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Theoretical study of dielectronic recombination between electrons and heliumlike carbon ions
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A revised simplified relativistic configuration-interaction method is used to study the dielectronic recombi-
nation processes of He-like carbon ions. Every resonance of spleril has been determined far=2,3. The
total integrated cross sections of the dielectronic recombination are in agreement with the experimental mea-
surements within 10%. It is found that the strong resonance peak around 283 eV consists of three important
doubly excited resonance states with the dominant contribution due to te2p{P) 3d 2l:5,2,7,2 states, in
contrast to the previous assignment 0E2p 1P) 3p 2S;;, as the dominant resonance state.

PACS numbs(s): 34.80.Kw, 34.80.Dp

[. INTRODUCTION important to include more configuration interactions, such as
the orbital angular momentum correlatiofi®., | mixture).
Dielectronic recombinatiofDR) is a resonant radiative Thus, in this paper, we have developed a revised SRCI
recombination process. When a free electron collisionallymethod including the orbital angular momentum correla-
excites an ion €, it may lose enough energy to be Capturedtions. Comparing the theoretical results calculated by the re-
into an unoccupied orbitall, and one of the bound electrons Vised SRCI methodl(mixture) with those calculated by the
of the ion G is excited from the initial § orbital into the ~ SRCI methodwithout| mixture), we find the orbital angular
2L orbital forming a doubly excited resonance stas2linl. momentum correlations are important for detailed descrip-
Subsequently, the doubly excited resonance state decays irfien of the peak positions and line shapes, even for the inte-
states of & through radiative transition processes. DR pro-grated cross sections. Both the integrated cross sections and
cesses are fundamental recombination processes becauselhtsf detailed line shapes are in good agreement with the ex-
their importance in influencing the ionic balance in high- Perimental result§18] and also agree with the recent calcu-
temperature plasmas and for understanding the dynamics &fted results of Pradhan and Zhaf®]. Then we can give
the solar corondl]. Furthermore, their radiative emissions clear assignments of all the resonances fs2Linl with n
have significant effects on plasma cooling as well as the=2,3. For example, the resonance peak around 283 eV was
plasma diagnostic spectrum in fusion plasmas. Thereforélentified as the only resonance statesZft'P)3p?2S in
they attract considerable interest from both experimental anéther theoretical work18,19, while in our calculation we
theoretical researchers. find this resonance peak consists of the three major states
There are many theoretical methods by which to calculaté1s2p *P)3d ?Fs, 7, and (1s2p 'P)3p ?S,),, and the inte-
the DR processes, such as distorted wave methad, grated cross section ofF (~63) is larger than that of
close-coupling methodgt,5], relativistic close coupling us- “S(~7) (the units of the integrated cross section are
ing the Breit-PauliR-matrix method[6], and single- and 10 2 cn? eV throughout this paper, unless specified other-
multiconfiguration method§7-14). In these calculations Wwise). The integrated cross section for these three states is
[7-1Q), it is generally tedious work to obtain all the accurate 70.5, which is in fair agreement with the experimental result
DR rate coefficients because they involve many doubly ex{~89) [18]. A more detailed analysis will be discussed in
cited resonance states. Most calculations either neglect tHgec. Ill. Because of its relativistic treatment, our revised
high-lying doubly excited states or simply use the’ lawto ~ SRCI method is applicable for arbitrary highions with
extrapolate for high-lying doubly excited states based ormuch less computational effort and it can meet the needs of
quantum defect theoryQDT) [8,15—-17. However, in the relevant applications.
framework of QDT, we have developed a simplified relativ-
istic configuration-interactiofSRCl method to treat the Il. THEORETICAL METHOD AND RESULTS
high-lying doubly excited states by interpolations instead of )
extrapolations[11-14. We have calculated the DR cross  1h€ DR process of € is expressed as
sections of H-like helium |on§12] and argon ion$13] and e+ CH (182)— C3* (1s2Lnl)**
obtained good agreement with experimental results. Recent
experiments on DR between electrons and He-like carbon —C3*(1sNLynyl ) * + ho, (1)
ions have been performed by Mannerekal. [18] with an
energy resolution of 0.1 eV, which requires more accuratavhere theC** ion in the initial statei, with the major
theoretical calculations. This present paper presents our theonfiguration %2, captures a free electron with a specific
oretical study of DR processes between electrons and He-likenergy ; and forms the €" ion in the doubly excited
carbon ions. To treat the electron correlations properly, it isesonance statej with the major configuration
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[(1s2L 25T 1L )nl 2571 ] (L. and S, are the orbital angu-
lar momentum and spin quantum numbers for té @n
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Based on QDT, whenl(l) are fixed anch varies from
bound to continuum states, all the doubly excited resonance

