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Abstract

The atomic nuclear charge (Z) scaling for the dielectronic recombination (DR) rate
coefficient (a) to the O4+ , Ne6+, Mg8+, P n + , Ar14+, Ca16+, V19+, Fe22+ ions as well as
the auger energy (A-E), the radiative transition probability (Ar). and the autoionization
rate (Aa) for the Be-like ions is studied. For the calculation of the energy levels, Ar,
and Aa values, Cowan's code is employed. Not only the doubly excited \s22pnl states
but also the Is23lnl'(l = s,p,d) are considered as the autoionization ones. In the DR
processes, at low Z, only the Is22pnl —> Is22snl and Is23pnl —» Is22snl processes give a
significant contribution. While, at high Z, the Is23s(or d)nl —> Is22pnl and \s22pnl —>
\s22pn'V processes also become important. The dielectronic recombination rate coefficient
to the final excited Is22snl show weak Z-dependence, on the other hand, those to the
final excited Is22pnl states have a strong Z-dependence.

Keywords

dielectronic recombination rate coefficient, Beryllium-like ion, energy level, radiative
transition probability, autoionization rate, atomic nuclear charge scaling, autoionzation
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1. Introduction

The dielectronic recombination (DR) process, which is defined by the following process,

Az+1(i0) + e~ -» Az"(i) -> A z"(/) + hv, (1)

is important in high temperature plasma such as tokamak and sol ax corona[l, 2]. Here

\Z»* expresses the autoionization state of the Az and io, i, and / are the initial state,

the autoionization (doubly excited) state, and the final excited state, respectively. In this

paper, the Az ion is treated as Be-like ion. To obtain the population of the excited states

of ions in plasma with use of collisional radiative model[3], the DR rate coefficient given

by
9{i)Aa{i,io)Ar(i-*f)

all i'o all f

is requested[4, 5]. Here Ar,Aa, Te, g0 and AEt represent radiative transition probability,

autoionization rate, electron temperature, statistical weight of the initial state {io), and

auger energy, that is, the energy difference between the autoionization state {i) and the

initial state {io), respectively.

In our previous paper[6, 7], we studied the DR processes to Be-like C2+ and Fe22+

ions. Then we considered the Is22pnl states and I.s23/n/' states as the autoionization

states. We found that in the C2+ ion, the a value for the DR process through the \s22pnl

state is always much larger than that through the \s13lnll all over the Te values. On the

other hand, in the case of Fe22+ ion, the Is22pnl and the Is23lnl' dominated at low and

at high Te, respectively. From atomic nuclear charge (Z) scaling of A £ , Ar, Aa, and

a, we can understand the reason why the different mechanism between two ions occurs.

Further, this paper showed that there are five important processes for the DR processes

to Be-like ions, and in each process, a characteristic mechanism exists. Here the following

five processes, Is22pnl -> Is22pn'l' \s22pnl -» Is22snl, Is23snl -> Is22pnl, Is23pnl -*•

\s22snl, and Is23dnl —> Is22pnl are considered. Since the Z-scaling for the DR processes

to the Be-like ions is very complicated, we should study the mechanism for Z-scaling in

more detailed.
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For the DR processes to the Be-like ions, a lot of papers exist[6-17]. However, as

far as we know, there are no paper in which the mechanism for Z-scaling is discussed

fully, for example, the estimation of the contribution of each autoionization states to the

DR process or contribution of each process mentioned before. Therefore, in this paper,

we estimate the important autoionization state and the important final bound states in

the DR process to some Be-like ions. Furthermore, the mechanism of Z-scaling for each

process is also studied. When we study the DR processes to the ions with many electrons,

approximation methods are requested because the exact calculation is very difficult. Then

the knowledge of the mechanism for the DR processes will be very useful for making a

model.

The autoionization states (i in Eq.(l)) considered in this paper are the Is22pnl, Is23snl,

Is23pn/, and Is23dnl and the final bound states ( / in Eq.(l)) are the Is22snl and is22pnl.

The five processes mentioned before are considered as an important process. In order to

understand the Z-scaling, we treat Be-like 0 4 + , Nc6+, Mg8+, P n + , Ar14+, Ca16+, and

V19+ ions in addition to Be-like C2+ and Fe22+ ions as Az ion in Eq.(l). We study the

Z-scaling for the A£ , Ar, and Aa values as well as the a values. The calculations for the

A £ , Ar, and Aa are executed with use of Cowan's code[18, 19] in which the configuration

interaction (CI) method is used. We compare our results with those given by Romanik[13]

and Chen[15]. The aims of this paper are (i) to understand the mechanism for Z-scaling

of the a values and (ii) to estimate the a values to Be-like ions by Z-scaling.

2. Theory for atomic nuclear charge scaling for radiative tran-
sition probability (Ar) and autoionization rate (Aa)

In this section, we describe Z-scaling for Ar and Aa values following the discussion in

Ref.[9] in the ideal case where the electron correlation and relativistic effects are removed.
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For the real case with these effects, we will discuss in Sec.3-5. The Z value is the nuclear

charge minus the number of electrons bound in inner shells. For example, in the case

of Is22pnl state in Fe22+ ion, it is 24 for the 2p electron and 23 for the nl electron,

respectively.

The radiative transition probability Ar for emission from state A to state B, is given

by

Ar = Na3S. (3)

Here N and a are the normalization constant and the energy difference between the states

A and B, respectively and S is the line-strength given by

s=\< MA^A > r
where ipA(B) is the wave function of the state A(B). Firstly S decreases according to Z~2

because the atomic radius < r >oc Z~l. On the other hand, in order to estimate the

Z-scaling for a, the Z-expansion method[20] is useful. With the use of this method, the

energy for large Z can be written as

E^Z^Eo + E^/Z), (5)

because the second and higher order terms can be neglected for large Z. Here £o(i) ' s the

0(l)-th expansion coefficient. In the case when the principal quantum numbers n are the

same between the states A and B, the Eo values are the same for state A and state B.

Therefore a can be approximated by

a oc Z2 for An ^ 0

<TOCZ for An = 0, (6)

where An is the difference between principal quantum number of the transition electron

in the state A and that in the state B. From Eqs.(3) and (6), Ar can be given by

Ar oc Z4 for An ^ 0

Ar oc Z for An = 0. (7)
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The autoionization rate Aa is given by

2TT _ 1 _ 2

fi n n ru

where the states j and i express discrete and continuum states, respectively and r]2 is the

distance between two electrons. In Cowan's code[18, 19], a free electron state is assumed

to be separable from the bound state. Then the wave function of a free electron, which is

of the same form as that for a bound electron, is given by

with
9 1

pd r^ (_I_)V2_ sin(pc?, _j_ S(r)). (10)
xpc r

Here pc equals to e1/2 where t is the free electron energy and Smj(6z) is the wave function

for the spin of the electron. That is, pc increases according to

pc oc Z for Anc ^ 0

p,ocZ1 / 2 for Anc = 0. (11)

Here Anc expresses the difference of the principal quantum number between the states j \

and j 3 . Namely,

$i oc Zi/2 for Anc ^ 0

$i oc Z3/4 for Anc = 0 (12)

because r"1 oc Z. Then ^ j and < r^1 > increase according to Z3/2 and 2, respectively

and dr3dr\. decreases according to Z~6. Therefore Aa becomes

Aa oc Z° for Anc ^ 0

Aa oc Z1/2 for Anc = 0. (13)

After all it is found that the ^-dependence for Aa is weaker than that for Ar.

3. Energy level for autoionization states
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The AE value is very important for the DR process, because it decides the temperature

where the a value takes the maximum as will be mentioned in Sec.6. Table I lists ionization

energy (IE), first autoionization state (FAS), and the energy of the FAS from the ionization

limit AE values for the FAS as a function of Z. Roughly speaking, the IE values increase

according to (Z — 3)2 because threshold corresponds to Is22snl(n —• oc) state, that is,

the energy difference between the ground state and the threshold follows the An ^ 0

case in Sec.2. The a value at very low Te around leV depends on the auger energy AE

given in Table I as will discuss in Sec.6. Only when the auger energy value is smaller, the

dielectronic recombination plays an important role at low Te.

The energy for the Is22pnl measured from the is22p(J — 1/2) state of Li-like ion can

be written by

E{\s22pnl) - E{\s22p) = -h{Z - 3)2/2n2. (14)

Figs.l-l(a)-(d) show the (E(ls22pnl) - E(ls22p))/{Z - 3)2 (/ = s,p,d,f) values as a

function of Z — 3. The threshold energy divided by (Z — 3)2 is also plotted by a thick

solid line. The states with energy values below and above the threshold represent the

bound and auger states, respectively. At large Z value, energy split which comes from the

spin-orbit interaction between J — 1/2 and 3/2 of the \s22p state of Li-like ion occurs (see

Table II). The \s22pnl states reach either Is22p Pj-1/2 or Is22p P/-3/2 at large n. As a

result, energy split in the I.s22pn/ states becomes larger at large Z[6, 7]. Here the J value

expresses the total angular momentum. Therefore, the minimum and maximum values

of the energy levels for each state are plotted in these figures. Mancini and Safronova[21]

also plotted the similar figures to Figs. 1-1 for Z—o-18. However, the energy spilt effect

were not seen in their figures because the 3Po, 3SQ. 3P2 states were selected. The energy

values increase slightly for larger / values. This agrees with the result of Mancini and

Safronova[21]. As a result, for example, in the Be-like C ion, the \s22p4p and the \s22pAd

states are the bound and autoionization ones, respectively[17], though both states have

the same n value. The E/(Z — 3)2 values keep almost the same for different Z as shown in

Figs.l. On the other hand, the energy for threshold increases as Z becomes larger. This

is due to the fact that the threshold energy (I.s22.s) and the energy of the Is22pn/ states
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measured from the Is22p( J — 1/2) state increase according to Z and Z2, respectively[6, 7].

Therefore, the \s22pnl states often become the bound states at large Z. For example, at

n = 7 and 9, the state becomes bound one above Z — 10 and 15. respectively. At rt = 11,

both bound and autoionization states exist above Z = 20. This comes from the fact that

the energy split increases according to Z3[22].

