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Abstract

We have assessed atomic data for lithium-like ions for the purpose of constructing a
reliable collisional-radiative model. We show several éxamplcs of the atomic data for
aluminum and oxygen ions, 'and comparison of data from several sources is done in
detail. For ions with nuclear charge z, the scaling formulas and fitting parameters,
which are based on the data of oxygen ions, are presented. By use of these data, we
have constructed two collisional-radiative models: the one for aluminum ions and the
onc for ions according to the scaling for z. The population inversion and the
amplification gain of the soft x-ray laser lines in the recombining aluminum plasma are

calculated for several electron temperatures. We also examine the effects of ionm

collisions for An=0 transitions on the excited level populations.
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I. THE FORMULATION OF COLLISIONAL-RADIATIVE (CR)
MODEL (FINE STRUCTURE UNRESOLVED)

The population density of the ground and excited levels of ions in plasma is determined
by various collisional and radiative atomic processes taking place in the plasma. For level p,
the temporal development of its population n(p) is expressed by the differential equation,
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which is coupled with similar equations for other levels. Here "¢ < p" means that level g lies
energetically lower than level p. A(p,q) is the spontaneous transition probability from p to g, and
C{p,q), F(g,p) and S(p) are the rate coefficients for electron impact excitation, deexcitation, and
ionization, respectively, and a(p), B(p) and ¥p) are the rate coefficients for three-body,
radiative and dielectronic recombination, respectively. e is electron density, and we express
the ground state helium-like ion density as np.. According to the method of the quasi steady
state solution, the time derivative of the population of excited levels is assumed equal to 0, so
that the set of coupled differential equations for excited levels reduces to a set of coupled linear
equations. The solution is expressed as the sum of the two terms;

n(p)=R(py ny+R(phn; @)

where Ro(p) and Ri(p) are the population coefficients which are determined by the actual
collisional and radiative processes and are functions of e and electron temperature Te. The

ground state Li-tike ion density i e., #(225), has been expressed as ny;. The first term may be

called the recombining plasma component and the second term is the ionizing plasma component

[1].

In the case of a CR model with fine structure unresolved, we assume that the fine
structure sublevels belonging o a level are populated according to their statistical weights.  Let
p i eq.(1) represent the principal quantum number # and the azimuthal quantum number /, and
n{p) is the sum of the populations of the fine structure sublevels. Each of the rate coefficients
in eq.(1) refers to level p or g, and is related to the rate coefficients for transitions connecting



individual fine structure sublevels; i.e., it is the average over the initial fine structure sublevels

and the sum over the final sublevels.
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where B(p,q) stands for C{p,q), A(p.q) or F{p,q) and p and g denote the initial and final levels,
respectively. Here p1 and p> mean the fine structure sublevels with total angular momentum j

=[-1/2 and j =I+1/2, respectively, and g(p) is the statistical weight of level p. Inthe case of an
S state, p1 or q1 term is absent. The ionization rate coefficient is defined as

g(p1) g( p2)
S( p)= g(p) S(p1)+ g( ) S(p» (4 a)

and the recombination mate coefficient is defined as

a(p)=a p o p,) (4 b)

for a(p) and similarly for S(p) or ¥(p).

II. ATOMIC DATA FOR Li-LIKE IONS FOR VARIOUS Z

A) Energy Levels

The energy levels of the ground states and low-lying excited levels of Li-like ions are
calculated by Lindgard and Nielsen [2], and Sureau er ol [3] with neglect of fine structure, and
Zhang er al. [4] for fine structure levels.

All of the data, with eq. (3), agree well.  The ionization potentials of the ground state

for various z ions are expressed as

E (28)=2.60910x z -2)+3.39323 x {z —2)2 +1.94126 x 10~ x (z _2)3 eV)
forz :6sz <50 (5)

and the transition energy from the ground state to the levels with 7z < 5 are fitted by the
polynomial formula defined as,
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The fitting parameters Cx's are listed in TABLE II-1. The error of the fitting formula is
within 1% for 6 <z < 40.
The energy level for the # > 6 levels, we assum the hydrogenic approximation, i.e., the
level energy measured from the ionization limit is given as

2
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where Ry is one Rydberg.

B) Absorption oscillator strength
B-1. An=0 transitions

The absorption oscillator strength is given by Lindgard and Nielsen [2], Zhang ef al. [4]
and the compilation by Wiese. [5]

The absorption oscillator strength among the levels with # < 5 for the ion z is expressed by
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and the fitting parameters Cx's are listed in TABLE II-2.  For transitions from level with n < 4

to upper levels with 6 =2 < 10,
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these fitting parameters a are listed in TABLE II-3.  For the transitions from the n = 5 levels to
upper levels with 6 <= 2 < 10,

f(3s,n)=0.608 x (1/6)>

F{5p, n ) =0.700 x (n/6)3

f(5p,n) =0.700 x (n/6)>

F(3t,n) =1.208 x (n/6)3

f(5g,n) =1.683x (n/6)> (10)



and in the cascof 1 = 11,

fo@,n1v)=f @i,10Y ')zx(fa)”3
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For transitions among the # = 6 levels, we assume the hydrogenic approximation.

B-2. An=0 (/-changing) transition
The oscillator strength of 25 2§1/2-2p 2Py/2, 312 is given by

f@s™s -2p%P, )=0.82900 + 13392 _ 077803 x exp (1.2187x102 x ¢ -2)™)
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and for other transitions, the oscillator strength is expreesed as
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f @,nl ')Z=C1x(zj)
- (12)

where the parameter (1 is the absorption oscillator strength for oxygen. (See TABLE II-4.)

C) Electron impact excitation cross sections and rate coefficients
C-1. Cross sections
An=() transitions

For transitions 25 2S1,2-2p 2P1/2,3/2, 2s 281/2-3p 2P1/2.3/2 and 25 2S12-3s 2812, there are
many theoretical, experimental and semi-empirical cross section data [4,6-11]. Comprehensive
data for oxygen to uranium are given by Zhang et al. [4] who treat the fine structure sublevels
separately.  For Li-like oxygen ions, virtually all the transitions among the levels from 2s S to
5g G arc calculated by Clark, Abdallah and Csanak. (C,A,C), and details of the calculation
method is given in [12].

For optically allowed transitions, the results by Zhang et al. [4] and C,A,C are in good
agreement. In the high energy range, the hydrogenic approximation by Clark et al. {11] for 22S-
3P is larger by a factor 1.5 than the result by Zhang et al. and for 22P-32S, smaller by a factor
2.5. These differences may be attributed to the oscillator strength values of hydrogenic 22S-
32P and 22P-3°S transitions which are larger and smaller than those of OVI approximately by

those amounts, respectively. (See the followiﬁg Section. )



The cross sections for the transitions from the ground state and the first excited levels are
referred to ref.[4], and for other transitions among the levels with n<5 levels calculation by
C,A,C [13] is adapted. The fitting formula are expressed as

) 2 logE B
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(13)
The parameters for these transitions and 225-22P are listed in TABLE II-5.

The cross sections for transitions from the level with # < 4 to those with 2 = 6 are scaled as

il ,n 'l
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forn <4, 6=n 's10 (14)
where fif is the absorption oscillator strength for the transition from i to f.

For other Li-like ions with nuclear charge z, we recommend Zhang's cross section data
for the transitions from the ground state and from 2p P1,2,3,2.  For other transitions among the

n < 5 levels, we assume the following scaling formula (optically allowed transitions),

£
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where Opxygen is the cross section for OVI ions expressed in the threshold units, s is the
screening constant given by Mayer [13] for the lower level, and f; is the absorption oscillator
strength for ion z.

For optically forbidden transitions of oxygen, all the cross sections available agree well.
For other z ions, we scale the data by Zhang ef ¢l and by C,A,C in the similar way to the
optically altowed transition,

|
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An=0 transition

For transitions of 3s 2S-3p 2P12.3/2, 3p 2P12,32-3d 2D30,52, 42S-42P, 525-52P,
there are theoretical calculations [14,15]. We adopt the formula (13) and show the fitting
parameters in TABLE I1-6.



For other transitions, we use the formulation by Dickinson-Fujima [16,17] which is
expressed as

o, [-n, I+ 1)=61ag [ 1/(z-2)? Jxn*x (v alv Y2x 1+ 1)/ 2L+1) x1n[0.5x(E/Eth)) 17

where va is the classical velocity of the orbital electron in the initial level and the v is the velocity
of the colliding electron.

C-2. Deexcitation Rate coefficients
An=0 transition
The deexcitation rate coefficients for the Li-like oxygen ions are fitted by the formula

Fofy. —xxtld, M
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e

(18)
The parameters are listed in TABLE II-7.
The deexcitation rate coefficient is related with the excitaion rate cocfficient by the principle of
detail balance.
For transitions between the excited levels whose principal quantum number is # = 6, we
recommend the semi-empirical cross sections and excitation rate coefficients by Vriens and
Smeets [18].

An=0 transition
The scaling equation for other z jon is referred to eq. (18) The fiiting parameters for the
Li-like oxygen ions are shown in TABLE II-8.

D) Ionization cross sections and rate coefficients

Collision strength and rate coefficients for electron impact ionization process are presented
by Sampson and co-workers [19-24}, which agree with the calculation by Kunc [25] and semi-
cmpirical formula cross section by Lotz [26]. Fitting parameters of thesc data are also presented
in[19-24].  For n > 6 levels, we recommend hydrogenic cross section by Vriens and Smeets
[18].

E) Radiative recombination

Burgess [27] gives the radiative recombination rate coefficient for hydrogenic ions.
MacLaughlin and Hahn [28] modify the result to non-hydrogenic case. In the case of Li-like
ions, free-bound oscilaltor strength of each level is rather close to that of hydrogenic ions. We
recommend the data by Burgess for Li-like ions.