andL; and S; are the total orbital angular momentum and states with the same total angular momentuand coupling

spin quantum numbers for the’Cion). Under the isolated

scheme will form a channel. In the channel, the energy-

resonance approximation, the DR cross sections for any dourormalized matrix element can be defined as

bly excited resonance states can be expressed as
A% A
+3 A“,

2ﬁ3 gj
Meé€; 29| A

de—¢€), (2

Oij:k=
ik’
where m is the mass of the electrom; and g; are the
statistical weights of the stateandj, respectiverA]-ai is the
Auger decay ratéinverse resonance capture progesgich
can be calculated by the Fermi golden r is the radia-
tive rate from the upper stateto the lower statek. The
summationi’ is over all possible lower states of'C, and
the summatiork’ is over all possible lower states offC
The atomic wave function for the statés expressed as

\PJ-:; Cigp(Tq). &)

Here ¢(I'y) is the configuration wave functiod: denotes
the quantum numbers of the configuratids{n; , «;) “i with a
certain coupling scheme, wherg, k; ,w; are the principal

fa=MBa(va70); )
here (»3/q?) is the density of states;;=n—u,, and u, is
the corresponding guantum defect. This energy-normalized
matrix eIementM”d varies smoothly with the electron or-

bital energy in the chann¢l1,12. When theM,]d of a few
stateqincluding one continuum staten a channel have been
calculated, the Auger decay matrix elements of infinitely
many discrete states of that channel can be obtained by in-
terpolation. On the other hand, the mixing coefficie@tg in
Eq. (4) are almost unchanged for states with lang@ithin a
channel[12]. We can use the mixing coefficients of a state
with a certain high principal quantum numbeto approxi-
mate those of states with higher principal quantum number.
From Eqg.(5), the Auger rates and capture ratey detailed
balance of the infinitely many doubly excited resonance
states can be conveniently obtained.

The doubly excited resonance state may autoionize with a
rateA"j1 by reemitting an Auger electron or decay radiatively

guantum number, the combined quantum numberlgf) ( o
and the occupation number, respectively. It is constructed agéznaelg\ggr energy statewith a radiative rate.‘\]k, which is

antisymmetrized product-type wave functions from central-
field Dirac orbitals with the appropriate angular momentum
coupling[20]. All relativistic single-electron wave functions ; 4e ®
(bound and continuumare calculated based on the atomic A= 3 35,63
self-consistent potential obtained from the ground-state con- 9i
figuration (1s?2s2S;;,) for C3* [21,22. In the SRCI

method, the summation is over all configuration wave funcWhere o is the photon energy and the radiative transition
tions with the same principal quantum numberand the Matrix element is defined as

same orbital angular momentum quantum numbérg)(
For example, for the doubly excited state
(1s2s3S)3d 2Dgy,, in our SRCI calculation, the summation

in Eq. (3) includes three configuration wave functions, For a radiative process with a certain final statevhen
(1s2s 350)3d3/22D3/2=(1525 ¥S1)3d3,°Dyyp, and  (L,) are fixed anch varies from bound to continuum states,
(1525°S,)3dg/,°Dyy. In the present revised SRCI method, all the doubly excited resonance states with the saraed
the configuration wave functions(I'y) with the samenand  coupling scheme will form a channel. In the channel, the
different (L,I) are added into the summatigire.,| mixture).  energy-normalized radiative transition matrix element is de-
The mixing coefficientE;, for statej are obtained by diago- fined as
nalizing the relevant Hamiltonian matrj20].

