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Partial Photoionization Cross Sections and Radiative Recombination

Rate Coefficients for Li-Like Ions - II

W. D. Barfield
Theoretical Division

Los Alamos Scientific Laboratory
Los Alamos, NM 87545

ABSTRACT

A non-hydrogenic single-electron-transitionmodel with
Dirac-Slater SCF wave furlctionsand al’1necessary multipoles
has been used to obtain artial photoionization cross sec-
tions for C+3, 0+5, Ak+lg, Fe+23, and MO+39 for principal
quantum number n = 10 and all Q, hv~ 200 keV, supplementing
results reported elsewhere for n = 2, 3,4,and 6. The partial
cross sections for the isoelectronic sequence are represented
approximately by a simple analytical form:

3

in [(Z- SnL)2UnL (hV)] ‘~ai(nl)xi

o

(Z = nuclear charge; x = In [hv/(Z - 2)2].) n-3 scaling is
used to obtain partial cross sections for other values of ~
(6< n< 10,lO<n <100). Radiative recombin~tion rate co-
efficients (swmned over t and n < 100) have been calculated
from the partial photoionization cross sections for kT = .01,
.03, 0.1, 0.3, 1.0, 3.Oand 10.0 keV. The results have ap-
plication to ionization balance calculations for the solar
corona and for TOKAMAKS.

Partial photoionization cross sections for Li-like tens f C, O, AL, Fe

and Mo for principal quantum number ~ = 2, 3, 4 and 6 and L < n calculated on

the basis of a single-electron-transitionmodel [1] were reported previously

([2],referred to below as I). This paper extends those results to n = 10, and

introduces a different method for scaling the single-electron-transitionmodel

results to other values of ~, in order to obtain recombination rate coeffi-

cients sunmed over Land k.
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The single-electron-transitionmodel used as the basis of the calculations

reported here is described in (I), where also comparisons are made with results

of other authors and with non-relativistic dipole hydrogenic model results, In

the cases of Li-like Ak, Fe and Mo it was found empirically that the cross

section for photoionization from an excited orbital is given with small error

by using the wave function for the corresponding orbital in the ground state

configuration. Enough multipole terms were used to ensure a calculated cross

section converged to within t 1%.

Partial photoionizatic~ cross sections for a typical case (0+5, n = 10)

are shown in Fig. 1. Coefficients of polynomials for interpolating the partial

cross sections to i’nter~adiatevalues of Z (= nuclear charge),

3

I
Z* U(Z$hvi*) =

j=o

[

2.

N-li z
CijZ-J (26ZZZ42)

(1)

j=o

ere given in Table I, which also tabulates the normalization constants Ni and

the coefficients in

Z2hvi*(Z) = Al +B(Z-l - Z,-’) +C(Z-2 - Z,-’) (i=l,2,3,... ) (2)

The quadratic splines match the slopes and ‘,aluesof the cubics at Z = Z1 = 25.

An example illustrating the use of the interpolating polynomials is given in (I),

Less accurately, the t)artialphotoionization cross section data for the

Isoelectronic sequence can be represented by the simple form (compare [3])
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3

tn[(Z - snl)2~n1(Z,h~)] =x ai(n~) Xi

i=o

(3)

where x = kn[hv/(Z - 2)2]. (Figure 2 is a typical plot.) The coefficients ai

and screening constants Snk (Table 11) were determined bya least-squares pro-

cedure so as to keep the fractional error IUfit - IJ1/Uless than about 5% near

threshold. The error increases at higher photon energies. Figure 3 is J

typical error plot.

The partial cross sections scale approximately as n-s for k Z 3 (Figs. 4,

5; also, figures in [4]). (Compare Eq. 71.200f [5].)

Radiative recombination rate coefficients [6] were calculated from the

-3partial photoionization cross sections. n scaling from n = 10 was used to

gen~rate cross sections for 6 < n < 10 and 10 < n in order to sum the rate co-

efficients over empty and partially-filled shells with n < 100. The coc-ibu-

tionof terms with 9< Jiwas neglected (Fig. 5). For 10< n an extrapolation

to energies below the n = 10 edge is also required: Compare Fig. 4. Quadratic

extrapolation on the logarithms -- i.e., log a vs. log hv -- was used. (For the

higher temperatures (.01 keV < kl for C; 3 keV < kT for Mo) the contributions

of 3 < k c 9 and the partial integral below the n = 10 edge are each less than

10%.) Figure 6 shows the convergence of the sums in a typical case.