F) Dielectronic recombination
Diclectronic recombination is an important process in high temperature regions. This
process consists of fwo processes; electron capture into a doubly excited level (dielectronic

capture), and a radiative decay which competes with autoionization. The electron capture rate
coefficient r4is associated with the autoionization probability 42 through the detailed balance,

[ 7o p, nl)=ny(p, ni )A I )

where 11 i(p,nl) is the density of the doubly excited Li-like ions. Here [ ]Jg means that this

equality holds in thermodynamic equilibrium; i.e., these densitics are given by the Saha-
Boltzmann relationship. Dielectronic recombination rate coefficient is given by,

Ay
Yn)=2 re( P, nl) 1< 4 (20)

where A; is the radiative decay probability. We consider 2pnl and 3pnl (7 = 2) levels as the
doubly excited levels, and we use the autoionization probability and radiative decay probability
given by Bely and Dubau [29] for the OVI ion. For other z clements, we estimate the
autoionization probability and the radiative decay probability by a scaling in which relativistic
effects are included [30] from those of OVI. (See TABLE II-9)

II. ATOMIC DATA FOR Li-LIKE ALUMINUM IONS

In this section, the atomic data are restricted to Li-like Aluminum ions. Validity of the
fitting formula described in section II is examined.

A) Energy Level

The data of energy level published in literature are based on theoretical calculations and
spectroscopy. We pick up four different data sources to establish a reliable set of energy levels
of Li-like Alions. Summary of each data source are as follows.

A. Lindgard and S. E. Nielsen [2]
a) The atomic states are identified by # (principal quantum number) and / (azimuthal quantum

number).



b) Calculated and evaluated by careful comparison with data for other Li-like ions.
¢) Values are given up to n=12.

H. L. Zhang, D. H. Sampson and C. J. Fontes [4]

a) The atomic states arc identified by #, [ and j (total angular momentum quantum number).
b) Calculated based upon the DFS (Dirac-Fock-Slater) wave function.

c) Values are given for n<35.

D. Duston and J. Davis [31]

a)} The atomic states are identified by # and 1.

b) The values are used to construct atomic model of aluminum plasma in the 1980's.
c) Values are given for n<5.

R. L. Kelly [32]

a) The atomic states are identified by n, [ and j.

b) Based on spectroscopy.

¢) Values are given for many levels including highly excited ones. No data are available for
levels which cannot be observed by spectroscopy even for levels with the principal quantum
number of 3.

The principle of the evaluation procedure is
a) The data from spectroscopy is regarded most reliable: Kelly's value is adopted when it is
available.
b) The n-dependence of the differences in level energy between the different-/ levels of a same
principal quantum number is derived by Lindgard's calculation.
¢) The data of the other two sources arc almost the same as Kelly's results: They are used for

cross-check.

The evaluated energy level of Li-like Al are shown in TABLE III-1 as compared to four

mentioned cases of energy above.

The result of the fitting formula described in section IT is shown in the last column of
TABLE IlI-1.  All the values given by the fitting formulas are accurate within 1%.

B) Oscillator strength
Almost all the data of oscillator strength published in literature are based on theoretical
calculations. We pick up a Guennou's calculation [3] besides the above-mentioned two data




sources, i.e., Lindgard [2] and Zhang et al. [4], o establish a set of reliable oscillator strengths.
Summary of Guennou’s data is

H. Guennou and A. Sureau [3]

a) The atomic states are identified by », / and j.

b) Theoretical calculations based upon the HF (Hartree-Fock) approximation.

¢) Values for transitions between the n<3, n'<7 (n=n') arc given.

In the evaluating procedure we took the ratio of the Li-like Al oscillator strength to the
hydrogenic value of the corresponding transition as a parameter for comparison. TABLE IIT-2
shows the ratio in the fifth column. The ratio against n is found to monotonously vary and
converge to a value near unity. In the case of d-f, and f-g transitions, the ratio is unity for all
the cases.

Some of the ratios based on Lindgard's result are not monotonous functions, and we
fixed the value to make the ratio to be a monotonous function. The value of Zhang's and
Guennou's are referred to for cross-check.

Table ITI-2 gives the evaluated oscillator strengths together with the original values from
the three sources. Almost all the values by the fitting formula agree within a few percents.

C) Electron impact ionization

The cross section and/or the rate coefficient have already been discussed in Section 1I.

D) Electron impact excitation

We use the following four fitting formulas to the cross section for electron impact excitation
process. Throughout this subsection, a factor of 1/2 (=1(25+1)) of the statistical weight is
absent in the expressions of cross sections and rate coefficients, which is inchuded in the fitting

parameters.

D-1. transitions from n=2
H. L. Zhang, D. H. Sampson and C. J. Fontes [4]
In ref. {4], cross section for Li-like ions is calculated by the distorted wave method.
Collision strength at six different colliding energies of the electron is given. For convenience,
we fit the cross section by the following formula.

m, 1
T
(21+1)ER_‘_

ciff) | cAj) | cs(i)
- 4. In .
G=4 (S)+QJ+[%“]+ [az'j+312+[aij+5]3

- L
E_Eﬂ,



where £ is the collision strength and Ew is the threshold energy of excitation. The six

parameters are adjusted so as to give the best fit. These parameter values for each transition are
given in TABLE H1-3. The excitation rate coefficient is

T Y? 1 I
C. =na, L (e}
=m0 L) Gl A -

{9 Wasowettion = By e+ A5 Ey(y) +y 57
c1ff ) B (a5y +y) + &lfl) B (a5 +y) + wz B, (ayy )
ot [ez +1]
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where 1, E2 and E3 are the exponential integrals.

D-2, Transitions from #=3-4 to n=4-5
L.B. Golden, R. E. H. Clark, S. J. Goeit and D. H. Sampson [33]
R. E. H. Clark, D. H. Sampson and S. J. Goett [11]

In refs. [11] and [33], cross sections are given in the hydrogenic approximation. We
modified these cross sections on the basis of the following argument.  Fig. ITI-1 shows the
cross section for transitions 225-32S, -32P and -3Z2D.  Fig. III-1 (a) shows the cross sections
in the hydrogenic approximation and Fig. III-1 (b) shows those of Li-like Al as described in the
previous subsection D-1.  This figure suggests the former approximation agree with the latter
for the dipole forbidden transitions 225-32§ and 225-32D. A substantial difference is seen in
the case of dipole allowed transition 22S-32P. Therefore we multiply the hydrogenic cross
section by the ratio of the oscillator strength of Li-like to that of hydrogenic ions for the dipole
allowed tramsition. In the present case of 225-32P transition, the ratio is 0.77.

The fitting formula is shown in ref [33] and [11]. The cross section of the Li-like Al ion
is given by

2
0. = m, 1 ( Dxclzn srongh of Litis A
i _(2l+1)ER F\ Osciltator sweagth of H-like )ifdipoleallowed
y
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En

where Zefr is the screened charge and is equal to Z -5 in eq. (15) or (16), ap is the Bohr radius.

-10-



The parameters are given for each transition in TABLE IlI-4. The excitation rate coefficient is

given by

SkT)IIZ 1 I_H 1 ( ZQ )
(Zl + 1) kT Zﬂﬂz ¥ § Muxwedlizn
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3 (i) Oscillator strength of Li-like Al
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Y=g
c) Others (n=n")

D. H. Sampson and H. L. Zhang [34]

In ref [34], cross section in the hydrogenic approximation is given. We derive the cross
section based on this approximation.
We adopt the fitting formula in {34).

_JIEIO2 A Oscillator stength of Li-lke Al

QH - nz ERy Zdz a( Oscillator siength of H-like )u' dipole aHowed
2 c(ij

2’ G= 410 (@ + 0y (- 1) + &0

E:—E...
Em

The parameters for each transition are given in TABLE III-5. The excitation rate coetficient is

given by

/2
C. = 2(& ' iI_H.L( 2 )
v “Yam’ nPkT Z° ¥/ Maxwellian
2
(Z e‘ff% )Maxwellian = (Alj + Y Gm ) El()’) + DI]’ E’-(y)
Oscillator strength of Li-like Al
( Oscillator strength of H-hke )if d.lpoie allowed

I
E

y

d) I-changing collisions (n=n")
We adopt Seaton's formula (Bethe approximation).

— 11 -
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where fii is the oscillator strength, and T (V) is the electron temperature in the eV units.

E) Radiative Recombination

We adopt the formula for hydrogenic ions.

g
C,=520x10"Z y Pexp(y JE )gi (em’/s)
n

T

J’=E—m

where gal and gn are the statistical weight of the level nl and the levels with the principal
quantum number n, respectively. This is equivalent to assuming that the free-bound Gaunt
factor is 1.

—12-




I1V. POPULATION DISTRIBUTION AND RESULTANT GAIN
IN THE RECOMBINING Li-LIKE Al PLASMA

Population density is calculated in the quasi-steady state approximation and
neglecting the jonizing plasma component which is described in Section I. We show
typical three cases of Te=20eV, 30eV and 50eV, which correspond to the experiments.
[35,36] Resultant gain in the recombining plasma is also shown. The line profile is
assumed to be simple Doppler broadening.

A) Case using the atomic data described in Section III.

Fig. IV-1, Fig IV-2, and Fig. I'V-3 show the calculated result for population and
amplification gain for Te=20, 30 and 50eV, respectively. In all the case, the gain of the
transitions to the 3P state is always negative though positive gain is observed in
experiment. [35] It is noted that the result is very sensitive to the magnitude of the rate
coefficients for /-changing collisions in the shell of a same principal quanfum number.
Fig. IV-4 and 5 show the amplification gain for Te=30 and 50eV, respectively, without the
I-changing process (a), and with the /-changing process (b). For the I-changing process,
ion collisions may be more effective than the eleciron collisions as assumed here. This
process will be discussed in the following subsection. The gain of the transition of 32D-
52F is much lower than that of 32D42F. The experimental result [36] shows that the
gains of 32D-52F , 32P-52D, 3?°D-4’F and 32P-4’D  are comparable in magnitude. In
the case of recombining plasma of such low temperatures, the population densities of the
52D and 52F levels are determined by collisional processes resulting in the population
density approximately given by local thermodynamic equilibrium (LTE). The population
density of the 32D level is determined by collisional deexcitation from higher levels and
radiative decay to the 22P level. Therefore, the estimate of the population densities and
the gain is quite insensitive to a small change of the rate coefficients. The oscillator
strength of 32D-52F transition is about 6.5 times smaller than that of 3?D-4F .
Therefore, it is difficult to bring the gain of 32D-52F to a similar magnitude to that of

32D-4°F  within the framework of the collisional-radiative recombining plasma.
In the case of Te=20cV the gain maximum of the 32D-42F transition appears at

around 71e=2%101"%m> and that of the 32D-5°F transition appears at around ne=6-
8x1018cm3.