Figs.l-2(a)-(g) show the {E{ls23lnl') - £(ls23/))/(Z - 3)2 * n2 values as a function of

Z — 3. The energy split effects are smaller than those for Is22pnl states. This is due to

the fact that the energy split of the Is23l state is much smaller than that of the Is22p

as is listed in Table II. For the Is23d state, the energy split occurs between J = 3/2

and J = 5/2. On the other hand, for the Is23s state, there is no energy split because

the J value is always 1/2. It should be noted that the relativistic effect becomes smaller

as the principal quantum number increases. In these figures, energy split by different. J

is ignored because the energy values for different / are much larger. The energy of the

threshold Is22s is much smaller than those for these states Therefore, the energy for the

threshold is not plotted. The E/(Z — 3)2 * n2 values show almost constant for different Z

and n values though the values at small Z and small n are not constant within 20% for

Z > 10, where the strong electron correlation exists. The energies increase very slightly

as a function of either / or /' value similar to the case of the Is22pnl states.

4. Radiative transition probability (Ar)

Fig.2-1 shows the Ar/(Z - 2) values for the l.s22plH -> Is22.sll/ (/ = s,p,d,f,g)

transition as a function of Z — 2. In Fig.2-1, the Ar is given by

E

SLJ

where g(i) is the statistical weight of the autoionization state. The Ar values are inde-

pendent of /. Furthermore, the Ar/(Z — 2) values show almost constant for Z < 18.

However, for Z > 18, as Z increases, the values become larger. This is due to the energy
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split by the spin-orbit interaction, which increases according to Z3[22]. In Figs.2-1-2, the

fine structures 2S+1 Lj are also shown for the transitions with the large Ar values. The

energy values which are almost the same for different Z, such like the energy for 3P 0 —
3 ^ I

transition in Fig.2-l-2(a), are also seen because the states without effect of spin-orbit

interaction exist (see Figs.1-1).

Figs.2-2 show the same as Figs.2-1 for the \s22pnl —> \s22pn'l' transitions as a function

of Z — 3. Here the Ar/(Z — 3)4 values are shown in place of Ar/(Z — 2). Two types

of transitions exist, that is, /' = / —. 1 and /' = / -f 1. For the I' — I — \ transition,

the Ar/(Z — 3)4 values show almost the constant for different Z as is given by Eq.(7)

in Sec.2. Further, they decrease as the n' value becomes larger. On the other hand, for

the /' = /-f 1 transition, the different trend appears except for the I.s22pll.s —* Is22pn'p

transition. Namely the values are much smaller than those for the I' — I — I transition

and almost the same among n' = 3 — 6. They also show almost the constant except for

large Z and small Z. For these transitions, the effect of energy split is smaller than that

for the Is22pll/ —> Is22,sll/ transition because n and n' values of the transition electron

are larger. Figs.2-2-2 show the same as Fig.2-2 for the fine structure levels.

Figs.2-3(a)-(h) show the same as Fig.2-2 for the transition form the ls'23/5/' and ls23/7/'

(/ — s, p, d, /' = s. p, d, f, g) states. The Ar/(Z — 2)4 values show almost the constant for

different Z roughly as is given by Eq.(7) in Sec.2. Further, from these figures, we found

that the effect of the spin-orbit interaction appears only a little. Figs.2-3-2 to Figs.2-3-4

show the same as Fig.2-3 for the fine structure levels of the Is23snl, Is23pnl, and Is23dnl

states, respectively.

The largest Ar values in Figs.2-1-2, Figs.2-2-2, Figs.2-3-2 to Figs.2-3-4 for fine structure

transitions are almost the same as the averaged Ar value given by Eq.(lo) for the same

transitions.
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5. Autoionization rate (Aa)

Figs.3-1 (a) and (b) show the average Aa values given by

Lj,i0)

(16)

SLJ

from the Is22p9/ and I.s22pll/ states, respectively. Here the i0 state represents the final

state of the Is22s +e/\ where tV represents the free electron. In Fig.3-l(a), only the Aa

values for Z < 15 are plotted because the Is22p9/ states for Z > 18 are not autoionization

states but bound ones as mentioned in Sec.3. The Aa values for I = s are the largest

and seem to show almost the constant for different Z. This result is different from the

scaling Z oc Z1/2 given in Eq.(13) in Sec.2. Figs.3-1-2 show the same as Fig.3-1 for the

fine structure levels.

Figs.3-2(a)-(f) show the same as Figs.3-1 from the ls23/5/' and ls23/7/' states. For

I = s, the Aa values for I' = f and g are much smaller than those for /' = s,p,d. On

the other hand, for I = p,d, the Aa values for /' = / and g are comparable with those

for /' = s,p,d. This is considered due to the electron correlation. Namely, for example,

the overlap of wavefunctions between the 3s and og electrons, which corresponds to the

strength of electron correlation, is smaller than that between the 3s and 5s ones and

than that between the 3p (or d) and 5g ones. Then, though the oscillation is seen in

these figures at low Z, the Aa values seem to remain almost the constant at large Z as

is also given by Eq.(13) in Sec.2. This oscillation also may come from the strong electron

correlation. Figs.3-2-2 to Figs.3-2-4 show the same as Figs.3-2 for the fine structure levels

of the Is23sn/, Is23pnl, and Is23dnl states, respectively.

Figs.3-3(a)-(f) show the same as Figs.3-2 for the case where the i0 state represents the

states of the Is22p +el". The oscillation becomes weaker than that in Figs.3-2 except

for that from the Is23s7/' state. The Aa values from the Is23pnl' and \s23dnl' to the

Is22p -\-d" are much larger than those to \s22s +d". in particular, at small /'. On the

other hand, both are comparable in the case of the transition from the Is23sn/' state.

This comes from the fact that the overlap of wavefunction of the 3p (or 3d) electron with
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that of the 2p electron is much larger than that of the 2s one, while in the case of 3s

electron, both are comparable. Figs.3-3-2 to Figs.3-3-4 show the same as Figs.3-3 for the

fine structure levels of the Is23snl, Is23pnl, and Is23dnl states, respectively.

In the transitions for fine structure levels, the Aa values from the singlet states give

the larger ones than those from the triplet states. The largest. Aa value in each figure is

larger than the averaged value given by Eq.(16) for the same transitions. As is seen in

Fig.3-2-2(d) and Fig.3-2-3(d), the Aa values become much smaller at one Z values. This

comes from the fact that rough values for AE are used in Cowan's code[18, 19], though

Aa value is a function of AE as well.

6. Dielectronic recombination rate coefficient (a)

In this section, Z-scaling for the dielectronic recombination to the Be-like ions is stud-

ied. The DR process studied here is as follow.

Az+1{ls22s) + e~ -* Az"(i) -> Az'{f) + hv, (17)

where Az is treated as the Be-like ion. The autoionization states (i) considered here are

the I.s22pn/, Is23snl, Is23pnl, and Is2'3dnl states. Further, the final bound states (/) are

the I.s22.sn/, and Is22pnl states. The important processes for some Be-like ions and the

mechanism of Z-scaling for some processes are studied.

Table III lists the total a values given by Eq.(2) for the DR processes to Be-like

C2+, 0 4 + , Ne6+, Mg8+, P11+ , Ar14+, Ca16+, V19+. Fe22+ ions as a function of Te. The

Q values given by Romanik[13] and those by Chen[15] for the C2+, 0 4 + , Ne6+, Ar14+,

and Fe22+ ions are also listed. Our result agrees with Chen's one within 209c, while

the error between ours and Romanik's becomes more than 50% at low Te around lOeV.

Romanik used the Coulomb-Born method for the autoionization rate and the experimental

oscillator strength for the radiative transition probability, respectively. On the other

hand, Chen employed multi-configuration Dirac Fock (MCDF) model[23, 24] and we adapt

configuration interaction (CI) method by Cowan's code[18, 19] for both Aa and Ar. The
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method employed by Chen and that by us are better than that by Romanik obviously.

Figs.4-1 (a)-(i) show the comparison same as Table III. The o values for the five pro-

cesses considered in this paper, that is, \s22pnl -+ Is22pn'l', \s22pnl —> is22snl, Is23snl

—> Is22pn/, Is23pnl —> Is22snl, and \s23dnl —> Is22pnl are also plotted. In the C2+ ion,

only the \s22pnl —> \s22snl process dominates except for very low Te around leV where

Is22pnl —> \s22pn'l' process gives the most significant contribution. Since the a values

through the Is23snl and Is23dnl states are much smaller than those through Is22pnl and

Is23pn/, those through the \s23snl and \s23dnl states do not appear in Fig.4-l(a) for

C2+. In the 0 4 + ion, the contribution through Is23pnl becomes comparable with that

through the \s22pnl at high Te around lOOOeV. In the Ne6+, Mg8+, P11 + , and Ar14+ ions,

the former is much larger than the latter at high Tc and the DR processes through \s23dnl

and \s23snl states can not be ignored. In the Ca16+, V19+ and Fe22+ ions, the a values for

the DR processes through Is23dnl and is23snl states become larger than that through

the Is23pnl. Furthermore, the Is22pnl —> \s22pn'l' process plays more important role of

the DR process than the \s22pnl —> \s22snl even at high Te. The fact that the contribu-

tion from the Is23lnl' becomes larger as Z increases is due to the Z-scaling for the AE

values because the AEt values determine the place of the peak in the a as a function of

Te. Namely roughly speaking, the AE^ values of the Is23lnl' and those of the \s22pnl'

states increase according to Z2 and Z. respectively, as mentioned in Refs.[6, 7].

Figs.4-2(a)-(j) show the a value as a function of Te for the five important processes

mentioned before. At low Z, the maximum a value for the processes to the final excited

Is22.sn/ states, that is, the Is22pn! —> Is22snl and Is23pnl —> Is22snl processes, shows

almost the same values for different Z (see Figs.4-2(a) and (g)). Namely, these processes

give weak Z-dependence. While in the transitions to the Is22pnl state, that is, Is22pnl

—* Is22pn'l', Is23snl —> Is22pnl, and Is23dnl —> Is22pnl processes, the maximum value

becomes larger as Z increases(see Figs.4-2(c), (e), (i)). This comes from the fact that

the number of the final \s22pnl bound states increases for the increase of Z values. The

\s22pnl states of the Be-like ions are either in the bound or in the autoionization states

as mentioned in Sec.3. As Z increases, the maximum n value for the bound \s22pnl
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states becomes larger. At large Z, the maximum values for a shows almost the same for

different Z for all processes. From Figs.4-2, we found that the places of the position in the

processes through Is23/n/' shift faster than those through Is22pnl as Z increases. This

comes from the Z-scaling for AEi, as mentioned before.