The calculated summed rate coefficients differ only slightly* from the

*Differences are hardly detectable cirlthe scale of Fig. 2 of (1).

curves of Fig, 2 of (I), where a different method was used to approximate the

contribution of terms wfth 6 < n.
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The sumned recombination rtitescan be approximated with error < 1% by

kT
z

~ng(T) =~Bi [loglO(kT!keV)Ji

n,g i=0

(4)

where the coefficients are given in Table IV. Table V gives ratios of the

sumned coefficients to Kramersl semiclassical model ([7] and (I)) values.

Although the partial photoionization cross sections may differ substantially

from dipole hydrogenic values (I, and Table III),* the Kramers model predicts

the summed recombination rate coefficients fairly accurately in most cases.

The partial cross sections and recombination rate coefficients reported

here have application to ionization balance calculations for the solar corona

and for TOKAMAKS.
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%
Differences are probably mainly due to higher multipoles: The ratio of
photon wave length to orbital diameter is 0.5A/<r>nR

= 23 (Z-2) keV (hv)-l [3n2 - L(!?+ 1)]-1 .

For a 10p orbital this ratio is .08(Z-2) keV/hv.
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Table I - Constants (Ai, B, C, Zl) for E(I.(2) of text, normalization constants

(Ni), coefficients (bo, b,, b2, b3) of cubic polynomials (in Z-l) for

interpolation in the range 6 < Z < 26, and coefficients (Co~ cl, C2)

of quadratic splines (in Z-l) for interpolation in the range

26< Z< 42. (The slope and value of the spline at Z-l = 26-1 match

24
the cubic.) Units for Ai and Ni are keV and 10 cm-2, respectively.

x
For these cases the polynomial

Table II - Screening parameters

fits should not be used for Z < 8.

(snt) and coefficients for Eq. (3) of text.

(Xo) = Z-average of ~ corresponding to edge.

Table IV - Coefficients for fits (Eq. 4 of text) giving temperature dependence

E
ank (T) (cm3/s), forof summed recombination rate coefficients~

n~

ions that are !.i-likeafter recombination.

Table V - Ratios of summed recombination rate coefficients to Kramers model

values. (The ion stage is that of the recombined ion.)



Figure Captions

Fig. 1. Partial photoionization cross :ections for 0+5, n = 10, calculated on

basis of single-electron-transitionmodel.

Fig. 2. Partial photoionization cross sections for Li-like ions (6d shell)

multiplied by (Z - S)2. The curve is a least-squares fit. (Units: barns~ k=v)

Fig. 3. Fractional error (Ufit - u)/uof fit in Fig. 2.

Fig. 4. Partial photoionization cross sections for A!t+ 10, n = 10, calculated

by single-electron-transitionmodel. Also shown are points scaled (n-3) from

n = 6. The arrow indicates the 6s edge.

Fig. 5. Single-electron-transitionmodel calculations of partial photoioniza-

tion cross sections for AR
+10

,rl= 10, multiplied by statistical weight factor

gi/9i+1 (see I) and Partial summed on ~~ Also shown are points (d, o) scaled

(n-3) from single-electron-trar,sitionmodel results for n = 6, arida point (X)

corresponding to extrapolation from n = 4 and 6 by Lee-Pratt method [9]. The

asymptotic value given by the hydrogenic expression 71.20 of [5] is also in-

dicated (E/S). The n = 10 edge is approximately hv- .017 keY.