B) Case using the atomic data described in Section I (including ion impact
I-changing processes)

— 13—



Fig. IV-6, Fig IV-7, and Fig. IV-8 show the calculated result for population and
amplification gains for 7e=20, 30 and 50cV, respectively. lon impact l-changing
processes are included.  Cross section of these processes are derived for the data In Table
II-6 and eq.(17) by use of the velocity scaling. We assume the ion density to be 10% of
the electron density. In this case, the gains of the transitions to the 32P level, i e., 32P-
42D and 3%P-52D, have positive values. The gain ratio of the transition of 32P-42D to
that of 32D-42F is consistent with the experimental result . From the comparison with
the former case, it is concluded that the /-changing processes by ion collisions are essential
for treating these high density plasmas. For the transitions from n=35 levels to n=3, the
calculated result is in seriously disagreement with the experimental result, ie., the

calculated gains are smaller than those of the experiment by 2 orders in consistent with A).
For Te=20eV, gain maximum appears around ne=2x10%cm> for the 32D-4%F
transition and ne=8x1018cm for the 32D-52F transition.
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Thable II-1. Fitting parameters for the energy of the excited level measured from the ground state (eV)

transition o o C3 Cy
2525-2p°P, 2.02360 7.63516 (-3) 4.03435 (-4) 3.50523 (-6)
2528-2p°P5 1.86034 2.09641 (-2) 9.96515 (-4) 6.54990 (-5)
2528-3528 1, 2.03012 1.86053 2.15764 (-3)
2528-3p%P, 2.57010 1.86074 2.18833 (-3)
2528-3p?P3, 2.64457 1.84622 3.02400 (-3)
2528-3d2D5,, 2.80616 1.85040 2.95088 (-3)
2528-3d°Ds,, 2.82538 1.84642 3.19623 (-3)

25284528 2.50127 2.51293 2.80191 (-3)

2525 -4p%pP 2.72231 2.51292 2.82370 (-3)

2525 442D 2.82148 2.50884 3.13175 (-3)

252S-472F 2.85063 2.50632 3.24800 (-3)

2525-5528 2.66090 2.81601 3.04306 (-3)

2528-5p°P 2.76940 2.81645 3.04064 (-3)

2525 -54%D 2.81834 2.81454 3.19541 (-3)

2525-572F 2.83717 2.81267 3.27143 (-3)

2§25-5¢%G 2.85217 2.81149 3.30877 (-3)

* (-p) means x10P.
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Table I1-2.

Fitting parameters for the absorption oscillator strength.

transition Gy Cs Cy Cy
2%5-37P, 0.13796 -0.15043 -0.38835 1.0560
225-32P, 0.24421 6.8560 -19.572 2.1160

225 42p 9.4591 (-2) 0.75369 -2.3790 1.9990
225.52p 7.5024 (-2) -0.22318 -3.6884 (-2) 8.8471 (-3)
22P15-3°S 0.18187 0.29300 -0.15963 -1.0173 (-2)
22P, r-4°S 0.14546 5.5335(-2) -0.14093 -1.9114 (-3)
22P, 5-5°S 0.13893 1.9218 (-2) -0.13713 -7.6803 (-4)
22P, 5-3°Dsp 0.10485 -2.0162 0.56994 6.6767 (-3)
2°Py r-4"Ds 0.19421 2.7930 (-2) -6.8550 (-2) -1.3520 (-2)
2°P1n-5"Ds 0.16453 4.6981 (-2) -0.11788 -3.4209 (-3)
2°P;5-3%8 0.16013 0.34780 -0.14292 1.39333 (-3)
22y »-4%S 0.14563 6.3087 (-2) -0.14200 4.2164 (-4)
22P3»-5°S 0.14337 2.1549 (-2) -0.14185 1.8398 (-5)
22Ps5-3°Ds 6.7235 (-2) 0.14974 -0.40673 1.8056
2°Py5-3°Ds;, -0.18942 -1.4983 0.76625 -1.0197 (-2)
22Py,-4°D 0.19102 2.4880 (-2) -6.5457 (-2) -1.2836 (-2)
2°P;5-57D 0.16450 4.1760 (-2) -0.11738 -4.7800 (-3)
325.42p -1.2232 -2.0861 1.4285 -4.3588 (-2)
32§-5°P 0.1481 -5.4063 (-2) -0.2166 0.58345
32P, ,-4°S 4.6238 (-2) 0.27642 3.2633 2.3769

3%P, 578 1.2355 (-2) -0.80070 6.3012 2.7435

3°p, ,-4°D -2.1699 -0.52680 2.7021 -6.9282 (-3)
32Py5-5°D 0.23246 -1.9082 (-2) -0.10674 3.9274 (-2)
3Py 4,525 sameas3°P,

32P3/2-4, 52D same as 32P1 e

32Dy ,-4%P 7.2805 (-3) 1.7312 -16.312 2.9344

32D, ,-57P 1.8186 (-3) 0.25527 -2.3983 2.9326

3D, ,-4°F 1.015 0.0000 0.0000 0.0000
32D, ,-5°F 0.1565 0.0000 0.0000 0.0000
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Table I1-2. (Continued)

transition 6] Cs C; Cy

3*Ds;p-4,5%P  sameas 32Dy

3°Ds;-4,5°F  same as 37Dy,

4%25-5%p -3.0129 -1.5386 3.1378 -3.2640 (-2)
42p-52g 4.8882 (-2) 6.2580 -66.580 3.0805
42p.52p -2.4693 -0.13835 2.9084 -1.5923 (-2)
42p52p 2.4435 (-2) 22772 -23.664 3.0081
A2p.52F 0.8855 0.0000 0.0000 0.0000
42F.52D 8.8392 (-3) 25175 (-2) -0.64736 3.5608
42F.5%G 1.346 0.0000 0.0000 0.0000

Table 11-3. Absorption Oscillator Strength

transition 22§, - n°P 2%Pyj232 - 1°S 22P1p32 - 1D 32§y, - n°P
a 3.8 -3.48 3.50 -4.25
tansition ~ 3°Pyp3p-n’S  Fpipzp-n’D FDapsp-nP 3D3p 52 -WF
a -4.08 -4.21 -5.40 -4.41
transition  4°S - n’P 42p_ 42 4%P - ’D 42D - n?p
a -5.08 -5.95 527 -6.83
transition 42D - n°F 42F- u2D A°F - 3G
a -6.00 -5.94 -5.95

Table II-4. Absorption Oscillator Strength for An=0 transitions

transition 3%81p-3Pyn 3%Sy0-3"Pys 3°Pin-3D3,  3PP3p-3%Dyp
0.S. 0.112 0.224 0.0488 478 (-3) -
transition 3Py, -3Ds, 475 -47P 4°P-4%p 4°D - 4°F
0.S. 0.0433 0.4616 8.555 (-2) 2.374 (-3)
transition 525 -5%p 52p-5°D 5°D-5°F 5%F-5°G
0.S. 0.5860 0.1184 5.606 (-3) 4.18 (-4)

0.S. means the oscillator strength.
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Table II-5. Excitation cross section fiiting parameters.

fransition A B C D Ref
225 -22p 2234 (1) 5.625 (1) - 1.648 3.00 {-2) 3
228 . 328 0.000 1.481 5.694 {-1) 6.50 (-2) 3
25.3p 1706 (1) -5.800 (1) 61'%%% (('12)) ;:gg Eg 3
225 - 32D 0.000 3.470 -5.860 (-2) 1.50 (-2) 3
225 _ 428 0.000 2961 (-1) -2278 (2 3.70 (-2) 3
226 _ 42p 9.634 (-3) 1.760 {-1) -6.534 (-3) 8.00 (-2) 3
228 - 42D 0.000 6.030 (-1) - 5.400 (-3) 1.30 (-2) 3
225 - 42F 0.000 1.424 (-1) 0.000 0.00 3
22§ _ 52§ 0.000 1.139 (-1) -2278 (-3) 1.98 (-2) 3
225 . 52p 4.043 (-3) 8.610 {-2) -2.468 (-3) 6.50 (-3) 3
225 - 52D 0.000 2.097 (-1) -1.502 (-3) 1.20 (-2) 3
225 . 52F 0.000 8.030 (-2) -1.141 (-4) 1.00 (:2) 3
225 . 52¢3 0.000 3.417 (-3) 5.695 (-3} 4.00 (-2) 3
22p 32§ 5.826 {-3) 1.642 (-1) -4358 (-3y  7.90 (-3) 3
22p_32p 0.000 1.987 0.000 0.000 3
22p_32p 1.240 (-1) 7.270 1.280 (-1) 9.20 -3 3
22p - 43¢ 8.076 {-4) 3.911 (-2) - 4.632 (4) 5.00 (-3) 3
22p _ 42p 0.000 3.673 (-1) 1.708 (-2) 2.98 (-2) 3
22p_ 42D 1.756 (-2) 1.279 -1.200 (-2} 7.20 (-3} 3
22p . £2F 0.000 2707 (-1) -2500 (-3)  9.00 (-3) 3
22p _ 52¢ 2.764 (-4) 1.726 (-2) -1.534 (4)  3.88(3) 3
2p_52p 0.000 1.481 (-1) 1.162 (-2) 3.00 {-2) 3
22p_ 52D 5.876 (-3) 5.340 (-1) -5.200 (-3)  7.20 (-3) 3
22p_52F 0.000 1.139 -1} 0.000 0.000 3
225 _ 52 0.000 5.125 (-3) 6.834 (-2)  6.99 (-2) 3
325 - 428 0.000 4.320 0.000 0.000 13
325 - 42p 1.627 (-1) 1.263 (1) ) 2;71‘?‘%721) éﬁf 8; 13
32§ - 42D 0.000 8.200 - 3.209 (-1) 3.00 (-2) 13
326 - 42F 0.000 3.880 0.000 0.00 13
325 - 52¢ 0.000 7.652 (-1) 0.000 0.00 13
32¢ _52p 1.638 (-1) 2.270 (-1) - 2.800 (-2) 2.00 (-2) 13
32¢ _52p 0.000 1.260 - 1.000 (-2) 2.00 (-2) 13
32¢ . 52 0.000 3.270 (-1) 6.843 (-2) 4.73 (-2) 13
325 - 52G 0.000 7.830 (-1) 1.580 (-1) 6.70 (-2) 13
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Table II-5. {Continued)