At very low Te around leV where only the Is22pnl —+ Is22pn'l' process dominates, the

a values are determined by the first auger energy as mentioned in Sec.3. For the C2+

ion, the peak place of the a value is the smallest because the auger energy is the lowest

(see Table I). Further, the a values for Ar14+ and Ca16+ ions are much larger than those

for V19+ and Fe22+ ions, since the AEi values for the former ions are much smaller than

those for the latter (also see Table I).

7. Conclusion

We study the atomic nuclear charge (Z) scaling for the dielectronic recombination

process to the Be-like ions. We calculate the auger energy AE, the radiative transition

probability {Ar), and autoionization rate {Aa) as well as the dielectronic recombination

rate coefficient (a) for different Z from Z=6 to Z=26. For the energy levels, Ar. and

Aa values, we employ Cowan's code in order to consider the electron correlation and

relativistic effects.

We found that the Z-scaling is affected by the electron-electron correlation for small

Z and the relativistic effect for large Z, respectively. Further, the different mechanism

between the An = 0 and the An ^ 0 transitions is also seen. Here An is the different

quantum number between the autoionization state and the final bound state.

At low Z, the process to the Is22snl state through the autoionization \s22pnl state

dominates for the a values. On the other hand, at high Z, those to the Is22pnl states

become comparable with those to the Is22snl. Further, the processes through the au-

toionization \s22pnl states and those through the Is23/n/' states dominate at low and

high temperature, respectively. The maximum a values to the final excited Is22sn/ states

are almost the same for different Z. On the other hand, those to the final excited \s22pnl
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become larger as Z increases.
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Figure Captions

Fig . l - l (E(ls22pnl) - E(ls22p))/(Z - 3)2 as a function of Z - 3: (a)/ = s, (b)/ = p,
(c)/ = d, and (d)/ = / . The E{\s22pnl) is given by Eq.(14) and the configurations
indicated mean n value.

Fig.1-2 The (E(ls23lnl) - E(ls23l))/(Z - 3)2 x n2 values for the Is23/n/' as a function
of Z - 3: (a)/ = s, F = s, (b)/ = s, I' = p, (c)/ = s, F = d, (d)/ = p, I' = s, (e)/ = p,
/' = p, (f)/ = p, /' = d, (g)/ = rf, /' = 5, (h)/ = p, /' = p, and (i)/ = p, /' = rf. The
configurations indicated mean the n value.
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Fig.2-1 Ar/(Z — 2) values for the Is22pll/ —> Is22slll processes as a function of Z — 2.
The averaged Ar values are given by Eq.(lo). The configurations indicated mean
the / value.

Fig.2-1-2 The same as Fig.2-1 from each fine structure levels: The configurations
indicated mean the fine structures (25+1Lj) of autoionzation states (Is22pll/) and
those of final bound states (Is22.sll/).

Fig.2-2 The averaged Ar/{Z — 3)4 values for I.s22pll/ —> Is22pn'l' processes as afunction
of Z - 3: (a)/ = s, /' = p, (b)/ = p, /' = s, (c)/ = p, /' = d, (d)/ = rf, /' = p, (e)/ = </,
/' = / , (f)/ = / , /' = d, (g)/ = / , /' = g. The configurations indicated mean the n'
value.

Fig.2-2-2 The same as Fig.2-2 from each fine structure levels: The configurations
indicated mean the fine structures (2S+1Lj) of autoionzation states (I.s22pll/) and
those of final bound states (I.s22pn'/').

Fig.2-3 Ar/(Z - 2)4 values from the Is23l'nl states as a function of Z - 2: (a)/' = s,
n = 5, (b)/' = s, n = 7, (c)/' = p, n = 5, (d)/' = p, n = 7, (e)/' = <i, n = 5, and
(f)/' = d, n — 7. The configurations indicated mean the / value.

Fig. 2-3-2 to Fig. 2-3-4 The same as Figs.2-3 from each fine structure levels: The
configurations indicated mean the fine structures (2S+1Lj) of autoionzation states
(Is23lnl') and those of final bound states (U22l"nlr).

Fig.3-1 The averaged Aa given in Eq.(16) from the \s22pnl as a function of Z: (a)n = 9
and (b)n = 11. The configurations indicated mean the / value.

Fig.3-1-2 The same as Fig.3-1 from each fine structure: The configurations indicated
mean the fine structures (2 +1Lj) of autoionzation states (I.s22pll/).

Fig.3-2 The same as Figs.3-1 from the Is23l'nk (a)n = 5, /' = s, (b)n = 7, /' = s,
(c)n = 5, /' = p, (d)n = 7, /' = p, (e)n = 5, /' = d, and (f)n = 7, /' = d. The
configurations indicated mean the / value.

Fig.3-2-2 to Fig.3-2-4 The same as Figs.3-2 from each fine structure: The configura-
tions indicated mean the fine structures (25+1/^j) of autoionzation states (Is23/n/').
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Fig.3-3 The same as Figs.3-2 to the continuum states of Is22p +e/'.

Fig.3-3-2 to Fig.3-3-4 The same as Figs.3-2 from each fine structure: The configura-
tions indicated mean the fine structures (25+1Z,j) of autoionzation states (Is23lnl').

Fig.4-1 Total dielectronic recombination rate coefficients (a) given by Eq.(2) for the
DR processes to Be-like ions as a function of Te: (a)C2+, (b)04 + , (c)Ne6+, (d)Mg8+,
(e)P11+, (f)Ar14+, (g)Ca16+, (h)V19+, and (i)Fe22+. The configurations indicated
mean the processes.

Fig.4-2 The a values as Figs.4-1 for the different five processes: (a)(b)ls22pn/ —>
Is22snl; (c)(d)ls22pnl -* \s22pn'l'; {e)(i)ls23snl -» \s22pnl; (g)(h)l.s23pn/ -+ Is22snl\
and {\)(j)ls2ddnl —> Is22pnl. The configurations indicated mean the ions.
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Table I Ionization energy (IE) (in unit of 1000cm —1), first autoionization state (FAS),
and auger energy (AE) for the FAS (in unit of 1000cm —1) for Be-like ions.

Be-like ion
C 2+
0 4 +

Ne6+

Mg8+
pn+
Ar16+

Ca18+

y2i+

Fe23+

IEflOOOcm-1)
386.
919.
1672.
2645.
4521.
6900.
8768.
11990.
15730,

FAS
ls'z2p4d
Is22p6s
Is22p7s
\s22p8s
Is22p9s

Is 22pl0s
ls22pl0s
Is22plls
U22plls

AE^lOOOcm"1)
2.
16.
14.
18.
11.
9.
10.
55.
43.

Table II Energy (1000cm-1) for Is22p, Is23s, Is23p and Is23d states of Li-like ions.

Li-like ion

O5+

Ne7+
Mg10+

pl3+

A r15+

Ca1 8 +

V21+

Fe24+

lsz2p
J=l/2

64.
96.
128.
160.
208.
258.
291.
342.
394.

J=3/2
64.
96.
130.
164.
219.
283.
331.
416.
520.

ls'23s

.7=1/2
305.
643.
1103.
1686.
2793.
4181.
5263.
7125.
9277.

Is23p
.7=1/2

322.
669.
1138.
1730.
2851.
4256.
5344.
7220.
9386.

J=3/2
322.
669.
1139.
1732.
2854.
4260.
5356.
7242.
9423.

Is23d
J=3/2

327.
677.
1150.
1746.
2875.
4286.
5385.
7277.
9465.

.7=5/2
327.
677.
1150.
1747.
2876.
4288.
5389.
7284.
9477
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Table III Comparison among our a values (in unit of 10 12cm3/s) to the Be-like ions
and those by Chen[15] and Romanik[13] as a function of re(eV).

^e(eV)
7UeV)
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
200.0
300.0
400.0
500.0
600.0
700.0
800.0
900.0
1000.0

present.
18.9
22.4
31.8
36.3
37.1
36.1
34.3
32.2
30.1
28.1
15.4
10.0
7.19
5.47
4.35
3.56
2.98
2.55
2.21

0.841
0.469
0.309
0.223
0.170
0.136
0.111
0.093
0.080

C'2+

Chen

22.8

8.42

4.64

2.57

1.92

0.446

0.220

0.112

0.0819

Romanik

20.2
28.5
44.7
52.7
54.6
53.3
50.7
47.5
44.2
41.1
21.3
13.2
9.16
6.81
5.32
4.30
3.57
3.02
2.60

0.957
0.527
0.345
0.247
0.189
0.150
0.123
0.103

0.0882

present

7.75
16.2
25.6
33.7
38.6
40.9
41.5
41.0
39.8
38.4
24.7
17.7
13.7
11.1
9.31
7.93
6.87
6.03
5.35
2.27
1.32

0.891
0.651
0.502
0.403
0.332
0.280
0.240

O4+

Chen

37.7

16.3

9.53

5.53

4.21

1.09

0.581

0.319

0.236

Romanik

7.73
16.9
31.0
44.0
52.3
56.5
57.9
57.6
56.2
54.3
34.4
23.5
17.5
13.7
11.1
9.25
7.87
6.81
5.96
2.39
1.36

0.904
0.656
0.503
0.402
0.331
0.278
0.238

- 1 8 -



Table III (continue)

Te(eV)
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
200.0
300.0
400.0
500.0
600.0
700.0
800.0
900.0
1000.0

present
15.8
25.9
29.7
33.7
37.3
39.7
40.9
41.2
40.9
40.1
27.9
20.4
16.3
13.8
12.0
10.6
9.55
8.64
7.88
3.89
2.40
1.67
1.24

0.973
0.788
0.655
0.555
0.478

Ne6+

Chen

48.7

24.6

15.6

10.1

8.06

2.42

1.36

0.782

0.597

Romanik
21.5
31.0
37.1
45.9
54.1
60.1
63.6
65.3
65.5
64.9
46.0
32.8
25.2
20.4
17.2
14.8
13.0
11.5
10.3
4.73
2.85
1.95
1.44
1.12