Fig. 6. Partial sum on pfi1 of radiative recombination ratu coefficients for

AL+lO, kT = .03, 1.0 keV, calculated by single-electron-transitionmodel

(n =2, 3, 4, 6, 10) and r?-3scaling. L=min(n-l ,9).
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ig. 1. Partial photoionization cross sections for 0+5, n = 10, calculated on

basis of single-electron-transitionmodel.
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Table I -

103

1 7.908 ~e-02
2 I.000oe-ol
3 ~.oOooe-oJ
4 a.mooe-ol
5 7.0000e-01
6 t.NM3Qe+WJ
7 2.000f)e*DO
8 3.oOOOe+OO
9 7.000fle+OO

10 1.0000e+Ol
11 2.0000e+Ol
12 b.oOOOe4Jl
13 7.0000e+Ol

1op

1 7.f172Qe-02
2 1.000Ge-01
3 2.0000e-0~
S 4.0000e-01
5 7.0000e-01
6 l.oOflOe+OO
7 2.0000e+OO
8 a.000oe+on
9 7.0000e+OO

10 1.0000e+Ol
11 2.OfJOOe*Ol
12 Q.onooe+ol
13 7.000oe+ol

10d

1 7.lJ4f37e-02
2 1.0000e-01
3 2.0000e-fll
e _.0000e-01
5 7.11000e-01
6 l.f1000e+OO
7 2.0003e+00
8 8.0000e+oO
9 7.0000e+OO

lof

1 7.P43Se-02
2 l.rlnm?e-nl
3 z-CXJOe-1)1

m.u{l(l[m-f!l
Z ?.oono~-nl
(- l.txrm+no
.,. ?-nrmh=.cn

m

Constants (Ai, B, C. 2,) for Eq. (2) of text, normalization constants

(~l). Coefficients (bo. b,. b2, b3) of cubic polynomials (in Z-T) for

interpolation in the range 6 < Z . 26. and coefficients (co, C,, C2)

of qhsdratic splines (in Z-l) for interpolation in the range

26<2 <42. (The

the cubic. ) Units

‘i

b= -.000548

slope and value of the spline at Z
-1

for Ai aml Hi are keV and 1024 cm-z,

b.

kev

5.3?b9e-C9 tJ.4023e-01
1.n2~0e-oP J1.773J?e-01
8.76??e-08 1.P51ne+O0
1-9968e-07 1.P717e+O0
6.541Qe-07 1.076Ge+O0
1.al12e-n6 1.05m6e+on
6.5W’Ue-06 1.t3150e+O0
3.17nSe-05 1.nR55e+00
1.20d9e-na 1.to40e+?)c
7.911ne-04 ;.l121e+OG
1.75@fie-03 1.1232e+n0
1.l1357e-fl? 1.1638e+O0
5.551?e-~2 1.n63ne+oo

b. -.000563 kev

3.7481cJW 5.4331e-01
7.?h77e-fJ9 h.Jll%4e-01
b.3953e-08 9.n4PRe-01
1.95U7e-07 ~.~226e-01
7.0001e-C 1.(J47.?e+on
1.fi4ft4e-Pt 1.ln47e+00
9.m947e-n6 1.lB64e+O0
6.k335e-n5 1.141Ue+CJ0
3.4165e-P4 1.1613e+O0
7.0295e-n3 1.1557e+O0
9.60R7e-03 1.0671e+(J0
1.0114e-01 9.89a2e-ni
b.?l!03e-01 ti.7fJ24e-01

b, -.000554 kev

3.2521e-09 b.373qe-nl
h.5753e-oo 5.653t3e-nl
4.5n57e-wf 1.0724e+O0
?.3392e-07 o.h386e-nl
1.0a7JJe-06 1.130Re+O0
.J.904ne-r6 1.>707e+n0
?.501Re-n5 1.*21Re+on
2.9?711e-t~@ 1.U724e+!M
2.5683e-n3 l.~nlle+no

b. -.000550 kev

?.71r,?e-n9 6.1556e-nl
7-?~7Re-00 h.C077e-oj
5.?7~3e-{]q l.l>y-/e+oO
j.~-5hne-?7 1.0774e+lln
?.l:7?r-n6 l-rxJ71%+nP
7.wG{,Fe-Q6 1.1~7rVe+00
l.llf,pp-no 1.7575e+fi0

bl b2

c= .000608 kev

-3.R6iWe+n0 ?.8517e+Ol
7.?66re+00 -1.2271e+Ol

-7.?375e-01 -?.1517e+Ol
-:.8597e+O0 -?.7744e+Ol
-1.~876e+O0 -3.95Pfie+51
-1.3535e+O0 -4.9?ORe+Ol
-4.730Re-02 -6.nO&~e+Ol