transition A B C D ref
32p. 425 3.758 (-2) 7.956 (-1) :;zggé Eg ézég Eg 13
32p _42p 0.000 15.030 -3.998 (-2) 250 (-2) 13
32p . 42p 0.3014 6.100 -2.170 (-1) 2.41(-2) 13
2p.-42F 0.000 1.013 (1) - 4.000 (-1) 4.00 (-2) 13
32p . 528 9.502 (-3) -3.300 (-1) 3.500 (-2) 520 (2) 13
32p_52p 0.000 9.697(-1) 7.600 (-1) 1.80 (1) 13
32p-52p 9.832 (-2) - 2.856 1.476 (-1) 440 (-2) 13
3%p-52F 0.000 7.921 (-1) 1.134 1.20 (1) 13
32p.52; 0.000 1.090 1.130 120 1) 13
32D . 428 0.000 9.000 (-1) 7.000 (-3) 2.00 (1) 13
32D - 42p 8.954 (-3) 4.900 (-1) - 6.600 (-3) 1.55(2) 13
32D - 42p 0.000 4.170 4.950 (-2) 1.00 (-1} 13
32D . 42F 5.776 (-1) 2.049 (1) -4.200 (-1) 1.50 (2) 13
32D - 52§ 0.000 2.280 (-2) 8.400 (-3) 5.00 (-2) 13
32D - 52p 2.144 (-3) 1.800 (-2) 3.300 (-2) 430 (-2) 13
32D - 52p 0.000 7.600 (-1) 1.240 (-1) 5.50 (-2) 13
32D - 5%F 2.448 (1) - 5.884 VAR SO HEERE
32D -5%G 0.000 1.588 - 1.881 (-2) 1.50 (2) 13
425 - 52¢ 0.000 2.340 (1) 0.000 0.000 13
425 _52p 1.299 - 9.879 -7.421 1.56 (-1) 13
425 -52p 0.000 2.233 (1) -7493 (1)  250(2) 13
428 . 52F 0.000 1.046 (1) 0.000 0.000 13
425 _52¢ 0.000 9.112 0.000 0.000 13
42p 52 7.736 (-2) 0.000 4.408 (-1) 1.55 (1) 13
42p.52p 0.000 2.847 (1) 0.000 0.000 13
42p.52p 2.320 -3.234 8.876 1.40 (1) 13
42p_ 52 0.000 3.840 (1) -3.102 6.00 (-2) 13
42p . 520 0.000 1.481 (1) 0.000 0.00 13
42p _52¢ 0.000 4.320 (-1) ~1.000 (-2) 550 (2) 12




Thable T1-5. {Continued)

transition A B C D Ref
2. .2 ] ] 2.570 {-1) 4.50 (-2)
44D - 54p 1.642 {-1) 2.897 1164 1.45 (-1) 13
42p - 52p 0.000 1.396 (1) -1.200 (1) 5.50 (-2) 12
5.911 4.50 (-2)
2n =2 B}
42D _ 5°F 3.854 6.663 (1) 2.401 (1) 1.45 (-1) 12
42D - 526 0.000 2.247 (1) - 9.480 (-1) 5.50 (-2) 12
42F . 528 0.000 6.282 (-2) 5.180 {-2) 1.25 (-1) 12
42F_52p 0.000 3.021 (-1) 1.498 (-1) 125¢1) 12
42F.52p 3.959 (-2) 5.031 {-1) 1.000 1.45 (-1) 12
42p _ 52p 0.000 1.119 (1} 8.680 (-1) 1.25 (-1} 12
5 o ] 7.064 4.50 (-2)
44F - 546 5.858 7.367 3.834 (1) 1.45 (1) i2

Table II-6. The fitting parameters for the /-changing process

transition A B C D Ref
325-32p 5.345 2.180 (&) 4172 (1) 1.56 (-1} 13
428-42p 2.511 (1) 7.912 (2) 4.960 (2) 2.86 (-1) 13

525.52p 6.308 (1) 1.962 (3) 1.240 (3) 2.86 (-1) 13
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Table II-7. Deexcitation Rate Coefficients
transition K L M N P factor
92¢ _22p 250 055 60.2 0.0 0.0 1.0e-15
22¢ _32g 290.0  0.62 600. 0.0 0.0 1.0e-17
22¢ _32p 11.0 0.2 185. 0.0 0.0 1.0e-17
225 _32p 58.0 0.5 360. 0.0 0.0 1.0e-17
225 _ 42g 48.0 0.6 200. 0.0 0.0 1.0e-17
225 _ 42p 11.7 043 50.0 5.7 0.01 1.0e-17
22¢ _42p 140  0.55 77.1 0.0 0.0 1.0e-17
225 _42F 35.0 0.6 150.0 0.0 0.0 1.0e-18
22¢ _ 52¢ 145 058 120.0 0.0 0.0 1.0e-17
22¢ _52p 10.0 0.5 15.0 -4.15 0.005 1.0e-17
225 .5%p 8.3 0.62 21.3 0.0 0.0 1.0e-17
22¢ _52F 38.0 0.7 40.0 0.0 0.0 1.0e-18
22¢ .52 28.0 0.8 70.0 560.0 0.52 1.0e-19
22p _32¢ 101.0 0.5 403 -44.0 0.01 1.0e-17
22p_32p 1650 0.5 2640 0.0 0.0 1.0e-17
22p_32p 63.0 0.5 231.6 -12.0 0.01 1.0e-16
22p _42¢ 15.5 0.5 80.0 3.0 0.005 1.0e-16
22p _42p 33.25 0.5 550.0 8.0 0.01 1.0e-17
22p _42p 12.0 0.5 78.0 -3.0 0.005 1.0e-16
22p _42F 9.5 0.5 50.0 0.0 0.0 1.0e-17
22p _52¢ 800.0 0.5 2.0e3 -160.0  0.003 1.0e-19
22p_52p 348  0.65 130.5 0.0 0.0 1.0e-17
22p_52p 320 045 238.0 0.0 0.0 1.0e-17
22p _ 52F 120 0.65 45.0 0.0 0.0 1.0e-17
22p_52¢ 60.0 0.7 240.5 0.0 0.0 1.0e-19
325 . 425 6.00 0.5 74.0 1.0 0.01 1.0e-15
32¢ _42p 70.5 0.5 30.0 -30.0 0.007 1.0e-16
125 - 42p 22.5 0.5 110.0 0.0 0.60 1.0e-16
325 _42F 8.00 0.5 100.0 2.0 0.01 1.0e-16




Table I1-7. (Continued)

transition K L M N P factor

32¢ _52¢ 13.0 0.6 45.0 0.0 0.0 1.0e-16
32¢ _52p 10.0 0.5 0.3 4.2 0.05 1.0e-16
325 .52p 48.0 0.6 80.0 0.0 0.0 1.0e-17
325 _52F 18.0 0.7 0.0 270.0 0.4 1.0e-17
325 .52G 18.0 0.62 50.0 0.0 0.0 1.0e-17
32p _ 425 17.2 0.35 77.0 7.3 0.01 1.0e-16
32p_42p 280.0 0.7 350.0 0.0 0.0 1.0e-16
32p. 42p 55.0 0.3 500.0 0.0 0.0 1.0e-16
12p _42F 110.0 0.6 180.3 0.0 0.0 1.0e-16
32p_52g 56.7 0.5 83.3 -19.3 0.0038 1.0e-17
32p_52p 220.0  0.65 450.0 - 0.0 0.0 1.0e-17
32p.52p 24.8 0.5 36.12 -6.4 0.0045 1.0e-16
32p _52F 8.0 0.65 20.0 0.0 0.0 1.0e-16
32p._52G 8.0 0.65 20.0 0.0 0.0 1.0e-16
32D . 428 140.0 0.6 600.0 0.0 0.0 1.0e-17
32p - 42p 145.0 0.5 1100.0 -25.0 0.01 1.0e-17
32p_42p 40.0 0.85 400.0 2.0 0.01 1.0e-17
32p_42F 50.0 0.5 190.0 -13.0 0.01 1.0e-15
32p.52¢ 24.0 0.62 144.0 0.0 0.0 1.0e-17
32p.52p 24.0 0.55 230.0 4.0 (3) 0.8 1.0e-17
32p.52p 170.0  0.65 800.0 0.0 0.0 1.0e-17
32p . 52F 400.0 0.5 1900.0 -70.0 0.005 1.0e-17
32p.s52¢ 8.0 0.5 90.0 850.0 0.32 1.0e-16
425 _52¢ 50.0 0.65 700.0 4.0e4 0.8 1.0e-15
425 _52p 6.0 0.42 0.0 112.0 0.22 1.0e-15
425 . 52p 7.0 0.6 66.0 84.0 0.2 1.0e-15
425 _52F 6.0 0.7 60.0 78.0 0.2 1.0e-15
425 . 526 1.5 0.6 50.0 59.0 0.2 1.0c-15
42p 525 60.0 0.55 -1 243 0.013 1.0e-15
42p_52p 65.0 0.65 216.0 0.0 0.0 1.0e-15
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Table II-7. (Continued)

transition K L M N P factor
42p . 52p 45.0 0.5 50.0 -12.0 0.01 1.0e-15
42p - 2p 36.0 0.65 50.0 0.0 0.0 1.0e-15
2p.s26 120 065 45.0 0.0 0.0  1.0e-15
42p - 535 50.0 0.62 190.0 0.0 0.0 1.0e-16
42p_52p 50.0 0.5 60.0 100.0 0.20 1.0e-16
42p_52p 298.0 0.65 1490 0.0 0.0 1.0e-16
42p_52F 300.0 0.4 0.0 1000 0.2  1.0¢-16
42p.52¢; 240.0 0.6 995.0 0.0 0.0 1.0¢-16
42F _52¢ 50.0 0.88 302.0 784.0 0.5 1.0e-16
42F . 52p 24.0 0.7 333.0 0.0 0.0 1.0e-16
42r_52p 20.0 0.5 487.0 0.0 0.0 1.0e-16
4%F _52F 250.0 0.65 1800 0.0 0.0 1.0e-16
42F - 52¢ 120.0 0.5 380 250  0.005  1.0e-15