We neglect the configuration interactions between bound
states with differenh and continuum states. Then we have

2

> CiaCraM)y| (7)

d,d’

=T )| T]p" (T ). (8)

Mi =M (v2%q). 9

2

: (4)

This energy-normalized matrix elemeﬁ}k varies slowly

with the electron orbital enerdyl2,23,24. When theM !, of
a few stategincluding one continuum stgten a channel
have been calculated as benchmark points, all the energy-

normalized matrix elements!}, of infinitely many discrete
states in that channel can be obtained by interpolation
[23,24). From expressiol(7), we can obtain all the radiative
rates in the channel. For a certain initial state, the energy-
normalized transition matrix element may have nodes, at
which the matrix element is equal to z€@b]. In this case,

—— . a
g jd™Vhijd

where the Auger decay matrix elemeMﬁ-d is defined as
2 \I,iei> .

s<f rs
Here W, consists of the €' ion state wave function and a
single-electron wave function in the continuum.

©)

f}d=<¢(Td)
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the interpolation should be carried out for the energy-cross section{0.7) is in good agreement with the experi-
normalized transition matrix elements and not for the radiamental result ¢ 0.7). In our revised SRCI method, the wave
tive rates(i.e., it is proportional to the square of the transition function in Eq.(3) of the resonance state with the major
elements configuration 52s? 2S,;, consists of two important configu-
The resonance energy can be calculated under the fro- ration wave functions, 4252 23, and 1s2p? 2S,,, so this
zen core approximatioﬁZG]. Specifically, we can calculate  esonance state can radiatively decay ing82p 2Py, 315,
the energy differenc E;; between the total enerdy; of the  yith 4 nonzero radiative matrix element. As shown in Table
doubly excited statesPLnl of C°" and the total energé. || the radiative transition rate for the resonance state
of the excited state of € (the corresponding thresholdy 15252 2S,,, is 3.0x 10'° (the units of the transition rate are

the revised SRCI method. On the other hand, the excitatiogecfl throughout this paper, unless specified otherwise

energyAEc of the exmted states of C can be obtained furthermore, the configuration interactions influence not
from either an experimental or another independent theoret- - . . .
only the transition matrix elementse., the cross sectiops

ical result. Then the resonance eneggygan be calculated as L :
toy but also the energy positior(ge., the resonance energies

AE.+AE,., with a certain accuracy. The doubly excited . . . .
¢ ¢ y y For instance, the resonance state with the major configura-

resonance states with different principal quantum nunmber . 22 ist of fi ) |
corresponding to the same threshold and coupling schenfiP" 152p”“S;> can consist of two configurations, namely,

form a channel. Based on a finite set of benchmark values ofS2P” “Si and 1s2s? S, . The configuration interactions

the quantum defegt in the channel, which are calculated by ¢@n change the resonance energy position of the resonance
the revised SRCI method, the quantum defects and the eneftate 52p®?Sy;,. In addition, in our calculation, we have
gies of the infinitely many doubly excited states in the chanfound some doubly excited states, which are very important
nel can be obtained by interpolation according to the quanm DR processes, that have been overlooked in other theoret-
tum defect theory. ical work [18,19. For instance, the resonance peak around

In order to compare with the experimental results, the242 eV was identified assPp? 2D in Ref. [18], but in our
calculated cross section should be convoluted with a Gaussalculation this peak consists of three major doubly excited
ian distribution of an energy resolutidhy which is the sum-  states, $2p? %D, 5,and 1s2p? 2P, because of our fully
mation of the experimental widthi+ and the natural width relativistic treatmenti.e., configuration interactions through
Iy, the orbital-spin interactions, which can be regarded as the

“relativistic effect” in Ref. [27]). The integrated cross sec-
I'=\I'2+T3, (100 tion of these three states is 42.9, in agreement with the work
of Bellantone and Hahn~42) [19] and the experimental
where result (~37) [18]. The wave function in Eq(3) of the reso-
nance state with the major configuratios2p? 2P, consists
FNzﬁ( Z Ajrk,+2 Ajal) . (11 of two important configuration wave functions, namely, 99%
K’ i’ of 1s2p? 2P, and 0.36% of $2p?2Dg,. The resonance
state can be formed from the initial state?Iby capturing a
free ds;, electron, with nonzero capture matrix element. As
5 shown in Table Il, the Auger width for this resonance state is
dPRe)=3 Sij exr{ _(e—¢) ) , (12 0.2(the units' gf Auger width are meV throughout this paper,
T 2@l unless specified otherwiseSimilarly, the resonance peak
ranging from 281.0 to 281.6 eV was previously identified as
where (1s2p3P)3d 2P and (1s2p 'P)3p 2D [18,19, but in our
calculation this peak may consist of five main doubly excited
states, ($2p3P)3d %Py 3, (152p *P)3p?D3ps,  and
(1s2p 'P)3p 2P4,. The integrated cross section of these
five states is 72.3, which is in good agreement with the ex-