-1
= 26 match

respectively.

b3

Z1 =

-2.9877e+02
1.549fJe+OI
8.4236e+Ol
~.255be+n2
2.06.?Oe+02
2.5175e+O?
?.817Jle+fJ2

-J.7q15e+O0 -6.3514e+no 5.?837e+Ol
-5.1553e+00 1.7457e+Ol -1.9503e+Ol
-5.8675e.nO ?.n5q5e+Ol -4.55Y?e+Ol
-6.9??ne+O0 3.n653e+Ol -7.?461e+nl
-8.rJ126e+n0 3.57n9e+nl -7.*4fiRe+Ol
-7.fJR77e+O0 7.9108e+Ol -5.7@I?r+ol

c= .000652 kev 21 =

1.47We+O0 2.q773e+fJ)
9.7365e+OfJ -8.f)977e+Ol
5.7163e+O0 -9.9495e+Ol
3.???%e+OO -13.6070e+Ol

-?.0618e+130 -4.rJ*27e+01
-*.fJJ177e+O0 -1.436f)e+Ol
-s.0436e+O0 4.6630e+nl
-9.4690e+O0 3.2339e+Ol
-1.ln87e+01 4.0889e+Ol
-1.1944e+0’t 4.5390e+Ol
-1.168fle+Ol 4.3781e+Ol
-1.0?35e+Ol 3.2Ru3e+Ol
-1.0045e+01 3.5270e+Ol

c= .000593 kev

-4.0599e+O0 P.8333e+nl
4.51;4e+(J0 -3.7190e+Ol

-1.072te+mJ -3.7?6LJe+Ol
9.h6hqe-01 -7.319ne+01

-6.761Pe+O0 7.515fJe+nn
-1.777?e+Ol 6.9916e+Ol
-7.0R7fie+Ol 1.5919e+02

-7.49w3e+nl ?.0195e.O?
-7. q67?e+Ol 1.qlJl?e+02

-1.3277e+O?
2.q5wie+n2
3.94ZJ7P+02
3.5631e+02
.?.4?Rle+02
1.6483e+02

-7.9015e+Ol
o.
n.
o.
0.
0.
0.

21 =

-3.n551e+n2
1.54b2e+O?
?.1738e+n?
_i.3?RPe+0,?
4.7979e+Ol

-1.66?3e+02
-b.78rJ7p+~?

-6.7?15e+07
-5.9399e+n7

l?= .000573 kev 71 =

co

?6

5.1026e-01
6.Z1567C-01
R.W45e-01
9.J1382e-01
l.n?lle+ml
1.0785e+n0
1.14n9e+O0

c1 C2

1.373?e+Ol -1.675?e+02
1.U?93e+(J1 -t.6?67e+O?
7.1364e+lMl -1.lf3t34e+02
2.52$Oe+O0 -7.75n3e+01
5.6Uz17e-01 -6.0861e+ol

-2.9685e+rm -1.3787e+Ol
-7.0097e+O0 4.5fJ9ne+01

1.14n7e+n0 -6.71U?e+n0 3.f169?e+nl
1.tP59e+n0 -9.qM4@+O0 6.fi330e+Ol
1.2?U6e+OfJ -1.1652e+Ol 9.3158e+nl
1.2945e+O0 -1.5775e+nl 1.4091e+07
1.214?e+O0 -1.n522e+ol 6.4030e+(Jl
1.6R13e.00 -3.9154e+Ol 4.42ti6e+02

76

4.68117e-CJl 5.5fi19e+O0
6.65?Re-01 -2.5997e-01
q.lq93e-nl 4.35n4e+00
I.lflfine+on -1.0a99e+Ol
1.?05Pe+O0 -1.C671e+Ol
1.7317e+O0 -1.1738e+Ol
1.?559e+(J(7 -1.f7fj4qe+ol

