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ABSTRACT

We have calculated total and final-state resolved partial dielectronic recombination (DR) rate coefficients for 32 H-like ions: He+ through Zn29+

plus Kr35+, Mo41+ and Xe53+. Breit–Pauli intermediate coupling calculations have been carried-out which allow for l-mixing within the
He-like autoionizing complex. We discuss the comparison of these results with those of other workers, and with experiment. Fitting
coefficients which describe the total DR rate coefficients are presented in this paper. A full set of partial results can be accessed
from the Atomic Data and Analysis Structure (ADAS) database or from the Oak Ridge Controlled Fusion Atomic Data Center under
http://www-cfadc.phy.ornl.gov/data_and_codes.
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1. Introduction

As first noted by Burgess (1964), dielectronic recombina-
tion (DR) is the dominant electron–ion recombination process
in many astrophysical and laboratory plasmas. DR rate co-
efficients are needed for determining both the level popula-
tions and the ionization balance of non-equilibrium plasmas
over a wide range of electron densities and plasma timescales.
Accurate DR rate coefficients are essential for the reliable spec-
tral diagnosis of non-equilibrium laboratory and astrophysical
plasmas.

In an effort to provide a comprehensive upgrade to the
DR database available, over and above a piecemeal assemblage
of detailed calculations combined with the Burgess (1965)
General Formula for example, we have outlined a programme
(Badnell et al. 2003) for the generation of a DR database which
will meet the demands of modern plasma diagnostics. In par-
ticular, the need to describe dynamic plasmas whose physical
properties change on a timescale such that metastable states
are not in quasi-static equilibrium with the ground state, and to
describe finite-density plasmas where the recombined electron
is further collisionally re-distributed (e.g. stepwise ionization)
rather than allowed to cascade back down to the ground state
of the recombined ion – the coronal picture.

The rapid advancement of X-ray satellite resolving power
(Chandra, XMM–Newton) places new demands upon the

theoretical modelling of photoionized plasmas. Here, the ion-
ization balance occurs at much lower temperatures, for the
same ion, compared to electron collision dominated plasmas.
In particular, DR through non-dipole core excitations becomes
important, viz. between terms of the ground configuration and
between levels of the ground term. (This is not an issue for
H-like ions of course, but it is a key feature of the overall
programme.)

In some ways the DR of H-like ions is simple, viz. there
is only a single 1s 2S1/2 initial ground level to be considered.
In other ways, so often the case for collision processes in-
volving H and H-like ions, it is a special case. In particular,
the near-degeneracy of the H-like core means that l-mixing of
the He-like autoionizing levels needs to be considered. For all
other isoelectronic sequences that have been considered within
our programme it has only been necessary to allow for con-
figuration mixing within the core, when the captured electron
is not part of the core complex. In particular, Pindzola et al.
(1990) obtained up to a 50% increase in the KLn DR cross sec-
tions on going from single configuration LS -coupling to multi-
configuration intermediate coupling in light ions (C and O).
This effect diminishes with increasing Z, as noted by Chen
(1988) for Cr and Xe.

The first comprehensive set of calculations for the DR of
H-like ions was carried-out by Burgess & Tworkowski (1976)
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who summarized their (LS -coupling) results as an ion-
dependent correction to the Burgess (1965) General Formula
for total DR rate coefficients. Total DR rate coefficients were
obtained by summing Breit-Pauli satellite intensities for O,
Mg and Ca by Bely-Dubau et al. (1984) and Fe by Dubau
et al. (1981). Nilsen (1986) carried-out relativistic calculations
for Ne, Si, Ar, Ti, Fe, Zn, Kr, Mo and Xe while Karim & Bhalla
(1988) carried-out Breit-Pauli calculations for Ne, Si, Ar, Ca,
Ti, Fe and Ni. Based-on these detailed results1 are a number of
compendia of fits to total DR rate coefficients, and for other
isoelectronic sequences, viz. Shull & Van Steenberg (1982),
Arnaud & Rothenflug (1985), Mattioli (1988) and Mazzotta
et al. (1998). However, it is not always clear just how they ob-
tained their fit results for some ions. Since then, Gu (2003) has
published total DR rate coefficients for Mg, Si, S, Ar, Ca, Fe
and Ni using his fully-relativistic flexible atomic code. Also,
Dasgupta & Whitney (2004) have studied the Z-scaling of en-
ergies and autoionization and radiative rates in intermediate
coupling, with explicit calculations for total DR rate coeffi-
cients for Al, Ti, Ni, Kr and Mo. Finally, Nahar and co-workers
have published R-matrix results for C, N, O and Fe (Nahar &
Pradhan 1997; Nahar 1999; Nahar et al. 2000, 2001).

