q K234-8212
r  K232-8212
u K434-8212
v K432-8212

WL

40.875
40.876
41.360
41.361
42.150
42.150

WL

29.155
29.156
29.442
29.444
29.954
29.954

WL

21.842
21.842
22.025
22.027
22374
22.375

13.566
13.566
13.654
13.656
13.837
13.837

WL

Ar

7.99-03
7.70-03
7.18-02
7.15-02
4.63-07
1.75-07

Ar

1.66-02
1.55-02
1.49-01
1.48-01
2.39-06
9.13-07

2.80-02
3.10-02
2.76-01
2.73-01
9.85-06
3.77-06

Ar

7.08-02
8.84-02
7.59-01
7.42-01
1.03-04
3.95-05

r

1.17+01
1.17+01
4.82-01
5.11-01
5.64-06
9.16-09

1.16+01
1.17+01
4.75-01
5.26-01
1.71-05
4.12-07

1.17+01
1.16+01
4.62-01
5.43-01
4.36-05
2.31-06

1.18+01
1.16+01
4.20-01
5.93-01
2.00-04
2.06-05

— 43—

K

6.85-04
6.58-04
1.30-01
1.23-01
7.57-02
9.01-01

1.42-03
1.33-03
2.39-01
2.19-01
1.23-01
6.84-01

2.38-03
2.66-03
3.74-01
3.35-01
1.84-01
6.19-01

5.99-03
7.57-03
6.44-01
5.56-01
3.40-01
6.57-01

Qd

1.60-02
3.08-02
2.50-01
1.25-01
1.71-06
1.65-08

3.31-02
6.21-02
4.53-01
2.31-01
8.39-06
5.63-07

1.12-01
6.18-02
6.91-01
3.63-01
3.21-05
2.86-06

2.82-01
1.75-01
1.08+00
6.59-01
2.71-04
2.70-05

A!

6.11-02
1.10-01
1.22+00
6.06-01
8.22-06
1.56-06

Al

6.23-02
1.17-01
1.22+00
6.04-01
2.04-05
3.91-06

Al

1.14-01
6.36-02
1.22+00
6.03-01
4.52-05
8.69-06

A'

1.08-01
6.75-02
1.23+00
5.99-01
1.72-04
3.30-05

A"

1.67-01
3.33-01
3.33-01
1.67-01
3.33-01
1.67-01

A“

1.67-01
3.33-01
3.33-01
1.67-01
3.33-01
1.67-01

A"

3.33-01
1.67-01
3.33-01
1.67-01
3.33-01
1.67-01

A"

3.33-01
1.67-01
3.33-01
1.67-01
3.33-01
1.67-01



Table 3 (continued)

=12

< o ™o ™ om

=13

=14

Z=16

=20

C234-S212
C232-8212
K234-S212
K232-5212
K434-5212
K432-5212

C234-5212
C232-5212
K234-8212
K232-8212
K434-5212
K432-S212

C234-5212
C232-5212
K234-§212
K232-8212
K434-S212
K432-8212

(C234-5212
C232-8212
K234-5212
K232-5212
K434-5212
K432-8212

C234-5212
C232-8212
K234-5212
K232-8212
K434-5212
K432-8212

Transition

Transition

Transition

Transition

Transition WL

9.2355
9.2360
9.2844
9.2863
9.3919
93929

7.8092
7.8099
7.8471
7.8490
7.9323
7.9333

6.6891
6.6898
6.7191
6.7210
6.7878
6.7888

5.0658
5.0666
5.0855
5.0875
5.1324
5.1334

3.1906
3.1915
3.20006
3.2027
3.2256
3.2267

a) 1s-2p excitation

Ar E
1.42-01 1.18+01
2.13-01 1.15+01
1.714+00 3.60-01

WL

WL

WL

WL

1.64+00
6.86-04
2.62-04

Ar
1.88-01
3.18-01
2.43+00
2.31+00
1.57-03
5.95-04

Ar
2.39-01
4.65-01
3.37+00
3.15+00
3.37-03
1.27-03

Ar
3.45-01
9.55-01
6.06+00
5.46+00
1.32-02
4 87-03

Ar
4.56-01
3.52+00
1.60+01
1.30+01
1.26-01
4.35-02

6.74-01
6.72-04
9.20-05

r
1.19+01
1.14+01
3.24-01
7.31-01
1.14-03
1.69-04

r
1.194+01
1.14+01
2.85-01
8.01-01
1.84-03
2.90-04

r
1.20+01
1.12+01
2.01-01
9.90-01
4.38-03
7.31-04

r
1.21+01
1.06+01
5.15-02
1.62+00
1.81-02
2.98-03

K
1.19-02
1.82-02
8.26-01
7.09-01
5.05-01
7.40-01

K
1.56-02
2.70-02
8.83-01
7.59-01
5.80-01
7.79-01

1.97-02
3.93-02
9.22-01
7.97-01
6.46-01
8.14-01

2.80-02
7.87-02
9.68-01
8.46-01
7.51-01
8.69-01

3.63-02
2.50-01
9.97-01
8.89-01
8.74-01
9.36-01

Qd
5.62-01

4.18-01
1.19+00

A' A"
9.76-02 3.33-01
7.36-02 1.67-01
1.24+00 3.33-01

9.55-01
1.36-03
1.36-04

5.93-01 1.67-01
5.10-04 3.33-01
9.75-05 1.67-01
Qd At A"
7.40-01 9.13-02 3.33-01
6.19-01 7.78-02 1.67-01
1.14+00 1.24+00 3.33-01
1.11+00 5.89-01 1.67-01
2.64-03 38.23-04 3.33-01
2.63-04 1.56-04 1.67-01

Qd Al A"
9.37-01 8.44-02 3.33-01
8.94-01 8.30-02 1.67-01
1.05+00 1.25+00 3.33-01
1.284+00 5.83-01 1.67-01
4.77-03 1.28-03 3.33-0t
47204 241-04 1.67-01

Qd Al A"
1.34+00 6.88-02 3.33-01
L76+00 9.65-02 1.67-01
7.79-01 1.26+00 3.33-01
1.68+00 5.70-01 1.67-01
1.32-02 2.82-03 3.33-01
1.27-03 5.19-64 1.67-01

Qd A' A"
1.76+00 3.51-02 3.33-01
5.28+00 1.39-01 1.67-01
2.06-01 1.29+00 3.33-01
2.88+00 5.26-01 1.67-Gt
6.33-02 1.03-02 3.33-0I
558-03 1.79-03 1.67-01



Table 3 (continued)

1s-2p excitation

7=22 Transition WL Ar r
s (2348212 26204 394-01 1213401
t  (C232-8212 26212 6.35+00 1.01+01
q K234-8212 26279 2.42+01 9.41-03
r K232-8212 26302 1.84+01 2.08+00
u K434-8212 26473 3.23-01 3.27-02
v  K432-8212 26484 10701 5.12-03
=26 Tramsition WL Ar F
s (€234-8212 18563 7.78-02 121+01
t (C232-8212 18571 1.79+01 8.96+00
g K234-8212 18610 4.87+01 3.02-02
r K232-8212 18635 3.19401 3.21+00
u K434-8212 18738 1.59400 8.85-02
v  K432-8212 18748 492-01 1.19-02
7=28 Transition WL Ar I
s (234-S212 1.5930 1.09-03 1.20+01
t  (C232-8212 1.5938 2.79+01 8.35+00
q K234-8212 15970 6.56+01 9.10-02
r K232-.8212 135996 3.99+01 3.81+00
u K434-8212 16077 3.13+00 1.34-01
v K432-8212 1.6087 93501 1.65-02
Z=30 Tramsition WL Ar r
s €234-8212 13815 1.89-01 1.18+01
t C232-8212 13823 4.16+01 7.77+00
q K234-8212 13849 8.61+01 1.74-01
r K232-8212 13877 4.88+01 4.38+H00
u  K434-8212 13942 5.73+00 1.92-01
v  K432-8212 13951 1.67+00 2.16-02
Z=32 Tramsition WL Ar r
s (2348212 12091 8.44-01 1.16+01
t  (C232-8212 1.2098 5.94+01 7.24+00
q K234-8212 12119 1.10+02 2.69-01
r K232-8212 12149 5.86+H01 4.91+00
u  K434-8212 1.2202 9.82+00 2.64-01
v K432-8212 12210 2.81+00 27002

— 45—

K Qd
3.14-02 1.52+00
3.86-01 7.79+00
1.00+00 3.76-02
8.99-01 3.74+00
9.08-01 1.19-01
9.55-01 9.77-03

K Qd
6.41-03 3.09-01
6.67-01 1.19+01
9.99-01 1.21-01
9.09-01 5.83+00
9.47-01 3.35-01
9.76-01 2.32-02

K Qd
0.16-05 4.38-03
7.70-01 1.29+01
9.99-01 3.64-01
9.13-01 6.95+H00
9.59-01 5.13-01
9.83-01 3.24-02

K Qd
1.57-02 7.43-01
84201 131401
9.98-01 6.96-01
9.18-01 8.04+00
9.67-01 7.45-01
9.87-01 4.26-02

K Qd
6.76-02 3.15+00
89101 1.29+01
9.98-01 1.07+00
59.23-01 9.05+00
9.74-01 1.03+00
9.90-01 5.35-02

A' All
2.01-02 3.33-01
1.67-01 1.67-01
1.30+00 3.33-01
496-01 1.67-01
1.77-02 3.33-01
2.93-03 1.67-01

A' A"
1.83-03 3.33-01
2.34-01 1.67-01
1.29+00 3.33-01
4.26-01 1.67-01
4.30-02 3.33-01
6.65-03 1.67-01

A' A"
4.70-05 3.33-01
26701 1.6701
1.27+00 3.33-01
3.90-01 1.67-01
6.18-02 3.33-01
9.15-03 1.67-01

A‘ A‘“
2.94-03 3.33-01
2.99-01 1.67-01
1.25+00 3.33-01
3.56-01 1.67-01
8.45-02 3.33-01
1.23-02 1.67-01

A' A"
9.62-03 3.33-01
3.24-01 1.67-01
1.21+00 3.33-01
3.26-01 1.67-01
1.10-01 3.33-01
1.58-02 1.67-01



Table 3 {continued)

7=34 Transition WL
s (C234-8212 1.0666
t (C232-8212 1.0672
g K234-8212 1.0690
r K232-8212 1.0721
u K434-8212 1.0765
v K432-8212 1.0773
7=36 Transition

s C234-S212 94745
t C232-S212 94807
g K234-8212 94960
r K232-8212 .95285
u K434-8212 .95653
v K432-8212 95722
7=42 Transition

s (C234-8212 68763
t C232-8212 .68812
g K234-8212 68912
r K232-8212 .69273
u  K434-8212 .69503
v K432-8212 .69552

WL

WL

Ar
2.18+00
8.19+01
1.38+02
6.96+01
1.59+01
4.50+00

Ar
4 43+00
1.10+02
1.70+02
8.20+01
2.44+01
6.90+00

Ar
1.88+01
2.32+02
2.94+02
1.30+02
6.92+01
2.03+01

a) 1s-2p excitation

r
1.15+01
6.78+00
3.65-01
5.37+00
3.46-01
3.24-02

r
1.13+01
6.38+00
4.56-01
5.76+00
4.36-01
3.75-02

r
1.08+01
5.50+00
6.72-01
6.63+00
7.20-01
4.87-02

K
1.60-01
9.24-01
9.97-01
9.28-01
9.79-01
2.93-01

2.82-01
9.45-01
9.97-01
9.34-01
9.82-01
9.95-01

6.36-01
9.77-01
9.98-01
9.52-01
9.90-01
9.98-01

Qd
7.34+00

1.25+01
1.46+00
9.96+00
1.35+00
6.43-02

Qd
1.27+01

1.21+01
1.82+00
1.08+01
1.71+00
7.45-02

Qd
2.74+01
1.07+01
2.68+00
1.26+01
2.85+00
9.72-02

A' All
1.90-02 3.33-01

3.47-01 1.67-01

1.18+00 3.33-01
3.00-01 1.67-01
1.38-01 3.33-01
1.96-02 1.67-01

A' A"‘
3.01-02 3.33-01
3.65-01 1.67-01
1.14+00 3.33-01
2,78-01 1.67-01
1.67-01 3.33-01
2.36-02 1.67-01

A| A"
6.57-02 3.33-01
4.00-01 1.67-01
1.02+00 3.33-01
2.31-01 1.67-01
2.47-01 3.33-01
3.62-02 1.67-01



Table 3. Wavelengths (WL) in A, radiative transition probabilities (Ar),
autoionization rates (I'), relative factor intensities (Qd) in 10'>s™ , branching ratio
(K), angular ceefficients for cross section of excitation (A’ and A™).

Designations: E=2s*('S)1s, M=2p*CP)1s, F=2p’('S)1s, F=2p’('D)1s, S=1s"2s, P=15"2p
b) 1s-2s excitation
7=6 Tramsition WL  Ar r K Qd A A"

F212-P232 40710 1.13-02 230400 4.85-03 2.23-02 5.64-04 35.64-04
F212-P234 40712 23102 2.30+00 9.90-03 4.55-02 1.18-03 1.18-03
M232-P232 41439 795002 824-06 6.68-01 1.10-05 8.42-07 8.42-07
M232-P234 41.441 3.93-02 8.24-06 3.32-01 54706 4.18-07 4.18-07
M432-P232 41989 3.14-07 1.65-06 1.59-01 5.25-07 21807 2.18-07
M432-P234 41991 4.49-10 1.65-06 227-04 7.51-10 3.11-10 3.11-10
E212-P232  43.792 1.24-03 1.58+01 7.89-05 2.49-03 6.99-05 6.99-05
F212-P234 43.794 2.48-03 1.58+01 1.57-04 4.95-03 1.39-04 1.39-04
F212-8212 39.615 1.19-01 1.19-01
M232-8212 40.306 1.26-06 1.26-06
M432-S212  40.825 1.37-06 1.37-06
E212-S212  42.528 8.81-01 8.81-01

ORHE OV EF~0 oy B

Z=7 Transition WL Ar r K Qd Al A"

F212-P232 29060 233-02 238+00 9.52-03 4.52-02 1.09-03 1.09-03
F212-P234 29062 4.83-02 2.38+00 197-02 9.38-02 225-03 2.25-03
M232-P232 29498 1.64-01 2.73-05 6.69501 3.65-05 2.01-06 2.01-06
M232-P234 29500 8.10-02 2.73-05 331-01 1.81-05 99607 9.96-07
M432-P232 29875 1.60-06 3.96-06 28601 227-06 1.14-06 1.14-06
M432-P234 29877 12408 3.96-06 222-03 1.76-08 88609 8.86-09
E212-P232 30955 257-03 1.57+01 16404 5.14-03 145-04 1.45-04
E212-P234 30958 5.09-03 157+01 3.24-04 102-02 287-04 287-04

R DR OV MO OER

F212-S212  28.373 1.14-01 1.14-01
M232-8212 28.790 338106 3.81-06
M432-8212  29.149 3.99-06 3.99-06
E212-8212 30.176 8.86-01 8.86-01

— 47—



Table 3 (continued)

