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Photorecombination of C4¿ ions in low-lying resonance energy regions
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Within the framework of the rigorous continuum-bound transition theory of Davies and Seaton@J. Phys. B
2, 757 ~1969!#, we have developed a numerical method to calculate low-lying resonance photorecombination
by directly evaluating the Cauchy principal value of the integral in scattering matrices. The required dipole
matrix was obtained using the close-couplingR-matrix code. The advantage of this method is that radiation
damping can be accurately estimated and it can naturally be applied to stronger resonance-resonance interfer-
ence systems. On the basis of this scheme, photorecombination cross sections of C41 ions in theKLL, KLM;
andKLN resonance energy regions were calculated, and compared with synchrotron storage ring experimental
data and perturbative and close-coupling theoretical results. The comparisons showed that our damped cross
sections reproduce the results of the high-resolution experimental measurements, and are in agreement with the
theoretical calculations. However, our undamped cross sections are larger than the close-coupling results in the
parametrized method by a factor of up to 3. The discrepancies were interpreted.
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I. INTRODUCTION

Photorecombination is conventionally regarded as p
ceeding via two dominant channels, radiative recombina
~RR! and dielectronic recombination~DR!. RR is a direct
transition from a free to a bound state with the emission o
photon, whereas DR is an indirect two-step process in wh
a free electron is captured into a doubly excited state
lowed by a stabilizing radiative transition. From the point
view of quantum mechanics, there exists interference
tween the two channels if the RR and DR have the sa
initial and final states. The interference term is also a c
tributor. Photorecombination is an atomic process of inte
in applied and fundamental physics@1#. This process may
seriously affect the ionization balance and ionic excited-s
distributions of laboratory and astronomical plasmas, as
fusion devices and in the solar corona, and is an impor
cooling mechanism of high-temperature plasmas@2,3#. Di-
electronic satellites produced in photorecombination are
used as diagnostics of plasma densities and electron tem
tures@4#. On the other hand, investigation of photorecom
nation is an efficient means to study electron correlati
effects of relativity and QED, radiation damping@5#, and
quantum-mechanical interference effects between the
resonances and the RR background. Since the doubly ex
states involved in dielectronic recombination are stron
correlated systems, theories characterizing electron cor
tion are easily examined by comparison with experimen
The energy levels and the shapes of the observed reson
structures can feed back information on relativistic and Q
corrections to electron-electron interaction and radiat
damping. With increase of the effective atomic number,
interference between DR and RR in photorecombination
comes more and more striking. Thus observation of the
terference becomes practicable. By investigating photo
combination of ions, information about many fundamen
physical effects can be extracted. Meanwhile, good und
standing of these effects is of importance to practical ap
cations.
1050-2947/2000/62~2!/022706~8!/$15.00 62 0227
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A great deal of progress has been made in studies
photorecombination of ions with free electrons@6–15#. In
particular, the DR-RR interference in highly charged u
nium ions has been observed at the super-EBIT facility
the Lawrence Livermore National Laboratory@16#. Radiation
damping was studied, and turned out to be important@17,18#.
However, there are still some experiments that cannot
interpreted by existing theory. The double-peak structure
resonances for several kinds of He-like ions, C41, N51, O61,
and F51, were not reproduced by calculations using pert
bative theory@13,14,19–21#. Badnell, Pindzola, and Griffin
@20# performed a simplified model calculation and obtain
the double-peak structure for DR of O61 ions, but they
thought a close-coupling calculation would be required
explain the experimental features. In merged-beam exp
ments and ion storage ring experiments with several kind
ions, very strong increases of the measured rates were
over the calculated rates by factors of up to 4–10@22–24#.
Schipperset al. @25# experimentally searched for asymmetr
line shapes, as predicted by the theories@26#, due to DR-RR
interference for Ar-like Sc31 and Ti41. However, the mea-
surements are in disagreement with the calculations wi
the experimental uncertainty. A conclusive statement co
not be made about whether, in the energy range 12.2–
eV, asymmetric line shapes for Sc31 are present because o
the lack of statistics. But recently@27#, these authors attrib
uted the discrepancies to the difficulties in describing ma
electron-atom systems correctly. Concerning radiation da
ing, there are two different views. Pradhan and Zhang@10#
thought that radiation damping is important only for high
charged H- and He-like ions. Badnell, Gorczyca, and Pr
@18# studied the effects of radiation damping on low-lyin
photorecombination resonances for H-like through Ni-li
ions, and concluded that it is not safe to assume that ra
tion damping can be neglected for astrophysical ions, e
after excluding the cases of H- and He-like ions. Their u
damped cross sections for theKLN resonance of C41 ions
differ by a factor of up to 1 in the peak position@18#.