1.59tTe+tW? -3.?i364e+Ol
1.7097e+O0 -3.95R2e+Ol
1 ,864Qe+O0 -4.88?OeeOl
.?.3511e+O0 -7.8656e+ol
?.6109e+O0 -9.4530e+Ol
3.?746e+O0 -1.3507e+02

-3.1077e+Ol
5.UO17e+Ol

-5.8980e+Ol
1.l?R6e+02
P.5094e+Ol
8.41qOe+Ol
1.5517e+02
3.3647e+D2 ●

4.l132t+C12 ●

5.2478P+02 g
9.l176e+O? ●

1.12R7e+03 ●

1.6606e+03 :

?b

Q.5463e-01 5.893?r+ft0 -5.Xi,S7e+(Jl
‘r.l?hHe-nl -3.31!OHe+O0 7.u33w+ol
fl.H17~e-ol &!.5??7e+lJU -1.Uq3be+Oi’
1.371ne+n0 -1.8n96e+ol 1.93P3e+n2
?.?067e+O0 -1.5q80e+Ol 1.301.A-+172
1./:T5e.00 -1.O$lOle+Ol ?.4fi9qp+nl
1.34q%+fJo -1.6ti37e+n? 7.3n96r+ol
1.5554e+nn -7.l?331e+Ol ?.1017e+02 ●

1.073QP+O0 -5.n993e+ol 5.1774e+(l? ●

76

ti.5n75e-nl 6.3PH5e+O0
8.lq17e-nl -C.hqzle+l-lo
P.7011e-(11 l.lflnqe+(ll
1.3630C+M -1.q771e+01
1.fJ77?e+Oll -P.fillnc+nl
1.lloI17e+cJo -7.m340e+nl
l...llllse+or! -?.7f177c.+ol
1 ,,1> I.lo. rlfl --- CV,l-c. flt

-b.37q7e.fJl
q.qwbe+nl

-2.11OOI?+P7
l.~ouue+o? ~
7.s50f,e+n2 ●

1.6187e+f12 ●

,?. I !, ? of.. p.- ●

K.A.-l?/@*P- r
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7. f34:5e-f??
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@.Iloolle-o1
7.00i1Ce-01
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Z.oome+oo

10h

7.i13R7e-02
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2.0000e-01
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2.000oe+oo

lot

7.f33e3e-02
1.0000e-01
2.000ae-ol
4.OCOOe-01
7.000oe-ol
l.uwme+oo

10k

7.8383e-02
l.omwe-ol
2.0000e-01
S.t1000e-01
7.OIXMM-01
1.0000e+OO

101

7.831f3e-02
l.nrmoe-ol
2.0000e-01
4.O@OOe-01
7.0000e-Ot

109

7.8383e-02
1.0000e-01
2.0000e-Dl
g.0000e-01

3.7672e-09 5.757Pe-nl -l.hafme+oo
11.9T7?e-Wl 7.7904e-Cll 7.!1730e-01
7.3379e-IM 1.?5n6e+n0 -9.fJ547*+rI(t
7.1793e-07 1.2n6fle+00 -1.07f30e+Ol
6.lJllFle-lM l-1631e+On -1.00T~e+ol

2.R47f!e-05 l.?;tle+t)O -1.34?le+Ol
7.5697e-04 1.*050e+O0 -?.1230e+Ol

000553 kev zl , ?6

q.S517e+Ol -1.f12>le’+02 u.r,N?*-ol 5.ClU5e+90 -4.15H3e+Ol
9.55Ple+O0 -3.aw4e+nl q.nh13e-01 -7.q3q6e+O0 i.19H?e.n?
5.7?59e+ol -1.Rl/Ifle+O? 8.94?Re-01 9.la59e+klo -1.’976ae+fl?
4.5770e+lll -1. lq56e+02 1.3796e*orl -1.9598e+Ol 1.5351e+n? g
?-,pqpe+~l -Ik.7339e+O0 1.6ri93e+On -3.3?71e+Ol 3.Z’?54e<O? ●