0.905
0.750
0.634
0.545

Mg«+
present

18.3
34.3
37.6
39.6
41.7
43.5
44.7
45.2
45.2
44.8
33.4
24.6
19.6
16.8
14.9
13.6
12.6
11.8
11.1
6.62
4.43
3.21
2.45
1.95
1.60
1.34
1.15

0.997

pn+

present
48.1
69.5
68.7
65.7
63.7
62.7
62.2
61.8
61.2
60.6
47.6
35.8
28.0
22.9
19.6
17.4
15.8
14.7
13.8
9.59
7.17
5.55
4.43
3.63
3.05
2.60
2.25
1.97

Calf5+

present
277.
279.
234.
201.
178.
162.
150.
140.
133.
127.
90.5
68.4
53.6
43.5
36.3
31.0
27.1
24.2
21.9
13.6
11.2
9.57
8.19
7.07
6.17
5.43
4.82
4.31

yl9+

present
1.53
23.4
48.1
64.5
74.4
80.5
84.4
86.9
88.5
89.5
83.9
70.3
58.0
48.5
41.2
35.6
31.3
27.8
25.1
14.2
11.6
10.1
9.00
8.00
7.13
6.40
5.77
5.23
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Table III (continue)

Te(eV)
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
200.0
300.0
400.0
500.0
600.0
700.0
800.0
900.0
1000.0

present
112.
133.
131.
125.
118.
113.
109.
105.
102.
99.6
75.1
56.7
44.3
35.9
30.0
25.9
22.9
20.7
19.0
13.2
10.9
9.05
7.59
6.44
5.54
4.82
4.24
3.77

Ar14+

Chen

92.8

58.2

37.6

23.9

19.6

10.0

6.85

4.49

3.62

Romanik
127.
190.
179.
162.
148.
137.
130.
125.
120.
117.
91.4
70.6
55.8
45.7
38.5
33.3
29.5
26.7
24.5
16.2
13.0
10.6
8.87
7.49
6.42
5.57
4.89
4.34

present
9.66
72.5
113.
130.
136.
136.
134.
132.
129.
126.
104.
86.1
71.5
60.2
51.4
44.6
39.2
34.9
31.4
16.3
12.5
10.9
9.85
8.92
8.12
7.42
6.79
6.24

Fe22+

Chen

129.

88.5

62.9

41.3

33.2

13.1

10.2

7.73

6.55

Romanik
0.703
24.9
66.0
98.3
119.
132.
139.
143.
144.
149.
130.
109.
91.4
77.2
66.2
57.5
50.7
45.2
40.9
21.8
16.7
14.2
12.6
11.2
10.1
9.16
8.33
7.61

- 2 0 -



CM

00
I

N

oooo

>

c
UJ

0

-1

-3

-4

Energy for 1s 2pns

n=7
• O n=9
A - - A - n=11
— - threshold

6 7 8 9
10

Z-3

CM

CO
I

N -1

e
oooo

5*

CD

UJ

-3

-4

Energy for 1s 2pnp

•••••~":—ft- ::::::& «.

n=7
O n=9

- A - n=11
threshold

6 7 8 9
10

Z-3

- 2 1 -



0

Energy for 1s 2pnd
~T—™i . r—r r

-4

. . -A

n=7
O n=9

- A - n=11
threshold

6 7 8 9
10

Z-3

OF
CM

CO

N -1

Eoooo

Energy for 1s 2pnf

Q>
C

LU

-3

-4

' • • = :=:*=:=•—*-- * *~*"~Jf
. . - A

n=7
O n=9

•A- - A - n=11
— • threshold

5 6 7 8 9
10

Z-3

- 2 2 -



Energy for 1s 3sns
CM

5
N

I

N

oooo

&
C

LU

0

-50 -

-100

-150

-200

OF

CM

CM

CO
I

N

oooo

s
c

LJU

-50

-100

-150

-200

g • -

...-•—"•" ^J*r'—"

T I • i i

-A-
- n=3 •
- n=5-m-

i

n=4
n=7 -

• -

4 5 6 7 8 9
10

Z-3

Fig.1-2(a)

Energy for 1s 3snp
I 1

• - n=3
-A- n=5-

n=4
- n=7

• • i

5 6 7 8 9
10

Z-3

Fig.1-2(b)
- 2 3 -



CM

5
CM

CO

N

oooo

>

c
LLJ

0

-50-

-150-

-200L

CM

CM

CO
I

N

E
oooo

c
UJ

-50-

-100-

-150

-200

Energy for 1s 3snd
i . I I V

- " - • " " • - • - . urn.---"""'

- # -

-A-

h * • - - ~..T..^~..~.-.:

T • 1 1 1 !

n=3 •
n=5 • - • -

n=4
n=7

-

r 1m ** Hr*""in

5 6 7 8 9
10

Z-3

Fig.1-2(c)

Energy for 1s 3pns

- • n=4
• -» - n=7

-A-- n=5 -

5 6 7 8 9
10

Z-3

Fig.1-2(d)
- 2 4 -



Energy for 1s 3pnp

CM

CM

CO
I

N

oooo

CD
c

LU

-50 -

-100-

-150

-200
4 5 6 7 8 9

CM

CM

co -50
N

o

p
c
IJJ

-200b

Energy for 1s 3pnd
J L > • ' I i l l

--A-

I

n=3-
n=5-

• n=4
n=7

4 5 6 7 8 9

Z-3

Fig.1-2(f)
- 2 5 -



Energy for 1s 3dns

cvj

CO
I

N

o
O
O
O

S
C

UJ

0

- 5 0 -

-100-

-150

-200

— •"•-
••-•-

1 1

n=4-
n=7

-A- n=5 —

3 4 5 6 7 8 9
10

Z-3
Flg.1-2(g)

Energy for 1s 3dnp
OF • i

CM

CM

CO
I

N

Eoooo
T—

c
UJ

-50

n r

• n=4-A- n=5
n=7

-ioo!

-150

-200
4 5 6 7 8 9

10
Z-3

Fig.1-2(h)
- 2 6 -



CM

CVJ

CO

N

Eoooo

C
UJ

u

-50

100

150

POO

Energy for

•
*• T...T- ~ ~to~JL~'•"•"•W"'

T • • ! •

1s

-A-

i i

3dnd
i

n=3-#-~
n=5-»-

aiimffl ff ™ —'1

1

n=4
n=7

-

-

4 5 6 7 8 9
10

Z-3

- 2 7 -



2 2

Ar for 1s 2pnl --> 1s 2snl

CVI

c/T

!=s O !=p
-•--|=d-O- l=f
A- l=g

4 5 6 7 8 9

Fig.2-1

- 2 8 -



Ar for 1s 2p11s --> 1s22s11s
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Ar for 1s 2p11p --> 1s 2pn's
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Ar for 1s22p11f --> 1s22pn'd
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Ar for 1s22p11s --> 1s22p3p

8
6

CO

lo 10̂

4 -

2 -

•

•

• • .

• i i i i i |

-+- 3P0-
3D, O

o-

•- -

1 1 1 1 f 1 1

3P2

3P,

o
-•-- "

• 
• 

.1

-

-

-

-

4 5 6 7 8 9
10

Z-3

Fig.2-2-2(a)

CO

2 2

Ar for 1s 2p11s --> 1s 2p5p
1 O V

8
6

4-

2 -

10 f
8
6

4 3

2 -

1(f

-

-

o

T |

i i i i i | •

- * - 3P0-3P(D)1 O 3 P r
3 D 2

- - ^ , # A • A

* * 1 L1_u

;

—

4 5 6 7 8 9
10

Z-3
Fig.2-2-2(b)
- 3 6 -



Ar for 1s22p11p --> 1s22p3s

10

CO

6 F
8
6
4-

2 -

10

i 
<

r
•

T I

""*&

" 3 F > 2 C

.o

1

• • 1 . . .

V-o- V'p' 1 
1

 
1

 1
 

1

m m ft

o •••.."*

"

-

1 1 1 . . T . 1 •""

4 5 6 7 8 9
10

Z-3

Fig.2-2-2(c)

Ar for 1s 2p11p --> 1s 2p5s

10

co

10 4 5 6 7 8 9
10

Z-3

Fig.2-2-2(d)

•

-

m

*£.t:jZ:?.:".'.

7- i

- • • -

—; • - "

^ -

1

X •-O--

, i

•X

V

-

v •
-

- 3 7 -



Ar for 1s22p11p --> 1s22p3d

10*

CO

10*

O 3D2-3F3

• • I

4 5 6 7 8 9
10

Z-3

Fig.2-2-2(e)

Ar for 1s22p11p --> 1s 2p5d

10*
8
6

4 -

CO

10
8
6

4h

2 •

X ' i i i f i |

- "•"3P r
3P(D)2 O

-•"1P r
1D2 -O-

^xr ^ ...̂  t

if

3D2

(? — •

- 3 F 3

3F4

-

-

-

4 5 6 7 8 9
10

Z-3
Fig.2-2-2(f)

- 3 8 -



Ar for 1s 2p11d --> 1s 2p3p

CO
I

N

6

4fe

2 -

6

4

o

+ ' ' '

T i

i i l l

•© ' -

. . . . . . . . . .

1 | 1 1

— • —

o--

O-- 3p0-3s(P)1 :

i -
3 4 5 6 7 8 9

10
Z-3

Fig.2-2-2(g)

Ar for 1s22p11d --> 1s 2p5p

10̂

CO
I

N

CO

8
6

4-

2 -

8 •

4 5 6 7 8 9
10

Z-3

Fig.2-2-2(h)
- 3 9 -

•i

-

m

•

0

T i

_ # -

0'"

«•"'

1

3

1

I

3-3D

/
...0

1

2 ~O

2-o

" " / •

/ * *

1 1

• \

J

-3P,

-3D(1P),

-

-

-

-

-

T * 1 ' "*"



Ar for 1s22p11d --> 1s22p5f
10000

8
6

100

*«•*

3F2-3G(1F)3 O 3P2-3D(F)3

3 R 3 1 V
D 1 - F2 - ° - F3" G4

4 5 6 7 8 9
10

Z-3

Fig.2-2-2(i)

Ar for 1s22p11f --> 1s22p6g

10000
8
6

4-

CO 2 -

1000
8
6

4-

2 -

100

r 1-- -

©

-

T i

1 ' ' ' ' 1

- • • - 1 D 2 - 3 F 3

t ,llir f | f "Jfr

•

•

•

v ;

i
4 5 6 7 8 9

10
Z-3

Fig.2-2-2(j)
- 4 0 -



Ar for 1s 2p11f ~>1s 2p3d

10

CO

10

10

o

8
6

4

2

5

8
6

4

2

4

X '

-

?