Theoretically there are two ways to investigate photo
©2000 The American Physical Society06-1
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combination, perturbative and nonperturbative approac
The perturbative methods generally adopt the independ
process and isolated-resonance approximations~e.g., see
@1,11,28#!. That means that the effects of the resonan
resonance and resonance-background interferences are
ted @29#. The advantage of using perturbative theory is t
either inclusion or exclusion of radiation damping is straig
forward, and this class of theories can also be applied
studies of interference, for example, the third-order pertur
tive study of Pindzolaet al. @30#. But obviously it is imprac-
ticable to include all the perturbative orders. Nonperturbat
approaches, such as the close-couplingR-matrix theories of
Burke, Hibbert, and Robb@31#, can automatically involve al
orders of the interference. Based on theR-matrix theory, Ro-
bicheauxet al. @9# developed a radiative optical-potenti
method. This method proved to be very successful in ca
lating photorecombination cross sections@17,29#. Also, Na-
har and Pradhan@8# extended the close-couplingR-matrix
theory to photorecombination, but their treatment did n
take effects of radiation damping into account. The presc
tion not to include radiation damping, which is called t
inverse-photoionization method, works well for low-charg
ions, since radiative rates scale as the effective chargeZeff

4 .
The radiative width for ions with smallZeff is much smaller
than the autoionization width. However, with increase
Zeff , the effects of radiation damping on resonance structu
grow larger. The neglect of radiative widths leads to a sev
underestimate of the total width, and therefore a correspo
ing overestimate of DR cross sections, as pointed out
Gorczycaet al. @29#. Based on Davies and Seaton’s theo
@5# for including radiation damping, Sakimoto, Terao, a
Berrington @32# developed a numerical scheme to evalu
photorecombination and photoionization. Further approxim
tions were made in their calculations of dipole matrix e
ments. First the dipole matrices were parametrized and
lytically continued into complex planes. Then the necess
contour integral was evaluated, and finally the scattering
trix was obtained. Pradhan and Zhang@10# applied this
scheme to the evaluation of photorecombination of ions
the energy region related to low-lying resonances. The dr
back of this scheme is that the overlapping of resonances
not well treated. Recent research on electron-impact exc
tion in Mg-like ions indicated that huge enhancements in
resonance line shapes occur due to direct configuration m
ing between the two resonance states; however, interfer
through a continuum state does not result in this kind
enhancement@33#. It is obvious that an efficient treatment o
interference is inevitable. Sakimoto@34# further dealt with
photorecombination of overlapping resonances, but the o
lap was restricted to that from radiative decay effects, du
difficulties of fitting the overlapping resonances from au
ionization effects.

In this paper, we develop a numerical method to evalu
photorecombination of ions in low-lying resonance ene
regions. Our method is based on the rigorous continuu
bound transition theory of Davies and Seaton, and no
proximation is made. Using this method, we investiga
photorecombination of C41 ions for theKLL, KLM, andKLN
resonances. In the second section, we will outline Davies
02270
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Seaton’s continuum-bound transition theory, and the per
bative theory to calculate photorecombination cross sect
for comparison. In the third section, the calculated results
photorecombination cross sections are given, and the eff
of radiation damping on these resonances are discussed
final section summarizes our conclusions.

II. THEORETICAL METHODS

A. The rigorous theory of continuum-bound transitions

Davies and Seaton’s@5# theory treated photorecombina
tion in a unified manner, including radiative and dielectron
recombination and their interference. This theory starts fr
neglecting the interaction with radiation fields, and assum
that the electron-ion systems can be exactly solved. The
lution of the wave functions is used to provide a represen
tion to set up equations including interaction with radiati
fields. In the interaction Hamiltonian, only the electric-dipo
terms are retained, and the radiation field is restricted to c
sidering only the states with no photon and with one phot
The resulting time-dependent matrix equations for the pr
ability amplitudes are solved by application of the Lapla
transform. The solutions for the probability amplitudes c
be expressed in terms of a scattering matrixS with partition-
ing

S5S See Sep

Spe Spp
D , ~1!

where See represents the submatrix for electron-electr
scattering allowing for radiative decays,Sep that for photo-
ionization,Spe that for photorecombination, andSpp that for
photon-photon scattering. The submatricesSee and Spe are
written, respectively, in the forms

See5S@122p2D~11Z!21D†#, ~2!