Table 11-8. Deexcitation Rate Coefficients for /-changing transition

transition K L M N P factor

329.32p 2.5 0.6 0.0 4.1 0.3 1.0e-13
3°P-3’D 3.5 07 0.0 37.0 0.5 1.0e-13
425-4°P 5.0 0.5 20.0 0.0 0.0 1.0e-13
42P-4°p 1.3 0.6 0.0 3.0 0.4 1.0e-12
4’D-4’F 1.0 0.6 0.0 2.0 0.3 1.0c-12
5%8-52p 2.7 0.6 0.0 5.0 0.3 1.0e-12
52P-5’D 3.3 0.6 0.0 6.3 0.3 1.0e-12
$2D5%F 41 0.6 0.0 8.0 0.3 1.0¢-12
52F.52G 4.3 0.6 0.0 8.23 0.3 1.0e-12
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Table 11-9. Dielectronic recombination rate coefficient for OVII —= OVIL.
Dielectronic recombination rate coefficient by ref [29]
AA

- < a rl
a(Lnl) Z'Zcp,nnA v,
P a r2
oo g(p,nl) hz 1.3 A A .
=2 ( ) exp[-E@nl)T]——
p 2gz 27[ka e Aa+Ar2
~ gp.nl) AA
-16 z -1.5 arl
=207x107° X T " exp [-E (p )T
P z ¢ p[ (p " ) ‘]Aa_’_Arl

2

E(p,nl) [eV] =[E(p)-E(m)]x[(z-2)A8-2)]~
where E(p) and E(nl) are the energy of the level p of heliumlike oxygen ion with respect to its ground
state and the ionization potential of the level nl of lithiumlike oxygen ion, respectively. T is in kelvin,

The transition to the 2°P
transition g, ni) autoionization A, rtadiative decay A,y  rad. decay 4,

a 4 9.44¢10 3.97¢12 4.71el12

b 4 9.44e10 7.21e1l 4.71e12

] 6 9.80e13 1.48e12 1.48e12

k 4 9.7913 1.29¢12 1.49e12

l 4 9.79¢13 1.88elt 1.49¢12
m 2 8.71e12 9.28¢11 1.38e12

n 2 8.71e12 4.37e11 1.38e12

p 2 1.02¢14 1.22¢11 1.90e11

The transitions are expressed by Gabriel notation

The transition to the 3%
transition 8P, ni) Ay Aq Ap
1523s - 1s2p3s 6 6.9¢12 2.47e12 2.73¢12
- 152p3s 6 2.65e13 3.68el1 3.97¢11
- 1s253p 6 4.45¢e11 2.13el1 6.43e11
- 1s2p3d 6 9.06e10 1.38¢11 3.43ell
The transition 10 the 3°P
transition gAp; nl) A, An Ap
15%3p - 152p3p 2 5.87e12 2.27e12 2.31e12
2 1.61ec12 6.10el1l 1.55e12
10 2.43e13 2.39e12 2.57el12
10 1.75e13 7.66e11 1.35¢12
- 152535 2 1.68e13 3.43el1 4.27e11
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The transition to the 32D

transition 8Ap, nl) A, Ay Ap
1523d - 1s2p3d 6 7.65¢10 2.93¢12 2.93¢12
6 9.06¢10 1.11ell 3.43el1l
14 6.32¢12 2.63e12 2.76e12
14 7.65e¢10 6.09%11 6.73e12
- 152p3s 6 2.65e13 1.22e11 6.43e¢l11
The transition to the 4°S
Transition g,(p, nl) A, Ap Apn
1s24s - 1s2pds 6 1.89%¢12 2.60c12 2.71e12
The transition to the 42P
transition g,p, nl) Ay Ay A
1524p - 152p4p 2 1.16¢12 2.92¢12 3.00e12
- i0 7.07e12 3.12e12 3.29¢e12
- 1s2s4s 10 6.01e12 1.49¢11 1.90e11
The transition o the 4°D
transition g,p, nl) A, An Ap
1s%4d - 1s2pad 6 1.62¢11 3.1912 3.28¢12
6 2.19e11 3.07¢10 3.07¢10
14 3.20e12 3.13e12 3.13e12
14 3.01ell 5.39¢10 9.47e10
The transition to the 4°F
transition 8,p. ul) Ay Agq Ap
1524]0 - 1s2p4f 10 4.47¢10 3.33e12 3.36e12
- 18 1.46ell 3.28el2 3.30e12
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The transition to the levels with n=5

transition g, p, nl) Ay An Ag
15255-152p5s 6 2.80e11 3.26e12 3.3%12
1525p-152p3p 2 1.05¢12 3.27e12 3.3212
10 3.39¢12 3.23e12 3.37e12
1525d-1S2p5d 6 1.28¢11 3.31e12 3.37e12
14 1.70e12 3.27e12 3.30e12
1525f-152p5f 10 5.95¢10 3.36e12 3.38¢12
18 1.17e11 3.30e12 3.31e12
1525g-152p5g 22 9.53¢9 3.30e12 3.31e12
For the transition to the level with # = 6, we assume hydrogenic approximation, and the
autoionization probability is given as
A, = # g(ﬁ_)zzg (1s> =15 2p)
where 220 (1s 25 1s 2p )} =2.355 at the threshold.
transition g,p, nl) Aa An Ap
152n-152pn 2n%+4n \ 3.30e12 3.30e12

.



TABLE IHI-1 Energy Level of Li-like Al

state Lindgard Zhang Duston  Kelly Evaluated Fitting

2s 0.0 0.0 0.0 0.0 0.00 0.0

2p 22.54 22.300 22.30 22301  22.30 22.36
- 3s  250.50 250.55 25051 250.50 250.50 250.33

3p 25670  256.71  256.64  256.63 256.63  256.45

3d 25894 259.04 25893 25891 258.91  258.73

4s 33544 33559 33547 33544 33544 33531

4p 338.06 338.12 338.07 338.06 338.06 337.77

4d 338.98 339.12 339.02  338.97 338.97  338.77

4f  339.03 339.27 339.10 339.10 339.10  338.94

55 37438 37437 37410 37438 37438  374.06

5p 375.62 375.65 375.64 375.62 37562  375.30

54 376.11 376.16 376.14 376.10 376.10 375.81

5f 376.14 376.24  376.16 376.16  375.90

5g 376.21 37630  376.17 376.18  375.97

6s  395.24 395.26 395.24  396.17

6p 39594 395.96  395.94 395.94

6d 396.29 396.31  396.28  396.28

6f 396.29 396.32 396.32

6g  396.33 396.36 396.33

6h 396.38 396.33

7s  407.78 407.78  408.29

7p 408.15 408.15  408.15

7d  408.43 408.43  408.43

7t 408.44 408.46

7g  408.47 408.46

7h 408.46

Ti

8s  415.88 415.88  416.16

8p 416.14 416.14  416.14

8d 416.34 416.33  416.34

8f 416.32 416.36

8g 416.34 416.36

9s 421.42 421.29  421.56

9 421.47 421.47  421.47

9d 421.72 421.61

9f  421.73 421.62

9g 421.74 421.62

10s 425.36 425.39 42542

10p 425.52 425.52

10d 425.59 425.62

10f  425.59 425.62

10g 425.60

free 442.06 442,08 442.08  441.86
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TABLE III-2 Oscillator Strength of Li-lika Al

Recm/H  Fitting

Lindgard Guennou Zhang Recom  H-like

2s-2p 1.153E-1 0.1168  1.17E-1

2s-3p 3.281E-1 3.322E-1 0.3337  3.35E-1 4.349E-1 0.77
2s-4p 8.624E-2 8.659E-2 0.0878  8.73E-2 1.028E-1 0.85
2s-5p 3.638E-2 3.640E-2 0.0369  3.69E-2 4.193E-2 0.83
2s-6p 1.922E-2 1.904E-2 1.92E-2 2.163E-2 0.89
2s-7p 1.159E-2 1.130E-2 1.13E-2 1.274E-2 0.89
2s-8p 7.456E-3 7.28E-3 8.181E-3 0.89
2s-9p 5.349E-3 4.97E-3 5.583E-3 0.89
2s-10p 3.601E-3 3.55E-3 3.988E-3 0.89
2p-3s  2.152E-2 2.127E-2 0.0208  2.08E-2 1.359E-2 1.53
2p-4s 4.568E-3 4.417E-3 0.0044  4.42E-3 3.045E-3 1.45
2p-5s 1.748E-3 1.721E-3" 0.0017 1.70E-3 1.213E-3 1.4
2p-6s 8.970E-4 8.670E-4 8.53E-4 6.180E-4 1.38
2p-7s 5.218E-4 5.034E-4 495E-4 3.613E-4 1.37
2p-8s 3.325E-4 3.16E-4 2.308E-4 1.37
2p-9s 2.252E-4 2.15E-4 1.570E-4 1.37
2p-10s 1.603E-4 1.53E-4 1.119E4 1.37
2p-3d 6.689E-1 6.727E-1 0.6474  6.47E-1 6.958E-1 0.93
2p-4d 1.225E-1 1.230E-1 0.1235 1.23E-1 1.218E-1 1.01
2p-5d 4.523E-2 4.550E-2 0.046 4.57E-2 4.437E-2 1.03
2p-6d 2.228E-2 2.235E-2 2.25E-2 2.163E-2 1.04
2p-7d 1.272E-2 1.279E-2 1.28E-2 1.233E-2 1.04
2p-8d 8.090E-3 8.07E-3 7.756E-3 1.04
2p-9d 5.409E-3 5.43E-3 5.221E-3 1.04
2p-10d 3.834E-3 3.84E-3 3.693E-3 1.04
3s-3p 1.954E-1 1.95E-1