There were a number of DR measurements for H-like ions
utilizing electron-coolers in the early 1990s, viz. Tanabe et al.
(1992) and DeWitt et al. (1994) on He+, Wolf et al. (1991)
on C5+, Kilgus et al. (1990) on O7+ and Kilgus et al. (1992)
on S15+. Prior to these cooler measurements was an observation
in the JET tokamak of H-like satellite lines in Ni (Bombarda
et al. 1988).

This Paper XI completes our work on DR for the H-like
through Ne-like isoelectronic sequences. Recent papers are on
the N-like (Mitnik & Badnell 2004), Ne-like (Zatsarinny et al.
2004) and He-like (Bautista & Badnell 2005) sequences and
they contain references to papers on earlier sequences in the
series. Work is already under way on the M-shell – see Altun
et al. (2006a,b) for the recently completed Na-like and Mg-like
isoelectronic sequences. Furthermore, generalised collisonal-
radiative calculations for dynamic finite-density plasmas have
now been carried-out for carbon, oxygen and neon (Summers
et al. 2006) utilising the DR data, as outlined by Badnell et al.
(2003).

The full set of partial DR data in the Atomic Data
and Analysis Structure (ADAS) adf09 format (Summers
2003) is available from within ADAS and from the
Oak Ridge Controlled Fusion Atomic Data Center under
http://www-cfadc.phy.ornl.gov/data_and_codes, both
for the present and all earlier sequences.

2. Computational details

The partial dielectronic recombination rate coefficient αiν from
an initial metastable state ν into a recombined resolved final

1 There were also a number of earlier LS -coupling calculations e.g.
Jacobs et al. (1980), but they no longer form the basis for recom-
mended data and so we do not consider them further.

state i is given in the independent processes and isolated reso-
nance approximations by (Burgess 1964)

αiν =
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, (1)

whereω j is the statistical weight of the (N+1)-electron doubly-
excited resonance state j, ων is the statistical weight of the
N-electron target state and the autoionization (Aa) and radia-
tive (Ar) rates are in inverse seconds. Here, Ec is the energy
of the continuum electron (with orbital angular momentum l),
which is fixed by the position of the resonances, and IH is the
ionization potential energy of the hydrogen atom (both in the
same units of energy), kB is the Boltzman constant, Te the elec-
tron temperature and (4πa2

0)3/2 = 6.6011 × 10−24 cm3.
For the DR of H-like ions, we consider the follow-

ing (1−2) core excitations:

1s + e− → 2lnl′, (2)

for l = 0, 1, l′ = 0−5 and n = 2−1000. We allow for all possible
autoionizations, following the above dielectronic capture, and
for all possible stabilizing radiative transitions.

We also looked at the contribution from 1−3 core exci-
tations for C, Fe and Xe but the 3−2 alternative autoioniza-
tion pathway efficiently suppresses it. It contributes no more
than 2%, 3% and 5%, respectively, to the peak of the total
DR rate coefficient.

We used the code autostructure (Badnell 1986;
Badnell & Pindzola 1989; Badnell 1997) to calculate multi-
configuration intermediate coupling Breit-Pauli energy levels
and rates. In particular, we included mixing between all config-
urations of the He-like autoionizing complex. Non-relativistic
radial functions were used up to Zn (to enable us to gener-
ate LS - and well as intermediate coupling data) and semi-
relativistic radial functions (Pindzola & Badnell 1990) for
intermediate coupling data only there-on.

3. Comparison with experiments

3.1. He+

Measurements of velocity-averaged DR cross sections utiliz-
ing electron coolers have been made for He+ by Tanabe et al.
(1992) and by DeWitt et al. (1994); both compared them with
the results computed with autostructure by the present
author.

The resolution of the measurement by Tanabe et al.
(1992) was such that only a single broad peak consisting of
DR resonances n <∼ 10 was observed. The peak result from
autostructure was about 20% larger than that measured,
somewhat less if not all of the 10l resonances survived the
charge-state analyzer.