Spe522p i ~11Z!21D†, ~3!

whereS is the electron-electron scattering matrix neglecti
radiative channels,D is the reduced dipole matrix with its
matrix element defined as

DgJ,g8J85S 2v3a3

3p D 1/2^gJiRig8J8&
~2J11!1/2 , ~4!

and the matrixZ is related to interaction with the radiatio
field, given by

Z~V!52 ipE dE
D†~E!D~E!

E2V2 i e
. ~5!

Equation~5! can be further written as

Z~V!5p2D†~V!D~V!2 ipPE dE
D†~E!D~E!

~E2V!
. ~6!

In Eqs.~4!, ~5!, and~6!, a is the fine-structure constant,v is
the photon energy in units of hartrees,R5( ir i is the dipole
operator, in which the summation is over all atomic ele
6-2
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trons,gJ andg8J8, respectively, specify the continuum an
bound states of the atomic system, andJ (J8) are the total
angular momenta, the wave function of the continuum el
tron is normalized per hartree andP means the Cauchy prin
cipal value of the integral.

If only the first-order term ofD is retained, Eqs.~2! and
~3! are approximated as

See5S, ~7!

Spe522p iD†. ~8!

Equations~7! and ~8! are the expressions forSee and Spe
without radiation damping.

For a given entrance channelj, the partial probability for
photorecombination is

Pj
PR5~12See

† See! j j 5~Spe
† Spe! j j . ~9!

The total cross section for photorecombination can be w
ten as

sPR~E!5
p

2k2g (
j

gjPj
PR, ~10!

wherek is the wave number of the incident electron, andg
andgj are the statistical weights of the recombining ion st
and the continuum state, respectively.

B. The perturbative theory

In theoretical calculations of photorecombination bas
on the perturbative theory, the independent-process
isolated-resonance approximations are generally utilized
these approximation, DR cross sections can be written in
form

sd~e!5
p2

e

gd

gi
Ga

G r

Ga1G r
Ld~e!, ~11!

wheree denotes the free-electron energy in rydbergs andgi
andgd are the statistical weights of the initial ionic core a
the doubly excited intermediate state.Ga andG r are the auto-
ionization and radiative widths of the intermediate state,
fined by

Ga52pZK C iU(
s,t

1

r st
UCdL Z2, ~12!

whereC i and Cd are antisymmetrized multielectron wav
functions for the initial and intermediate doubly excite
states, and the continuum state is normalized per unit ene
and

G r5
4v3

3c3 ZK CdU(
s

r sUC f L Z2 ~13!

wherev is the photon energy,c the velocity of light, andC f
the wave function for the final state.G r /(Ga1G r) in Eq. ~11!
is the branching ratio, andLd(e) is the Lorentzian line pro-
file,
02270
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Ld~e!5
~Ga1G r !/2p

~e2ed!21~Ga1G r !
2/4

. ~14!

If Zeff is small, the radiative width may be omitted. In th
case, the total widthG5Ga1G r in the denominator of the
Lorentzian line profile is approximated by the autoionizati
width.

III. CALCULATIONS AND DISCUSSION

From Sec. II, it can be seen that, in order to evalu
photorecombination cross sections, one needs to calcu
the integral in Eq.~5! or ~6!. Sakimoto, Terao, and Ber
rington @32# introduced a parametrized method to perfo
photorecombination calculations. First the dipole matrix e
ment is expanded into a summation of the resonance
nonresonance contributions. Substituting the expansion
Eq. ~5! and evaluating the integral, the parametrized expr
sion for Z(V) can be obtained. Then the dipole matrix el
ment is evaluated by using the close-couplingR-matrix code,
and these parameters are obtained by fitting the dipole ma
element. The drawback of this method is that nonisola
resonances cannot be handled. Sakimoto’s later treatmen
photorecombination of the resonance-resonance interfer
was still restricted to overlaps due to radiative decay effe
@34#. We carried out a precise calculation of photorecom
nation by directly evaluating the Cauchy principal value
the integral in Eq.~6!. This scheme is valid for low-lying
resonances, and can be conveniently applied to investiga
of the effects of resonance interference. Here recombina
cross sections for C41 ions are reported in energy region
related to theKLL, KLM, and KLN resonances. We em
ployed the close-couplingR-matrix approach@31,35# in the
LS coupling scheme to calculate the dipole matrix elemen
The details ofR-matrix theory can be found in Refs.@31# and
@35#, and therefore are not repeated in this report.