8.59file+Ol -5.fml17e+ol 1.5a131f.+oo -7.R79nP+ol 2.q2qOe407 ●

1.?357e+07 -?.7R67e+O? ;.6305e+00 -3.75a3e+Ol 2.545fieM2 ●

b= -.000547 kev c= .000556 kev Z? = ?6

3.6237e-09 5.0095e-01 3.67PRe-01 ?.539.?e+Ol -5.7~01~+ol q.Q2?Oe-01 3.5083e+O0 -t.R769e+01
1.27b9e-W3 9.10?7e-01 -9.QbWe-01 7.H021!e+Ol -1.lW?e+O? 1.092je+O(l -1.0293e+Ol 1.4727e+07
1.790He-n7 1.7715e+O0 -1.19Hoe+ol H.321t!e+Ol -?.9935e+U2 1.05t13e+00 -q.q91He-01 -8.3~q9e+Ol
1.9t?4_e-06 1.358Pe+OC -1.fi548e+171 R.71395e+Ol -7.1710e+O? 1.?7rMe+O0
2.6123e-05

-1.1643*+fIl 1.1617e+Ol ●

1.4Q80e+O0 -2.?h75e+Ol 1.39R5e+O? -3.h095e+O? 1.5?lfie+00 -7.579Se+Ol 1.6339e+02 ●

1.615Qe-OQ 1.5536e+Wl -?.7618e+Ol 1.90%e+O? -4.R39qe+O? 1.5535e+f!(l -2.689Pe+Ol
7.879ne-03 1.8975e+O0 -2.3832e+Ol

1.53?8e+02 ●

1.3232e+O? -2.5931e+02 1.q775e+Oo -?.?aORe+Ol 9.8839e+Ol ●

b= -.000505 kev c= .000509 kev Z1 = 26

●.7V?Je-09 o.7710e-ol 7.~71Re+O0 -Q.523f)e+O0 6.5490e+Ol q.8004e-01 1.60??e+O0 9.2613e+O0
2.13We-08 1.0317e+o~ -3.30>8e+00 5.3397e+ol -?.3?00e+02 1.13Q9e+06 -f3.3297e+O0 1.0536e+02
3.0397e-07 1.?63?e+O0 -8.RlflOe+OO 3.7946e+Ol -1.33~6e+02 1.3415e+O0 -1.7R6qe+Ol 7 *787e+02
7.91R5e-06 1.4f,94e+O0 -2.0390e+Ol 1.0959e+02 -2.34~?e+02
1.6547e-04

1.lfi55e+O0 -Q.237?e+O0 -1.1395e+02 ●

1.R424e+O0 -3.F536e+Ol 2.9666e.02 -7.8R81e+02 1.?q68e+O0 -6.3973e+O0 -1.6664e+02 ●

1.3753e-03 1.9297e+oo -4.3*37e+Ol 3.5070e+02 -9.5641e+02 1.335@e+O0 -1. ll18e+01 -1.2q62e+02 ●

b = -.000546 kev c= .000551 kev :1 : 26

8.0350e-09 3.7599e-01 3.8189e+09 -2.5830e+Ol 1.5729e+02 q.475qe-01
4.3R66e-n8

-t.2711e-01 3.4?53e+Ol
1.0946e+O0 -5.2R35e+O0 7.3235e+Ol -3.3Qq2e+02 1.0428e+O0 -?.lLq8e+O0 l.?R?Oe+Ol

1.0339e-06 9.9W10e-nl -7.qO03e+Q0 -5.5237e+Ol ?.4107e+f12 1.6?51e+f10 -3.55.’3e+Ol 3.R976e+02
4.76f10e-05 1.3696e+O0 -1.8076e+Ol 7.3fi31e+Ol -4.R230e+Ill 1.5039e+O0 -?.4989e+Ol 1.6071e+02
1.5FbOe-03 1.5765e+O0 -7.qQOFle+Ol 1.f145?e+02 1.R671e+ft0 1.7R??e+O0 -9.fIt197e+b0 -9.4245e+Ol
1.6909e-02 1.539Re+O0 -2.1074e+Ol 1.4658e+Ol q.7?62e+02 1.199ne+nn -4.105fle+O0 -1.7Rt6e+O?

b = -.000546 kev c= .000549 kev Zf = ?6

2.0091e-nf3 3.69q4e-01 h.0J06e+O0 -2.R8?9e+nl 1.6479e+n?