Z=8 Transition

MR DR OV O R B

=18

R WR QY O Al s

=12

IR WROT O AR R

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-5212
M232-S212
M432-8212
E212-S212

F212-P232
F212-P234
M?232-pP232
M232-P234
M432-P232
M432-P234
E212-pP232
E212-P234
F212-5212
M232-8212
M432-8212
E212-8212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232

" E212-P234

F212-8212
M232-S2312
M432-8212
E212-S212

WL

21.781
21.784
22.065
22 068
22.331
22333
23.029
23.032
21.322
21.594
21.848
22.516

13.537
13.540
13.676
13.679
13.820
13.823
14.161
14.164
13.302
13.437
13.576
13.905

9.2189
9.2223
9.2980
9.3015
9.3838
9.3874
9.5762
9.5799
9.0834
9.1603
9.2435
9.4301

Ar

4.27-02
9.05-02
3.03-01
1.49-01
6.60-06
9.64-08
4.76-03
9.36-03

Tramsition WL Ar

1.12-01
2.54-01
8.34-01
4.03-01
7.10-05
1.79-06
1.31-02
2.52-02

Transition WL ~ Ar

2.34-01
5.89-01
1.88+00
8.81-01
4.97-04
1.53-05
2.93-02
5.50-02

a) 1s-2s excitation

r K

2.44+00 1.66-02
2.44+00 3.52-02
7.41-05 6.70-01
7.41-05 3.30-01
8.61-06 431-01
8.61-06 6.29-03
1.56+01 3.04-04
1.56+01 5.98-04

r K
2.53+00 3.87-02
2.53+00 8.79-02
3.68-04 6.74-01
3.68-04 3.25-01
3.32-05 6.70-01
3.32-05 1.69-02
1.56+01 8.37-04
1.56+01 1.62-03

2.60+00 6.83-02
2.60+00 1.72-01
1.29-03 6.81-01
1.29-03 3.19-01
1.07-04 8.03-01
1.07-04 2.47-02
1.55+01 1.89-03
1.55+01 3.54-03

Qd
8.09-02

1.72-01
9.94-05
4.89-05
7.42-06
1.08-07
9.51-03
1.87-02

1.96-01
4.44-01
4.96-04
2.39-04
4.44-05
1.12-66
2.60-02
5.03-02

3.55-01
3.95-01
1.75-03
8.21-04
1.71-04
5.26-06
5.84-02
1.09-01

A?

1.84-03
3.91-03
6.46-06
3.18-06
4.24-06
6.19-08
2.70-04
5.32-04
1.11-01
9.64-06
9.85-06
8.89-01

A'
4.14-03
9.41-03
2.90-05
1.40-05
2.88-05
7.18-07
7.47-04
1.45-03
1.07-01
4.30-05
4.30-05
8.93-01

Al
6.52-03
1.77-02
9.40-05
4.40-05
1.11-04
3.41-06
1.70-03
3.18-03
1.03-01
1.38-04
1.38-04
8.97-01

Aﬂ

1.84-03
3.91-03
6.46-06
3.18-06
4.24-06
6.19-08
2.70-04
5.32-04
1.11-01
9.64-06
9.85-06
8.89-01

A"
4.14-03
9.41-03
2.90-05
1.40-05
2.88-05
7.18-07
7.47-04
1.45-03
1.07-01
4.30-05
4.30-05
8.93-01

Aﬂ
6.52-03
1.77-02
9.40-05
4.40-05
1.11-04
3.41-06
1.70-03
3.18-03
1.03-01
1.38-04
1.38-04
8.97-01



Table 3 (continued)

7=13 Transition

IR ROV MO

Z=14

IR R OV O Al R

Z=16

xR WR OBV BSOS

F212-P232
F212-P234
M232-P232
M232-P234
MA432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-8212
M432-5212
E212-8212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-5212
M432-8212
E212-8212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-5212
M432-S212
E212-8212

Transition

Transition

7.7960
7.7996
7.8581
7.8617
7.9262
7.9299
8.0764
8.0802
7.6895
7.7499
7.8162
7.9622

6.6783
6.6820
6.7280
6.7317
6.7830
6.7868
6.9027
6.9066
6.5931
6.6414
6.6951
6.8116

5.0581
5.0619
5.0917
5.0956
5.1290
5.1330
5.2090
5.2131
5.0609
5.0338
5.0702
5.1484

WL

3.16-01
8.55-01
2.68+00
1.23+00
1.17-03
3.72-05
4.17-02
7.68-02

WL  Ar

4.12-01
1.21+00
3.72+00
1.67+00
2.59-03
8.26-05
5.78-02
1.04-01

Ar
6.34-01
2.27+00
6.69+00
2.85+00
1.09-02
3.24-04
1.04-01
1.77-01

a) 1s-2s excitation
WL Ar

I
2.64+00
2.64+00
2.20-03
2.20-03
1.82-04
1.82-04
1.54+01
1.54+01

2.67+00
2.67+00
3.57-03
3.57-03
3.04-04
3.04-04
1.54+01
1.54+01

2.75+00
2.75+00
8.31-03
8.31-03
7.93-04
7.93-04
1.53+01
1.53+01

_ 49—

K
8.30-02
2.24-01
6.85-01
3.15-01
8.42-01
2.68-02
2.68-03
4.94-03

9.60-02
2.81-01
6.89-01
3.10-01
8.70-01
2.78-02
3.71-03
6.68-03

1.12-01
4.02-01
7.01-01
2.98-01
9.07-01
2.70-02
6.64-03
1.13-02

Qd
4.38-01

Al
8.38-03

1.18+060 2.26-02

3.01-03
1.38-03
3.07-04
9.76-06
8.28-02
1.52-01

5.13-01
1.50+00
4.92-03
2.21-03
5.29-04
1.69-05
1.14-01
2.06-01

Qd
6.16-01
2.21+00
1.17-02
4.96-03
1.44-03
4.29-05
2.03-01
3.47-01

1.55-04
7.12-05
1.93-04
6.14-06
2.41-03
4.44-03
1.01-01
2.26-04
2.29-04
8.99-01

A'
9.50-03
2.78-02
2.43-04
1.09-04
3.15-04
1.01-05
3.34-03
6.01-03
9.90-02
3.52-04
3.62-04
9.00-01

A'
1.06-02
3.80-02
5.30-04
2.25-04
7.38-04
2.26-05
6.00-03
1.02-02
9.46-02
7.56-04
8.13-04
9.04-01

A“
8.38-03
2.26-02
1.55-04
7.12-05
1.93-04
6.14-06
2.41-03
4.44-03
1.01-01
2.26-04
2.29-04
8.99-01

A“
9.50-03
2.78-02
2.43-04
1.09-04
3.15-04
1.01-05
3.34-03
6.01-03
9.90-02
3.52-04
3.62-04
9.00-01

Aﬂ
1.06-02
3.80-02
5.30-04
2.25-04
7.38-04
2.20-05
6.00-03
1.02-02
9.46-02
7.56-04
8.13-04
9.04-01



Table 3 (continued)

=20 Transition

ON mQ oW T g =

2=22

iR TR oW REFTOo R R

7=26

mRWE OV ol R

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-8212
M432-5212
E212-S212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-5212
M432-5212
E212-S212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-S212
M232-8212
M432-5212
E212-8212

Transition

Transition

3.1855
3.1897
3.2039
3.2081
3.2234
3.2276
3.2651
3.2695
3.1562
3.1742
3.1934
3.2343

2.6159
2.6201
2.6305
2.6348
2.6454
2.6497
2.6772
2.6816
2.5938
2.6082
2.6227
2.6541

1.8523
1.8566
1.8628
1.8672
1.8722
1.8766
1.8924
1.8969
1.8388
1.8491
1.8584
1.8783

WL

WL

a) 1s-2s excitation
WL

Ar r K
1.06+00 2.92+00 9.88-02
6.73+00 2.92+00 6.28-01
1.78+01 3.02-02 7.29-01
6.61+00 3.02-02 2.70-01
1.23-01 4.34-03 9.48-01
2.40-03 4.34-03 1.85-02
2.75-01 1.514+01 1.74-02
4.02-01 151401 2.54-02

Ar r K
1.17+00 3.01+00 7.82-02
1.08+01 3.01+00 7.20-01
2.69+01 4.84-02 7.43-01
9.26+00 4.84-02 2.56-01
3.48-01 9.13-03 9.62-01
47203 9.13-03 1.30-02
4.18-01 1.50+01 2.61-02
5.52-01 1.50+01 3.46-02

Ar r K
1.09+00 3.21+00 3.82-02
2.43+01 3.21+00 8.50-01
5.44+01 9.08-02 7.67-01
1.65+01 9.08-02 2.32-01
2.10+00 3.24-02 9.81-01
9.30-03 3.24-02 4.35-03
8.75-01 1.47+01 5.29-02
9.07-01 147401 5.49-02

— 50—

Qd A’
5.77-01 8.23-03
3.67+00 - 5.23-02
4.40-02 1.65-03
1.63-02 5.13-04
8.23-03 2.78-03
1.60-04 5.42-05
5.26-01 1.59-02
7.69-01 2.31-02

8.33-02
2.27-03
2.93-03
9.11-01

Al
5.97-03
5.50-02
2.43-03
8.37-04
4.70-03
6.36-05
2.39-02
3.17-02
7.64-02
3.27-03
4.89-03
9.15-01

4.71-01
4.34+00
7.19-02
2.47-02
1.76-02
2.38-04
7.84-01
1.04+00

Qd A’
2.45-01 2.33-03
5.46+00 5.28-02
1.39-01 3.68-03
421-02 1.11-03
6.35-02 1.08-02
2.82-04 477605
1.56+00 4.88-02
1.62+00 5.07-02

6.10-02
4.80-03
1.10-02
9.23-01

A"
8.23-03
5.23-02
1.65-03
5.13-04
2.78-03
5.42-05
1.59-02
23102
8.33-02
2.27-03
2.93-03
9.11-01

A“
5.97-03
5.50-02
2.43-03
8.37-04
4,70-03
6.36-05
2.39-02
3.17-02
7.64-02
3.27-03
4.89-03
9.15-01

A"
2.33-03
5.28-02
3.68-03
1.11-03
1.08-02
4.76-05
4.88-01
5.07-02
6.10-02
4.80-03
1.10-02
9.23-01



Table 3 (continued)

Z=28 Transition

OR DR OTE O A D

=30

R TWQ OV B Al B

Z=32

R R OT O AN D

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-8212
M232-8212
M432-8212
E212-8212

F212-P232
F212-P234
M232-P232
M232-P234
M432-P232
M432-P234
E212-P232
E212-P234
F212-5212
M232-8212
M432-8212
E212-8212

F212-P232
F212-P234
M232-P232
M232-P234
M432-p232
M432-P234
E212-P232
E212-P234
F212-8212
M232-8212
M432-5212
E212-8212

Transition

1.5892
1.5936
1.5984
1.6029
1.6063
1.6108
1.6229
1.6275
1.5783
1.5875
1.5953
1.6116

1.3777
1.3821
1.3861
1.3906
1.3929
1.3974
1.4067
14113
1.3689
1.3771
1.3839
1.3975

1.2052
1.2097
1.2129
1.2174
1.2190
1.2236
1.2307
1.2353
1.1979
1.2055
1.2116
1.2231

WL

Ar
9.50-01
3.46+01
7.32+01
2.13+01
4.49+00
8.61-03
1.22+00
1.16+00

Ar
7.81-01
4.77+01
9.56+01
2.73+01
8.80+00
5.18-03
1.66+00
1.28+00

Tramsition WL Ar

6.18-01

6.39+01
1.22+02
3.48+01
1.59+01
1.18-03

2.23+00
1.46+00

a) Is-2s excitation
WL

r
3.31+00
3.31+00
1.08-01
1.08-01
5.44-02
5.44-02
1.46+01
1.46+01

3.42+00
3.42+00
1.18-01
1.18-01
8.45-02
8.45-02
1.45+01
1.45+01

3.53+00
3.53+00
1.20-01
1.20-01
1.22-01
1.22-01
1.43+01
1.43+01

-51—

K
2.44-02
8.90-01
7.74-01
2.25-01
9.86-01
1.89-03
7.21-02
6.48-02

1.51-02
9.19-01
7.77-01
2.22-01
9.90-01
5.83-04
9.55-02
7.37-02

9.09-03
9.39-01
7.77-01
2.23-01
9.92-01
7.38-05
1.24-01
8.11-02

Qd
1.62-01

5.90+00
1.67-01
4.86-02
1.07-01
2.06-04
2.10+00
1.89+00

1.03-01
6.29+00
1.83-01
5.24-02
1.67-01
9.84-05
2.76+00
2.13+00

Qd
6.41-02

6.63+00
1.86-01
3.34-02
2.42-01
1.80-05
3.54+00
2.32+00

Al’
1.30-03
4.73-02
3.83-03
1.13-03
1.49-02
2.85-05
6.68-02
6.01-02
5.31-02
4.95-03
1.51-02
9.27-01

A'
6.90-04
4.20-02
3.61-03
1.03-03
1.94-02
1.14-065
8.88-02
6.85-02
4.57-02
4.64-03
1.96-02
9.30-01

Al
2.80-04
2.89-02
3.10-03
8.90-04
2.39-02
1.78-06
1.16-01
7.57-02
3.88-02
3.99-03
24102
9.33-01

AV'
1.30-03
4.73-02
3.83-03
1.13-03
1.49-02
2.85-05
6.68-02
6.01-02
5.31-02
4.95-03
1.51-02
9.27-01

A"
6.90-04
4.20-02
3.61-03
1.03-03
1.94-02
1.14-05
8.88-02
6.85-02
4.57-02
4.64-03
1.96-02
9.30-01

A!'
2.80-04
2.89-02
3.10-03
8.90-04
2.39-02
1.78-06
1.16-01
7.57-02
3.88-02
3.99-03
2.41-02
9.33-01



Table 3 (continned)

=34 Transition WL
n F212-P232 1.0627
m F212-P234 1.0672
d M232-P232 1.0699
¢ M232-P234 1.0744
i M432-P232 1.0755
h M432-P234 1.0801
p E212-P232 1.0854
o E212-P234 1.0901
a F212-8212  1.0566
B M232-S212 1.0637
x M432-8212 1.0693
8 E212-8212 1.0791
Z=36 Transition WL
n  F212-P232 94354
m F212-P234 94804
d M232-P232 95033
¢ M232-P234 95490
1 MA432-P232 95565
h M432-P234 96026
p E212-P232 96418
o E212-P234 96887
o F212-8212 93838
B M232-S212 .94509
¥  M432-S212 95034
& E212-S212 95878
7=42 Transition WL
n F212-P232 .68361
m F212-P234 68812
d M232-P232 68957
¢ M232-P234 69416
i M432-P232 .69444
h  M432-P234 .69909
p E212-P232 70016
o E212-P234 70489
o F212-8212 68031
B M232-8212 68622
¥ M432-8212 69104
& E212-8212 .69670