The computation carried out in this study starts from t
determination of the target states. The 11 lowest target st
~1 1S, 2 3S, 2 1S, 2 3P, 2 1P, 3 3S, 3 1S, 3 3P, 3 3D,
3 1D, and 31P! are included in our calculations. Hibbert’
@36# CIV3 program was used to optimize the 2s, 2p, 3s, 3p,
and 3d radial orbitals on the 23,1S, 2 3,1P, 3 3,1S, 3 3,1P,
and 33,1D states, respectively. The 1s orbital is the Hartree-
Fock ground-state orbital of C41 of Clementi and Roetii@37#.
We calculated the energy levels and the oscillator streng
in the length f l and velocity f v forms obtained with our
11-state target wave functions. The evaluated nonrelativi
target terms are in good agreement with observations
with Zhang and Pradhan’s calculations@10#, and the oscilla-
tor strengths in the two forms are well consistent. For
stance, for the transition 1s2 1S– 1s2p 1P, f l50.6872 and
f v50.6835, and for the transition 1s2 1S– 1s3p 1P, f l
50.1674 andf v50.1669. This substantiated the reliability o
our target wave functions. These data can be supplied
request.

For each symmetry of the total spin and orbital angu
momentum and paritySLp, R-matrix calculations were per
formed. In view of the very small contributions to the cro
sections from the higher partial waves, only the partial wa
6-3
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FIG. 1. ~a! The photorecombination cross sections for theKLL resonance of C41. ~b! Comparisons of the convolved cross sections w
the experimental measurement, where the solid and dotted curves, respectively, represent the damped and undamped results calc
basis of the rigorous continuum-bound transition theory, whereas the solid dots are the experimental values.~c! The theoretical cross section
with ~solid curve! and without~dotted curve! damping from Ref.@10#. ~d! The same as in~b!, but for the perturbative results.
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with L<5 are retained in our calculations. Furthermore,
adopted a larger-energy-step scan in the background re
without resonances than that in the resonance region, s
the background varies much smoothly relative to the re
nances. This has no influence on the calculation of cro
section convolutions with the experimental electron-ene
distribution. But for the resonance states, the large ene
step may lead to an underestimate of the cross sections
miss the narrow resonances, owing to the drastic variatio
the resonance with energies. To guarantee that each
nance was resolved accurately, we first made a rough en
scan to determine the approximate positions of the re
nances. Then, in a small vicinity at each resonance posit
a precise step calculation was made until the resonance
absolutely resolved. Figure 1 shows photorecombina
cross sections of C41 for the KLL resonance as functions o
electron energies. In this figure,~a! represents the cross se
tions with radiation damping,~b! the undamped and dampe
cross sections inR-matrix theory convolved with the exper
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mental electron-energy distributions of Mannerviket al.
@38#, compared with the experimental photorecombinat
spectra by Mannerviket al., ~c! Pradhan and Zhang’s theo
retical results, and~d! the same as in~b! but calculated in the
pertubative theory@39#. In the calculation, we notice tha
only five of the eight possible resonance states appear.
is due to limitations of the angular momentum and par
conservation in theLScoupling scheme. The conservation
total spin angular momentum cuts the two possible qua
states 1s(2p2 3P) 4P and 1s(2s2p 3P) 4P, and in this re-
gion there exists no even-parity continuum state2P to inter-
act with the 1s(2p2 3P) 2P resonance. Therefore, dielec
tronic recombination via the 1s(2p2 3P) 2P resonance is
impossible in theLScoupling scheme. Only when relativisti
effects are taken into account does a very narrow resona
arise. The relativistic calculations of Pradhan and Zhang@10#
in the Breit-Pauli approximation displayed such a resonan
However, the resonance is too narrow to be resolved by
experiment@see Fig. 1~b!#. Our cross sections are consiste
6-4
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FIG. 2. The same as in Fig. 1, but for theKLM resonance.
-