1.337Pe-07
U.5R9?e-nl -9.8594e-01 4.U333e.01

1.C14QOe+O0 -1.93?Qe+O0 1.9R73e+Ol -1.335qe+02 9.R795e-01
5.73%e-06 9.5707e-01 -1.3W5e-01 -1.n9a6e+02 5.0729e+O?

1.\794e+O0 -2.13285e+Ol
1.6?31e+O0 -3.Rlloe+nl 4.1361e+02

4.8W35e-nq 1.1561e+O0 -1.5615e+Ol 6.l159e+Ol !7.
7.9153e-n3 3.271qe-01 -2.3805e+O!l

?.403he+f)0 -8.0475e+Ol 9.0434e+02 ●

1.5695e-Oj O. 6.3930e-01 -1.R613e+Ol 2.ll18e+n? Q

b = -.001YjQ5 kev c= .0005q9 kev Z1 = 26

9.R19~e-OR q.1995e-nl 2.257?e+n0 -5.0891e+0n 7.q7e7e+Ol
T.~5C,se-07 9.I14?4e-01 2.fi5q7e+n0 -5.3q53e+Ol

a.5996e-nl 7.lR95e-n? 2.7567e+Ol
1.6f!56e+(l?

6.R5@7e-05
1.fjq39e+nn -5.3781Q+00 6.olqT13+~l

1.3R33e*no -1.5725e+nt q.lJ3.71e+Ol 5.09n5e+nl 1.1559e+no -7.9797e+00 -1.0793e+02
1.0702e-O? 1.5231e+0n -?.9597e+nl 1.9q69e+02 -U.0?71e+02 7.036qe+on -5.5716e+Ol 5.llille+02 ●

f-
+

For thes,? cases the polynomial fits should notbe used for z < 8.

—



Ccreening parameters (snl) and coefficients for Eq. (3) of text.
c \

Table II - .----
-\ ‘%.

“-.-j (Xo) = Z-average of x_corresponding to edge.

Table 11

<Xo> s
n% a

o al az a3

2s-5.598 2.?lFe+@O 1.16579e+00-3. 17450e+00-3. 15$140e-02 o.40884e-C!~
2P-5.665 2.022e+00-4.02684e+00-l! .06600e+00-?.96844e-02 6.98789e-03
3s-6.435 1.911e+O0 7.i’6182e-02-3. 165132e+O0-5. 6:~859e-02 4.59327e-03
3P-6.474 2.215e+00-5.07265e+O0-4 .0166fie+00-l .47591e-02 1.2f)084e-02
3d-6.492 1.f?62e+00-l .17330e+Ol-4 .77786e+O0 3.73797e-02 1.42398e-02
4s-7.023 1.R06e+n0-/?.89286e-Ol-3. 308T4e+@0-1 .03454e-91-l .453~5e-04
4p-7.051 2.218e+@0-6.04960e+00-4 .22412e+O0-S .02067e-02 6.55075e-03
4d-7.067 1.944e+00-l .27453e+Ol-5.26820e+O()-8 .4413Se-02 8.06583e-03
4f-’7.O69 1.944e+00-l .2046tJe+Ol-3. 48!i98e-cl 1.19046e+00 9.38353e-02
6s-7.848 1.634e+00-l .74529e+O0-3. (?1248e+P0-4. 1341?2e-f)2 3.03871e-03
6P-7.865 2.078e+00-6.84348e+00-4 .05242e+O0-6.44 l19e-02 6.2?764e-03
6d-7.878e+O0 2.0~~e+OO-l. 209Flle+Ol-4 .25480e+(10 1.11636(?-01 2.f19fi15e-02
6f-7.880 1.89?e+00-l .74456e+Ol-4 i18441e+O0 3.248@le-01 3.62043e-02
6g-7.8t!0 1.868e+00-2. 16570e+Ol-3. 29?Ole+O0 6.48568e-01 5.’_il623e-O2
6h-T.880 1.858e+@0-3. 36990e+Ol-5.91’346e+O0 3.59258e-01 3.91294e-02