Ar
4.77-01
8.35+01
1.51+02
4.42+01
2.64+01
2.63-04
2.93+00
1.62+00

Ar
3.63-01
1.07+02
1.85+02
5.59+01
4.11+01
5.47-03
3.80+00
1.76+00

Ar
1.68-01
2.06+02
3.21+02
1.09+02
1.15+02
6.01-02
7.63+00
2.06+00

a) 1s-2s excitation

r
3.64+00
3.64+00
1.15-01
1.15-01
1.65-01
1.65-01
1.42+01
1.42+01

3.75+00
3.75+00
1.05-01
1.05-01
2.10-01
2.10-601
1.40+01
1.40+01

4.05+00
4.05+00
6.66-02
6.66-02
3.42-01
3.42-01
1.36+01
1.36+01

- 52—

K
5.44-03
9.53-01
7.73-01
2.26-01
9.94-01
9.89-06
1.57-01
8.66-02

3.27-03
9.63-01
7.68-01
2.32-01
9.95-01
1.32-04
1.94-01
9.00-02

7.99-04
9.80-01
7.47-01
2.53-01
9.97-01
5.20-04
3.27-01
8.82-02

Qd
3.96-02

6.94+00
1.78-01
5.19-02
3.27-01
3.26-06
4.43+00
2.45+00

2.45-02
7.22+H00
1.61-01
4.836-02
4.18-01
5.56-05
5.44+00
2.52+00

6.47-03
7.94+00
9.94-02
3.37-02
6.81-01
3.55-04
8.92+00
2.40+00

AU
1.78-04
3.12-02
2.47-03
7.23-04
2.82-02
2.81-07
1.47-01
8.11-02
3.27-02
3.20-03
2.84-02
9.36-01

A'
8.07-05
2.38-02
1.85-03
5.61-04
3.20-02
4.25-06
1.82-01
8.44-02
2.74-02
2.42-03
3.22-02
9.38-01

A!
1.26-05
1.55-02
6.22-04
2.11-04
4.00-02
2.09-04
3.08-01
8.32-02
1.58-02
8.53-04
4.01-02
9.43-01

A"‘
1.78-04
3.12-02
2.4703
7.23-04
2.82-02
2.81-07
1.47-01
8.11-02
3.27-02
3.20-03
2.84-02
9.36-01

Aﬂ
8.07-05
2.38-02
1.85-03
5.61-04
3.20-02
4.25-06
1.82-01
8.44-02
2.74-02
2.42-03
3.22-02

9.38-01

A"
1.26-05
1.55-02
6.22-04
2.11-04
4.00-02
2.09-04
3.08-01
8.32-01
1.58-02

8.53-04

4.01-02
9.43-01



Table 4.Cross section (6¢) forls®2s -1s2s2p excitation of Li-like ions:

a5 2
(S=O‘CXZ g (em’), E=13.6 Z5(Astu) (ev)

S
Designations: q=2s2p("P)1s Py - 15°2s 8, 1=22p(’P)1s °P;,, - 15725 28,

S=252p(1P)IS 2P3,12 - IS225 251 25 t=252p(1P)ls 2P1 n= 18228 251/2,
u=2s2p(’P)1s P35, - 15225 °S; 5, v=252p(’P)1s Py - 1525 %S, 5.

Lg/Zn 416 4/6 4/6 4/6 4/6 4/6
u q r s t u v

001 149-1 740-2 6.30-2 3.20-2 546-2 2.73-2
002 1.50-1 745-2 6.29-2 3202 5432 2722
0.04 1.52-1 7572 6.24-2 3.17-2 535-2 2.68-2
0.08 1.55-1 7.72-2 6.07-2 3.09-2 5.13-2 2.57-2
0.16 1.62-1 8.04-2 5.81-2 2962 4.78-2 2.39-2
032 1.76-1 8752 5272 270-2 4052 2.03-2
064 2.03-1 1.01-1 4.42-2 2302 2.84-2 1.42-2
128 241-1 1.20-1 3482 1852 1.44-2 7.22-3
256 243-1 1.21-1 2562 1.40-2 4.02-3 2.01-3
512  2.14-1 1.06-1 2.03-2 1.12-2 1.10-3 5474
1024 1.67-1 8.28-2 1.52-2 8.41-3 150-4 7.47-5

Zo/Zny 517 5/7 5/7 5/7 5/7 5/7
u q T S t u v

0.01 207-1 1.03-1 9.81-2 4942 8.66-2 4.33-2
0.02 207-1 1.03-1 9.66-2 4.87-2 8.49-2 4.25-2
0.04 2.11-1 1.05-1 9.53-2 4.81-2 830-2 4.15-2
0.08 2.19-1 1.09-1 9.23-2 4.66-2 7.89-2 3.95-2
0.16 233-1 1.16-1 8.60-2 4352 7.03-2 3.52-2
032 260-1 1.29-1 7.65-2 3.89-2 5.70-2 2.85-2
0.64 299-1 1.48-1 620-2 3.18-2 3.69-2 1.85-2
128 3341 1.65-1 4752 2472 1.72-2 8593
256 3.34-1 1.65-1 3.60-2 1902 4453 2.22-3
512 287-1 1.42-1 2852 152-2 1.12-3 5574
1024 2.19-1 1.08-1 2.11-2 1.12-2 1.50-4 7.40-5
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Table 4. (continued)

YAVLY
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zs/Zy
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zg/Zy
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12

6/8

q
2.65-1
2.67-1
2.73-1
2.86-1
3.06-1
3.42-1
3.90-1
4.33-1
4.22-1
351-1
2.64-1

8/10

q
3.80-1
3.85-1
3.93-1
4.13-1
4.44-1
4.92-1
5.56-1
5.87-1
5.57-1
4.55-1
3.34-1

10/12
g
4.84-1
4.89-1
5.02-1
5.25-1
5.65-1
6.23-1
6.90-1
7.15-1
6.65-1
5.33-1

10.24 3.88-1

6/8

T
1.32-1
1.33-1
1.36-1
1.42-1
1.52-1
1.70-1
1.93-1
2.14-1
2.09-1
1.73-1
1.30-1

8/10

T
1.87-1
1.90-1
1.94-1
2.03-1
2.18-1
241-1
2.72-1
2.86-1
2.71-1
2.22-1
1.63-1

10/12
T
2.36-1
2.38-1
2.44-1
2.55-1
2.73-1
3.00-1
331-1
3.42-1
3.18-1
2.55-1
1.86-1

6/8

1.29-1
1.27-1
1.24-1
1.20-1
1.10-1
9.56-2
7.57-2
5.75-2
4.37-2
3.38-2
2.48-2

8/10

1.79-1
1.77-1
1.72-1
1.64-1
1.48-1
1.25-1
9.69-2
7.06-2
5.34-2
4.10-2
2.95-2

10/12

2.16-1
2.13-1
2.07-1
1.95-1
1.74-1
1.43-1
1.07-1
7.66-2
5.70-2
4.30-2
3.07-2

6/8

6.52-2
6.45-2
6.30-2
6.11-2
5.62-2
4.93-2
3.97-2
3.10-2
2412
1.88-2
1.38-2

8/10

9.22-2
9.11-2
8.87-2
8.50-2
7.78-2
6.68-2
5.40-2
4.15-2
3.28-2
2.55-2
1.84-2

10/12

1.14-1
1.13-1
1.10-1
1.05-1
9.54-2
8.18-2
6.61-2
5.21-2
4.17-2
3212
2312

6/8

1.15-1
1.13-1
1.09-1
1.03-1
8.99-2
7.02-2
4.34-2
1.89-2
4.70-3
1.13-3
1.55-4

8/10

1.60-1
1.57-1
1.51-1
1.40-1
1.20-1
8.93-2
5.27-2
2.09-2
5.05-3
1.17-3
1.87-4

10/12

1.94-1
1.90-1
1.82-1
1.67-1
1.41-1
1.02-1
5.73-2
2.23-2
5.35-3
1.32-3
297-4

54—

6/8

5.73-2
5.64-2
5.44-2
5.16-2
4.50-2
3.51-2
2.17-2
9.42-3
2.35-3
5.60-4
7.44-5

8/10

8.01-2
7.85-2
7.54-2
7.00-2
6.00-2
4.47-2
2.63-2
1.04-2
2.50-3
5.67-4
7.92-5

10/12

9.68-2
9.49-2
9.09-2
8.34-2
7.02-2
5.09-2
2.86-2
1.11-2
2.59-3
5.904
9.94-5



Table 4 (continued)

ZgZy 26/28 26/28

u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

Zo/7y
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
256
5.12
10.24

Zs/7x
j1}
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
256
512

q T

9.05-1 3.35-1
9.12-1 3.35-1
9.35-1 3.39-1
9.69-1 3.44-1
1.03+0 3.54-1
1.11+0 3.67-1
1.18+0 3.77-1
1.18+0 3.68-1
1.01+0 3.12-1
7.96-1 2.45-1
5.66-1 1.74-1

28/30  28/30
q 4

9.18-1 3.25-1
9.25-1 3.26-1
9.47-1 3.28-1
9.81-1 3.32-1
1.04+0 3.39-1
1.12+0 3.48-1
1.20+0 3.56-1
1.18+0 3.41-1
1.02+0 2.91-1
7.96-1 2.27-1
5.65-1 1.61-1

30/32 30/32
q r

9.17-1 3.16-1
9.26-1 3.17-1
9.45-1 3.18-1
9.76-1 3.20-1
1.03+0 3.24-1
1.11+0 3.31-1
1.17+0 3.33-1
1.16+0 3.17-1
1.00+0 2.72-1
7.78-1 2.10-1

10.24 5.54-1 1.49-1

26/28
S

2.92-1
2.81-1
2.67-1
2.39-1
1.94-1
1.33-1
6.82-2
2.40-2
5.15-3
1.07-3
1.49-4

28/30
S
2.95-1
2.86-1
2.72-1
2.43-1
1.98-1
1.35-1
7.09-2
2.65-2
7.49-3
2.90-3
1.45-3

30/32
S
3.00-1
2.93-1
2.77-1
2.49-1
2.03-1
141-1
7.74-2
3.28-2
1.30-2
7.16-3
4.50-3

26/28

2.75-1
2.74-1
2.74-1
2.73-1
2.73-1
2.72-1
2.69-1
2.55-1
2.14-1
1.67-1
1.19-1

28/30

2.96-1
2.95-1
2.97-1
2.97-1
3.00-1
3.02-1
3.04-1
2.88-1
2.44-1
1.90-1
1.35-1

30/32

3.14-1
3.14-1
3.15-1
3.17-1
3.22-1
3.27-1
3.29-1
3.14-1
2.69-1
2.08-1
1.48-}

26/28

3.23-1
3.14-1
3.02-1
2.76-1
2.36-1
1.81-1
1.23-1
8.05-2
5.42-2
3.97-2
2.76-2

28/30

3.38-1
3.31-1
3.18-1
2.93-1
2.55-1
2.01-1
1.46-1
1.02-1
7.36-2
5.48-2
3.83-2

30/32

3.56-1
3.50-1
3.36-1
3.12-1
2.75-1
2.24-1
1.70-1
1.27-1
9.61-2
7.17-2
5.05-2
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26/28

1.51-1
1.46-1
1.39-1
1.26-1
1.04-1
7.39-2
4.24-2
2.04-2
9.84-3
6.25-3
4.14-3

28/30

1.54-1
1.50-1
1.43-1
1.29-1
1.07-1
7.68-2
4.57-2
2.34-2
1.25-2
8.35-3
5.63-3

30/32

1.58-1
1.54-1
1.46-1
1.32-1
1.10-1
8.03-2
4.92-2
2.68-2
1.56-2
1.07-2
7.30-3



Table 4. (continued)

Zs/Zy
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

LTy
n
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zy/Zn

0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

11/13
q

5.28-1
5.34-1
5.49-1
5.72-1
6.15-1
6.78-1
7.44-1
7.74-1
7.10-1
5.64-1
4.09-1

12/14
q

5.72-1
5.80-1
5.94-1
6.19-1
6.63-1
7.30-1
8.01-1
8.33-1
7.47-1
5.96-1
431-1

14/16
q
6.50-1
6.55-1
6.73-1
7.01-1
7.50-1
8.18-1
8.95-1
9.13-1
8.15-1
6.47-1
4.65-1

11/13
3
2.56-1
2.59-1
2.66-1
2.76-1
2.96-1
3.25-1
3.55-1
3.68-1
3.37-1
2.68-1
1.94-1

12/14
T
2.74-1
2.78-1
2.84-1
2.95-1
3.15-1
3.44-1
3.76-1
3.89-1
3.49-1
2.78-1
2.01-1

14/16
I
3.06-1
3.07-1
3.15-1
3.26-1
3.47-1
3.76-1
4.08-1
4.14-1
3.69-1
2.93-1
2.10-1

11/13

231-1
2.27-1
2.20-1
2.06-1
1.83-1
1.49-1
1.09-1
7.78-2
5.70-2
4.25-2
3.03-2

12/14

2.42-1
2.38-1
2.30-1
2.15-1
1.89-1
1.52-1
1.11-1
7.73-2
5.52-2
4.12-2
2.92-2

14/16

2.61-1
2.55-1
2.46-1
2.27-1
1.98-1
1.55-1
1.08-1
7.16-2
4.93-2
3.63-2
2.55-2

11/13

1.24-1
1.22-1
1.19-1
1.13-1
1.03-1
8.91-2
7.24-2
5.84-2
4.68-2
3.59-2
2.57-2

12/14

1.33-1
1.31-1
1.28-1
1.22-1
1.11-1
9.63-2
7.96-2
6.51-2
5.18-2
4.00-2
2.87-2

14/16

1.51-1
1.48-1
1.45-1
1.38-1
1.28-1
1.12-1
9.52-2
7.97-2
6.46-2
5.00-2
3.57-2

11/13
!
2.08-1
2.02-1
1.94-1
1.77-1
1.48-1
1.07-1
5.93-2
2.29-2
5.61-3
1.46-3
4.08-4

12/14
u
2.19-1
2.14-1
2.04-1
1.86-1
1.56-1
1.11-1
6.16-2
2.34-2
5.92-3
1.69-3
5.77-4

14/16
)]
2.39-1
2.33-1
222-1
2.01-1
1.67-1
1.18-1
6.47-2
2.50-2
6.95-3
2.53-3
1.173
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11/13
v
1.04-1
1.01-1
9.70-2
8.84-2
7.41-2
5.33-2
2.95-2
1.13-2
2.66-3
6.154
1.20-4

12/14
v
1.09-1
1.07-1
1.02-1
9.30-2
7.77-2
5.53-2
3.06-2
1.14-2
2.72-3
6.57-4
1.51-4

14/16
v
1.19-1
1.16-1
1.11-1
1.00-1
8.32-2
5.88-2
3.18-2
1.19-2
2.90-3
8.064
2.59-4



Table 4. (continued)

ZsZyn 18/20 18720 18720
i q r S

001 7.70-1 3.38-1 2.77-1
002 7.81-1 3.42-1 2.71-1
004 7.99-1 3.48-1 2.59-1
0.08 834-1 3.60-1 2.37-1
0.16 8.89-1 3.79-1 2.00-1
032 9.73-1 4.08-1 1.48-1
0.64 1.05+0 434-1 9282
1.28 1.06+0 434-1 5.18-2
256 930-1 3.80-1 3.03-2
512  7.30-1 2.98-1 2.09-2
1024 5.22-1 2.13-1 14322
Zs/Zyn 20/22  20/22 20/22
u q T ]