We have calculated the DR processes of He-like carboperimental results{73). In addition, another strong reso-
ions and compared the calculated results with the experimemance peak around 283 eV was identified as2@d*P)3p 2S
tal results for the doubly excited states2l.nl with n in Refs.[18,19, but this calculated integrated cross section
=2,3, as shown in Table |, Fig(d), and Fig. 2a). Both the  (~4) [19] is obviously much smaller than the experimental
integrated cross section and the line shapes are in agreemeaasult (~89). In our calculation this resonance peak may
with the experimental results. Every resonance has also bemonsist of three major doubly excited states,
identified. (1s2p*P)3d ?F5) 7, and (1s2p'P)3p2S;,. The inte-

In Table I, we have compared our calculated energy pograted cross section~(63) of 2F is much larger than that
sitions and integrated cross sections of the major doubly ext~7) of 2S. Our calculated integrated cross section of the
cited states with other theoreticgl8,19 and experimental three overlap states is 70.5, which is in fair agreement with
results[18]. They agree with each other in general. For ex-the experimental result{89) [18]. For more detailed analy-
ample, for the weak resonance peak around 227 eV assigneis, we have found that the resonance states
as the resonance stats2k? ?S,,, our calculated integrated (1s2p *P)3d 2Fs), 7, have a strong radiative transition rate

The convoluted cross section is

mh° g ARZAK

i M€ 2gl Ek’A;k/—’_Ei’A;! .

13
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TABLE I. Excitation energies relative to the ionization limit€41'S) in eV and integrated cross sections for major doubly excited states

of C37.

Energy(eV) Integrated cross sectiqi 0~ 2! cn? eV)
State Theory Experiment Theory Experiment
Present Refl18] Ref.[18] Present Ref[19] Ref.[18]

1525?23, 226.764 227.13 227.19) 0.65 0.70.2)
1s(2s52p °P)?Py, 235.114 10.77

15(252p *P) Py 235 13 235.495 235.44) 2158 32.25 39 39.%)
1s(2s2p P)?Py,, 239.427 238.96 238.99) 1.76 5.21 13.2 4@)
1s(2s2p 1P)2Py), 239.424 3.45

1s2p? 2Dy, 242.043 12.79 a
15202 Doy 242 032 242.029 242.08) 10.07 31.86 42.2 37.26)
1s2p? 2Py, 242.244 243.269 bl

1s2p?2%s,), 248.096 248.16 248.19) 5.7 8.4 5.93)
(1s2s39)3s2S,, 270.655 0.29
(1s2s39)3p 2Py, 271.705 1.97
(152535)3p Py 271,703 271.896 271.82) 304 5.91 7.7 5.73)
(1s2s53S)3d 2Dy, 274.309 1.18
(1s2s3S)3d 2Dy, 274.309 274.242 274.3%) 1.77 2.95 2.83)

1s2s19)3s?s 274.72 1.37
( 1/2
(1s2519)3p 2Py, 276.518 1.37
(152515)3p Py 976,501 276.526 276.5@2) 273 4.10 25 5.13)
(1s2p 3P)3s 2Py, 277.992 1.99
(152p 3P)35 2Py 278,017 277.877 277.8@) .86 5.85 31.3 6.08)
(1s2519)3d 2Dy, 278.729 9.49 b
(15219)3d Dy 78,748 278.684 278.6@) 14.03 2352 16.26)
1s2p °P)3p?Dy), 279.235 2.81 b
(152p3P)3p?De 279,238 279.063 279.1@) 430 713 11.3 16.27)
(1s2p *P)3s?P, ), 279.845 9.11
(152p 'P)35 %Py, 979,839 279.688 279.6%) 18.23 27.34 11.2 27.@)
(1s2p °P)3d?F5,, 280.065 1.29