-

T i

\ 1 i l l l ' ' ' ' I
1

-

9 9-—jjp-—®

^ « •« • - - - • - •

. . . - O ' • " ' " :

-

- # ~ 3 G ^ - 3 F 2 - O - 3(^-3F4

- ^ - 3 F 4 - 3 D 3 - O - 1D2-1P2 -

i
3 4 5 6 7 8 9

10
Z-3

Fig.2-2-2(k)

Ar for 1s22p11f -->1s22p5d

CO

8
6

4-

2 -

8
6

41-

2 •

•

•

T 1

I i i . i | • • • • _

- • - - Do- P2 — O - Fo- D2

. . , i . . .

-

4 5 6 7 8 9
10

Z-3
Fig.2-2-2(1)

- 4 1 -



CM
•

N

CO

10'

10'

Ar for 1s23s5l-> 1s22p5l

4 5 6 7 8 9

10
Z-2

Fig.2-3(a)

-L ' 1

i i i i i i i 1

" 1"— "'X

O l=p
-••- i=d

-

Ar for 1s23s7l--> 1s22p7l

CM
•

N

CO

10

- 4 2 -



CO
I

N

CO

CM
•

N

CO

1 O C

2 -

10'

10

Ar for 1s23p5l --> 1s22s5l
J . 1 1 . . • 1

-

i < . . . j |

•

- • - l=s
O l=p

- • • - l=d

-
-

|:.r.:.̂

-

-

6 7 8 9

10
Z-2

Fig.2-3(c)

Ar for 1s23p7l~> 1s22s7l

6

5

4

3

2

7

7
6

-

•

o;"'-' y

•

a i=p
- • - • l=d

:

•

•

TIT

-

-

10 -

6 7 8 9

10
Z-2

Fig.2-3(d)
- 4 3 -



Ar for 1s23d5l --> 1s22p5l

10
8 p:

9
8
7
6

CM
i

N

CO 3 •

2 •

10'

4 . l i i

• -•-
©
*. o—

-

T f • I

1

^ -*_ $_

©• e o-

— - *
..••&"

'/s

o

•

II 
II 

II
Q

. 
"D

 C
O

•

I "*"

5 6 7 8 9

10
Z-2

Fig.2-3(e)

Ar for 1s23d7l --> 1s22p7l

10

CM
•

N

CO

Z-2

Fig.2-3(f)

- 4 4 -



10
8 rr

8
6

4-

CM

10'

2 -

1 0 c

2 2

Ar for 1s 3s5s --> 1s 2p5s

5 6 7 8 9
10
Z-2

Fig.2-3-2(a)

-

••—-3

T 1 1

1 1 1 1 . . .

- a _ 3
S .3p o 3s -3p

- - * - 1c; _3p -O- 1Q _1p

-

-

s' ° l:-:::^-^--*"--*
" — - ^ _ \ ,--e °

• K . . . . .

o j

In

2 2

Ar for 1s 3s7s --> 1s 2p7s
10

10

10

o

8

6

4

2

7

8
6

4

2

6

X I I I

-

-

- * -

© X

-

*
-r , ' ,

3 3
^1

1 1

I ' ' ' • —

-

p 0 3Q _3p -

• • • •0- Q

1 . . . . .

5 6 7 8 9
10

Z-2
Fig.2-3-2(b)

- 4 5 -



2 2

Ar for 1s 3s5p --> 1s 2p5p
10 c

CM
i

N

V / ^ O 3P2-
3D3

3P r
3D(P)2O- 1Pr

1D2

10'

\ ©. e ;

.xy- -O- O - - - O

4 5 6 7 8 9
10

Z-2

Fig.2-3-2(c)

2 2

Ar for 1s 3s7p --> 1s 2p7p
1 0 c

8
6

3P r
3D(P)2 O 3P2-3D3

- D
1 U2

10'
8
6

••€)

4 5 6 7 8 9

10
Z-2

Fig.2-3-2(d)
- 4 6 -



CM
i

N

Ar for 1s23s5d --> 1s22p5d

2 •

„ •#•

O 1D2-1F3

5 6 7 8 9
10

Z-2
Fig.2-3-2(e)

10
8

8
6

4 -

CM

10'

Ar for 1s23s7d --> 1s22p7d
J. I l l

-

_ # -

G
•©

• * ^

T* I I I

• • |

3D2-3D3 O-

•*•&

•

-

5 6 7 8 9
10

Z-2

Fig.2-3-2(f)

- 4 7 -



Ar for 1s 3p5s-->1s 2s5s

10

CVJ

I I I n r

4 5 6 7 8 9
10

Z-2

Fig.2-3-3(a)

10

CM

10

2 2

Ar for 1s 3p7s --> 1s 2s7s
u

8
6

4

2

7
8
6

4

?

-

-

i 
• 

t
i

l
l

-

">.^ •;- . iV«vBvuv^' t 5 -O-i':-^

_ ^ _ 3 p .3O . . .O . . . 3D .3Q

i •? 1 1

-

• i i ^ 1 j . . . i *•"

4 5 6 7 8 9
10

Z-2

Fig.2-3-3(b)
- 4 8 -



2 2

Ar for 1s 3p5p --> 1s 2s5p
10

8

CM
i

N
2 •

10' 8
6

4

2

5 6 7 8 9
10

Z-2
Fig.2-3-3(c)

2 2

Ar for 1s 3p7p --> 1s 2s7p

CM
•

N

10'

8
6

4-

2 •

roc

1 
1 

1 
1 

1 
1 

1 
1 

1

o ..••••'

~ ..,•••••• y

T • |

1 I 1 |

• • "

* • ^*-~—— -~••
X •&"' g •;. _<>... .

•-•- VP, - -©-- - 3

, 1

-

• " • • " • " • *

D3"3P2
•

-

1 '

- * - 3 P o

" • - ^

1 I

•3P,

•3P,

— e

• -O- 3D3-3P2

- o - 1Sb-1pi -

/

/
///

ft n • ' ™"

5 6 7 8 9
10

Z-2

Fig.2-3-3(d)
- 4 9 -



Ar for 1s23p5d --> 1s22s5d

1 0 c
8
6

C\J

1D r
1D2-O-3D(F)3-3D3

4 5 6 7 8 9

10
Z-2

Fig.2-3-3(e)

Ar for 1s23p7d --> 1s22s7d
10'

CM

co

I
4 5 6 7 8 9

10
Z-2

Fig.2-3-3(f)
- 5 0 -



2 2

Ar for 1s 3d5s --> 1s 2p5s
10

4 * - - - - -_

CM

10'

i I I I

* — — . —

t t -

•

T* f, J

-+-

I

—9 -

- ••-
•vrv

1 1

— * v̂,
O-".;-

-N

.3p2....o....

1

3D-3P
-

4 5 6 7 8 9
10

Z-2
Fig.2-3-4(a)

Ar for 1s23d7s --> 1s22p7s

10
8

CVJ

10'

2 -

8
6

4 -

2 •

X < 1 i 1 1 | 1 _

^::: : : : : : : : :4: : : : : : : : :g:: : : :4:: :n-^-^*^^ : :^.̂ ^ —. ^ —. .̂.. ^—•—«• = —

-

T I

- # - 3D,-3P0- O
 3D2-

3P,

- • - 3D3-
3P2-O-- 'D.-'P,

, . 1 . . .

-

4 5 6 7 8 9
10

Z-2

Fig.2-3-4(b)

- 5 1 -



Ar for 1s 3d5p --> 1s 2p5p

1 O

CVJ

Z-2

Fig.2-3-4(c)

Ar for 1s23d7p --> 1s22p7p

10'

CVJ
I

N

2 -

10'
8
6

4-

2 -

10 6

_l_ 1 1 1 1 1

i . , ,

-

-

" • - 3Po"3Pi

• • • - 3 F / D 3

T i 1 | 1 1

I

v

•o-
-o-

I

' ••-0'

3D3-3P(D)2

1F3-1D(3P)2

-

-

4 5 6 7 8 9

10
Z-2

Flg.2-3-4(d)

- 5 2 -



10
8

Ar for 1s23d5d --> 1s22p5d

8
6

4 -

CVJ
I

N

CO 10' 8
6

4 •

2 •

1 0 c

X • • •

fc-r-r-i g-
0 g-

y
y

*y

- • • -

-•-

T • | •

m

- J
^ .y

\ - \

| i

•-O--

-o-

"t-
u

3 F 4 -
1v

—•-

3D3

T 1

--6

_

•

-

5 6 7 8 9

10
Z-2

Fig.2-3-4(e)

Ar for 1s23d7d --> 1s22p7d

CVJ
I

N

CO 10'
,- D, - O

,-3D3-O-

I I

5 6 7 8 9
10

Z-2

Fig.2-3-4(f)

- 5 3 -



10

CO
CO

O

CO

8

6

4-

2 •

8
6

4h

0.1

Aa from 1s 2p9l
r

•

4

T

-#~

->-

-A-

i i

II 
II 

II
(Q

 
Q

. 
C

O

»

1 1

1

o
-o-

*r~~

1

I=P

l=f

-«

• r T

-

• T

6 7 8 9
10

Fig.3-1(a)

0.01

Aa from 1s 2p111

6 7 8 9
10

Fig.3-1(b)

- 5 4 -



o
R 0.1

0.01

Aa from 1s 2p11s

i : * : : •

' • / /

0
T ' . . . I

-e © © e o

. - • - - • • - -

<
i 

i 
i •

 i i
 1

1

o - 3p2

7 8 9
10

CO
CO

o

CO

0.1

Fig.3-1-2(a)

2
Aa from 1s 2p11 p

4/
V-o- -V

7 8 9
10

z

Fig.3-1-2(b)

- 5 5 -



2 2

Aa from 1s 3d5p to 1s 2s

1 r

CO

CO

O 2

0.1
CO

4

2

0.01 r

1 I I I

"* X'x S*

: V V

\

" \m .