001 8.19-1 3.45-1 281-1
0.02 832-1 3.49-1 2.74-1
0.04 851-1 3.55-1 2.61-1
008 886-1 3.65-1 237-1
0.16 943-1 3.82-1 1.97-1
032  1.02+0 4.05-1 1.41-1
064 1.10+0 427-1 8282
128 1.11+0 4.26-1 4.08-2
256 9.77-1 3.73-1 2.02-2
512 7.62-1 291-1 1.28-2
1024 5.42-1 2.07-1 851-3
ZJZn 24126 24126 24/26
u q r S

001 8.87-1 3.42-1 2.87-1
0.02 894-1 3.42-1 2.78-1
004 9.17-1 3.48-1 2.64-1
008 9.54-1 3.55-1 2.38-1
0.16 1.01+0 3.67-1 1.93-1
032  1.10+0 3.85-1 1.33-1
064 1.17+0 3.98-1 6.97-2
128  1.17+0 391-1 2.55-2
256 1.01+0 336-1 6.61-3
512  793-1 262-1-2.17-3
1024 564-1 1.86-1 9274

18/20

1.86-1
1.85-1
1.82-1
1.76-1
1.67-1
1.54-1
1.39-1
1.23-1
1.02-1
7.91-2
5.63-2

20/22

2.07-1
2.06-1
2.03-1
1.98-1
1.90-1
1.79-1
1.66-1
1.51-1
1.27-1
9.82-2
6.97-2

24/26

2.52-1
2.51-1
2.51-1
2.49-1
2.45-1
2.41-1
2.34-1
2.20-1
1.86-1
1.44-1
1.02-1

18/20

2.67-1
2.61-1
2.48-1
2.25-1
1.86-1
1.32-1
7.40-2
3.19-2
1.26-2
6.89-3
4.30-3

20/22

2.81-1
2.73-1
2.60-1
2.36-1
1.96-1
1.40-1
8.09-2
3.88-2
1.84-2
1.14-2
7.52-3

24/26

3.07-1
2.99-1
2.86-1
2.61-1
2.20-1
1.64-1
1.05-1
6.23-2
3.88-2
2.74-2
1.89-2

57—

18/20

1.32-1
1.29-1
1.23-1
1.11-1
9.12-2
6.39-2
3.44-2
1.33-2
3.87-3
1.55-3
7.90-4

20/22

1.38-1
1.34-1
1.27-1
1.15-1
9.44-2
6.59-2
3.58-2
1.45-2
4.78-3
2.25-3
1.29-3

24/26

1.47-1
1.42-1
1.36-1
1.23-1
1.01-1
7.10-2
3.99-2
1.79-2
7.81-3
4.61-3
2.98-3



Table 4. (continued)

Zs/Zy
u
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zs/Zn
u
0.01
0.02
0.04
0.08
0.16
032
0.64
1.28
2.56
512
10.24

YATYLY

0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

32/34 32/34
q T

9.16-1 3.07-1
9.25-1 3.07-1
9.43-1 3.08-1
9.78-1 3.10-1
1.03+0 3.11-1
1.10+0 3.14-1
1.17+0 3.14-1
1.15+0 2.99-1
9.93-1 2.54-1
7.69-1 1.96-1
5.46-1 1.39-1

34/36 34/36
q 3

9.06-1 2.99-1
9.18-1 3.00-1
9.32-1 2.99-1
9.63-1 2.99-1
1.01+0 2.99-1
1.08+0 2.99-1
1.14+0 2.97-1
1.12+0 2.80-1
9.75-1 2.39-1
7.51-1 1.83-1
5.32-1 1.30-1

40/42  40/42
q T

8.66-1 2.81-1
8.75-1 2.81-1
8.85-1 2.78-1
9.10-1 2.76-1
9.54-1 2.72-1
1.01+0 2.67-1
1.05+0 2.59-1
1.03+0 2.40-1
8.90-1 2.04-1
6.85-1 1.56-1
4.85-1 1.10-1

32/34

3.08-1
2.99-1
2.84-1
2.56-1
2.11-1
1.50-1
8.59-2
4.17-2
2.08-2
1.32-2
8.83-3

34/36

3.14-1
3.06-1
291-1
2.63-1
2.19-1
1.59-1
9.64-2
5.23-2
3.02-2
2.05-2
1.40-2

40/42

3.34-1
3.27-1
3.12-1
2.86-1
2.45-1
1.88-1
1.30-1
8.67-2
6.07-2
4.42-2
3.08-2

32/34

3.30-1-

3.30-1
3.32-1
3.35-1
341-1
3.50-1
3.56-1
3.42-1
2.91-1
225-1
1.60-1

34/36

3.42-1
3.44-1
3.45-1
3.50-1
3.58-1
3.69-1
3.75-1
3.61-1
3.10-1
2.39-1
1.69-1

40/42

3.66-1
3.68-1
3.73-1
3.78-1
3.90-1
4.04-1
4.16-1
4.01-1
3.45-1
2.65-1
1.88-1

32/34

3.75-1
3.68-1
3.55-1
3.34-1
2.97-1
2.49-1
1.98-1
1.56-1
1.21-1
9.08-2
6.40-2

34/36

3.93-1
3.87-1
3.75-1
3.54-1
3.21-1
2.76-1
2.27-1
1.85-1
1.47-1
1.11-1
7.81-2

40/42

4.44-1
4.40-1
4.29-1
4.13-1
3.86-1
3.49-1
3.09-1
2.68-1
2.20-1
1.67-1
1.18-1
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32/34

1.62-1
1.57-1
1.50-1
1.37-1
1.14-1
8.40-2
5.31-2
3.09-2
1.90-2
1.33-2
9.14-3

34/36

1.65-1
1.61-1
1.53-1
1.40-1
1.18-1
8.80-2
5.72-2
3.49-2
2.26-2
1.60-2
1.11-2

40/42

1.74-1
1.71-1
1.63-1
1.50-1
1.29-1
9.97-2
6.99-2
4.78-2
3.41-2
2.48-2
1.73-2




Table 5.Cross section of 1s-2s excitation (G¢) for emission lines 1s*2p -1s2s?
2 >

s . a
1522p -132132 of Li-like ions: G:GCXZ_Z (cm?), E=13.6Z f(As+u) (ev)
§
Designaﬁons: O=Zszls 251/2 - ISZZP 2P3/2, p=ZSZIS 281/2 - 15221) zPyz,

m=2pzls 2S1/2 - ISZZP 2P3,f2, H:ZPZIS ZSLQ - 182213 2P 1/2, C=2p215 ZPI,Q - 1522]) 2P3,.’2,
d=2p21s ZPU_?_ - ls%p 2P 12 h=2p215 4P] /2 - ISZZP 2P3/2, im2pzls 4P 12 - 15221) 2P1/2,

77y  Af6 4/6 4/6 4/6 4/6 4/6 4/6 4/6
U o P m n ¢ d h i

0.01 123-5 6.19-6 1.75-4 8585 6.22-8 1257 4.12-11 2.89-8
0.02 1.23-5 6.17-6 1.64-4 8.03-5 5828 1.17-7 3.92-11 2.75-8
0.04 1.21-5 6.09-6 1494 7.30-5 5.29-8 1.07-7 3.61-11 2.53-8
0.08 1.18-5 591-6 1394 682-5 494-8 995-8 3.38-11 2.37-8
0.16 1.13-5 5666 1124 5495 3988 8018 277-11 1.94-8
0.32 1.03-5 5.20-6 8.67-5 4.24-5 3.07-8 6.19-8 2.25-11 1.58-8
064 8976 4516 596-5 291-5 2.11-8 4258 1.56-11 1.09-8
128 7.22-6 3.63-6 4.51-5 2.21-5 160-8 3.22-8 1.12-11 7.83-9
256 4946 2486 186-5 9.12-6 6619 133-8 6.04-12 4239
512 3216 1616 1.13-5 550-6 3.99-9 8039 3.60-12 2.52-9
1024 1.89-6 952-7 5.85-6 286-6 2079 4179 202-12 1419

ZoZy 517 5117 5/7 5/7 5/7 5/7 5/7 577

U o P m n ¢ d b i

0.01 3724-5 164-5 4.06-4 197-4 1.80-7 3.63-7 1459 1.84-7
002 3245 1.64-5 3.784 1.83-4 168-7 3.38-7 1359 172-7
004 3.19-5 161-5 3.704 1794 1.64-7 331-7 1309 166-7
008 3.12-5 1585 3214 1564 1.42-7 2877 1169 147-7
0.16 3.00-5 1515 2844 1384 1267 2547 1069 1357
032 2775 140-5 2344 1.13-4 1.03-7 2097 873-10 1.11-7
064 2415 122-5 1484 7.19-5 6578 133-7 6.20-10 7.89-8
1.28 1.88-5 9496 1.054 5.10-5 4.66-8 9.40-8 4.23-10 5.38-8
156 1275 6416 5345 2595 2378 4778 257-10 3.28-8
512 8.02-6 4056 3445 167-5 1528 3.07-8 1.60-10 2.04-8
1024 4656 2356 1.70-5 823-6 7529 1528 867-11 1108
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Table 5 (continued)

Zs/Zyn
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

Zy/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

Zg/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

6/8

L1
7.35-5
7.30-5
7.24-5
7.03-5
6.74-5
6.20-5
5.31-5
4.11-5
2.75-5
1.71-5
9.68-6

8/10

o
2.65-4
2.634
2,594
2.534
2414
2.194
1.83-4
1.364
9.01-5
5.53-5
3.10-5

10/12
0
6.94-4
6.89-4
6.804
6.60-4
6.24-4
5.60-4
4.64-4
3.42-4
2.26-4
1.35-4
7.54-5

6/8

P
3.73-5
3.70-5
3.68-5
3.57-5
3.42-5
3.15-5
2.69-5
2.09-5
1.40-5
8.65-6
4.91-6

8/10

p
1.36-4
1.35-4
1.334
1.304
1.24-4
1.13-4
9.43-5
7.02-5
4.64-5
2.85-5
1.60-5

10/12
P
3.714
3.69-4
3.64-4
3.53-4
3.334
2.99-4
2484
1.83-4
1.21-4
7.21-5
4.03-5

6/8

8324
7.63-4
7.484
6.59-4
3.724
4.82-4
3.114
2.384
1.25-4
7.28-5
4.01-5

8/10

2.42-3
2.24-3
2.11-3
1.94-3
1.77-3
1.45-3
9.92-4
7.25-4
4274
2514
1.30-4

10/12

5.16-3
4.87-3
4.73-3
4.24.3
3.68-3
3.07-3
2.42-3
1.54-3
9.43-4
5.59-4
3.01-4

6/8

3914
3.594
3.524
3.104
2.694
2274
1.46-4
1.12-4
5.89-5

3.43-5

1.89-5

8/10

1.06-3
9.83-4
9.27-4
8.52-4
7.77-4
6.40-4
4.36-4
3.194
1.88-4
1.10-4
5.72-5

10/12

1.90-3
1.80-3
1.74-3
1.56-3
1.36-3
1.13-3
891-4
5.67-4
3.47-4
2.06-4
1.114

6/8

6.76-7
6.21-7
6.08-7
5.36-7
4.65-7
3.92-7
2.53-7
1.93-7
1.02-7
5.92-8
3.26-8

8/10

3.60-6
3.33-6
3.13-6
2.88-6
2.63-6
2.16-6
1.48-6
1.08-6
6.35-7
3.73-7
1.94-7

10/12

1.28-5
1.21-5
1.18-5
1.05-5
9.16-6
7.63-6
6.01-6
3.83-6
2.34-6
1.39-6
7.49-7
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6/8

1.37-6
1.26-6
1.24-6
1.09-6
9.45-7
7.96-7
5.14-7
3.93-7
2.07-7
1.20-7
6.63-8

8/10

7.45-6
6.89-6
6.49-6
5.97-6
5.44-6
4.48-6
3.06-6
2.24-6
1316
7.72-7
4.01-7

16/12

2.74-5
2.59-5
2.51-5
2.25-5
1.96-5
1.63-5
1.28-5
8.18-6
5.01-6
2.97-6
1.60-6

6/8

8.56-9
8.49-9
8.43-9
8.18-9
7.84-9
7.22-9
6.17-9
4.78-9
3.20-9
1.98-9
1.13-9

8/10

1.64-7
1.57-7
1.48-7
1.39-7
1.28-7
1.08-7
8.02-8
5.80-8
3.54-8
2.15-8
1.18-8

10/12

9.11-7
8.69-7
8.39-7
7.73-7
6.95-7
5.94-7
4.68-7
3.17-7
1.96-7
1.21-7
6.61-8

6/8

5.86-7
5.82-7
5.77-7
5.61-7
5.37-7
4.94-7
4.23-7
3.28-7
2.19-7
1.36-7
7.71-8

8/10

6.59-6
6.29-6
5.93-6
5.59-6
5.14-6
4.33-6
3.22-6
2.32-6
1.42-6
8.63-7
4.71-7

10/12

2.96-5
2.83-5
2.73-5
2.52-5
2.26-5
1.93-5
1.52-5
1.03-5
6.39-6
3.93-6
2.15-6



Table 5 (continued)

Zy/7x
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

Zs/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zs/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
-2.56
5.12
10.24

11/13
o
1.04-3
1.03-3
1.01-3
9.83-4
9.24-4
8.334
6.84-4
5.05-4
3.294
1.97-4
1.094

12/14
o
1.49-3
1.47-3
1.45-3
1.40-3
1.32-3
1.19-3
9.65-4
7.04-4
4.64-4
2.764
1.534

14/16
o
2.76-3
2.73-3
2.69-3
2.60-3
2.43-3
2.16-3
1.76-3
1.27-3
8.27-4
4.93-4
2.734

11/13
P
5.68-4
5.64-4
5.54-4
5.384
5.064
4.56-4
3.74-4
2764
1.80-4
1.08-4
5.97-5

12/14
P
8.264
8.18-4
8.07-4
7.80-4
7.34-4
6.59-4
5.36-4
3.914
2.58-4
1.53-4
8.48-5

14/16
P
1.62-3
1.60-3
1.58-3
1.53-3
1.43-3
1.27-3
1.04-3
7474
4.87-4
2.90-4
1.614

11/13

6.83-3
6.47-3
6.10-3
5.66-3
5.16-3
4.31-3
3.14-3
2.12-3
1.31-3
7.714
4.15-4

12/14

8.52-3
8.37-3
7.80-3
7.34-3
6.56-3
5.44-3
3.96-3
2.81-3
1.69-3
1.01-3
5.40-4

14/16

1.25-2
1.22-2
1.17-2
1.08-2
9.35-3
7.79-3
6.07-3
4.33-3
2.59-3
1.54-3
8.25-4

11/13

2.53-3
2.40-3
2.26-3
2.10-3
1.91-3
1.60-3
1.16-3
7.85-4
4874
2.86-4
1.54-4

12/14

2913
2.86-3
2.67-3
2.51-3
2.24-3
1.86-3
1.35-3
9.594
5.79-4
3.444
1.85-4

14/16

3.50-3
3.39-3
3.27-3
3.00-3
2.61-3
2.17-3
1.69-3
1.21-3
7.22-4
4.29-4
2.30-4

11/13

2.15-5
2.04-5
1.92-5
1.78-5
1.62-5
1.36-5
9.89-6
6.67-6
4.14-6
2.43-6
1.31-6

12/14

3.34-5
3.28-5
3.06-5
2.88-5
2.57-5
2.13-5
1.55-5
1.10-5
6.64-6
3.94-6
2.12-6

14/16

7.42-5
7.20-5
6.94-5
6.37-5
5.53-5
4.61-5
3.60-5
2.56-5
1.53-5
9.11-6
4.89-6
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11/13