th

an
lo
il

tio
o

.
ed
ce
r

et

n

een
tion
re

ree
r

our
by

To
tion

ec-
ing
b
20,
and
b

with Zhang and Pradhan’s@10# calculated using the param
etrized method of Sakimoto, Terao, and Berrington@32#, ex-
cept for the second resonance 1s(2s2p 3P) 2P and the third
is (2s2p 1P) 2P ~their line is not plotted here!. Our peak
values are about a factor of 1 and larger than those in
Breit-Pauli approximation in Ref.@10#. The different meth-
ods may result in the discrepancies. Moreover, the reson
may be underestimated if the energy steps are not c
enough. It should be mentioned that there also exist sim
differences in theKLM resonances shown in Fig. 2~a!. In
order to compare with the measurement, the cross sec
were convolved with the experimental energy distribution
a pseudo-Maxwellian with vertical temperatureT' and lon-
gitudinal temperatureTi . They are plotted together in Fig
1~b!. T' andTi are determined from a fitting to the observ
1s2lnl 8 (n54 – 7) resonance profiles of the DR resonan
@40#. In Ref. @40#, DR calculations for these resonances we
based on relativistic multichannel theory@12#. The fitting
gave T'50.08 eV andTi51024 eV. It may be found that
the experimental values agree with the present results b
than with Pradhan and Zhang’s@Fig. 1~c!#. The evaluated
cross sections in Ref.@10# were convoluted with a Gaussia
distribution of full width at half maximum~FWHM! of 0.57
02270
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eV. That means Ti equals about 1.2531024 eV
@DE~FWHM!54(edkTi ln 2)1/2#. We tried to employ thisTi

value to make the calculation and the differences betw
our results and theirs were just removed. The autoioniza
and radiative widths in our perturbative calculations we
obtained using Cowan’s program@39#. From Figs. 1~b! and
1~d!, we see that our perturbative theoretical results ag
with that of our close-couplingR-matrix approach. Using ou
code in the Coulomb distorted-wave approximation@41#, we
also calculated direct radiative recombination to test
R-matrix results at energy positions without resonances
comparison. In the calculation, effects of bound 1s electrons
were taken into account by the rule of Slater screening.
obtain the converged cross section, radiative recombina
into n52 – 9, 0< l<n21 states was evaluated, wheren and
l are the principal and angular momentum numbers, resp
tively. We found agreement between the close-coupl
R-matrix calculations and the results in the Coulom
distorted-wave approximation. For example, at energies 2
230, and 240 eV, the cross sections are 42.8, 41.8,
39.5 b(10224cm2), corresponding to 55.5, 55.2, and 48.7
from theR-matrix theory.

The cross sections for theKLM resonance are plotted in
6-5
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Fig. 2. The notation is the same as in Fig. 1. Figure 2~b!
shows that our dampedR-matrix cross sections in the frame
work of the rigorous continuum-bound transition theory
produce the high-resolution experimental observations
Mannerviket al. @38# and are in agreement with Pradhan a
Zhang’s damped results@10#, but the present undamped cro
sections are much higher than those in Ref.@10# in the
(1s2p 1P)3d 2P resonance, at an energy of about 284.0 e
The peak value is high by a factor of more than 1. T
underestimate in Ref.@10# may be attributed to two factors
~1! the authors used the different method, and~2! their en-
ergy steps may not be close enough, as pointed out ab
We employed fewer points to scan the energy region,
were able to repeat their results. In general, the narrow r
nances are important contributors to radiation dampi
Loose scanning cannot fully resolve such resonances; da
ing effects, therefore, are underestimated. But such unde
timates do not have a serious influence on the damped c
sections in some cases, such as when the resonance
tremely narrow, as is readily seen from Eq.~11!. In the per-
turbative calculation, we obtain similar results. However,
resonance positions are not precise, while the calcula
resonance line profiles show good agreement. It should
mentioned that for the (1s2p 1P)3d 2P resonance, we em
ployed the energy level and autoionization width from ac
rate calculations using the saddle-point technique@38#, in-
stead of our values. This is because, for the wea
transitions, the treatment of electron correlation in Cowa
code is not reliable; our energy level is low by 0.8 eV andGa
is small by a factor of about 5, compared with those from
accurate saddle-point technique. At the last resonance
good agreement with both the experiment and our clo
coupling calculations in both the position and line profi
demonstrated the success of the saddle-point technique
the basis of the detailed calculation, at the peak we fo
that the unconvolved cross sections of this resonance
damped by a factor of up to more than 10. This can a
easily be deduced from Eq.~11!, and the given value 0.72
for the radiation branching ratio in Ref.@38#. Moreover, we
note that the contributors to the experimental peak at ene
282.6 eV are not restricted to the labeled st
(1s2p 1P)3p 2S in Fig. 4 of Ref.@38#. In fact, another state
(1s2p 1P)3d 2F makes a more important contribution.