I \

r \ /

i

/

•"
©

-.
.

Ax^
f*

A

A

-•-
-•-

V
*x

X

\
'.

'•.
\

\ \ ,

V*

- V
• \ -

. . .

• • •

o
o

1

..•••Q-..
• • •©• • •

p

e

—o

•

•

o

. .
..

1

7 8 9
10

Fig.3-2-4(c)

CO

2 0.1 r

CO
<

0.01

2 2

Aa from 1s 3d7p to 1s 2s

6 7 8 9

Fig.3-2-4(d)
- 5 6 -



Aa from 1s23d5d to 1s22s

10

0.01

z
Fig.3-2-4(e)

Aa from 1s 3d7d to 1s 2s

o- o

0.01

Fig.3-2-4(f)

- 5 7 -



2 2

Aa from 1s 3d5f to 1s 2s

CO

O

as

2

8

6

4

2

0.1
8
6

i 1 - -f

..0

\

0''

/

^ 1 . . . ^ ^ ^
. . . < •

- « • ^ • • • - • • "

-

™ # - 3 H 4 ••••<>•- 1 H 5 -O- 3 H 6
-

i . . . . .
6 7 8 9

10

Fig.3-2-4(g)

Aa from 1s23d7f to 1s22s

0.01
6 7 8 9

Fig.3-2-4(h)
- 5 8 -



Aa from 1s 3s5l to 1s 2 p

~ 1
CO

10

4

2

4

2

I

4

2

0.01

o
T-*

< 0.1

-
-

k\

--
-
T |

1

V *«.

1

* **

\ v

V
i

.'' •

Ay .̂

•
- A -

0-

"""••••

\ \
*\

\
A-

^ +

|=s--O-
l=d-o
1=9

e*-

- • - •

m,

l=p
- l = f

e e-
•€> 0 - -

• - -—•-

A—•-•*"
• •

1

-

-

-

-

-
-

7 8 9
10

Z

Fig.3-3(a)

2 2

Aa from 1s 3s7l to 1s 2 p

0.1

CO

0.01

0.001 -

1 1

-

! 7
;/

i f

/ ' *

u

1 1

/

-o-

i

\

••...

l=s
l=f

•O

-A

...e G

- i=g

1

e

•••• l = d

e-

•€>-

-A—
w

-

•~Q

-1

-
7 8 9

10

Fig.3-3(b)

- 5 9 -



2 2

Aa from 1s 3p5l to 1s 2 p
10

8
6

CO Z

T» 1
X 8

>c5' 6

4

2 -

0.1

J.

•

o
•

K

•

y

-Q

>•—•—

" A , . .

i i

1 1

©"'

—-*r

t '

, 1

__̂ __ l_s...
-O- l=f-

...0

N

o-
A -

••©

•••-*"

|=P i

i=g

©•....

-••--

A , .

•

..©....

• "

"'A--

l=d
—
-

-

t ?

-

—A A
6 7 8 9

10
z

Fig.3-3(c)

2 2

Aa from 1s 3p7l to 1s 2p
10

CO

0.01

l=s O l=p--4-- l=d
-O- |=f--A- l=g

o & «••

•*>•

A • * - . ^ . - * l

-A-"
I

6 7 8 9
10

Fig.3-3(d)
- 6 0 -



Aa from 1s 3d5l to 1s 2p

10

CO

O

(0

8
6

0.1

-A..

- # - l=s O l=p-• • l=d
- O - |=f-A- l=g

7 8 9
10

0.01

Fig.3-3(e)

Aa from 1s23d7l to 1s22p

e T * " ^ ° ^ ^ ^ - o

- • - l=s O l=p•--•-• l=d
-O- |=f-A- l=g

7 8 9
10

Fig.3-3(f)

- 6 1 -



2 2

Aa from 1s 3s5s to 1s 2p
10 p

0.01
6 7 8 9

Fig.3-3-2(a)

10 E

2 2

Aa from 1s 3s7s to 1s 2p

0.01

Fig.3-3-2(b)
- 6 2 -



2 2

Aa from 1s 3s5p to 1s 2p

,o /> &

Fig.3-3-2(c)

w
CO

1 F
8
6

2 •

° 0.1
£S 8

CO 6
<

4

0.01

2 2

Aa from 1 s 3s7p to 1 s 2 p

/

•

\

\

'. '®

r i i

1

\ K
V / \

v / '"••••V\\
• \ s

/ \ x
/ \ v

/ \ ^\ s

1

'"0-

9,-

©. © °""

•

o <5
•

——^—••~ • # • - • " "

-

3 P ! -

7 8 9
10

Fig.3-3-2(d)

- 6 3 -



Aa from 1 s 3s5d to 1 s 2 p

CO

CO

2 -

1 r
6

4

2-

0.1 \r
6

4

2 -

0.01

-

b""

..../

-

T

1 '

...0.

i i

1 1

\

V

1

..0.

1

• • • • - . . .

- ^ - 3 D 1 - O - 1D2

-
-

• 
1

1
1

1

o

-

6 7 8 9
10

Fig.3-3-2(e)

2 2

Aa from 1s 3s7d to 1s 2p

CO

< 0.01 F

0.001

Fig.3-3-2(f)

- 6 4 -



2 2

Aa from 1s 3s5f to 1s 2p

•4 _ _

CO

0.1 -
CC

0.01 -

©. ' '

- N.
-' 

I 
'!

1 1

'•©

\

\

P

•-O-"

-o-

—«^

' 1

° «-

v3

•

e> o

-

6 7 8 9
10

Fig.3-3-2(g)
2 2

Aa from 1 s 3s7f to 1 s 2 p

0.001
6 7 8 9

Fig.3-3-2(h)

- 6 5 -



Aa from 1 s 3s5g to 1 s 2 p

CO

6 7 8 9

4

2

10
6

4

2

1
6
4

2

) . 1

.i i i i |

-

\ / N
\' *
A
•' \ '*

•

-

'•

-

-

-

-

-

10

Fig.3-3-2(i)

CO

CO

2 2

Aa from 1s 3s7g to 1s 2p

O

o.oi p

0.001
6 7 8 9

Fig.3-3-2(j)
- 6 6 -



10
8
6

4-

CO

O

CO

8
6

4 •

2 •

0.1

2 2

Aa from 1s 3p5s to 1s 2p
J , < '

T fl '

-«- 3p 0

- • • - 3P^

i

©

o
-o-

......

1P,

° €>

• -

d

- •

-"=1

-

6 7 8 9
10

10
8
6

2 1O

CO

0.1

Fig.3-3-3(a)

Aa from 1s 3p7s to 1s 2p

...-0 \

T 1

6 7 8 9
10

, -o - "p,
- o - 3P,

0
....-& € > - - .

z
Fig.3-3-3(b)

- 6 7 -



2 2

Aa from 1s 3p5p to 1s 2p
100 P

CO

O

Fig.3-3-3(c)

2 2

Aa from 1s 3p7p to 1s 2 p
10

4-

CO

CO

1 r
8
6

4-

0.1

JL i i i

, — - - ' ' ,

•

• ^ - 'D 2

T I I I

« —«^.

•O" 3P,

-o- 3p2

1

• « •

• • ©

- - • -

—o..

G > -

- • - -

""'*"-•.

• • •©

- • • -

-•©••••

-

—a

- • * •

.-o
-e

-

6 7 8 9
10

Fig.3-3-3(d)

- 6 8 -



2 2

Aa from 1s 3p5d to 1s 2 p
10 E

Fig.3-3-3(e)

CO

10 E
8
6

4-

2 -

1 -

2 2

Aa from 1s 3p7d to 1s 2p

O

^f 6

2 •

0.1

X I ' 1

i
-0 "..'

T • ' i

i . . .

- • - - 3 D 2 -O- 1F3

..©•

v... ,-•• ,.'

I , . .

-

-

o---^-™..^.-©

ft 1 ™ "

6 7 8 9
10

FJg.3-3-3(f)

- 6 9 -



2P

10 t-
8
6

CO
CO

4 -

2 •

>< 1
CO 8

< 6

4

0.1 h

2 2

Aa from 1s 3p5f to 1s 2p

<>

T I

- * -
3D,

1

• -O - -

> ^ ^ / *^̂  /'*̂

1

N

3D2

* V ^ * *

X>''

-O-

. . . .
o

- • - -

i

- - *

-

-

6 7 8 9
10

Fig.3-3-3(g)

0.01

2 2

Aa from 1s 3p7f to 1s 2p

Fig.3-3-3(h)

- 7 0 -



2 2

Aa from 1s 3p5g to 1s 2p
I T

2 •

0.01

- • •Ox

••••>•'

\

• ©••••

1F3 O 3H4

6 7 8 9
10

Q...

8
6

4-

2 -

0.1 b
8
6
4 •

0.01

Fig.3-3-3(J)
2 2

Aa from 1s 3p7g to 1s 2p
j . i i i | • •

- -#-3H4-^- H
- O - 3H6

: ^ s . * - — • '
S s '

T 1 . . 1 . . .

-

-

6 7 8 9
10

Fig.3-3-3(j)
- 7 1 -



2 2

Aa from 1s 3d5s to 1s 2p

O

X

6 7 8 9

4

2

1
6
4

2

0.1
6
4

2

0 01

.1 1 I 1 1

0
.0

E
I

I 
i 

i 
i 

i 
i 

i

T 1 1 1 1

©

-O-™ 1 D 2

- O - 3D3

I

e e '° o

• -

y
/

t

•O

o -o—©'•"

10

CO

Fig.3-3-4(a)

2 2

Aa from 1s 3d7s to 1s 2p

0.1
6
4

2

0.01
6
4

2

0.001
6
4

©

- \

. 
.

1 K.

.•

/

, 1

+\
- - » - 3D2

€5

o
-o~

1

..a.._

-

1 D 2

3 D 2

• 
i 

•
•

>
 

•

-

• 
i 

i 
i 

i 
1

1
9

6 7 8 9
10

Fig.3-3-4(b)

- 7 2 -



2 2

Aa from 1s 3d5p to 1s 2p

& -0-0-—0--0

e e ©• 0 f

10
8
6

4-

CO

1 r
8

Fig.3-3-4(c)

2 2

Aa from 1s 3d7p to 1s 2p

CO 6

< 4

2 •

0.1

©••

/
/

• /

T

/
/

/

/

i

/

^ -* "

/

/ • • G

/ \

P 1

r

o-

•

°

«.

i

..©.