4.68-5
4.44-5
4.19-5
3.88-5
3.54-5
2.96-5
2.15-5
1.45-5
9.01-6
5.29-6
2.85-6

12/14

7.45-5
7.32-5
6.82-5
6.42-5
5.74-5
4.75-5
3.46-5
2.45-5
1.48-5
8.79-6
4.72-6

14/16

1.75-4
1.70-4
1.64-4
1.50-4
1.30-4
1.09-4
8.47-5
6.04-5
3.61-5
2.155
1.15-5

11/13

1.70-6
1.64-6
1.56-6
1.47-6
1.35-6
1.14-6
8.69-7
6.09-7
3.92-7
2.30-7
1.27-7

12/14

2.89-6
2.85-6
2.70-6
2.56-6
231-6
1.94-6
1.49-6
1.07-6
6.81-7
4.01-7
2.19-7

14/16

6.86-6
6.68-6
6.49-6
6.01-6
5.35-6
4.54-6
3.60-6
2.55-6
1.60-6
9.38-7
5.17-7

11/13

5.34-5
5.17-5
4915
4.64-5
4.26-5
3.59-5
2.73-5
1.91-5
1.23-5
7.23-6
4.00-6

12/14

5.00-5
8.90-5
8.41-5
7.98-5
7.20-5
6.05-5
4.64-5
3.34-5
2.12-5
1.25-5
6.83-6

14/16

2.30-4
2.24-4
2.18-4
2.02-4
1.794
1.52-4
1214
8.55-5
5.38-5
3.15-5
1.73-5



Table 5 (continued)

Zy/7n
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
512
10.24

Z/Zyn
U
0.01
0.02
0.04
008
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zs/lxn

0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

18/20
o
7.04-3
6.97-3
6.84-3
6.59-3
6.16-3
5.42-3
4.39-3
3.15-3
2.02-3
1.21-3
6.65-4

20/22
o
1.01-2
9.96-3
9.77-3
9.42-3
8.75-3
7.70-3
6.23-3
4.51-3
2.88-3
1.71-3
9.40-4

24/26
L
1.71-2
1.70-2
1.66-2
1.60-2
1.48-2
1.30-2
1.04-2
7.47-3
4.79-3
2.86-3
1.57-3

18/20
p
4.85-3
4.80-3
4.71-3
4.53-3
4.24-3
3.73-3
3.02-3
2173
1.39-3
8354
4.58-4

20/22
p
7.59-3
7.51-3
7.36-3
7.10-3
6.60-3
5.81-3
4.70-3
3.40-3
2.17-3
1.29-3
7.09-4

24/26
p
1.65-2
1.63-2
1.60-2
1.54-2
1.43-2
1.25-2
1.60-2
7.19-3
4.61-3
2.75-3
1.51-3

18/20
m
1.87-2
1.82-2
1.72-2
1.62-2
1.46-2
1.24-2
9.55-3
6.46-3
4.13-3
2.40-3
1.28-3

20/22
m
2.00-2
1.97-2
1.86-2
1.76-2
1.59-2
1.35-2
1.01-2
7.05-3
4.52-3
2.65-3
1.42-3

24/26
m
1.97-2
1.93-2
1.86-2
1.75-2
1.56-2
1.32-2
1.01-2
7.09-3
4.46-3
2.64-3
1.43-3

18720
n

2.94-3
2.86-3
2713
2.54-3
2.30-3
1.96-3
1.50-3
1.02-3
6.49-4
3.774
2.014

20/22
n
2.17-3
2.14-3
2.02-3
1.91-3
1.72-3
1.46-3
1.10-3
7.65-4
4914
2.87-4
1.54-4

24/26
n
8.84-4
8.66-4
8.344
7.84-4
6.99-4
5.95-4
4.52-4
3.18-4
2.01-4
1.19-4
6.44-5

18/20
¢

2.194
2.13-4
2.024
1.89-4
1.714
1.46-4
1.12-4
7.58-5
4.84-5
2.81-5
1.50-5

20/22
<
3.034
2.99-4
2.834
2674
2414
2.044
1.54-4
1.07-4
6.86-5
4.01-5
2.15-5

24/26
c
4214
4.13-4
3.974
3.74-4
3334
2.83-4
2.154
1.52-4
9.56-5
5.65-5
3.07-5
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18/20
4

5.904
5.74-4
5444
5.104
4.614
3.92-4
3.014
2.04-4
1.304
7.57-5
4.03-5

20/22
d
8.84-4
8.72-4
8.23-4
7.79-4
7.02-4
5954
4.48-4
3.114
2.00-4
1.174
6.27-5

24/26
d
1.40-3
1.37-3
1.32-3
1.24-3
1.10-3
9.39-4
7.14-4
5.03-4
3.174
1.874
1.02-4

18/20
h
1.87-5
1.82-5
1.74-5
1.64-5
1.50-5
1.28-5
9.95-6
6.94-6
4.35-6
2.59-6
1.40-6

20/22
h
2.26-5
2.22-5
2.12-5
2.01-5
1.82-5
1.56-5
1.19-5
8.35-6
5.40-6
3.15-6
1.70-6

24/26
h
1.80-5
1.76-5
1.69-5
1.60-5
1.43-5
1.22-5
9.37-6
6.58-6
4.17-6
2.47-6
1.35-6

18/20
i

9.574
9334
8914
8.404
7.68-4
6.56-4
5.10-4
3.56-4
2234
1.33-4
7.18-5

20/22
i
1.67-3
1.64-3
1.57-3
1.48-3
1.34-3
1.15-3
8.83-4
6.17-4
3.99-4
2334
1.26-4

24/26
i
4.06-3
3.97-3
3.83-3
3.61-3
3.23-3
2.75-3
2.12-3
1.49-3
9.43-4
5574
3.044



Table 5 (continued)

Zs/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zg/Zxn
| 3}
0.01
0.02
0.04
0.08
0.16
0.32
0.64
128
2.56
5.12
10.24

Zs/Zy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

26/28
o
2.08-2
2.06-2
2.01-2
1.94-2
1.80-2
1.57-2
1.26-2
9.08-3
5.84-3
3.43-3
1.89-3

28/30
o
2.41-2
2.38-2
2.34-2
2.25-2
2.08-2
1.82-2
1.46-2
1.05-2
6.70-3
3.98-3
2.18-3

30/32
i ]
2.71-2
2.68-2
2.63-2
2.52-2
2.34-2
2.05-2
1.64-2
1.18-2
7.54-3
4.45-3
2.44-3

26/28
P
2.31-2
2.29-2
2.24-2
2.15-2
2.00-2
1.75-2
1.41-2
1.01-2
6.50-3
3.813
2.10-3

28/30
P
3.13-2
3.09-2
3.03-2
2.92-2
2.70-2
2.36-2
1.90-2
1.37-2
8.69-3
5.16-3
2.82-3

30/32
p
4.15-2
4.11-2
4.03-2
3.86-2
3.59-2
3.14-2
2.51-2
1.81-2
1.16-2
6.82-3
3.74-3

26/28

1.83-2
1.78-2
1.73-2
1.61-2
1.45-2
1.22-2
9.38-3
6.61-3
4.11-3
2.49-3
1.34-3

28/30

1.65-2
1.60-2
1.55-2
1.46-2
1.30-2
1.10-2
8.58-3
5.98-3
3.77-3
2.24-3
1.22-3

30/32

1.15-2
1.11-2
1.09-2
1.01-2
9.04-3
7.68-3
5.99-3
4.21-3
2.68-3
1.57-3
8.544

26/28

5.03-4
4.90-4
4.75-4
4.44-4
3.994
3.36-4
2.584
1.82-4
1.134
6.84-5
3.69-5

28/30

2.70-4
2.634
2.55-4
2.394
2.14-4
1.80-4
1414
9.83-5
6.20-5
3.68-5
2.00-5

30/32

1.114
1.08-4
1.05-4
9.80-5
8.76-5
7.44-5
5.80-5
4.08-5
2.59-5
1.52-5
8.28-6

26/28

4.29-4
4.18-4
4.064
3.79-4
3.404
2.874
2204
1.55-4
9.65-5
5.84-5
3.15-5

28/30

4.04-4
3.93-4
3.82-4
3574
3.194
2.694
2.10-4
1.474
0.26-5
5.50-5
2.99-5

30/32

3.534
3.43-4
3.34-4
3.12-4
2,794
2.37-4
1.84-4
1.30-4
8.23-5
4 85-5
2.63-5

—63—

26/28

1.48-3
1.44-3
1.40-3
1.31-3
1.17-3
9.90-4
7.60-4
5.354
3.334
2014
1.094

28/30

1.42-3
1.38-3
1.34-3
1.25-3
1.12-3
9.43-4
7.37-4
5.154
3.25-4
1.93-4
1.05-4

30/32

1.23-3
1.19-3
1.16-3
1.09-3
9.71-4
8.24-4
6.42-4
4.52-4
2.874
1.69-4
9.16-5

26/28

1.09-5
1.07-5
1.04-5
9.70-6
8.69-6
7.37-6
5.67-6
3.99-6
2.51-6
1.51-6
8.17-7

28/30

4.46-6
4.34-6
4.22-6
3.95-6
3.52-6
2.98-6
2.33-6
1.63-6
1.03-6
6.10-7
3.32-7

30/32

7.07-7
6.86-7
6.69-7
6.23-7
5.58-7
4.74-7
3.69-7
2.60-7
1.64-7
9.69-8
5.26-8

26/28

5.72-3
5.58-3
5.42-3
5.07-3
4.54-3
3.85-3
2.96-3
2.09-3
1.31-3
7.90-4
4274

28/30

7.59-3
7.39-3
7.18-3
6.72-3
5.99-3
5.06-3
3.96-3
2.77-3
1.75-3
1.04-3
5.64-4

30/32

9.49-3
9.21-3
8.98-3
8.36-3
7.49-3
6.36-3
4.95-3
3.49-3
2213
1.30-3
7.06-4



Table 5 (continued)

VLAY
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

Zs/7n
U
0.010
0.020
0.040
0.080
0.160
0.320
0.640
1.280
2.560
5.120
10.240

ZsiZy
U
0.01
0.02
0.04
0.08
0.16
0.32
0.64
1.28
2.56
5.12
10.24

32/34
°
2.94-2
2.92-2
2.85-2
2.75-2
2.54-2
2.22.2
1.78-2
1.28-2
8.22-3
4.82-3
2.64-3

34/36
L
3.11-2
3.06-2
3.01-2
2.89-2
2.68-2
2.33-2
1.86-2
1.34-2
8713
5.09-3
2.79-3

40/42
o
3.13-2
3.10-2
3.04-2
2.92-2
2.70-2
2.36-2
1.89-2
1.35-2
8.86-3
5.17-3
2.83-3

32/34
P
5.33-2
5.30-2
5.16-2
4.98-2
4.60-2
4.03-2
3.22-2
2.32-2
1.49-2
8.73-3
4.79-3

34/36
P
6.70-2
6.61-2
6.49-2
6.23-2
5.78-2
5.03-2
4.02-2
2.90-2
1.88-2
1.10-2
6.02-3

46/42
P
1.16-1
1.15-1
1.13-1
1.08-1
1.00-1
8.75-2
6.99-2
5.01-2
3.28-2
1.91-2
1.05-2

32/34

1.25.2
1.21-2
1.18-2
1.10-2
991-3
8.40-3
6.57-3
4.65-3
2913
1.73-3
9.374

34/36

9.57.3
9.30-3
9.05-3
8.47-3
7.64-3
6.49-3
5.07-3
3.60-3
2.253
133-3
7.26-4

40/42

6.32-3
6.14-3
5.97-3
5.60-3
5.09-3
4.30-3
3.39-3
2.40-3
1.53-3
8.96-4
4.89-4

32/34

7.12-5
6.91-5
6.72-5
6.27-5
5.65-5
4.79-5
3.75-5
2.65-5
1.66-5
9.88-6
5.35-6

34/36

3.25-5
3.15-5
3.07-5
2.87-5
2.59-5
2.20-5
1.72-5
1.22-5
7.62-6
4.52-6
2.46-6

40/42

5.14-6
4.99-6
4.85-6
4.55-6
4.14-6
3.49-6
2.75-6
1.95-6
1.25-6
7.29-7
3.97-7

32/34

2.894
2.81-4
2.734
2.55-4
2.30-4
1.95-4
1.524
1.08-4
6.75-5
4.01-5
2.17-5

34/36

2.26-4
2.19-4
2.134
2.004
1.80-4
1.534
1.20-4
8.49-5
5.29-5
3.14-5
1.71-5

40/42

8.60-5
8.36-5
8.13-5
7.64-5
6.93-5
5.86-5
4.62-5
3.27-5
2.09-5
1.22-5
6.66-6

32/34
d
9.88-4
9.59-4
9334
8.71-4
7.85-4
6.66-4
5.204
3.68-4
2314
1374
7.42-5

34/36
d
7.44-4
7.23-4
7.04-4
6.594
5.94-4
5.05-4
3.94-4
2.80-4
1.75-4
1.04-4
5.64-5

40/42
d
2.53-4
2474
2.40-4
2.25-4
2.04-4
1.734
1.36-4
9.64-5
6.15-5
3.60-5
1.96-5

32/34
h
1.12-7
1.09-7
1.06-7
9.91-8
8.93-8
7.58-8
5.91-8
4.19-8
2.63-8
1.56-8
8.44-9

34/36
h
1.71-6
1.66-6
1.62-6
1.51-6
1.37-6
1.16-6
9.06-7
6.43-7
4.01-7
2.38-7
1.30-7

40/42
h
7.87-6
7.80-6
7.65-6
7.33-6
6.79-6
5.94-6
4.75-6
3.40-6
2.23-6
1.30-6
7.11-7

32/34

1.13-2
1.10-2
1.06-2
9.94-3
8.96-3
7.60-3
5.93-3
4.20-3
2.63-3
1.56-3
8.474

34/36

1.29-2
1.25-2
1.22-2
1.14-2
1.03-2
8.73-3
6.82-3
4.84-3
3.02-3
1.79-3
9.75-4

40/42

1.51-2
1.49-2
1.46-2
1.40-2
1.30-2
1.14-2
9.09-3
6.51-3
4.26-3
2.49-3
1.36-3



Table 6. Rate coefficients (R¢) for 15725 - 1s2s2p excitation of Li-like ions:

R=10"% %exp(—BAa) in cm’/s
s
Designations: q=2s2p(’P)1s *Ps;; - 15°25 281, 1=252p(P)1s *P12 - 16725 %Sy,
s=252p(*P)1s *Ps;2 - 1525 %8y, t=252p('P)1s *Py; - 1525 %Sy,

U:ZSZP(SP }1s 4P3f2 - 15228 251/2, VZZSZD(SP)IS 4P1 n- 18225 251 124

Zs/Zy 4/6 4/6 4/6 4/6 4/6 4/6

3] q T s i u v

0.25 1.16+0  5.75-1 1.30-1 7.05-2 2722 1.36-2
0.5 1.14+0  5.65-1 1.56-1 8.36-2  5.81-2 2912
1.0 i.1140  5.54-1 2.03-1 1.07-1 1.12-1 5.60-2
20 1.12+0  5.59-1 2.78-1 1.44-1 1.64-1 9.68-2
4.0 1.22+0 6.07-1 3.85-1 1.97-1 3.03-1 1.51-1
8.0 1.45+0 7.21-1 5.32-1 2.71-1 441-1 2.20-1
i6 1.81+0 9.062-1 7.18-1 3.65-1 6.09-1 3.05-1
32 225+0 1.12+0  9.27-1 4.71-1 7.96-1 3.98-1
Az 13777 13776 13940 13940 13518 13518
27y 5f7 5/7 517 5/7 5/7 5/7

] q I S t u v
0.25 1.52+0  7.51-1 1.75-1 9222  3.23-2 1.62-2
0.5 1.50+40  743-1 2.09-1 1.09-1 7.06-2 3532
1.0 1.48+0  7.32-1 2.69-1 1.39-1 1.40-1 7.00-2
2.0 1.49+0  7.40-1 3.69-1 1.88-1 2.49-1 1.25-1
40 1.6i+0  7.98-1 5.18-1 2.63-1 4.02-1 2.01-1
80 1.87+6 9.30-1 7.22-1 3.65-1 6.00-1 3.00-1
16 229+ 11440 9.84-1 4.96-1 8.44-1 4.22-1
32 2.82+0 1.40+0 1.28+0  6.45-1 1.12+0  5.58-1
Ag 1.2384 1.2383 12505 12505 12172 1.2172
YLVEY 6/8 6/8 6/8 /8 6/8 6/8

B q T S i n v

0.25 1.84+0 9.10-1 2.05-1 1.12-1 3.58-2 1.79-2
0.5 1.84+0 9.11-1 2.45-1 1.32-1 7.93-2 3.96-2
1.0 1.83+0 9.05-1 3.16-1 1.67-1 1.60-1 8.00-2
20 1.85+0  9.14-1 4.36-1 2.26-1 2.90-1 1.45-1
4.0 1.96+0 9.79-1 6.17-1 3.17-1 4.77-1 2.39-1
80 228+06 1.13+0  8.69-1 4.43-1 7.23-1 3.62-1
16 27770  138+0 1190 6.05-1 1.03+0  5.i4-1
32 33940 1.68+0 15510 7.87-1 136+  6.82-1

Ag 1.1495 11494 11591 11591 11396 11315
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Table 6.(continued)

Zs/7y

B

0.25
0.5
1.0
2.0
4.0
8.0
16
32

Asg
Zs/ln

B

0.25
0.5
1.0
2.0
4.0
8.0
16
32
Ae

Zg/Zy

0.25
0.5
1.0
20
4.0
8.0
16
32

8/10

2.35+0
2.38+0
23940
2.44+0
2.62+0
30140
3.64+0
4.43+0

1.0430

10/12

2.74+0
2.80+0
2.83+0
291+0
3.14+0
3.62+0
4.37+0
53140
0.9816

11/13

2.90+9
2.97+0
3.02+0
3.11+0
3.36+0
3.86+0
4.67+0
5.67+0
0.9598

8/10

1.14+0
1.16+0
1.16+0
1.19+0
1.28+}
1.48+0
1.79+0
2.18+0
1.0428

10/12

13140
1.34+0
1.36+0
1.40+0
1.52+0
L.75+0
2.12+0
2.58+0
0.9814

11/13

1.38+0
1.41+0
1.44+0
1.49+0
1.61+0
1.86+0
2.25+0
2.74+0
0.9595

8/10

2.43-1
292-1
3.80-1
5.29-1
7.58-1
1.08+0
1.49+0
1950

1.0497

10/12

2.55-1
3.10-1
4.08-1
5.77-1
8.38-1
1.20+0
1.68+0
22140
0.9868

11/13

2.54-1
3.11-1
4.13-1
5.89-1
8.61-1
1.24+0
1.74+0

220+0-

0.9644

8/10

1.47-1
1.71-1
2.14-1
2.88-1
4.01-1
5.62-1
7.70-1
1.01+0
1.0497

10/12

1.82-1
2.09-1
2.57-1
3.39-1
4.69-1
6.55-1
8.96-1
11730

0.9867

11/13

2.01-1
2.30-1
2.80-1
3.65-1
5.00-1
6.96-1
9.51-1
1.24+0
0.9643 .

8/10

4.06-2
9.09-2
1.87-1
3.46-1
5.79-1
8.92-1
1.28+0
1.71+0
1.0292

10/12

u

4.36-2
9.76-2
2.02-1
3.78-1
6.42-1
9.99-1
1.45+0
1.94+0

0.9703

11/13

u

4.53-2
1.01-1
2.08-1
3.90-1
6.64-1
1.04+0
1.51+0
2.03+0
0.9495

8/10

2.02-2
4.54-2
9.32-2
1.73-1
2.90-1
4.46-1
6.41-1
8.56-1
1.0291

10/12

v

2.15-2
4842
1.00-1
1.89-1
3.20-1
4.99-1
7.23-1
9.71-1
0.9702

11/13

2.20-2
4.97-2
1.03-1
1.94-1
3.32-1
5.18-1
7.53-1
1.01+0
0.9493



Table 6.(continued)

Zg/7y

B

0.25
0.5
1.0
20
4.0
80
16
32

As

Z/7y

0.25
0.5
1.0
20
4.0
8.0
16
32

Zs/n

0.25
0.5
1.0
20
4.0
80
16
32

12/14

q

3.05+0
3.14+0
3.20+0
3.30+0
3.57+0
4.10+0
4.96+0
6.02+0

0.9419

14/16

3.30+0
3.40+0
3.48+0
3.61+0
3.91+0
45140
5.45+0
6.63+0
0.9142

18/20

3.72+0
3.85+0
3.97+0
4.13+0
4.49+0
5.11+0
6.24+0
7.571+0
0.8788

12/14

1.43+0
1.47+0
1.50+0
1.55+0
1.69+0
1.95+0
2.36+0
2.88+0
0.9416

14/16

1.50+0
1.54+0
1.59+0
1.65+0
1.80+0
2.10+0
2.55+0
3.1040
0.9139

18/20

1.52+0
1.58+0
1.64+0
1.73+0
1.90+0
2.22+0
27040
3.30+0
0.8782

12/14

2.47-1
3.06-1
4.12-1
5.94-1
8.76-1
1.27+0
1.78+0
2.36+0
0.9461

14/16

2.23-1
2.83-1
3.95-1
5.87-1
8.85-1
1.30+0
1.8440
2.44+0
0.9178

18/20

1.46-1
2.09-1
3.27-1
5.32-1
8.48-1
1.29+0
1.85+0
2.48+0
0.8815

12/14

22241
2.52-1
3.04-1
3.92-1
5.32-1
7.35-1
1.00+0
1.31+0
0.9460

14/16

2.72-1
3.04-1
3.59-1
4.51-1
6.00-1
8.19-1
1.11+0
1.44+0
0.9177

18/20

4.19-1
4.57-1
5.16-1
6.14-1
7.76-1
1.02+0
1.35+0
1.73+0
0.8813
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12/14

4.72-2
1.04-1
2.14-1
4.01-1
6.84-1
1.07+0
1.56+0
2.09+0
0.9323

14/16

5.24-2
1.11-1
224-1
4.20-1
7.17-1
1.13+0
1.64+0
22140
0.9059

18/20

7.56-2
1.36-1
2.55-1
4.60-1
7.76-1
1.21+0
1.77+0
2.38+0
0.8719

12/14

2.26-2
5.09-2
1.06-1
2.00-1
3.41-1
5.34-1
7.77-1
1.05+0
0.9318

14/16

2.38-2
5.29-2
1.10-1
2.08-1
3.56-1
5.60-1
8.17-1
1.10+0
0.9057

18/20

2.83-2
5.87-2
1.18-1
2.21-1
3.78-1
5.96-1
8.71-1
1.18+0
0.8696



Table 6.(continned)

Zg/Zy
B

0.25
0.5
1.0
2.0
4.0
8.0
16
32

Ae

Zs/Zy

0.25
0.5
1.0
2.0
4.0
8.0
16
32

Zg/Zy

0.25
0.5
10
20
4.0
80
16
32

20/22

4

3.87+0
4.02+0
4.14+0
4.31+0
4.69+0
5.41+0
6.55+0
7.95+0

0.8669

24/26

4.03+0
4.19+0
433+
4.54+0
4.95+0
5.72+0
6.92+0
8.41+0

0.8501

26/28

4.93+0
4.20+0
4.35+0
4.57+0
4.99+0
5.78+0
7.00+0
8.51+0
0.8441

20/22

1.48+0
1.55+0
1.61+0
1.70+0
1.88+0
2.21+0
2.71+0
3.32+0

0.8662

24/26

1.34+0
1.40+0
1.47+0
1.57+0
L77+0
2.10+0
2.59+0
3.19+0

0.8490

26/28

1.25+0
1.31+0
1.38+0
1.49+0
1.68+0
2.02+0
2.50+0
3.09+0
0.8427

20/22

1.06-1
1.68-1
2.88-1
4.96-1
8.17-1
1.27+0
1.83+0
24740

0.8694

24/26

5.27-2
1.14-1
2.36-1
4.49-1
7.78-1
1.23+0
1.81+0
2.45+0

0.8523

26/28

4.67-2
1.08-1
2.30-1
4.44-1
7.75-1
1.24+0
1.82+0
2.47+0
0.8462

20/22

5.15-1
5.56-1
6.16-1
7.16-1
8.83-1
1.14+0
1.50+0
1.91+0
0.8691

24/26

7.45-1
7.94-1
8.60-1
9.65-1
1.14+0
1.43+0
1.83+0
23140

0.8519

26/28

8.61-1
9.14-1
9.82-~1
1.09+0
1.27+0
1.57+0
2.00+0
2510
0.8458

20/22

9.88-2
1.61-1
2.81-1
4.89-1
8.10-1
1.26+0
1.83+0
2.46+0

0.8606

24/26

1.80-1
2.45-1
3.68-1
5.81-1
9.13-1
1.38+0
1.98+0
2.65+0

0.8443

26/28

2.41-1
3.08-1
4.33-1
6.48-1
9.86-1
1.461+0
2.08+0
2.78+0
0.8385

20/22

3.21-2
6.29-2
1.23-1
2.27-1
3.87-1
6.10-1
8.92-1
1.21+0
0.8602

24/26

4.41-2
7.55-2
1.37-1
2.43-1
4.09-1
6.39-1
9.32-1
1.26+0
0.8439

26/28

5.24-2
8.42-2
1.46-1
2.54-1
4.21-1
6.54-1
9.52-1
1.28+0
0.8380



Table 6.(continued)

Zs/7x

B

0.25
0.5
1.0
2.0
4.0
8.0
16
32
As

Zs/7y

0.25
0.5
1.0
2.0
40
8.0
16
32

Zs/Zy

025
05
1.0
20
40
8.0
16
32
Ag

28/30

q

4.03+0
4.20+0
4.36+0
4.59+0
5.02+0
5.81+0
7.04+0
8.57+)
0.8393

30/32

3.95+0
4.12+0
4.28+0
4.51+0
4,95+
5.76+0
6.95+0
8.51+0
0.8355

32/34

3.91+0
4.08+0
425+
4.48+0
4.92+0
5.72+0
6.95+0
8.48+0
0.8325

28/30

1.16+0
1.22+0
1.29+0
1.40+0
1.60+0
1.92+0
2.40+0
2.98+0
0.8376

30/32

1.08+0
1.14+0
1.21+0
1.324+0
1.52+0
1.8440
23140
28740
0.8334

32/34

1.01+0
1.06+0
1.14+0
1.25+0
1.44+0
1.774+0
2.23+0
2.78+0
0.8301

28/30

5.64-2
1.18-1
2.40-1
4.55-1
7.87-1
1.25+0
1.84+0
2.49+0
0.8414

30/32

7.77-2
1.40-1
2.63-1
4.78-1
8.12-1
1.28+0
1.87+0
2.53+0
0.8374

32/34

1.08-1
1.72-1
2.94-1
5.10-1
8.45-1
13140
1.91+0
2.59+0
0.8343

28/30

9.75-1

1.03+0
1.10+0
1.21+0
1.40+0
1.71+0
2.16+0
2.70+0

0.8409

30/32

1.07+0
1.13+0
1.20+0
1.31+0
1.50+0
1.83+0
2.2940
28540
0.8371

32/34

1.15+0
1.21+0
1.29+0
1.40+0
1.60+0
1.93+0
2.41+0
2.99+0
0.8339
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28/30

3.17-1
3.86-1
5.12-1
7.29-1
1.07+0
1.56+0
2.19+0
29140
0.8337

30/32

4.03-1
4.75-1
6.01-1
8.20-1
1.17+0
1.67+0
2.32+0
3.06+0
0.8298

32/34

4.99-1
5.75-1
7.04-1
9.23-1
1.27+0
1.78+0
2.46+0
3.23+0
0.8267

28/30

v

6.29-2
9.50-2
1.57-1
2.65-1
4.34-1
6.70-1
9.71-1
1.31+0
0.8332

30/32

7.47-2
1.07-1
1.70-1
2.78-1
4.48-1
6.87-1
9.93-1
1.34+0
0.8293

32/34

8.79-2
1.21-1
1.84-1
2.93-1
4.64-1
7.06-1
1.02+0
1.36+0
0.8275



Table 6.(continued)

Zg/Zy

B

0.25
0.5
1.0
2.0
4.0
8.0
16
32

As

Z/Zy

0.25
0.5
1.0
20
4.0
8.0
16
32

34/36

q

3.82+0
3.99+0
4.15+0
4.38+0
4 82+0
5.62+0
6.85+0
8.36+0
0.8301

40/42

q

3.48+0
3.65+0
3.81+0
4.05+0
4.49+)
5.28+0
6.46+0
7.91+0
0.8265

34/36

9.43-1

1.00+0
1.07+0
1.18+0
1.38+0
1.70+0
2.15+0
2.69+0
0.8273

40/42

8.03-1
8.58-1
9.29-1
1.04+0
1.24+0
1.55+0
1.98+0
2.49+0
0.8222

34/36

1.45-1
2.09-1
3.32-1
5.47-1
8.83-1
1.36+0
1.96+0
2.64+0
0.8320

40/42

2.63-1
3.30-1
4.54-1
6.69-1
1.01+0
1.49+0
2.11+0
2.82+0
0.8283

34/36

1.22+0
1.294+0
1.36+0
1.47+0
1.67+0
2.01+0
2.51+0
3.10+0
0.8315

40/42

1.35+0
1.42+0
1.50+0
1.62+0
1.82+0
2.18+0
2.69+0
3.33+0
0.8277
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34/36

u

6.00-1
6.78-1
8.08-1
1.03+0
1.38+0
1.90+0
2.60+0
3.39+0
0.8241

40/42

8.81-1

9.69-1

1.10+0
1.33+0
1.69+0
2.25+0
2.99+0
3.86+0
0.8195

34/36

1.92-1
1.35-1
1.98-1
3.08-1
4.80-1
7.23-1
1.04+0
1.39+0
0.8235

40/42

1.46-1
1.81-1
2.45-1
3.55-1
5.30-1
7.79-1
1.10+0
14740
0.8242




Table 7. Rate coefficients 1s-2s excitation (Rc) for emission tines 1s?2p -1s2s?