The photorecombination cross sections for theKLN reso-
nance were evaluated and convolved with the experime
electron-energy distribution. They are displayed in Fig. 3~a!
along with the experimental spectra@38#. A comparison with
the theoretical results@10# was also made@see Figs. 3~a! and
3~b!#. The comparison showed that our damped results fr
the close-couplingR-matrix approach are better than Pradh
and Zhang’s in both the resonance position and struct
Furthermore, we found that at energy about 294 eV the c
sections are damped by a factor of more than 3. This
different from Pradhan and Zhang’s results. Their calcu
tions in this energy region showed very small radiati
damping effects. The cross sections in Ref.@10# were con-
voluted with a Gaussian function of FWHM 0.57 eV besid
being calculated by different methods. But this does
cause the discrepancy in this energy region, due to the r
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tion between andTi andDE~FWHM!. The reasons why the
effects were underestimated in Pradhan and Zhang’s inv
gation were analyzed above. In the calculation, we found
a narrow resonance at near 294 eV that makes a signifi
contribution to damping. To display the influence of rad
tion damping on distinct resonances, we convoluted the c

FIG. 3. ~a! The same as in Fig. 1~b!, but for theKLN resonance.
~b! The same as in Fig. 1~c!. ~c! The convolved photorecombinatio
cross sections with an artificial electron-energy distributionT'

51025 eV, where the solid and dotted curves represent the dam
and undamped results, respectively.
6-6
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sections with an artificial electron-energy distribution with
resolution higher than that of Mannerviket al., say, Ti

51025 eV @Fig. 3~c!#. We saw very important influences o
distinct resonances. A similar conclusion was also repo
by Badnell, Gorczyca, and Price@18#. They calculated the
cross sections for theKLn (n54 – 7) resonances in
intermediate-coupling perturbative theory,LS-coupling per-
turbative theory, andR-matrix theory, and came to a consi
tent conclusion about radiation damping. We do not g
perturbative results for theKLN resonance. This is because
is very difficult to evaluate this resonance accurately us
the present perturbative code, since it includes weaker t
sitions than theKLL andKLM resonances. It is well known
that many perturbative codes cannot give good results
weak transitions. For the present purpose, inaccurate p
tions and widths cannot give useful results.

IV. SUMMARY AND CONCLUSION

Within the framework of the rigorous continuum-boun
transition of Davies and Seaton, we have developed a
merical method to calculate the low-lying resonance pho
recombination by directly evaluating the Cauchy princip
value of the integral in scattering matrices. This meth
turned out to be superior to the inverse-photoionizat
method@the dotted lines in Figs. 2~b! and 3~a!#. The latter
greatly overestimates photorecombination for some re
nances of C41, due to the neglect of radiative widths. Als
our method is superior to the parametrized method, in wh
s
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s,
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the dipole matrix elements are expanded into an anal
expression and then the parameters in the expression ar
ted, since the fitting is very difficult, and almost impossib
for nonisolated resonances. Therefore, it is impracticable
employ the parametrized method to calculate photorecom
nation with stronger resonance-resonance interference.
method, on the contrary, is naturally applicable to syste
with stronger resonance-resonance interference. In such
tems, standard perturbative theory is also invalid, beca
high-order interference effects cannot be fully taken into
count. On the basis of this scheme, we calculated phot
combination for C41 ions in the low-lyingKLL, KLM, and
KLN resonances. Comparisons of the present results
high-resolution experimental measurements and availa
theoretical calculations demonstrated the reliability of o
method. The importance of radiation damping in the lo
lying resonance photorecombination of C41 was noted.
Later, we will employ the method developed to study~1! the
resonance-resonance interference in photorecombinatio
some systems, and~2! radiation damping effects in photore
combination of non-helium-like ions.
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