The resolution of the measurement by DeWitt et al. (1994)
was much higher than that of Tanabe et al. (1992) and they
observed peaks due to capture into n = 2−5, plus a smaller
contribution from higher-n that partially survived the charge-
state analyzer. The results from autostructurewere slightly
smaller (∼10%) than those observed for the main peaks.
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Fig. 1. DR cross sections for C5+. Solid line, from the experiment by
Wolf et al. (1991); dotted line, radiation damped Breit-Pauli R-matrix
from Zhang et al. (1999); dashed line, present Breit-Pauli perturba-
tion theory results, convoluted with a Gaussian of energy-dependent
width corresponding to kT‖ = 0.002 eV. Peak “a” consists of autoion-
izing resonances 2s2 1S+2s2p3P, peak “b” of 2p2 1D+2s2p1P and “c”
is 2p2 1S.

3.2. C 5+

Measurements of DR cross sections utilizing an electron cooler
have been made for C5+ by Wolf et al. (1991)2 and calcu-
lations were made in anticipation of them by Pindzola et al.
(1990). However, the two sets of results were never compared
directly. We show such a direct comparison in Fig. 1 utiliz-
ing the autostructure data computed as part of the present
work. We see that there is good agreement between the the-
oretical and experimental results for both the magnitude and
position of the peaks. The Breit-Pauli radiation damped R-
matrix results of Zhang et al. (1999) are in good agreement
both with experiment and our Breit-Pauli perturbative results
for the n = 2−5 resonance peaks, but appear to underestimate
the higher-n contribution to the Rydberg accumulation peak
somewhat. We note that it becomes increasingly demanding to
resolve accurately the narrower higher-n resonances within the
R-matrix method – see Gorczyca et al. (2002) for a detailed dis-
cussion. Both calculations include all possible n-values. The
experiment essentially counts all that contribute significantly;
field ionization by the charge-state analyzer does not occur un-
til at least n ≈ 40.

3.3. O7+

Measurements of DR cross sections utilizing an electron cooler
have been made for O7+ by Kilgus et al. (1990) and calcu-
lations were made by Pindzola et al. (1990). Comparisons
between the two were made, but it is easier to view the
level of agreement in the figure presented by Kilgus et al.
(1990) rather than in the one shown by Pindzola et al. (1990).
However, Pindzola et al. (1990) also presented a table of

2 The experimental results shown have been corrected for an error
in the original data analysis (Wolf 2005, private communication). This
mainly affected the position of the n ≥ 4 peaks and the height of the
unresolved Rydberg limit peak.

Table 1. Dielectronic recombination resonance strengths
(10−20 cm2 eV) for O7+.

n HFa TFa STOb Observedc

2 13.8 11.1 13.2 12.4

3 23.6 21.7 21.5 24.5

4 19.1 18.6 18.4 18.0

5 16.3 15.4 15.3 14.3

6 13.2 12.0 11.9 9.6

≥7 45.1 46.3 43.6

a Pindzola et al. (1990).
b Present work.
c Kilgus et al. (1990).

calculated and measured DR resonance strengths as a func-
tion of principal quantum number. They presented results from
several calculations which demonstrated the importance of al-
lowing for configuration mixing and intermediate coupling
within the He-like autoionizing complex. Pindzola et al. (1990)
also compared multi-configuration intermediate coupling re-
sults obtained both from Cowan’s code (Cowan 1981) and
autostructure. We show these latter results in Table 1
along with the current autostructure results which were
obtained with Slater-Type-Orbital (STO) model potentials as
opposed to the Thomas-Fermi (TF) ones used by Pindzola et al.
(1990). We observe very little difference between the two sets
of autostructure results, except for n = 2 where the cur-
rent results are closer to those obtained using the Hartree-Fock
(HF) orbitals in Cowan’s code; even so, the agreement with the
measured value is only a little improved as we move from an
underestimate to an overestimate.

3.4. S15+

Measurements of DR cross sections utilizing an electron cooler
have been made for S15+ by Kilgus et al. (1992) and calcu-
lations were made in anticipation of them by Pindzola et al.
(1990). Kilgus et al. (1992) showed a direct graphical compar-
ison between the results of their measurements and the multi-
configuration intermediate coupling autostructure results
of Pindzola et al. (1990). The level of accord is similar to that
found for C5+ and O7+.