1s°2p -1s2p? of Li-like ions:R =108 —RZ%exp(—BAe) in cm’/s
8
Designations: 0=25%1s %S, , - 1s2p Py, p=25%1s %S, ), - 1322p P,

m=2p’1s %S, 5 - 15%2p *Psp, N=2p°1s S - 1522p *Pyp, €=2p’1s 2P5 - 1522p *Psp,
d=2p2 is 2P 12~ 1822]) 2P1 /2y h=2pzls 4P 1z = lsﬁp 2P3/2, i=2pzls 4P112 - 152213 2P1 /,

L7y 46 4/6 4/6 4/6 4/6 4/6 4/6 4/6

B o p m n c d h 1
0252.16-5 1085 1054 5145 372-8 750-8 3.00-11 2.11-8
05 291-5 1475 1754 8545 6.19-8 1257 4.69-11 3298
10 3965 199-5 2904 142-4 103-7 2077 745-11 522-8
20 540-5 272-5 4704 2304 1677 336-7 1.18-10 8.28-8
40 7.39-5 3.72-5 7464 3654 2647 533-7 18510 1297
80 1014 50835 1163 5654 4097 8247 281-10 1977
16 1364 6845 1703 8334 604-7 1226 409510 287-7
32 1.76-4 884-5 2343 1153 8317 1676 55810 3.91-7
Ae 13392 13392 14377 14377 14130 14130 13951 1.3951

Zs/Zy 517 5/7 5/7 5/7 57 5/7 5/7 517

B o P m n c d h i
0.25529-5 267-5 2674 1294 1187 2387 1179 1497
05 7.185 363-5 4214 2044 1867 3.76-7 1759 222-7
1.0 9765 493-5 6.73-4 3264 2987 6027 2669 339-7
20 1334 6705 1083 52%4 4767 9617 4099 521-7
40 1804 9085 1683 8164 7467 1506 6229 791-7
2802434 1234 2543 1233 1136 2276 9189 1176
16 3254 1644 3663 1783 1626 3276 1318 1.66-6
32 4184 2114 499-3 2423 2216 4456 1768 224-6
As 12079 12079 12847 12847 12661 12661 12505 1.2505

Zs/7x 6/8 6/8 6/8 6/8 6/8 6/8 6/8 6/8

B o P m n v d h i
0251.11-4 564-5 5724 2694 4657 9447 1298 8857
05 1514 7685 8774 4134 7.13-7 1456 1768 121-6
10 2064 1044 1363 6404 1116 2256 2398 1646
20 2794 142-4 2103 994 1716 3486 3258 2226
40 3784 1924 3233 152-3 2626 5336 440-8 3.02-6
80 5124 2604 4823 2273 3926 796 5968 4086
16 6844 3474 6923 3263 5636 1145 7968 5456
37 8814 447-4 940-3 442-3 7656 1555 1.02-7 7.02-6
As 11242 11242 11872 11872 1.1722 1.1722 1.1586 1.1586

—-T71—



Table 7. (continued)

Zg/7y 8/10

B o

0.253.55-4
05 4854
1.0 6.64-4
2.0 9.084
40 1.24-3
8.0 1.68-3
16 2.24-3
32 23883

As  1.0240

Zs/7, 10/12

B o

0.25 8.654
0.5 1.19-3
1.0 1.63-3
20 2233
40 3.04-3
8.0 4.14-3
16 5.54-3
32 7.133
Az 0.9663

Zs/Zy 11/13
B o

0.25 1.26-3
0.5 1.73-3
1.0 2373
2.0 3.25-3
40 4443
8.0 6.04-3
16 8.08-3
32 1.04-2
As 09459

8/10

P

1.83-4
2.504
3.42-4
4.68-4
6.38-4
8.65-4
1.16-3
1.48-3
1.0240

10/12

4.62-4
6.34-4
8.694
1.193
1.63-3
2.21-3
2.96-3
3.81-3
0.9663

11/13

6.884
9.45-4
1.30-3
1.78-3
2.43-3
3.30-3
4.42-3
5.70-3
0.9459

8/10

1.77-3
2.64-3
3.953
5.94-3
8.90-3
1.30-2
1.84-2
2.47-2
1.0704

10/12

3.86-3
5.65-3
8.38-3
1.25-2
1.84-2
2.66-2
3.77-2
5.07-2
1.0032

11/13

5.26-3
7.64-3
1.12-2
1.66-2
2.44-2
3.52-2
4.91-2
6.53-2
0.9794

8/10

7.81-4
1.16-3
1.74-3
2.61-3
3.92-3
5.73-3
8.08-3
1.09-2
1.0704

10/12

1.42-3
2.08-3
3.09-3
4.60-3
6.76-3
9.81-3
1.39-2
1.87-2
1.0032

11/13

1.95-3
2.833
4.17-3
6.17-3
9.06-3
1.30-2
1.82-2
2.42-2
0.9794

8/10

2.64-6
3.93-6
5.88-6
8.84-6
1.32-5
1.94-5
2.73-5
3.67-5
1.0597

10/12

9.60-6
1.40-5
2.08-5
3.10-5
4.56-5
6.62-5
9.37-5
1.264
0.9948

11/13

1.66-5
2.41-5
3.54-5
5.24-5
7.70-5
1.114
1.55-4
2.064
0.9718

~T2 -

8/10

547-6
8.13-6
1.22-5
1.83-5
2.74-5
4.02-5
5.66-5
7.61-5
1.0597

10/12

2.05-5
3.00-5
4.45-5
6.63-5
9.75-5
1414
2.004
2.69-4
0.9948

11/13

3.61-5
5.24-5
7.70-5
1.144
1.68-4
2414
3364
4.48-4
0.0718

8/10

1.47-7
2.10-7
3.06-7
4.46-7
6.50-7
9.30-7
1.29-6
1.71-6

1.0488

10/12

8.00-7
1.14-6
1.64-6
2.38-6
3.43-6
4.87-6
6.78-6
9.01-6
0.9858

11/13

1.53-6
2.17-6
3.10-6
4.46-6
6.41-6
9.09-6
1.25-5
1.65-5
0.9635

8/10

5.88-6
8.44-6
1.23-5
1.79-5
2.61-5
3.73-5
5.18-5
6.87-5
1.0488

10/12

2.60-5
3.70-5
5.34-5
7.75-5
1.12-4
1.59-4
2214
2.93-4
0.9858

11/13

4.81-5
6.81-5
9.74-5
1.40-4
2.02-4
2.86-4
3944
5.204
0.9635



Table 7. {continucd)

Zg/7y 12/14

B o

0.253.13-3
0.5 4.30-3
1.0 591-3
20 8.13-3
40 1.12-2
8.0 1.52-2
16 2.04-2
32 2.63-2
Az  0.9290

Zs/7314/16

B o

0.253.13-3
0.5 430-3
1.0 5.91-3
20 8.13-3
40 1.12-2
8.0 1.52-2
16 2.04-2
32 2.63-2
As 09031

Zs/7y 18/20

B o

0.25 7.61-3
05 1.05-2
1.0 1.44-2
20 1.99-2
40 2732
80 3.73-2
16 5.01-2
32 6.47-2
Ae  0.8696

12/14

P

1.84-3
2.53-3
3.48-3
4.78-3
6.56-3
8.95-3
1.20-2
1.55-2
0.9290

14/16

P

1.84-3
2.53-3
3.48-3
4.78-3
6.56-3
8.95-3
1.20-2
1.55-2
0.9031

18/20

P

5.24-3
7.21-3
9.93-3
1.37-2
1.88-2
2.57-2
3.45-2
4.45-2
0.8696

12/14

1.02-2
1.46-2
2.10-2
3.03-2
4.36-2
6.26-2
8.79-2
1.17-1
0.9598

14/16

1.02-2
1.46-2
2.16-2
3.03-2
4.36-2
6.26-2
8.79-2
1.17-1
0.9297

18/20

1.56-2
2.22-2
3.17-2
4.55-2
6.51-2
5.20-2
1.27-1
1.67-1
0.8911

12/14

2.85-3
4.07-3
5.86-3
8.44-3
1.22-2
1.75-2
2.45-2
3.26-2

0.9598

14/16

2.85-3
4.07-3
5.86-3
8.44-3
1.22-2
1.75-2
2.45-2
3.26-2
0.9297

18/20

2.46-3
3.49-3
4.99-3
7.17-3
1.02-2
1.45-2
2.00-2
2.63-2
0.8911

12/14

6.04-5
8.65-5
1.24-4
1.79-4
2.584
3.71-4
5.20-4
6.93-4
0.9526

14/16

6.04-5
8.65-5
1.24-4
1.79-4
2.58-4
3.714
5.20-4
6.93-4
0.9236

18/20

1.834
2.60-4
3.72-4
5.34-4
7.63-4
1.08-3
1.49-3
1.96-3
0.8860
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12/14

1.42-4
2.04-4
2.93-4
422-4
6.09-4
8.74-4
1.23-3
1.63-3
0.9526

14/16

1.42-4
2.04-4
2.93-4
422-4
6.09-4
8.74-4
1.23-3
1.63-3
0.9236

18/20

4.93-4
7.01-4
1.00-3
1.44-3
2.06-3
2.90-3
4.00-3
5.28-3
0.8860

12/14

6.17-6
8.69-6
1.23-5
1.75-5
2.49-5
3.52-5
4.88-5
6.44-5
0.9452

14/16

6.17-6
8.69-6
1.23-5
1.75-5
2.49-5
3.52-5
4.88-5
6.44-5
6.9170

18720

1.67-5
2.34-5
3.31-5
4.70-5
6.65-5
9.32-5
128-4
1.68-4
0.8807

12/14

2.074
2.92-4
4.13-4
5.87-4
8.34-4
1.18-3
1.64-3
2.16-3
0.9452

14/16

2.07-4
2.92-4
4.13-4
5.874
8.34-4
1.18-3
1.64-3
2.16-3
0.9170

18/20

8.54-4
1.20-3
1.70-3
2.41-3
3.41-3
4.78-3
6.56-3
8.61-3
0.8807



Table 7. (continued)

Zg/Zy 20/22

B o

0.25 1.08-2
0.5 1.48-2
1.0 2.04-2
2.0 2.380-2
4.0 3.85-2
80 5.26-2
16 7.07-2
32 9.12-2
As 0.8584

Zs/Zy 24/26

B o

0.252.15-2
0.5 2972
1.0 4.08-2
20 5.61-2
40 7.72-2
8.0 1.06-1
16 1.42-1
32 1.83-1
As 0.8423

Z/7y26/28

B o

0.252.15-2
0.5 2.97-2
1.0 4.08-2
2.0 5.61-2
4.0 7.72-2
80 1.06-1
16 1.42-1
32 1.83-1
Az 0.8365

20/22

P

8.11-3
1.12-2
1.54-2
2.11-2
2.90-2
3.96-2
5.33-2
6.88-2
0.8584

24126

P

2.39-2
3.30-2
4.54-2
6.24-2
8.58-2
1.17-1
1.58-1
2.04-1
0.8423

26/28

2.39-2
3.30-2
4.54-2
6.24-2
8.58-2
1.17-1
1.58-1
2.04-1
0.8365

20/22

1.70-2
2.40-2
3.41-2
4.87-2
6.97-2
9.84-2
1.36-1
1.78-1
0.8783

24/26

1.57-2
2.19-2
3.09-2
4.39-2
6.23-2
8.78-2
1.21-1
1.59-1
0.8604

26/28

1.57-2
2.19-2
3.09-2
439-2
6.23-2
8.78-2
1.21-1
1.59-1
0.8541

20/22

1.85-3
2.61-3
3.70-3
5.29-3
7.56-3
1.07-2
1.47-2
1.94-2
0.8783

24/26

4314
6.03-4
8.504
1.21-3
1.71-3
2.41-3
3.323
437-3
0.8604

26/28

431-4
6.034
8.50-4
1.21-3
1.71-3
2.41-3
3.32-3
4.37-3
0.8541

20/22

2.584
3.64-4
5.17-4
7.39-4
1.06-3
1.49-3
2.06-3
2.70-3
0.8735

24/26

3.68-4
5.154
7.25-4
1.03-3
1.46-3
2.06-3
2.84-3
3.733
0.8556

26/28

3.68-4
5.154
7.25-4
1.03-3
1.46-3
2.06-3
2.84-3
3.73-3
0.8492
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20/22

7.52-4
1.06-3
1.51-3
2.15-3
3.08-3
4.35-3
5.99-3
7.88-3
0.8735

24/26

1.27-3
1.78-3
2.50-3
3.55-3
5.05-3
7.11-3
9.80-3
1.29-2
0.8556

26/28

1.27-3
1.78-3
2.50-3
3.55-3
5.05-3
7.11-3
9.80-3
1.29-2
0.8492

20/22

2.02-5
2.83-5
3.98-5
5.64-5
7.99-5
1.124
1.54-4
2024
0.8686

24/26

9.52-6
1.33-5
1.87-5
2.64-5
3.75-5
5.27-5
7.25-5
9.52-5
0.8513

26/28

9.52-6
1.33-5
1.87-5
2.64-5
3.75-5
5.27-5
7.25-5
9.52-5
0.8450

20/22

1.49-3
2.09-3
2.94-3
4.17-3
5.91-3
8.29-3
1.14-2
1.49-2
0.8686

24126

4.98-3
6.94-3
9.75-3
1.38-2
1.96-2
2.76-2
3.79-2
4.98-2
0.8513

26/28

4.98-3
6.94-3
9.75-3
1.38-2
1.96-2

2.76-2

3.79-2
498-2
0.8450



Table 7. (continued)

Zs/7y 28/30  28/30

B o

0.252.49-2
0.5 3.42-2
1.0 4.71-2
20 6.48-2
4.0 8912
8.0 1.22-1
16 1.64-1
32 2.11-1
Ag 0.8317

Zo/Zx 30/32

8 o

0.252.79-2
0.5 3.83-2
1.0 527-2
2.0 7252
40 9.96-2
80 1.36-1
16 1.83-1
32 237-1
As 0.8278

ZsZn 32/34

B o

0.253.02-2
0.5 4.15-2
1.0 5.70-2
20 7.83-2
40 1.08-1
80 147-1
16 1.98-1
32 2.56-1
Ae 0.8247