3s-4p 3.593E-1 3.599E-1 3.50E-1 4.847E-1 0.74
3s-5p 9.931E-2 9.843E-2 9.80E-2 1.210E-1 0.81
3s-6p 4.423E-2 4.355E-2 4.37E-2 5.139E-2 0.85
3s-7p 2.447E-2 2.363E-2 2.35E-2 2.737E-2 0.86
3s-8p 1.487E-2 1.44E-2 1.655E-2 0.87
35-9p 1.051E-2 9.45E-3 1.086E-2 0.87
3s-10p 6.725E-3 6.57E-3 7.554E-3 (.87
3p-4s 5.050E-2 4.869E-2 4.87E-2 3.225E-2 1.51
3p-5s 1.061E-2 1.045E-2 1.05E-2 7.428E-3 1.4l
3p-6s 4.315E-3 4.161E-3 4.15E-3 3.032E-3 1.37
3p-7s  2.228E-3 2.140E-3 2.15E-3 1.579E-3 1.36
3p-8s 1.323E-3 1.28E-3 9.412E-4 1.36
3p-9s 8.560E-4 8.32E-4 6.120E-4 1.36
3p-10s 5.903E-4 5.75E-4 4.227E-4 1.36
3p-3d 3.060E-2 3.10E-2

3p-4d 5.810E-1 5.794E-1 5.81E-1 6.183E-1 0.94
3p-5d 1.361E-1 1.361E-1 1.36E-1 1.392E-1 0.98
3p-6d 5.568E-2 5.564E-2 5.56E-2 5.614E-2 0.99
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1.19E-1
3.28E-1
8.66E-2
3.73E-2

2.18E-2
4.54E-3
1.82E-3

6.66E-1
1.24E-1
4.54E-2

1.93E-1
3.56E-1
1.00E-1

3.13E-2
5.86E-1
1.38E-1




TABLE III-2 Continued

Lindgard Guennou Zhang Recom

3p-7d 2.899E-2 2.895E-2 2.90E-2
3p-8d 1.730E-2 1.72E-2
3p-9d 1.121E-2 1.12E-2
3p-10d 7.746E-3 7.69E-3
3d-4p 1.393E-2 1.358E-2 1.36E-2
3d-5p 2.767E-3 2.411E-3 2.70E-3
3d-6p 1.086E-3 1.017E-3 1.02E-3
3d-7p 5.784E-4 5.129E-4 5.10E-4
3d-8p 3.329E-4 2.96E-4
3d-9p 2.681E-4 1.89E-4
3d-10p 1.373E-4 1.29E-4
3d-4f 1.018E+0 1.017E+0 1.02E+0
3d-5f 1.563E-1 1.566E-1 1.57E-1
3d-6f 5.382E-2 5.410E-2 5.39E-2
3d-7f  2.551E-2 2.570E-2 2.56E-2
3d-8f 1.439E-2 1.44E-2
3d-9f 8.993E-3 9.03E-3
3d-10f 6.058E-3 6.08E-3
4s-4p 2.767E-1 2.77E-1
4s-5p 3.907E-1 3.967E-1 3.97E-1
4s-6p 1.115E-1 1.107E-1 1.10E-1
4s-7p S5.101E-2 4.972E-2 4.95E-2
4s-8p 2.778E-2 2.68E-2
4s5-9p 1.869E-2 1.64E-2
4s-10p 1.119E-2 1.09E-2
4p-5s 7.877E-2 7.828E-2 7.83E-2
4p-6s 1.731E-2 1.696E-2 1.70E-2
4p-7s 6.942E-3 6.840E-3 6.83E-3
4p-8s 3.595E-3 3.59E-3
4p-9s  2.136E-3 2.17E-3
4p-10s 1.392E-3 1.42E-3
4p-4d 5.376E-2 5.40E-2
4p-5d 5.606E-1 5.619E-1 5.61E-1
4p-6d 1.417E-1 1.426E-1 1.41E-1
4p-7d 6.051E-2 6.093E-2 6.07E-2
4p-8d 3.226E-2 3.26E-2
4p-9d 1.965E-2 1.98E-2
4p-10d 1.300E-2 1.31E-2
4d-5p 3.407E-2 3.364E-2 3.34E-2
4d-6p 7.166E-3 6.897E-3 6.89E-3
4d-7p 2.906E-3 2.673E-3 2.66E-3
4d-8p 1.444E-3 1.35E-3
4d-9p 1.038E-3 7.95E-4
4d-10p 5.124E-4 5.14E-4

H-like

Recm/H  Fitting

2.901E-2
1.721E-2
1.115E-2
7.686E-3
1.099E-2
2.210E-3
8.420E-4
4.212E-4
2.448E-4
1.564E-4
1.067E-4

1
1
1
1

ot et
2R

-

1.21
1.21
1.21

1.018E+0 1

1.566E-1
5.389E-2
2.559E-2
1.442E-2
9.034E-3
6.081E-3

5.442E-1
1.381E-1
5.965E-2
3.227E-2
1.980E-2
1.317E-2
5.291E-2
1.234E-2
5.094E-3
2.682E-3
1.617E-3
1.062E-3

6.093E-1
1.485E-1
6.255E-2
3.330E-2
2.021E-2
1.333E-2
2.782E-2
5.838E-3
2.274E-3
1.155E-3
6.797E-4
4.391E-4

1

SV S W R SO Y

0.73
0.8

0.83
0.83
0.83
0.83
1.48
1.38
1.34
1.34
1.34
1.34

0.92
0.95
0.97
0.98
0.98
0.98
1.2

1.18
1.17
1.17
1.17
1.17

1.33E-2
2.89E-3

1.02E+0
1.57E-1

2.52E-1
3.84E-1

8.30E-2

6.67E-2
5.53E-1

3.77TE-2




TABLE III-2 Continued

Lindgard Guennou Zhang Recom  H-like Recm/H  Fitting
4d-4f 1.582E-3 1.60E-3 2.29E-3
4d-5f 8.862E-1 8.884E-1 8.90E-1 8.903E-1 1 8.86E-1
4d-6f 1.857E-1 1.861E-1 1.86E-1 1.862E-1 1

4d-7f 7.188E-2 7.231E-2 7.22E-2 T.225E-2 1

4d-8f 3.643E-2 3.66E-2 3.659E-2 1

4d-9f 2.134E-2 2.15E-2 2.149E-2 1

4d-10f 1.377E-2 1.39E-2 1.386E-2 1

4f-35d 9.001E-3 9.009E-3 9.23E-3 8.871E-3 1.04 9.50E-3
4f-6d 1.573E-3 1.562E-3 1.65E-3 1.583E-3 1.04

4f-7d 5.613E-4 5.768E-4 5.87E-4 5.644E-4 1.04

4f-8d 2.550E-4 2.82E-4 2.716E-4 1.04

4f-9d 1.491E-4 1.60E-4 1.542E-4 1.04

4f-10d 9.336E-5 1.01E-4 9.713E-5 1.04

4f-5g 1.340E+0 1.346E+0 1.35E+0 1.346E+0 1 1.35E+0
4f-6g 1.835E-1 1.820E-1 1.82E-1 1.824E-1 1

4f-7g 5.897E-2 5.856E-2 5.84E-2 5.838E-2 1

4f-8g 2.698E-2 2.66E-2 2.655E-2 1

4f-9g 1.482E-2 1.46E-2 1.457E-2 1

4f-10g 9.165E-3 8.98E-3 8.979E-3 1

5s-5p 3.298E-1 3.40E-1 3.60E-1
5s-6p 4.448E-1 4.19E-1 6.078E-1 0.69

5s-7p 1.278E-1 1.225E-1 1.22E-1 1.549E-1 0.79

5s-8p 5.704E-2 5.46E-2 6.737E-2 0.81

S5s-9p 3.523E-2 2.98E-2 3.675E-2 0.81

5s-10p 1.946E-2 1.86E-2 2.273E-2 0.82

5p-6s 1.099E-1 1.10E-1 7.454E-2 1.47

5p-7s  2.363E-2 2.370E-2 2.36E-2 1.749E-2 1.35

5p-8s 9.614E-3 9.59E-3 7.268E-3 1.32

5p-9s 5.066E-3 5.08E-3 3.851E-3 1.32

5p-10s 3.080E-3 3.08E-3 2.336E-3 1.32

S5p-5d 7.707E-2 7.70E-2 8.46E-2
5p-6d 5.600E-1 5.68E-1 6.247E-1 0.91

5p-7d 1.472E-1 1.490E-1 1.49E-1 1.570E-1 0.95

5p-8d 6.417E-2 6.49E-2 6.755E-2 0.96

5p-9d 3.543E-2 3.51E-2  3.656E-2 0.96

5p-10d 2.204E-2 2.16E-2 2.249E-2 0.96

5d-6p 5.901E-2 5.66E-2 4.800E-2 1.18

5d-7p 1.292E-2 1.200E-2 1.20E-2 1.033E-2 1.16

5d-8p 5.037E-3 4.74E-3 4.083E-3 1.16

5d-9p 3.176E-3 2.43E-3 2.094E-3 1.16

5d-10p 1.490E-3 1.44E-3 1.243E-3 1.16

5d-5f 3.809E-3 2.50E-3 1.31E-2
5d-6f 8.380E-1 8.44E-1 B8.443E-1 1

5d-7f 1.961E-1 1.963E-1 1.97E-1 1.968E-1 1
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TABLE III-2 Continued

Lindgard Guennou Zhang Recom  H-like Recm/H  Fitting
5d-8f 8.125E-2 8.08E-2 8.082E-2 1
5d-9f 4.284E-2 4.24E-2 4.241E-2 1
5d-10f 2.594E-2 2.55E-2 2.552E-2 1
5f-6d 2.303E-2 2.40E-2 2.328E-2 1.03
5{-7d 4.441E-3 4.535E-3 4.56E-3 4.432E-3 1.03
5f-8d 1.601E-3 1.68E-3 1.630E-3 1.03
5f-9d 8.330E-4 8.22E-4 7.985E-4 1.03
5f-10d 4.908E-4 4.73E-4 4.589E-4 1.03
5f-5g  4.293E-3 4.29E-3 1.79E-3
Sf-6g 1.177E+0 1.19E+0 1.185E+0 1
5f-7g  2.295E-1 2.290E-1 2.29E-1 2.287E-1 1
5f-8g 8.571E-2 8.45E-2 8.450E-2 1
5f-9g 4.222E-2 4.15E-2 4,148E-2 1
5f-10g 2.439E-2 2.39E-2 2.386E-2 1
5g-6f 7.677E-3 7.38E-3 7.376E-3 1
Sg-7f 1.246E-3 1.241E-3 1.20E-3 1.174E-3 1.02
5g-8f 4.312E-4 3.97E-4 3.895E-4 1.02
5g-9f 2.053E-4 1.82E-4 1.787E-4 1.02
5g-10f 1.164E-4 1.00E-4 9.821E-5 1.02
5g-6h 1.68E+0 1.676E+0 1
5g-7Th 2.029E-1 2.02E-1 2.018E-1 1
5g-8h 5.99E-2 5.992E-2 1
5g-%h 2.59E-2  2.592E-2 1
5g-10h 1.37E-2 1.375E-2 1
6s-6p 3.934E-1 4.00E-1