^

&"

'ff

3 - O - 3D 3

•0**
' "©".....

•

\

, ; •
•'•0

-

-

7 8 9
10

Fig.3-3-4(d)

- 7 3 -



2 2

Aa from 1s 3d5d to 1s 2p

10
8
6
4

CO
CO

* 1
CO 8

< 6

0.1
6 7 8 9

• ' ' '

©
<^.

•

•

T 1 1

1 1

...

\ /

\ /V

i

. • - * •

. . . . . .

•

— - ^ • - . . . . . < x ' ' _

" • • • • • . .

'"•©

- • - 1
 SQ ••-O" 1D2

-

-

10

Fig.3-3-4(e)

Aa from 1s 3d7d to 1s 2p

" - • - " " v ^ « .

0.1 I*
6 7 8 9

Fig.3-3-4(f)
- 7 4 -



2 2

Aa from 1s 3d5f to 1s 2p

10

2 •

V3-0

e... -*€>

0.1
6 7 8 9

10

Fig.3-3-4(g)

Aa from 1s23d7f to 1s22p

Fig.3-3-4(h)

- 7 5 -



CO

O

£0

10 E

4 -

2 -

•4 _

8
6

2 -

0.1

Aa from 1s 3d5g to 1s 2p

8 9
10

Fig.3-3-4(i)

-

• i |

- ^ - 1 G 4 - O -

-

-

T i

3 i • * - 1

'i \ >
\

-%—

• '

w' : ' '
: . ' • - \ «•

\

\

-

--O - -O

-

• •©

0.01

Aa from 1s 3d7g to 1s 2p

6 7 8 9

Fig.3-3-4(j)

7 6 -



a

10
-10

10
-11

10
-12

10
-13

Be-like C ion

1s22pnl --> 1s22snl

1s22pnl --> 1s22pnT

1 s 2 3 p n l — total
O Romanik • Chen

4 6 8 4 6 8
10 100

4 6 8

1000
T6(eV)

Fig.4-1(a)

- 7 7 -



Be-like O ion

B
a

a"

10
-10

10
-11

10
-12

10
-13

4 6 8 2

10
4 6 8 2

100
Te(eV)

Fig.4-I(b)

- 1 ' •

-

—

- /

—

-

-

-

. 1 1 1 1 > l

1s22pnl -

1s22pnl -

1s23snl-
— total O

\

/

• i

' / '
' / '

* i
* i

I 1 1 1 1 1 1

-> 1s22snl

-> 1s22pnT

1s23pnl -
Romanik •

\

y

-. -. \
** " " ~" s, \ \

** / *** *•

/ " \

1 ' ' -

- - 1s23dnl
Chen

-

i

t I
 

I 
1
 

I 
1
 

I 
i

k ;

\ \ \
\ \ \ --

" \ \ :N W
4 6 8

1000

- 7 8 -



a'

10
-10

10
-11

10
-12

10
-13

Be-like Ne ion
T 1 1 1—I I I I "I 1 1—I I I I I "

1s 2pnl --> 1s 2snl

1s 2pnl --> 1s22pn'l'

1s23snl 1s23pnl 1s23dnl
- — total O Romanik • Chen

J 1 I I I...LLX

2 4 6 8
1..-J. I I...I.X1±l

100
4 6 8

1000
Te(eV)

Fig. 4-1 (c)

- 7 9 -



Be-like Mg ion

4 6 8 2

100
4 6 8

1000

Fig.4-1(d)

- 8 0 -



Be-like P ion

10"'u r

i r T i i i i

-1

1

1

- - - 1
— 1

s22pnl --

s 2pnl --
2_

s 3snl—•
s23dnl —

> 1

> 1

s22snl

s22pn'l1

1s23pnl

total

100
4 6 8

1000
Te(eV)

Fig.4-1(e)

- 8 1 -



Be-like Ar ion

-9 I T I I I I I T I I T

B
o

10
-10

10
-11

10
-12

1s22pnl --> 1s22snl

1s22pnl --> 1s22pnT

•1s23snl 1s23pnl 1s 3dnl
• total O Romanik • Chen

/ ' •!

10
-13

, ' • , ' • ' , , , , • !

4 6 8
10

4 6 8 2

100
T6(eV)

Fig.4-1 (f)

4 6 8

1000

- 8 2 -



-9

io r

10
-10

§ 10
-11

10
-12

10
-13

Be-like Ca ion
~l 1 1 1 I I I I ~j 1 1 1—I I I I 1 — i — r i i i

- 1s22pnl --> 1s22snl

1s22pnl --> 1s 2pnT

1s 3snl 1s 3pnl

1s 3dnl- total

4 6 8
10

4 6 8
100

4 6 8

1000

Fig.4-1(g)

- 8 3 -



10
-9

Be-like V ion
H = 1 1 1 1—I I I I T 1 1 1 I I I I i 1—I—TTT

e

10
-10

10
-11

10
-12

^.pni
1s2

- - - 1s2

....... 1 s
2

- >

2pnl

3snl

3dnl

1

-

s 2snl

-> 1s22pn'l'

1s 3pnl

»•"•••"• t o t a l

10
-13 L i t' j i i I

4 6 8 2

10
4 6 8

100
4 6 8

1000

Fig.4-1(h)

- 8 4 -



Be-like Fe ion
-9

10
1 1 I T I

— 1s22pnl --> 1s22snl

1s22pnl --> 1s22pnT

- - 1 s 3snl 1s23pnl 1s 3dnl
—- total O Romanik • Chen

S

10
-10

10
-11

10
-12

10
-13

• , ' . •• . ' . I
4 6 8

10
4 6 8

• , 1 +

100
4 6 8

1000

- 8 5 -



10

10
00

B
o

10"

10

-10

4

2

-11

4

?

-12

4

2

-13

1 S22pnl
r • i

— c
- - - Mg-

L i

--> 1

X

o
- P

s22snl

Ne

X v» v •<

, . . \ ^
4 6 2 4 6 2

10 100
Te(eV)

4 6
1000

Fig.4-2(a)

s22pnl --> 1 s22snl

10
-10

10
-11

CO

6

10
-12

10
-13

"

• . . • |

^ - '
y ^+*

• f *

• / , '

r !

L 1

A .

Ar
- V - -

i y

i i I I • I

*

- Fe

I I I I I I I i g S ^ f f l f t r

2 4 6 2 4 6 2 4 6

1 10 100 1000

Te(eV)

Fig.4-2(b)

- 8 6 -



s22pnl --> 1 s22pnT

10"10

-J£ - 1 1
"• 1 0s

10"12

10"

; • i

i ,
* - — " • — * . " N .

r^Sc- **^

r x^\
x̂

:

L 1

' ' ' 1

C
M g - -

0
....

*\
S

\

^ s

\

p

*\
\

. 1 1

- Ne

-

s \

\ \
Ml 1 , 1 1 | ^

2 4 6 2 4 6 2 4 6

10 100 1000
Te(eV)

Fig.4-2(C)

10

10
6

10"

10

-10

-11

-1 2

-13

1 s 2pnl
T i i I i i i i 1 i

h- /

' /
/ *

»
t

*
t

r

A r
M i
\ /
v

- >

Ca
Fe

1 s 2pn
• 1 1 1 < |

X

T

•

x^

4 6 2 4 6 2

10 100

Te(eV)

Flg.4-2(d)

4 6
1000

- 8 7 -



1 s23snl --> 1 s 2pnl

10
-11

10

10

8

6

4

2

-12

8

6

4

2

-13

•~—r—r

/

>v *• H; /

• M l/ * . '
f* *

1 1 1 1 1 l |

0
- Mg -

y

,f*~ ~" ̂

#*^ ***

/

\

*
1

1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 IT

-

-

Ne
- P

-

•

-

—^

% \\ \
\ \\ \

\ \

*» ^ \x \\ x \\ . . i\. . -M \ .J-

2 4 6 2 4 6 2 4 6

10 100 1000 10000
Te(eV)

Fig.4-2(e)

10

10

10

•11

8
6

4

2

-12

8
6

4

2

-13

1s

A r
Ml
v

I
I •

i ••

• H
1 : • •1 : • 'i ! i

, 1,1 J i .

23snl --> 1
1

Ccx

Fe

/// N
• // /

* i

#

i

s22pnl

-

N***» 'v-
\ \ \ \

\ \ \ \
\ • \ •%

\ • • • . « •»

\ '••• • • •»

\ \ \ \

10
4 6 2 4 6 2 4 6

100 1000 10000
TJeV)

Fig.4-2(f)

-88-



10-11
1 s 3pnl --> 1 s 2snl

126

i i i 111

10"

Fig.4-2(g)
2 2

1 s 3pnl --> 1 s 2snl

10

10
-13 i

V\
I
/
:

: •
• i

- /

; •'

/ , '

: •

•

1
/
1

1

. - • • •

. * /

• /

/

>

/ i
i

\

• \

; \

i \

t f . . 11

^y '\

\

\ \

..
-
•
•
'

\

\
\

\
\

\
\

1 |^

c
Mg

"v

\
\

\
\

\

\

*•

1 f

0
— p

*\\\
\ \
\ \

'. X
\ \ X-

\ \ X.
\ *.

. \ \ \

\ \

*• \

II \ \ M * \ '

• Ne -

•

•

—

m

\

\

\

\

i i i i it,

2 4 6 2 4 6 2 4 6

10 100 1000 10000
Te(eV)

10
4 6 2 4 6 2

100 1000
46

10000
Te(eV)

Fig.4-2(h)

- 8 9 -



.-11
s23dnl --> 1 s22pnl

1 0 8
6

4

2

§ 1 0 8
^ 6

4

2

-13

is , , ! — , | | | | |

, - - _

* /

- ' »"

! ' ' /
/ #

/^' Tx
'••

•,

.** i * *

/ •* • '

/ •* • •

— * > • ' l i t p i i f i i

—I 1 1—r'TTTY] 1

0
--- - Mg--

\ 's.

\ "».