P

3.22-2
4.44-2
6.11-2
8.40-2
1.15-1
1.58-1
2.12-1
2.74-1
0.8317

30/32

4.27-2
5.87-2
8.08-2
1.11-1
1.53-1
2.09-1
2.81-1
3.62-1
0.8278

32/34

5.47-2
7.52-2
1.03-1
1.42-1
1.95-1
2.67-1
3.59-1
4.64-1
0.8247

28/30

1.42-2
1.99-2
2.79-2
3.94-2
5.58-2
7.86-2
1.08-1
1.42-1
0.8491

30/32

9.98-3
1.39-2
1.95-2
2.75-2
3.88-2
5.45-2
7.50-2
9.85-2
0.8452

32/34

1.09-2
1.52-2
2.13-2
3.00-2
4.22-2
5.92-2
8.13-2
1.07-1
0.8244

28/30

2.34-4
3.26-4
4.584
6.48-4
9.17-4
1.29-3
1.78-3
2.34-3
0.8491

36/32

9.67-5
1.354
1.89-4
2.66-4
3.76-4
5.284
7.26-4
9.54-4
0.8452

32/34

6.24-5
8.69-5
1.22-4
1.71-4
2414
3.384
4.64-4
6.094
0.8244

28/30

3.49-4
4874
6.84-4
9.67-4
1.37-3
1.93-3
2.65-3
3.49-3
0.8440

30/32

3.074
4.29-4
6.01-4
8.46-4
1.19-3
1.68-3
2313
3.03-3
0.8399

32/34

2.53-4
3.534
4.94-4
6.95-4
9.79-4
1.37-3
1.88-3
2.47-3
0.8366

75~

28/30

1.22-3
1.71-3
2.40-3
3.39-3
4 80-3
6.75-3
9.30-3
1.22-2
0.8440

30/32

1.07-3
1.49-3
2.09-3
2.95-3
4.16-3
5.84-3
8.04-3
1.06-2
0.8399

32/34

8.65-4
1.21-3
1.69-3
2.37-3
3.34-3
4.68-3
6.43-3
8.45-3
0.8366

28/30

3.87-6
5.40-6
7.58-6
1.07-5
1.51-5
2.13-5
2.93-5
3.85-5
0.8399

30/32

6.15-7
8.58-7
1.20-6
1.69-6
2.39-6
3.36-6
4.62-6
6.07-6

0.8357

32/34

0.85-8
1.37-7
1.92-7
2.70-7
3.80-7
3.33-7
7.32-7
9.61-7
0.8322

28/30

6.58-3
9.19-3
1.29-2
1.82-2
2.58-2
3.62-2
4.99-2
6.56-2

0.8399

30/32

8.25-3
1.15-2
1.61-2
2.27-2
3.21-2
4.51-2
6.20-2
8.15-2
0.8357

32/34

9.88-3
1.38-2
1.93-2
2.71-2
3.82-2
5.35-2
7.35-2
9.64-2
0.8322



Table 7. (continued)

Zs/Zxy 34/36

B o

0.253.18-2
0.5 4372
1.0 5992
20 8.22-2
4.0 1.13-1
80 1.55-1
16 2.08-1
32 2.69-1
Az 0.8221

ZsZy 40/42

B o

0.253.22-2
0.5 441-2
10 604-2
2.0 8282
4.0 1.14-1
8.0 1.56-1
16 2.09-1
32 2.70-1
Az 0.8175

34/36

p

6.86-2
9.42-2
1.29-1
1.77-1
2.44-1
3.34-1
4.49-1
5.80-1
0.8221

40/42

p

1.19-1
1.63-1
2.24-1
3.07-1
421-1
5.76-1
7.75-1
1.00+0
0.8175

34/36

m

8.43-3
1.18-2
1.64-2
2312
3.25-2
4.54-2
6.23-2
8.17-2
0.8401

40/42

5.66-3
7.85-3
1.09-2
1.53-2
2.14-2
2.99-2
4.09-2
5.36-2

0.8372

34/36

2.86-5
3.98-5
5.57-5
7.83-5
1.10-4
1.544
2.114
2.77-4
0.8401

40/42

4.60-6
6.38-6
8.88-6
1.24-5
1.74-5
2.43-5
3.33-5
4.36-5
0.8372

34/36

1.99-4
2.77-4
3.88-4
5.44-4
7.65-4
1.07-3
1.47-3
1.93-3
0.8341

40/42

7.71-5
1.07-4
1.494
2.08-4
2.924
4,07-4
3.57-4
7.30-4

0.8300
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34/36

6.56-4
9.144
1.28-3
1.79-3
2.52-3
3.53-3
4.84-3
6.35-3
0.8341

40/42

2.27-4
3.15-4
4,394
6.14-4
8.60-4
1.20-3
1.64-3
2,153
0.8300

34/36

1.51-6
2.10-6
2.94-6
4.12-6
5.80-6
8.11-6
1.11-5
1.46-5
0.8295

40/42

8.08-6
1.11-5
1.52-5
2.08-5
2.86-5
3.91-5
5.26-5
6.79-5
0.8189

34/36

1.13-2
1.58-2
2.21-2
3.10-2
4.37-2
6.11-2
8.38-2
1.10-1
0.8295

40/42

1.55-2
2.12-2
2.90-2
3.98-2
5.47-2
7.48-2
1.01-1
1.30-1

0.8189



Table 8.Excitation cross section in units 102> cm? for TiXX and FeXXIV.
a: present calculations, b - theoretical data by Zhang ef al [31], ¢- experiment results by
Wong ¢t al [17]. Designations are the same as in Table 4.

Ion EnergytkeV) q r S t n v

Ti'™ 49 a 465 1.94 147  L12 1.43 0.692
Ti' 49 b 488 2.03 1.21 1.47 0.73
Ti'™ 49 ¢ 464t1.06 2.1810.54 1.0030.27 2294058 0.9710.25
Fe®' 68 a 2.38 0.813 0.742 0.665 0.787 0.374
Fe* 6.8 b 2.49 0.94 0.72 0.81 039
FeB' 68 ¢ 2411033 1.0610.18 0.7440.13 0.7710.13  0.3910.07

. & S



Table 9.Excitation rate coefficients (cm’/s) -R for FeXXIV:
a- present calcultions, b- data by Bely-Dubau et al [4].

Designations are from Table 4 and 5.

a b a b a b

T(10°K) q r s

5.0 1.07-18 1.16-18 4.03-19 3.70-19 2.82-19 1.17-20
7.5 1.62-16 6.02-17 3.94-17

10 1.94-15 2.06-15 7.41-16 6.42-16 4.35-16 1.75-17
15 2.28-14 2.41-14 8.28-15 7.37-15. 4.42-15 1.76-16
20 7.77-14 8.16-14 2.79-14 2.46-14 1.44-14 526-16
30 2.63-13 2.74-13 9.28-14 8.10-14 3.52-14 1.45-15
40 4.88-13 5.00-13 1.68-13 1.46-13 5.29-14 2.15-15
60 8.42-13 9.10-13 2.89-13 2.62-13 6.71-14 2.95-15
80 1.20-12 1.22-12 4.09-13 3.50-13 7.41-14 3.21-15
100 1.44-12 1.46-12 4.88-13 4.09-13 7.47-14 3.23-15
120 1.62-12 5.47-13 6.81-14

160 1.88-12 6.30-13 5.75-14

t u \'Z

5.0 2.88-19 2.39-19 3.19-19 3.14-19 1.50-19 1.53-19
7.5 4.22-17 4.44-17 2.08-17

10 4.93-16 4.05-16 4.94-16 4.79-16 2.30-16 2.28-16
15 5.56-15 4.57-15 5.08-15 4.89-15 2.33-15 2.29-15
20 1.83-14 1.51-14 1.54-14 1.47-14 6.95-15 6.75-15
30 5.90-14 4.85-14 4729-14 4.05-14 1.88-14 1.80-14
40 1.04-13 8.61-14 6.73-14 6.30-14 2.87-14 2.72-14
60 1.74-13 1.52-13 921-14 9.02-14 3.71-14 3.67-14
80 2.41-13 2.00-13 1.11-13 1.02-13 4.22-14 3.94-14
100 2.85-13 2.35-13 1.19-13 1.07-13 4.36-14 3.92-14
120 3.16-13 1.18-13 411-14

160 3.59-13 1.16-13 3.76-14
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Table 9 (continued)

a b a b 3 b a b

T (10°K) 0 p c d

50  2.17-20 1.82-20  2.09-20 1.8420  4.10-22 4.33-22 1.35-21 1.48-21
7.5  2.94-18 2.83-18 5.96-18 2.08-19

10 3.29-17 2.95-17  3.17-17 3.00-17  6.87-19 7.04-19  2.27-18 2.41-18
15 3.30-16 3.22-16  3.18-16 3.25-16  7.45-18 7.63-18  2.46-17 2.61-17
20 1.05-15 1.01-15 1.05-15 1.02-15  234-17 241-17  7.74-17 8.27-17
30 3.10-15 3.05-15  3.10-15 3.08-15  6.92-17 7.22-17  2.29-16 2.47-16
40 531-15 50815  5.12-15 5.13-15 1.14-16 1.20-16  3.77-16 4.13-16
60 8.31-15 8.04-15  7.99-15 8.12-15  1.76-16 1.91-16  5.83-16 6.53-16
80 1.00-14 975-15  9.63-15 9.85-15  2.10-16 2.30-16  6.95-16 7.88-16
100 1.11-14 1.07-14  1.06-14 1.08-14  231-16 25516  7.65-16 8.74-16
120 1.14-14 1.10-14 2.36-16 7.83-16

160 1.17-14 1.13-14 2.41-16 7.98-16

h i m n

5.0 1.88-23 4.46-23  4.25-21 4.23-21 1.75-20 1.79-20  7.86-22 3.42-22
75  2.68-21 6.04-19 2.62-18 1.18-19

10 3.05-20 72620  6.87-18 6.80-18  3.06-17 2.90-17 1.38-18 5.54-19
15 3.26-19 787-19  735-17 7.46-17  337-16 3.15-16  1.51-17 6.03-18
20 1.02-18 2.48-18  2.30-16 2.35-16  1.07-15 991-16  4.80-17 7.89-17
30 3.01-18 7.46-18  6.78-16 7,07-16  3.18-15 2.98-15 1.43-16 5.69-17
40 4.94-18 125-17  1.11-15 1.18-15  5.25-15 497-15  2.36-16 9.49-17
60 764-18 1.97-17  1.72-15 1.87-15  8.16-15 7.87-15  3.67-16 1.50-16
80 9.11-18 2.38-17  2.05-15 2.26-15  9.74-15 9.56-15  4.38-16 1.83-16
100 1.00-17 2.63-17  2.26-15 2.49-15 1.07-14 1.05-14  4.82-16 2.01-16
126 1.03-17 2.32-15 1.10-14 4.94-16

160 1.05-17 2.36-15 1.12-14 5.04-16
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Figure Captions

Fig. 1. Scaled cross section (o ¢} for the six 2s2p(}-3P)1s 2-9P; - 15225 28, , lines of Li-like ions
withZ=6, 8, 10, 12, 13, 16, 20, 22, 26, 28, 30, 36 and 42 as function of the scaled scattered
electron energy u, given in units of Zs2 (Ry), where Zs = Z-2.

(1) q=2s2p(P)1s 2P, - 15?25 2§, ,

(i) r=282p(P)1s 2P, - 15?25 2§, ,,

(i) s =2s2p(*P)1s 2P, - 15?25 2§,

(V) t=2s2p('P)1s %P, , - 15?25 2§,

(V) u=2s2p(P)1s 4P, - 15225 28, ,

(vD) v=2s2pCP)1s 4P, - 15?25 2§, ,

Fig.2. Scaled cross section ( o ¢) for the eight emission lines 1s22p - 15252, 1522p - 1s2p? of Li-
like ions with Z =6, 8, 10, 12, 13, 16, 20, 22, 26, 28, 30, 36 and 42 as function of the scaled

scattered electron energy u, given in units of Zs* (Ry), where Zs = Z-2.
(1) 0=2s%1s2S,,, - 1s2p ?P,,,
(i) p=2s®1s2S,, - 1s22p2?P,
(i) m=2p?1s?S, ,- 1s*2p %P, ,
(V) n=2p’1s%S,,-1s?2p 2P, ,
(V) c=2p%1s?P,,, - 1522p 2P, ,
(vi) d=2p’1s?P,,-1s%2p%P,,
(viD) h=2p"1s4P,, - 1s?2p 2P, ,
i) i=2p’1s P, - 1s?2p %P, ,

Fig.3. Scaled excitation rate coefficients (Ro) for the six 262p( P)1s =" Pj - Is 25 ~S172 lines of Li-
like ions with Z =6, 8, 10, 12, 13, 16, 20, 22, 26, 28, 30, 36 and 42 as function of the scaled
electron temperature 1/ 8 in nuits of Zs2 (Ry), where Zs = Z-2.

(1)-(vi) ;the same transitions as in Fig.1

Fig.4. Scaled excitation rate coefficients (Rc) for the eight emissionlines 1s%2p - 1s2s2, 1s?2p - 1s2p?
of Li-like ions with Z =6, 8, 10, 12, 13, 16, 20, 22, 26, 28, 30, 36 and 42 as ftmctlon of the scaled
electron temperature 1/ § in nuits of ZsZ (Ry), where Zs = Z-2.

(i)-(ViE) ;the same transitions as in Fig.2.
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Publication List of NIFS-DATA Series
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and Density Diagnostics ; Mar. 1990 [ At Data and Nucl Data Tables
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NIFS-DATA-4 T. Fujimoto, K. Sawada and K. Takahata,
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Electron Impact; Mar. 1990
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Some Electron Detachment Data for H ™ lons in Collisions with
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NIFS-DATA-6 H. Tawara, Y. itikawa, H. Nishimura, H. Tanaka and Y. Nakamura,
Collision Data Involving Hydro-Carbon Molecules; July 1990
[Supplement to Nucl. Fusion 2(1992)25]
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Bibliography on Electron Transfer Processes in lon-
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Total and Partial Cross Sections of Electron Transfer Processes for
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Status in 1991-; June 1991
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Comparison of Ionization Rate Coefficients of lons from Hydrogen
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T. Kato, Y. ltikawa and K. Sakimoto,
Compilation of Excitation Cross Sections for He Atoms by Electron
Impact; Mar. 1992
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Electron Stripping Cross Sections for Light Impurity lons in
Colliding with Atomic Hydrogens Relevant to Fusion Research;
Apr. 1992
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Electron Impact Excitation Cross Sections and Effective Collision
Strengths of N Atom and N-Like Ions -A Review of Available Data
and Recommendations- ; Sep. 1992

Hiro Tawara,
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Plasma Impurities, Oct. 1992
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Bibliography on Electron Transfer Processes in lon-
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Monoatomic Solids at Normal Incidence; Mar. 1995
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Apr. 1995
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July 1995
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Electron Impact; July 1995
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Excited States in He: n, n'=2,3 and 4; Aug. 1995
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Cross Sections and Rate Coefficients for Excitation of An = 1
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