6s-7p 5.129E-1 5.12E-1 6.736E-1 0.76
6s-8p 1.418E-1 1.42E-1 1.715E-1 0.83
6s-9p 7.151E-2 6.21E-2 7.482E-2 0.83
6s-10p 3.412E-2 3.40E-2 4.099E-2 0.83
6p-7s 1.405E-1 1.40E-1 9.672E-2 1.45
6p-8s 3.106E-2 3.10E-2 2.278E-2 1.36
6p-9s 1.257E-2 1.25E-2 9.498E-3 1.32
6p-10s 6.548E-3 6.57E-3 5.052E-3 1.3
6p-6d 1.217E-1 1.20E-1

6p-7d 5.7835E-1 5.80E-1 6.514E-1 0.89
6p-8d 1.534E-1 1.54E-1 1.658E-1 0.93
6p-9d 6.830E-2 6.85E-2 7.212E-2 0.95
6p-10d 3.744E-2 3.74E-2 3.940E-2 0.95
6d-7p 9.423E-2 8.29E-2 7.024E-2 1.18
6d-8p 1.990E-2 1.78E-2  1.539E-2 1.16
6d-9p 9.351E-3 71.12E-3  6.137E-3 1.16
6d-10p 3.796E-3 3.68E-3 3.170E-3 1.16
6d-6f 6.444E-4 3.40E-3

6d-7f 8.359E-1 8.33E-1 8.329E-1 1
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TABLE III-2 Continued

Lindgard Guennou Zhang Recom  H-like Recm/H Fitting
6d-8f 2.050E-1 2.04E-1 2.038E-1 1
6d-9f 8.597E-2 8.62E-2 8.623E-2 1
6d-10f 4.576E-2 4.62E-2 4.619E-2 1
6f-7d 4.268E-2 4.22E-2 4.135E-2 1.02
6f-8d 8.268E-3 8.37E-3 8.205E-3 1.02
6f-9d 3.155E-3 3.14E-3  3.082E-3 1.02
6f-10d 1.529E-3 1.56E-3 1.529E-3 1.02
6f-6g 7.941E-3 7.94E-3

6f-7g  1.101E+0 1.11E+0 1.110E+0 1
6f-8g 2.448E-1 2.45E-1 2.453E-1 1
6f-9g 9.647E-2 9.73E-2 9.733E-2 1
6f-10g 4.929E-2 499E-2 4.990E-2 1
6g-7f 2.084E-2 2.00E-2 1.981E-2 1.01
6g-8f 3.581E-3 3.47E-3 3.435E-3 1.01

6g-9f 1.184E-3 1.20E-3 1.189E-3 1.01
6g-10f 5.299E-4 5.64E-4 5.588E-4 1.01
6g-6h

6g-7h 1.49E+0 1.492E+0 1
6g-8h 2.66E-1 2.657E-1 1
6g-%h 9.30E-2 9.304E-2 1
6g-10h 4.40E-2 4.400E-2 1
6h-7g 6.29E-3 6.294E-3 1
6h-8g 9.01E-4 9.010E4 1
6h-9g 2.78E-4 2.781E-4 1
6h-10g 1.21E-4 1.212E4 1
6h-71 2.01E+0 2.008E+0 1
6h-81 2.17E-1 2.169E-1 1
6h-91 S.98E-2 5.97%E-2 1
6h-10i 2.45E-2 2.455E-2 1
7s-7p 3.941E-1 4.80E-1

7s-8p 5.466E-1 548E-1 7.407E-1 0.74
7s-9p 1.755E-1 1.54E-1 1.881E-1 0.82
7s-10p 6.713E-2 6.73E-2 8.211E-2 0.82
7p-8s 1.611E-1 1.67E-1 1.192E-1 1.4
7p-9s 3.561E-2 3.58E-2 2.815E-2 1.27
7p-10s 1.490E-2 1.49E-2 1.176E-2 1.27
Tp-7d 1.828E-1 1.80E-1

7p-8d 5.584E-1 5.61E-1 6.843E-1 0.82
Tp-9d 1.555E-1 1.56E-1 1.750E-1 0.89
7p-10d 7.082E-2 7.12E-2  7.653E-2 0.93
7d-8p 1.197E-1 1.09E-1 9.385E-2 1.16
7d-9p 3.087E-2 2.41E-2 2.081E-2 1.16
7d-10p 9.969E-3 9.69E-3 8.358E-3 1.16

7d-7f  6.715E-3 4.50E-3

—33—



Lindgard

7d-8f 8.302E-1
7d-9f 2.092E-1
7d-10f 9.139E-2
7£-8d  5.944E-2
7f-9d  1.259E-2
7f-10d 4.980E-3
7f-7g  1.123E-2
7f-8g 1.060E+0
7f-9g 2.533E-1
7f-10g 1.061E-1
7g-8f 3.647E-2
7g-9f 6.760E-3
7g-10f 2.529E-3
7g-Th

7g-8h

7g-Sh

7g-10h

7h-8g

7h-9g

7h-10g

7h-7i

7h-8i

7h-91

7h-10i

7i-8h

7i-Sh

7i-10h

7i-8k

71-9%

7i-10k

8s-8p 4.664E-1
8s-9p 7.454E-1
8s-10p 1.587E-1
8p-9s 1.962E-1
8p-10s 4.285E-2
8p-8d 2.319E-1
8p-9d 6.082E-1
8p-10d 1.638E-1
8d-9p 1.974E-1
8d-10p 3.196E-2
8d-8f 9.854E-3
8d-9f 8.688E-1
8d-10f 2.168E-1
8f-9d 8.612E-2

TABLE III-2 Continued

Guennou Zhang

Recom

H-like

8.39E-1
2.10E-1
9.05E-2
6.26E-2
1.28E-2
4.87E-3
1.12E-3
1.08E+0
2.54E-1
1.05E-1
3.59E-2
6.58E-3
2.34E-3

1.39E+0
2.91E-1
1.11E-1
1.72E-2
2.73E-3
8.89E-4

1.81E+0
2.98E-1
9.87E-2
5.48E-3
7.12E-4
2.05E-4
2.34E+0
2.29E-1
5.88E-2
5.40E-1
5.98E-1
1.66E-1
1.96E-1
4.30E-2
2.30E-1
6.06E-1
1.64E-1
1.37E-1
3.07E-2
5.40E-3
8.56E-1
2.17E-1
8.44E-2

8.393E-1
2.103E-1
9.04S9E-2
6.196E-2
1.265E-2
4.824E-3

1.075E+0
2.538E-1
1.048E-1
3.586E-2
6.577E-3
2.344E-3

1.392E+0
2.909E-1
1.110E-1
1.718E-2
2.729E-3
8.889E-4

1.806E+0
2.977E-1
9.860E-2
5.482E-3
7.118E-4
2.048E-4
2.340E+0
2.289E-1
5.876E-2

Recm/H Fitting

ek ek ot ok kel

purrd ek ek

pok ok ek ok ek ek

P e N e B o N N G S S Y

8.086E-10.74

2.047E-1
1.420E-1
3.357E-2

7.210E-1
1.846E-1
1.184E-1
2.649E-2

8.558E-1
2.171E-1
8.439E-2

0.81
1.38
1.28

0.84
0.89
1.16
1.16

1
1
1
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TABLE HI-2 Continued

Lindgard Guennou Zhang  Recom  H-like Recm/H  Fitting
8f-10d 1.749E-2 1.76E-2 1.760E-2 1
8f-8g 1.428E-2 1.43E-2

gf-9g 1.051E+0 1.06E+0 1.063E+0 1
8f-10g 2.561E-1 2.60E-1 2.601E-1 1
8g-9f S5.684E-2 5.46E-2 5.461E-2 1
8g-10f 1.038E-2 1.04E-2 1.042E-2 1
8g-8h

8g-%h 1.34E+0 1.337E+0 1
8g-10h 3.03E-1 3.031E-1 1
8h-9¢g 3.15E-2 3.153E-2 1
8h-10g 5.37E-3 5.366E-3 1
8h-81

8h-91 1.69E+0 1.685E+0 1
8h-101 3.33E-1 3.328E-1 1
8i-Sh 1.51E-2 1.514E-2 1
8i-10h 2.22E-3 2.217E-3 1
8i-8k

8i-9k 2.12E+0 2.124E+0 1
8i-10k 3.25E-1 3.253E-1 1
8k-91i 4.85E-3 4.853E-3 1
8k-10i 5.76E-4 5.759E-4 1
8k-91 2.67E+0 2.672E+0 1
8k-101 2.39E-1 2.387E-1 1
9s-9p 1.566E-1 6.00E-1

9s-10p 6.153E-1 6.49E-1 8.770E-1 0.74
9p-10s 1.804E-1 2.26E-1 1.649E-1 1.37
9p-9d 4.785E-1 2.80E-1

9p-10d 5.162E-1 6.08E-1 7.600E-1 0.8
9d-10p 1.746E-1 1.67E-1 1.437E-1 1.16
9d-9f 6.348E-3 6.40E-3

9d-10f 8.738E-1 8.79E-1 8.788E-1 1
9f-10d 1.089E-1 1.08E-1 1.082E-1 1
9f-9¢ 1.720E-2 1.72E-2

9f-10g 1.052E+0 1.07E+0 1.065E+0 1
9g-10f 7.793E-2 7.54E-2  7.540E-2 1
9g-%h

9g-10h 1.31E+0 1.308E+0 1
Sh-10g 4.86E-2 4.858E-2 1
9h-9i

Sh-10i 1.61E+0 1.611E+0 1
9i-10h 2.81E-2 2.808E-2 1
91-9k

91-10k 1.99E+0 1.986E+0 1
Ok-101 1.35E-2  1.353E-2 1
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TABLE III-2 Continued