1s2p 3P)3d%F 280.087 1.63
( p 712
(1s2p 3P)3p Sy, 280.353 280.066 280.1% 4.41 2.7 9.%6)
(1s2p 3P)3d?P,, 281.049 0.78 c
(152p *P)3d%P, s 281039 280.958 281.08}) 156 2.34 7.8 12.86)
(1s2p *P)3p?Dy), 281.572 20.97 c
(152p 'P)3p?Dy s 281 569 281.563 281.5Q) 7 64 48.61F 21.8 60.09)
(1s2p *P)3p?P3), 281.577 21.37
(1s2p *P3d%Fy), 283.348 27.12 63.34

1s2p P)3d%F 283.337 36.22 :
(1s2p 712
(1s2p *P)3p Sy, 283.367 282.614 282.69 7.1¢ 4.3 89.q10)
(1s2p 1P)3d?Py, 284.047 2.40
(152p 1P)3d?P, . 264,052 284.024 284.1Q) 475 7.15 1.3 15.04)

@The sum of the integrated cross sections for the resonance s&2p$2D 4, and 1s2p? 25,2 is 31.86; because the experimental resolution
is limited, the experimental result 372 should correspond to the total result 42.86 for the three sigsDs,, andPy,.

®The total integrated cross section for the resonance stag®s {$)3d 2D3/2,5/z and (1s2p °P)3p 2D3,2,5,2is 30.65, which corresponds to
the experimental result 33143), the sum of 16.&6) and 16.27).

®The total integrated cross section for the resonance sta2p€P)3d 2Py; 312, (152p *P)3p 2Dy 52, and (1s2p *P)3p 2Py, is 72.32,
which corresponds to the experimental result 7258 the sum of 12.8) and 60.09).

9The total integrated cross section forsgp *P)3d 2F5,2,7,2 and (1s2p *P)3p 2S,), is 70.5, which corresponds to the experimental result
89.0(10).

(6.0x10'% and nonzero Auger width{2.6). This is why  1s2L3l states of ¢* are, in general, consistent with those
these resonance states have significant contributions to tloalculated by the saddle-point technidus)], except for the
integrated cross section. In Table Il our calculated Augeresonance states s2p? Py, (1s2p *P)3d ?Fsp 7, and
widths and radiative transition rates for thes2L2l and (1s2pP)3d 2F5,2,7,2, which are discussed above.
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: i FIG. 2. Comparison of our calculated DR cross sections of He-
H 1 . . . .
15+ : i 1526 %S like carbon for the 23l resonance§ull line) with the experimen-
: i tal spectrum[18] (dotted ling. (a) The theoretical cross section
o s calculated by the revised SRCI methdl) The theoretical cross
0 — H H) section calculated by the SRCI method.
220 230 240 250

Excitation energy (eV) In Fig. 1(b), the results calculated by the SRCI mgthod do
not have any resonance peak around 227 eV owing to the
FIG. 1. Comparison of our calculated DR cross sections of Hefésonance states2s’ °S,,. In addition, there is a significant
like carbon for the 221 resonanceéull line) with the experimen-  difference of the resonance energy for the resonance state
tal spectrum[18] (dotted lind. (a) The theoretical cross section 1S2p?2S;),, i.e., the calculated energy position is lower than
calculated by the revised SRCI methal) The theoretical cross the experimental result by about 3 eV. In Fig)l however,
section calculated by the SRCI method. in our revised SRCI method, not only does the resonance
peak owing to the resonance stats2$” %S, appear with
IIl. DISCUSSION the integrated cross section 0.7 in good agreement with the

experimental result{0.7), but also the calculated resonance
In the present work, we have developed a revised SRCénergy and the profile of the resonance sta2pf °S,,, are

method(with | mixture) to calculate the DR cross section for in good agreement with the experimental resfts more
C**. Not only the integrated cross sections but also the pealletailed explanations, see Sed. Ih addition, the total inte-
positions as well as the detailed line shapes are in agreemegitated cross section for=2 calculated by the revised SRCI
with the experimental measurements, as shown in Table method is 83, which is in agreement with the experimental

Fig. 1(a), and Fig. 2a). In order to elucidate the importance result (~89) and better than the result of the SRCI method
of the configuration interactions with the orbital angular mo-(~78).