10s-8.883e+O0 l.48le+OO-3.24l7le+OO-3.05652e+OO-6.~OO98e-O2-2.2'r88Oe-O4
10p-8.893e+O0 2.060e+O0-8.59518e+O0-4.26373e+flf)-l .2F!544e-01 6.18T27e-@4
10d-8.900e+O0 .2. 1’78e+00-l .40716e+[ll-4 .865’1’0e+OO-5, 35682e-O? 8.78834e-03
10f-8.901e+Of) 2.065e+f10-l .89~9@e+Ol-4 .96068e+O0 9.Y1828e-(12 1.99609e-02
10g-8.902e+O(l 1.975e+()@-3. 14063e+Ol-8. 18898e+O0-2.0269@e-01 9.36665e-03
10h-8.902e+O0 1.8(l?e+O0-2.28843e+Ol-?.23858’ >00 ‘7.71’251e-01 5.66042e-02
10i-8.902e+O0 1.66~le*00-~J .17646e+Ol-7 .F51’24e+O0 1.~3549e-@l ?.8840f)e-02
10k-8.902e+O0 1.732e+00. P.4’i’619e+Ol-2.21574e+Ol-l .5!j863e+O0-U.09295e-@2
101-8.902e+O0 2.Olle+f)O-2.77’855e+Ol 2.1’0676e+O0 1.79394e+OC 1.04086e-01
10rn-8.902e+O0 2.335e+@0 j.69711e+Ol ?.f13354e+Ol 5.40393e+(~0 ?.55083e-01



Table III

RATIOS OF 2
z (2t+l)anL(nu) TO BETHE-SALPETER
L

HYDROGENICVALUE (EQ. 71.200F [5]) WITH Z-~FOR N=6, 10.

hv (keV)
Approximate L = O

n Edge (keV) .01 0.1 1.0 10.0

c+3 6 .00642 .990 1.49 2.30

10 .00226 1.19 1.65 >1●75

AL+10 6 ●047 .997 1.22 1.45

10 .0167 1.054 1.23 1.46

+39
hfo 6 0.617 ●990 1.22

10 0.220 1.057 1.23



,
,.

Table IV

COEFFICIENTS FOR FITS (EQ. 4 OF TEXT) GIVINGTEMPERATURE

DEPENDENCEOF SUMMEDRECOMBINATIONRATE COEFFICIENTS,~ ant (T) (cm3/s),

nk

FOR IONSTHAT ARE LI-LIKE AFTER RECOMBINATION.

kT (keV)

min max ‘o ‘1 ‘2 ‘3

C+3 ●G7 f.~o 1.~!?421e-14 -4.70f!48e-15 -5.16?67e-15 -6.3F5?6e-15
()+5 .01 3.00 6.57030e-14 -7.63145e-15 -1.51?9@8e-14 -2.48959e-15
Ak+lO .01 3.00 3.82161e-13 1.42~36e-14 -8.P9663e-1~ -2.13’v25e-lu
Fe+23 ●C: 10.00 3.56~417e-12 9.?1530e-13 -u.9?071e-13 -.2.42d~qe-1~
Mo+39 .10 10,00 1.~888~e-11 6.t5401e-l.? -?.61099e-13 -1. l?fi!?Pe-12



Table V

RATIOSOF SUMMED RECOMBINATION RATE COEFFICIENTS TO

KRAMERS MODEL VALUES. (THE ION STAGE IS THAT OF THE RECOMBINED ION.)

kT(keV)

.01

*03

●1

.3

1.0

3.0

10.0

c+3 o+5 Fe+23

.98 ●943 .965

?.06 .984 .964 .957

1.18 1.05 .980 .961

1.33 1.15 1.02 .972

1.53 1.29 1008 .999

1.41 1.75 1.041

1.10

“.+39

●943

,962

.989

1.026

1.083