4. Results for rate coefficients

LS - and Breit-Pauli intermediate coupling final-state resolved
partial dielectronic recombination rate coefficients for the
32 H-like ions He+ through Zn29+ plus Kr35+, Mo41+ and Xe53+

have been archived in the ADAS adf09 format (Summers 2003)
at the Oak Ridge Controlled Fusion Atomic Data Center under
http://www-cfadc.phy.ornl.gov/data_and_codes.

Breit-Pauli intermediate coupling total DR rate coefficients
have been fitted to the following form:

α =
1

T 3/2

3∑

i=1

cie
−Ei/T . (3)
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Table 2. Fitting coefficients ci (cm3 s−1 K1.5) and Ei(K) (see Eq. (3)) for the total DR rate coefficients of H-like ions. X(Y) means X × 10Y .

Ion c1 c2 c3 E1 E2 E3

He+ 5.966(−4) 1.613(−4) −2.223(−5) 4.556(+5) 5.552(+5) 8.982(+5)

Li2+ 1.276(−4) 4.084(−3) −3.058(−5) 8.503(+5) 1.053(+6) 1.056(+6)

Be3+ 5.962(−4) 1.040(−2) −4.487(−5) 1.479(+6) 1.870(+6) 2.204(+6)

B4+ 6.132(−4) 1.918(−2) 5.603(−4) 2.194(+6) 2.848(+6) 3.943(+6)

C5+ 1.426(−3) 3.046(−2) 8.373(−4) 3.116(+6) 4.075(+6) 5.749(+6)

N6+ 2.801(−3) 4.362(−2) 1.117(−3) 4.198(+6) 5.516(+6) 8.050(+6)

O7+ 4.925(−3) 5.837(−2) 1.359(−3) 5.440(+6) 7.170(+6) 1.152(+7)

F8+ 7.914(−3) 7.387(−2) 1.699(−3) 6.843(+6) 9.033(+6) 1.420(+7)

Ne9+ 1.183(−2) 9.011(−2) 1.828(−3) 8.405(+6) 1.111(+7) 1.812(+7)

Na10+ 1.676(−2) 9.873(−2) 9.214(−3) 1.013(+7) 1.325(+7) 1.721(+7)

Mg11+ 2.262(−2) 1.216(−1) 2.531(−3) 1.201(+7) 1.588(+7) 2.473(+7)

Al12+ 3.004(−2) 1.306(−1) 7.786(−3) 1.406(+7) 1.850(+7) 2.431(+7)

Si13+ 3.846(−2) 1.491(−1) 2.779(−3) 1.627(+7) 2.154(+7) 3.827(+7)

P14+ 4.795(−2) 1.559(−1) 9.546(−3) 1.863(+7) 2.450(+7) 3.212(+7)

S15+ 6.659(−2) 1.762(−1) −6.522(−3) 2.122(+7) 2.897(+7) 5.786(+7)

Cl16+ 7.078(−2) 1.881(−1) 2.828(−3) 2.386(+7) 3.162(+7) 6.619(+7)

Ar17+ 9.249(−2) 2.011(−1) −7.153(−3) 2.677(+7) 3.653(+7) 4.729(+7)

K18+ 9.767(−2) 2.109(−1) 3.459(−3) 2.973(+7) 3.936(+7) 5.935(+7)

Ca19+ 1.210(−1) 2.224(−1) −6.832(−3) 3.296(+7) 4.485(+7) 6.312(+7)

Sc20+ 1.267(−1) 2.310(−1) 3.729(−3) 3.625(+7) 4.796(+7) 5.822(+7)

Ti21+ 1.502(−1) 2.398(−1) −5.507(−3) 3.982(+7) 5.399(+7) 8.472(+7)

V22+ 1.553(−1) 2.493(−1) 3.204(−3) 4.344(+7) 5.753(+7) 1.042(+8)

Cr23+ 1.869(−1) 2.586(−1) −1.771(−2) 4.748(+7) 6.610(+7) 1.079(+8)

Mn24+ 1.708(−1) 2.665(−1) 8.877(−3) 5.114(+7) 6.658(+7) 9.660(+7)

Fe25+ 1.984(−1) 2.676(−1) −2.293(−3) 5.552(+7) 7.475(+7) 1.236(+8)

Co26+ 1.911(−1) 2.768(−1) 1.122(−2) 5.966(+7) 7.765(+7) 1.418(+8)

Ni27+ 2.240(−1) 2.794(−1) −1.172(−2) 6.452(+7) 8.855(+7) 1.508(+8)