mentum correlations, we compare the results calculated by As shown in Fig 2b), the energy positions of
the revised SRCI method with the results by the SRCI(1s2s3S)3p 2P, (1s2s'S)3p 2P, (1s2p °P)3d %P, and
method (without | mixture) as shown in Fig. (b) and Fig. (1s2p'P)3p?2S deviate greatly from the experimental re-
2(b). sults. For the two resonance profiles s&3S)3p 2P
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TABLE Il. Auger width and radiative transition rates fosdL 2| and 1s2L 3| states of ¢*. I' is the Auger width in meV. The radiative
transition ratedV are in sec'. The number in brackets denotes the power of 10 by which the preceding term is to be multiplied.

W(1s%2p) W(1s2s2p) W(1s23p) Wx I' (meV)
State

Present  Ref[18] Present Present Rdfl8] Present Refl18] Present Ref[18]
1s2s? %S, 2.96310) 3.67810) 5.9048) 2.9610) 3.7310) 65.66 68.02
1s2p? %S, 2.941(11) 3.07411) 1.1999) 2.9511) 3.0911) 6.308 7.857
1s2p? 2Py, 0.93412) 1.09612) 5.2349) 0.9312 1.1012 0.231
1s2p? 2Dy, 3.13711) 3.1411) 65.08
152p2 Doy 3.11711) 3.48911) 2.791(9) 3.51(11) 51.23
(1s2s%9)3s2%S;,,  1.08010) 5.3129) 7.3147) 2.3998) 1.5910) 5.559) 18.48 17.62
(1s2s%S)3d %Dy,  7.3629) 1.61610) 1.30909) 3.3510) 1.01
(1s2s39)3d 2Dy,  6.9419) 1.50710) 1.94510) 1.27Q9) 2.6788) 3.3410) 15310 1.01 2.358
(1s2s19)3s2S,,,  3.3349) 1.28910) 6.32010) 6.63010) 7.6510) 7.9210) 9.62 9.66
(1s2s19)3d ?Dg, 1.12211) 1.47311) 2.8611) 2.73
(1s2s'9)3d 2Dy, 1.08911) 7.40310 1.46411) 11711y 2.8211) 1.931Y) 2.60 0.633
(1s2p®P)3p 2Dy, 6.34510) 4.9039) 7.9910) 8.31
(1s2p®P)3p 2Dy, 6.63810) 8.86510 4.4229) 2.2929) 8.1710) 9.0910 8.59 8.968

(1s2p3P)3p2S,, 1.77611) 1.79811) 1.74611) 6.09810) 3.5511) 2.41411) 055  3.065

(1s2p *P)3p 2Dy, 4.78910) 5.691(11) 6.2511) 8.45
(1s2p*P)3p 2Dy,  8.4449) 6.99510 5.18611) 6.68911) 5.3§11) 7.391D 1505 0962
(1s2p*P)3p?S;, 2.8918) 4.09810) 4.38311) 6.33611) 4.4911) 6.7511) 2.84 5.515
(1s2p *P)3p2P,, 5.62310) 5.80511) 6.4511) 6.96

1s(2s2p 3P)?Py,  5.49511) 5.5011) 2.45
15(252p%P)?Pys  5.51411) 6.70011) 1.8139) 9.2437) 5511 6.7211) ;o 3.88
1s(2s2p 'P)?Py,  8.45Q010) 8.54(10) 44.27

15(252p 'P)?Pys  8.26410) 7.27810) 3.8658) 9.8428) 8.3510) 74110 7, 39.91
(1s2s%S)3p 2Py,  1.06611) 9.5369) 1.27(11) 0.47
(1s2s%S)3p 2Py,  1.06711) 1.2441D) 9.7359) 5.1169) 8.8537) 1.2811) 1.3a1y 0.47 0.55
(1s2s'9)3p 2P,  8.11810) 2.41910) 1.51410) 1.2411) 0.13
(1s2s'S)3p 2Py,  8.10710) 55810 2.25910) 3.98410 1.15010) 2.33610 1.2511) LI 543 0.095
(1s2p3P)3s2P,;,  7.0948) 1.03311) 5.3258) 1.1211) 14.39
(1s2p3P)3s2P,,  7.02298) 1.4879) 1.00Q11) 6.19310 5.6828) 1.5139) 1.0911) 6.4910 14.39 13.89
(1s2p*P)3s?Py,  8.3907) 5.11611) 2.890110) 5.5311) 4.88