Lindgard Guennou Zhang Recom  H-like Recm/H  Fitting
Ok-91

9k-101 244E+0 2.445E+0 1

91-10k 4.35E-3 4.351E-3 1

91-10m 3.01E+0 3.005E+0 1

10s-10p 6.725E-1 6.73E-1

10p-10d 2.103E-1 2.10E-1

10d-10f 7.163E-3 7.16E-3

10f-10g

1.999E-2

2.00E-2
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TABLE III-4

A D
Is-2s  0.000D+0 4.439D-1
1s-2p 2.220D+0 6.593D-1
1s-3s  0.000D+0 8.814D-2
1s-3p 3.560D-1 2.292D-1
1s-3d 0.000D+0 7.443D-2
1s-4s  0.000D+0 3.278D-2
1s-4p 1.237D-1 9.396D-2
1s-4d 0.000D+0 3.528D-2
Is-4f 0.000D+0 5.641D-4
1s-5s  0.000D+0 1.585D-2
I1s-5p 5.808D-2 4.720D-2
Is-5d (.000D+0 1.858D-2
I1s-5f 0.000D+0 4.312D-4
1s-5g¢ 0.000D+0 6.487D-6
2s-3s  0.000D+0 5.316D+0
2s-3p 1.252D+1  -5.942D+0
2s-3d  0.000D+0 1.679D+1
2s-4s  0.000D+0 1.036D+0
2s-4p 2.192D+0 -2.039D-1
2s-4d  0.000D+0 2.223D+0
2s-4f  0.000D+0 1.133D+0
2s-5s  0.000D+0 3.980D-1
2s-5p 7.987D-1 3.660D-2
2s-5d  0.000D+0 7.195D-1
25-5f 0.000D+0 5.359D-1
2s-5g 0.000D+0 4.835D-2
2p-3s  1.174D+0 -4.617D-1
2p-3p 0.000D+0 1.797D+1
2p-3d 6.012D+1 1.445D+1
2p-4s  1.949D-1 4.415D-2
2p-4p 0.000D+0 3.500D+0
2p-4d 7.795D+0 7.078D+0
2p-4f 0.000D+0 5.329D+0
2p-5s 6.933D-2 3.655D-2
2p-5p 0.000D+0 1.333D+0
2p-5d 2.535D+0 3.108D+0
2p-5f 0.000D+0 2.552D+40
2p-5g 0.000D+0 1.245D-1
3s-4s . 0.000D+0 2.289D+1
3s-4p 3.988D+1  -3.700D+1
3s-4d  0.000D+0 5.656D+1
3s-4f  0.000D+0 2.486D+1
3s-5s  0.000D+0 4.240D+0
3s-5p 6.808D+0  -2.820D+0

cl c2
-2.198D-1 4.500D-5
-3.058D+0 9.199D+0
-4.442D-2 4.206D-2
-6.011D-1 1.250D+0
-1.382D-1 1.221D-1
-1.687D-2 1.775D-2
-2.191D-1 4.119D-1
-6.354D-2 5.583D-2
-7.781D-4 1.030D-3
-8.095D-3 8.751D-3
-1.054D-1 1.904D-1
-3.292D-2 2.892D-2
-5.896D-4 7.834D-4
-1.799D-5 2.156D-5
-1.898D-1  -8.470D+0
-1.614D+1 1.425D+2
4.972D+1 -1.314D+3
-1.023D-2 -1.697D+0
-3.458D+0 1.810D+1
-2.620D+0 2.373D+0
-7.158D-1 5.573D-1
-8.900D-2 2.995D-2
-1.121D+0 4.906D+0
~7.155D-1 7.817D-1
-3.499D-1 3.139D-1
-6.707D-2 8.642D-2
-2.643D+0 1.719D+1
-9.936D+0 1.722D+1
-1.217D+2 7.103D+2
-5.424D-1 2.121D+0
-1.711D+0 3.577D+0
-1.335D+1 4.229D+1
-1.237D+1 1.285D+1
-2.188D-1 7.228D-1
-6.459D-1 1.402D+0
-4.862D+0 1.214D+1
-5.179D+0 5.010D+0
-1.350D-1 1.375D-1
3.609D+0  -5.230D+1
6.100D+0 4.086D+2
-1.997D+2 3.127D+1
-5.293D+1 1.680D+2
6.948D-1 -7.022D+0
-1.222D+1 8.263D+1

a

1.670D+0
0.970D+0
0.680D+0
0.630D+0
0.050D+0
0.590D+0
0.580D+0
0.000D+0
-0.350D+0
0.530D+0
0.540D+0
-0.020D+0
-0.360D+0
-0.410D+0
2.100D+0
2.030D+0
9.130D+0
2.180D+0
1.690D+0
0.410D+0
-0.070D+0
-0.250D+0
1.400D+0
0.260D+0
-0.080D+0
-0.070D+0
1.700D+0
1.030D+0
1.970D+0
0.980D+0
0.460D+0
1.010D+0
0.620D+0
0.750D+0
0.300D+0
0.750D+0
0.370D+0
-0.210D+0
2.570D+0
2.030D+0
4.710D+0
4.710D+0
2.000D+0
2.030D+0
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TABLE 111-4 Continued

A D cl c?2 a
3s-5d  0.000D+0 8.516D+0 -1.625D+1 1.377D+1 1.850D+0
3s-5f  0.000D+0 2.167D+0  -4.641D+0 9.895D+0 0.940D+0
3s-5g 0.000D+0 5.040D+0 -9.101D+0 1.319D+1 0.900D+0
3p-4s 7.961D+0  -6.466D+0  -1.051D+1 1.283D+2 2.180D+0
3p-4p 0.000D+0 R.431D+1 -4.74210+1 2.063D+0 2.080D+0
3p-4d 1.526D+2 -6.928D+1 -2.135D+2 2.548D+3 - 2.440D+0
3p-4f 0.000D+0 1.853D+2  -5.579D+2 4.526D+2 3.970D+0
3p-5s  1.254D+0 -3.187D-1 -1.699D+0 9.670D+0 1.220D+0
3p-5p 0.000D+0 1.584D+1 -6.889D+0 5.954D+0 0.980D+0
3p-5d 2.350D+1 3.721D+0  -5.683D+1 3.373D+2 2.180D+0
3p-5f 0.000D+0 1.357D+1 -1.386D+1 1.689D+1 0.460D+0
3p-5g G.000D+0 1.859D+1 -1.156D+1 8.202D+0 0.130D+0
3d-4s 0.000D+0 3.302D+0  -1.484D+1 4.786D+1 2.870D+0
3d-4p 4.522D+0 2.624D+0  -1.561D+1 1.045D+2 1.700D+0
3d-4d 0.000D+0 1.119D+2  -3.648D+1 9.376D+1 1.230D+0
3d-4f 4.186D+2 3.280D+1 -6.693D+2 6.589D+3 2.340D+0
3d-5s 0.000D+0 7.412D-1 -1.965D+0 5.230D+0 1.150D+0
3d-5p 6.216D-1 1.752D+0  -4.534D+0 1.617D+1 0.820D+0
3d-54 0.000D+0 2.029D+1 -6.422D+0 2.108D+1 0.520D+0
3d-5f 4.405D+1 4.932D+1 -1.368D+2 5.931D+2 1.840D+0
3d-5g 0.000D+0 5.708D+1 -1.862D+2 2.504D+2 1.770D+0
4s-5s  0.000D+0 6.612D+1 1.000D+1 -1.663D+2 3.030D+0
4s-5p 9.674D+1 -1.321D+2 2.874D+2  -5.845D+0 0.880D+0
4s-54 0.000D+0 1.300D+2  -5.892D+2 8.738D+2 4.160D+0
4s-5f  0.000D+0 5.742D+1 -3.663D+1 9.020D+0 2.610D40
4s-5g 0.000D+0 3.089D+1 -6.282D+1 1.094D+2 1.990D+0
4p-5s 2.822D+1 -3.757D+1 7.376D+1 1.018D+2 1.510D+0
4p-5p 0.000D+0 2.447D+2 -1.367D+2 9.887D+0 1.950D+0
4p-5d 3.250D+2 2.768D+2  -4.193D+1 4.974D+3 2.430D+0
4p-5f 0.000D+0 4 383D+2  -2.045D+3 2.024D+2 7.010D+0
4p-5g 0.600D+0 1.507D+2  -5.657D+2 2.931D+3 7.710D+0
4d-5s 0.000D+0 1.565D+1 -7.361D+1 1.766D+2 4.070D+0
4d-5p 2.473D+1 -6.805D+0  -2.958D+1 4.499D+2 2.270D+0
4d-5d4 0.000D+0 3.751D+2 -1.765D+2 2.539D+1 3.350D+0
4d-5f 7.913D+2 3773042 -1.524D+3 1.884D+4 2.810D+0
4d-5g 0.000D+0 7.780D+2  -2.661D+3 3.690D+3 3.970D+0
4f-5s  0.000D+0 2.614D+0  -1.070D+1 4.822D+1 2.550D+0
4f-5p 0.000D+0 1.280D+1 -4.915D+1 1.914D+2 2.420D+0
4f-5d 1.104D+1 1.540D+1 -4,549D+1 3.197D+2 1.740D+0
4f-5f  0.000D+0 4.009D+2  -1.054D+2 3.443D+2 1.680D+0
4f-5g 1.675D+3 -1.253D+1 -3.772D+3 4.307D+4 2.930D+0
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Figure Captions

Fig. II-1 Excitation cross sections for the transitions of 2s-3s, 2s-3d and 2s-3d. (a);
hydrogenic approximation. (b); the data described in section D-1.

Fig. IV-1 Excited level population and amplification gain by use of atomic data in section
I for Te=20eV.

Fig. IV-2 The same with Fig. IV-1 for Te=30eV.

Fig. IV-3 The same with Fig. IV-1 for Te=50cV.

Fig. 1V-4 The amplification gain with I-changing process are compared with that without /-
changing process. Electron temperature is 30eV.

Fig. IV-5 The same with Fig. IV-4. Electron temperature is 50eV.

Fig. IV-6 Excited level population and amplification gain by use of atomic data in section
II for Te=20eV.

Fig. 1V-7 The same with Fig. IV-4 for Te=30eV.

Fig. IV-8 The same with Fig. IV-4 for Te=50eV.
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