Cu28+ 2.223(−1) 2.820(−1) −1.013(−3) 6.914(+7) 9.278(+7) 1.482(+8)

Zn29+ 2.321(−1) 3.195(−1) 9.645(−3) 7.372(+7) 9.711(+7) 1.585(+8)

Kr35+ 2.678(−1) 3.433(−1) −2.951(−3) 1.067(+8) 1.423(+8) 2.005(+8)

Mo41+ 2.776(−1) 3.600(−1) 1.297(−3) 1.457(+8) 1.924(+8) 4.165(+8)

Xe53+ 3.133(−1) 3.709(−1) −1.073(−2) 2.446(+8) 3.338(+8) 4.510(+8)

In this equation, T and Ei have units of Kelvin, ci units
of cm3 s−1 K1.5 and the rate coefficients α have units of cm3 s−1.
Our fits are accurate to better than 5% for all ions over the
ADAS tabulated temperature range (101−107)×Z2 K, where Z
is the residual charge of the initial ion, or at least down to the
temperature at which the rate coefficient becomes vanishingly
small (<10−30 cm3 s−1) and radiative recombination completely
dominates. In fact, the 5% applies only at the lowest tempera-
tures. Over the rest of the temperature range, including that of
the peak rate coefficient, the accuracy is better than 1%. The fit-
ting coefficients ci and Ei for the 32 H-like ions are presented
in Table 2.

The temperature dependence of the DR rate coefficient for
H-like ions is simple and comparisons between the results of
different calculations can be summarized succinctly by the ratio

of the peak rate coefficients. In Table 3 we present the ratio
of other workers peak DR rate coefficient to our intermediate
coupling results, obtained as outlined in Sect. 2.

We note the slow variation in the ratio comparing our
results with those of Burgess & Tworkowski (1976) which
we have have determined allowing only for 1s−2p core ex-
citations, as discussed in Sect. 2. Applying (the Burgess
and Tworkowski correction to) the Burgess (1965) General
Formula (GF) for higher core-excitations grossly overesti-
mates their contribution because no allowance is made for au-
toionization into excited states (we will return to this point
later). Burgess & Tworkowski (1976) carried-out detailed cal-
culations in LS -coupling for 1−2 core excitations, including
diagonalization of the (N + 1)-electron Hamiltonian. There
is close agreement at lower-Z (apart from He+) but the
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Table 3. Ratio of peak temperature total DR rate coefficients of other
workers to this work.

Ion BT76a M98b N86c KB88d G03e

He+ 1.67 1.93

Li2+ 1.10 1.40

Be3+ 0.99 0.99

B4+ 0.99 0.99

C5+ 0.98 1.25

N6+ 0.97 1.22

O7+ 0.97 0.91

F8+ 0.98 0.85

Ne9+ 0.98 0.83 0.77 0.94

Na10+ 0.98 0.77

Mg11+ 0.99 0.68 0.91

Al12+ 1.01 0.79

Si13+ 1.02 0.75 0.90 0.95 0.93

P14+ 1.03 0.77

S15+ 1.04 0.78 0.94

Cl16+ 1.05 0.79

Ar17+ 1.05 0.80 0.98 0.96 0.94

K18+ 1.06 0.80

Ca19+ 1.07 0.85 0.96 0.94

Sc20+ 1.08 0.78

Ti21+ 1.11 0.87 1.02 0.97

V22+ 1.14 0.86

Cr23+ 1.18 0.85

Mn24+ 1.21 0.92

Fe25+ 1.24 0.93 1.05 0.99 0.94

Co26+ 1.28 0.98

Ni27+ 1.32 1.04 1.00 0.94

Zn29+ 1.34 0.98

Kr35+ 1.00

Mo41+ 1.00

Xe53+ 1.04

a Burgess and Tworkowski (1976).
b Mazzotta et al. (1998).
c Nilsen (1986).
d Karim and Bhalla (1988).
e Gu (2003).

Burgess & Tworkowski (1976) results become increasingly
larger than the present as Z increases. (However, our LS -
coupling results are smaller than our intermediate coupling
ones.)

The agreement with Mazzotta et al. (1998) is erratic be-
cause they recommend data from different sources. The agree-
ment is very close for Be and B simply because the recom-
mended data is that from autostructure due to Pindzola &
Badnell (1992). It is very poor for He and Li because they used
the results of Shore (1969)3, divided by a factor of 2 because

3 The results of Shore (1969) are a mistaken overestimate of the
Burgess GF – see Burgess & Tworkowski (1976).

that was what was necessary to bring Shore’s results for Be
and B into agreement with those of Pindzola & Badnell (1992).