(1s2p 'P)3s?Py, 8.7087) 2.03710) 5.12511) 6.5241Y) 2.91910) 3.84410 5.5411) 71210 g 1.46
(1s2p3P)3d?P;;,  6.4949) 1.60810) 6.6010) 0.09
(1s2p®P)3d %Py, 6.5629) 1.1168) 1.70310) 6.58410 2.14910) 5.5119) 6.7410) 718100 g 0.176
(1s2p*P)3d?P,, 1.1889) 1.011(10) 6.19311) 6.6011) 0.11
(1s2p*P)3d %Py, 1.1749) 5.7909) 1.00510) 1.01810) 6.18611) 7.7511] 6.6011) 7D gy 0.201
(1s2p °P)3d ?F, 1.34611) 1.5211) 0.02

(1s2p °P)3d 2F ), 1.33311) 1.5011) 0.02

(1s2p 'P)3d 2F), 5.44211) 5.9511) 2.61

(1s2p *P)3d 2F 4, 5.45611) 5.9611) 2.60

(around 272 eYand (1s2s'S)3p 2P (around 277 ey, the  around 281 eV, the SRCI calculated energy position is lower
energy positions calculated by the SRCI method are highethan the experimental result by about 0.5 eV and the peak
than the experimental result by about 1 eV, while in Fig.cross section is also smaller than the experimental result. In
2(a), the calculated energy positions by the revised SRCFig. 2(a), in the contrast, profile calculated by the revised
method are in good agreement with the experimental resulSRCI method is in good agreement with the experimental
For the resonance profile $2p 3P)3d?P around 279 eV, results. For the strong resonance profile around 283 eV, the
the SRCI calculated line shapes differ greatly from the ex-SRCI calculated resonance energy is higher than the experi-
perimental result. In contrast to the experimental result, thenental result by about 1 eV, while in Fig(&, the energy

red wing of the SRCI calculated resonance profile is sharpetlifference 0.6 eV) is smaller in the revised SRCI method
than its blue wing. However, in Fig(@), the profile near 279 (we will disscuss the details lajerThis strong peak was
eV calculated by the revised SRCI method agrees with theriginally assiged as (£p 'P)3p ?Sin Refs.[18,19. In our
experiment result quite well. For the resonance profilecalculation this resonance profile consists of three major
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doubly excited states, €Pp'P)3d 2F5,2,7,2 and  pal quantum numbens (i.e., the radial correlationsthe en-
(1s2p *P)3p2S,,,. The integrated cross sectior-63) of  ergy positions are anticipated to be better. Configuration in-
2F is much larger than that¢7) of 2S. Hence, this profile teractions with radial correlations would also be important
is dominated by ($2p *P)3d 2F. In addition, in the revised for the doubly excited resonance statesZllnl) with high
SRCI method, the calculated total integrated cross section far. In addition, the present energy resolution of 0.1 eV is not
n=3 is 236, which agrees with the experimental resultenough to resolve the detailed structures of the resonance
(~260) much better than does the SRCI resuitlg0). We  states 32Lnl with high n. Therefore, further theoretical
have also compared our calculated results with other theorestudies are required with radial correlations and experimental
ical results[6] for n=2,3. They agree with each other in studies with higher resolution.

general. The calculated energy positions in the work of In comparison with the work of Mannerviét al.[18], in
Pradhan and Zhan{g] are generally redshifted. For the which about 600—-1000 terms are included, much less com-
strong resonance profile around 283 eV, the calculated resgutation effort is required in our revised SRCI method. In
nance energy if6] is lower than the experimental res[dig]  addition, the revised SRCI method should be applicable for
by about 1 eV, while our calculated resonance energy isirbitrary highZ ions because of its relativistic treatment, and

higher than the experimental result by about 0.6 eV. it can also meet the needs of relevant applications.
Let us return to discuss the energy difference between the
calculated resonance energy positi@mound 283 eV and ACKNOWLEDGMENTS
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