\ .
S \

\ x .
\ x .

v \

» ^ •

'"•••• ' • • • , v ^

i *•• i 4 1 1 * 4 ^ 4 i -

Ne
.... p

-

-

-
-

-
\

i\ i 1111 ^2 4 6 2 4 6 2 4 6

10 100 1000 10000
Te(eV)

Fig.4-2(i)

s23dnl --> 1 s22pnl

4 6 2 4 6 2 4 6
10 100 1000 10000

T6(eV)

Fig.4-2(j)

- 9 0 -



S
CO

<

0.01

Aa from 1s 2p11d

- • • —

•0 - • - - ° - - e " - -o

'w «•—=-
„ - * * A - -

3p0 - o - V,
3P(D)2 • O - ' R

I | _

6 7 8 9
10

z
Fig.3-1-2(c)

-•---£.:

• < & • '

•<i

4-

S 0.1
>< 8
"co' 6

0.01

Aa from 1s 2p11f
X I I I |

•

_ - • -

r . . • 1

• 3 G 4

O 1G4

— 0 - 3G5

••-•.••i-^..-"-© <

•

-

•

6 7 8 9
10

Fjg.3-1-2(d)
- 9 1 -



Aa from 1s 2p11g

la

0.1 7
8

6

4-

2 -

0.01

-

-

m

T

0-

' 1

©—

, 1

— ^ » - -

- • «l|kir •*•
w

1 _

• * • < 9 > - . ^ . • « _ Q

-

-

0 1H5 -

-

6 7 8 9
10

Fig.3-1-2(e)

- 9 2 -



2 2

Aa from 1s 3s5l to 1s 2s

O

EL
CO

2 -

6
4

2-

0.01 r

\ " ~ X "•••

\

-

1 1

/

-O--

....-o-

|=s- O
l=f - A -

....

1=9

...e ^ ^

___» ^J—« •

•-- i=d -

7 8 9
10

z
Fig.3-2(a)

2 2

Aa from 1s 3s7l to 1s 2s

CO

O

"of

1
6

4

c.

0.1
6

4

2

0.01
6

4

2

X

-

• —

In

•

-

—

-

-

1 '

0...
A

. . . . . ^ .^

A
/t

/
/ *

^ *

i i

1

* ^ ^

-

&•:>

...--•*"

*\
V

- # - l=s
•O- l=f-

•o
A -

l=p
i=g

• —

$.,...- «

-

-

-

.-A
A—A—-A'

-
-

-•-- |=d -
-
-

7 8 9
10

Fig.3-2(b)

- 9 3 -



2 2

Aa from 1s 3p5l to 1s 2s
2 3

1 r

CO 2 -

2 0.1
x

0.01 r
6 -

- - ^ — '

G

-

I

I

/

-o

•G "

+

- I=S
- l=f

•o
• A -

l=p-
i=g

• • • •

•

- - O -

—A-

l=d

--o

- - .
- • • 0

1

6 7 8 9
10

CO

Fig.3-2(c)

2 2
Aa from 1s 3p7l to 1s 2s

2

0.1
6

4

2

0.01
6

4

2

0.001

J I I I

*

*» * *»*" ' ™*"""

* • " • • • • • • • " * ' • " " "

p"" ..-•*'

T l ) |

A

*

-o-

'' 'X
• A

\=s
l=f

**,
**.

-o
-A-

in

^ *̂  "* x

..©• *

X*"

l=p--+-
i=g

t——•—

^ - - — ^

o-'

• l=d

-
—«

-

-

-

-

-

6 7 8 9
10

Fig.3-2(d)
- 9 4 -



2 2

Aa from 1s 3d5l to 1s 2s

CO

2-

1 r

CO

2-

0.1
6
4

2h

0.01

y,. _

_

*

-

*

T

—1 1 T

\

•©•-

A

1 I 1

1

/

**

. . - A - '

—#- |=s
_o_. ) = f .

i

— ^ ,

— — — "**

• o ••••

-A-

- • — •

. - o - - '••'

V""

l=p—4
i=g

-

_ ^ % D A

. # .

-

•-- l = d

_
8 9

10
z

Fig.3-2(e)

0.001

Aa from 1 s 3d7l to 1 s 2 s

- # ~ l=s O l=p - • - l=d
-O- |=f-A- l=g

7 8 9
10

Fig.3-2(f)

- 9 5 -



2 2

Aa from 1s 3s5s to 1s 2s

Ui
CO

O

CO

10
86
A

2

1
8
6

4

2

0.1
8

\

- \

-

-

o

i i I • i

/

• o • 3 s ,
•

...•' _.jQ „

• -
0

••© <3

-

-

-

•

•© o

-

6 7 8 9
10

z
FJg.3-2-2(a)

2 2

Aa from 1s 3s7s to 1s 2s

(0
CO

1 r

6

4

2 •

>S 0.1
(0
< 6

4

0.01

J ' '

•

•

•©••• '

0

T j 1

' 1

1 1

- #

....3

-

-

•-0 "&'

•

-

6 7 8 9
10

Fig.3-2-2(b)

- 9 6 -



Aa from 1s 3s5p to 1s 2s

10

Fig.3-2-2(c)

to
CO

2 -

Aa from 1s 3s7p to 1s 2s

CO

0.1 r
8
6
4 -

2 -

0.01

JL 1 1 1 |

\ •
\ :

\ /

\ /

\ /

\ :"

\ •

• V . i

•^•8Pi

o-
-o-

•-•© e ,

3P2

|

-

-

-

-

6 7 8 9
10

Fig.3-2-2(d)

- 9 7 -



2 2

Aa from 1s 3s5d to 1s 2s
10

8
6

2 1

0.1

1 I

•••© ©
- 0

 e 0 e e Q

D1 O - 3 D 2 - O - 3D3

6 7 8 9
10

z
Fig.3-2-2(e)

CO
CO

O
-?—

> ^

CO

1

0.

0
8
6
A

2

1
1

8
6

4

2

1

-

-
-

o

-

• .
T

Aa from
• i i i

- ^

- • "

\

1

1s 3s7d tp

3D1 0 1D2

D9 -O- D̂

.0

0'"

V

1s 2s

-
-
-

s ® « o

:

6 7 8 9
10

Fig.3-2-2(f)
- 9 8 -



CO

CO

>< 0 .1
CO

< 6

4-

0.01

Aa from 1 s 3s5f to 1 s 2 s

6 7 8 9
10

J 1 I 1 1

©

\ K /: *•_ • .*
1 :' "*.
\ •: '•••• /

-

-#-3F2-O-- V3

-•" F3-O--3F4

-

-

CO

8
6

4 -

2 -

0.1 ~
8

6

4p

0.01

Fig.3-2-2(g)

2 2

Aa from 1 s 3s7f to 1 s 2 s
JL '

-

0""

-

•

T 1

1 ' 1

A

i

\

\

\ i

''6

- ^ - 3 F 2

e &

- o - V3

- O - 3F4

i

•Q

-

-

-

-

6 7 8 9
10

Fig.3-2-2(h)
- 9 9 -



CO

~o

la

1

0.

0
8

6

4

2

1
8
6

4

2

1

X

-

-

-

-

-

/
/

. /
/

0

-

T

Aa from
i i i

P"
/
/
/

\

-*- v

1s
I

•e

O -

23p5s

©

A

to

e-

VWr

- 3 P

1s22s
* • i

e e

•

-o- \
1

—

-

-

-

-

-G
-

-
-

-

-f-"g

6 7 8 9
10

1 F
8
6
4-

2 -

8
6

4h

2 -

0.01

Fig.3-2-3(a)

Aafrom1s23p7sto1s22s

7 8 9

b
-

-

< > • '

f

r i i

&

I p i

1

\
\
\
\

/

i

- • - ^

-G..

, o

• • • •0 -

V

p

'p

•

e

•

-

-

o

_ - •

-

_

10

Fig.3-2-3(b)

- 100-



2 2

Aa from 1s 3p5p to 1s 2s

2-

1 r

CO

O 2

§ 0.1
< 6

0.01

r \

r

T I

1 ' 1

/

1

''••© •©"

D D, - • - D2-<

^ Of — — V

••o- "°"

> - 3D3

-

-o

-
-

_
6 7 8 9

10

Fig.3-2-3(c)

2 2

Aa from 1s 3p7p to 1s 2s

0.001

z
Fig.3-2-3(d)

- 101 -



Aa from 1s 3p5d to 1s 2s

0.1 r
CO

< 0.01

4

2

I

4

2

0.001

X ' ' '

• - # ~ F2

T • 1 •

i

y

-o ••••

/
""•©

.._

- 3
F3--O-

3

0- -

-

-

—

6 7 8 9
10

Fig.3-2-3(e)

CO

CO

0.1 :
8
6
4-

2 2

Aa from 1s 3p7d to 1s 2s

2 -
O

>S o.oi
CO i

2 -

0.001

J ' 1

r

-

-

r ?>"
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Jan. 1990

T. Kato, J. Lang and K. E. Berrington,
Intensity Ratios of Emission Lines from OV Ions for Temperature
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through Nickel; Sep. 1991
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and Recommendations- ; Sep. 1992
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Energy Dependence of Ion-Induced Sputtering Yields from
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T. Kato, U. Safronova, A. Shlyaptseva, M. Cornille, J. Dubau,
Comparison of the Satellite Lines of H-like and He-like Spectra;
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Roles of Atomic and Molecular Processes in Fusion Plasma
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Excitation, Ionization, and Electron Capture Cross Sections of
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Multiple-1onization Cross Sections of Atoms and Positive Ions by
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Cross Sections for Electron-Impact Induced Transitions Between
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U.I. Safronova, M.S. Safronova and T. Kato,

Cross Sections and Rate Coefficients for Excitation of An = I
Transitions in Li-like Ions with 6<Z<42; Sep. 1995

T. Nishikawa, T. Kawachi, K. Nishihara and T. Fujimoto,
Recommended Atomic Data for Collisional-Radiative Model of
Li-like Ions and Gain Calculation for Li-like Al Ions in the
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Y. Yamamura, K. Sakaoka and H. Tawara,
Computer Simulation and Data Compilation of Sputtering Yield by
Hydrogen Isotopes (lH+, 2D+, 3T+) and Helium (4He+) Ion
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Dielectronic Recombination Rate Coefficients to the Excited
States of CU from CIII; Feb. 1996
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