For C to Ni, elucidating the original data source upon which
the recommended data of Mazzotta et al. (1998) is based is
tricky. Mazzotta et al. (1998) reference Mattioli (1988) and
Karim & Bhalla (1988). Karim & Bhalla (1988) carried-out
calculations similar to ours and the agreement with our results
is excellent for all of the ions that they considered. The lack of
agreement with Mazzotta et al. (1998), except for Ni, either il-
lustrates the (in-)accuracy of the fitting data given by Mazzotta
et al. (1998) or the fact that they based it upon the data used by
Mattioli (1988). However, Mattioli (1988) only reported (fits
to) data for C, O, Ar, Ti, Cr, Fe and Ni. Mattioli’s (1988) fits
for C, O, Ar, Fe and Ni were taken from Arnaud & Rothenflug
(1985) and those for Ti and Cr interpolated from these. Arnaud
& Rothenflug’s (1985) fits for O and Fe (and Mg and Ca) were
derived from the results of original calculations by Bely-Dubau
et al. (1984) and Dubau et al. (1981)4, while those for C, Ar
and Ni were taken from Shull & Van Steenberg (1982), but
multiplied by 0.6 for Ar and Ni. Arnaud & Rothenflug’s (1985)
fits for Ne, Si and S were also Shull & Van Steenberg’s (1982)
fits, multiplied by 0.7, 0.6 and 0.6; N was taken by them un-
altered. Arnaud & Rothenflug (1985) make no comment on
what they used for Al. Al was not considered by Shull &
Van Steenberg (1982), who gave fits for 11 H-like ions (C, N,
O, Ne, Mg, Si, S, Ar, Ca, Fe, Ni), all based upon their use of
the Burgess & Tworkowski (1976) formula. However, Shull &
Van Steenberg (1982) included DR via 1s−np core excitations
for n = 2−7. This caused total DR rate coefficients obtained
from the Burgess & Tworkowski (1976) formula to be over-
estimated significantly (as we have already discussed). This
overestimate was noted by Arnaud & Rothenflug (1985) on
comparing the Shull & Van Steenberg (1982) totals with those
obtained from summing DR satellite intensities (Dubau et al.
1981; Bely-Dubau et al. 1984) and caused them to introduce
large correction factors so as to compensate.

So, it appears then that the Mazzotta et al. (1998) recom-
mended DR data for the 23 H-like ions C through Ni can be
traced back (via Mattioli 1988) to the use of the Burgess &
Tworkowski (1976) formula by Shull & Van Steenberg (1982),
multiplied by a correction factor due to Arnaud & Rothenflug
(1985), and to estimates from summing DR satellite intensi-
ties due to Dubau et al. (1981) and Bely-Dubau et al. (1984).
The rest were obtained by interpolation – total DR rate coef-
ficients for the H-like sequence are amenable to interpolation.
However, the fits that we have given are comprehensive and
come direct from original calculations.

The Mazzotta et al. (1998) recommended DR results are
consistently below ours for O through Fe. It is not possible to
be sure about the cause of this. The results for Fe of Dubau
et al. (1981) are about 10% smaller than ours at their peak.
The Bely-Dubau et al. (1984) results are unpublished and the

4 The representation of the results of the Burgess GF by Dubau et al.
(1981) in their Fig. 5 is incorrect as they used a modified form due to
Gabriel & Paget (1972) which omits a factor from the exponential and
its results diverge increasingly from those of the true Burgess GF at
lower temperatures (Burgess, private communication).
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subsequent correction factor for Mg (0.56) determined by
Arnaud & Rothenflug (1985) is abnormally low compared to
those for O (0.81) and Ca (0.64). Together with the use of
correction factors consisting of a single significant figure for
other ions and interpolations for the initial uncorrected data,
the net result in Table 3 is not unreasonable. The agreement
of our results with those of Nilsen (1986) (except for Ne),
Karim & Bhalla (1988) and Gu (2003) is excellent. Dasgupta
& Whitney (2004) only provide their results in graphical form:
they agree with ours to within ∼5% for Al, Ti, Ni and Kr but
are ∼15% smaller for Mo.

We have already compared our partial DR cross sections
for C5+ with those of the R-matrix calculations by Zhang et al.
(1999). The R-matrix method gives rise to a combined DR and
radiative recombination (RR) total. In the case of high resolu-
tion cross sections it is easy to separate the two – the latter
is readily ignored. In the case of rate coefficients the broad
Maxwellian distribution means that RR must be subtracted
from the R-matrix total or added to our DR contribution so as
to make the two comparable. We choose the former approach
since we are focusing on DR. In Paper I (Badnell et al. 2003)
we discussed why it is preferable and, at times, necessary to
use perturbation theory for DR (and thus treat DR and RR sep-
arately) so as to be able to carry-out collisional-radiative mod-
elling. Pindzola et al. (1992) demonstrate that it is an accurate
approximation to neglect the quantum mechanical interference
between DR and RR. Nevertheless, it is important to ensure that
a meaningful RR contribution is subtracted from the R-matrix
total rate coefficient so as to ensure a like-for-like comparison
for DR. To do this, we fit the R-matrix total rate coefficient at
lower temperatures, where DR is negligible, to the functional
form of Verner & Ferland (1996). We also restrict this proce-
dure to low-Z ions, where DR dominates the total recombina-
tion rate coefficient – for O it contributes two-thirds of the total
at the temperature of the peak DR contribution.

Following the above procedure, we find that our estimates
of the peak DR contribution to the total (DR+RR) rate coef-
ficient results of Nahar & Pradhan (1997) for C and N are a
factor of 2.02 and 1.54 larger than ours, respectively. That this
is probably due to the neglect of radiation damping from their
R-matrix photoionization cross sections can be seen from sub-
sequent results for C and O (Nahar et al. 2000; Nahar 2000)
which include radiation damping and for which the relevant ra-
tio is 1.19 and 1.17 (they did not revise N). Nahar et al. (2001)
have also calculated results for Fe, but RR contributes signifi-
cantly to the total recombination rate coefficient in the vicinity
of the peak DR contribution and so it is not possible to ex-
tract a meaningful comparison of the DR contribution from the
Maxwellian rate coefficients. However, extensive comparisons
between the Breit-Pauli results of perturbation theory and of
radiation damped R-matrix calculations have been carried-out
for He-like Fe – Gorczyca & Badnell (1997), Badnell et al.
(1998) and Zhang et al. (1999). There, DR and RR were sep-
arated at the cross-section level and comparisons made for the
KLn DR resonances for n = 2−6. The conclusion of these
works was that there was very close agreement between the
results of perturbation theory and R-matrix calculations, to
within a few percent. Indeed, for KLO and KLP the differences

between R-matrix results from the two groups was greater than
the difference between perturbation theory and R-matrix results
from within the two groups.

5. Summary

We have reported-on systematic calculations of dielectronic
recombination data for the H-like isoelectronic sequence as
part of a programme to assemble a dielectronic recombina-
tion database suitable for modelling dynamic finite-density
plasmas (Badnell et al. 2003). Calculations were carried-
out in a multi-configuration intermediate-coupling Breit-Pauli
approximation for all ions He+ through Zn29+, as well as
for Kr35+, Mo41+, and Xe53+, using non-relativistic (up to Zn)
and semi-relativistic (from Zn) radial functions. Fitting coeffi-
cients were presented for the total DR rate coefficients and the
final-state resolved partial rate coefficients have been archived
within ADAS in the adf09 format and are also available from
the Oak Ridge Controlled Fusion Atomic Data Center under
http://www-cfadc.phy.ornl.gov/data_and_codes.

We have seen (Table 3) that the published results from
detailed calculations are not comprehensive and that in many
cases the recommended data of Mazzotta et al. (1998) is ulti-
mately dependent on results from the Burgess & Tworkowski
(1976) formula, multipled by large correction factors due to
Arnaud & Rothenflug (1985). That this is in fact unnecessary
can be traced back to the use by Shull & Van Steenberg (1982)
of the Burgess & Tworkowski (1976) formula beyond its orig-
inal remit.

This paper completes our work on DR for the H-like
through Ne-like isoelectronic sequences. Work is now in
progress on M-shell ions e.g. Na-like and Mg-like (Altun et al.
2006a,b), while generalised collisonal-radiative calculations
for dynamic finite-density plasmas have now been carried-out
for carbon, oxygen and neon (Summers et al. 2006) utilising
the DR data.
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