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The hybrid opacity code SCO-RCG: recent developments
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The proper accounting for spectral lines in hot, partiadlyized matter is important for opac-
ities and plasma diagnostics. The number of levels andraatipolar (E1) lines is huge,
especially for medium or higl-elements in the case of electron configurations with one or
more open subshells. Fortunately, lines usually coalestceliroad unresolved patterns due

to their physical broadening mechanisms (radiative deappler, Stark, auto-ionization, ...).
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intermediate coupling and spin-orbit split ar-
rays (SOSAS) in relativisti¢j coupling. Spectra obtained by such global methods are mfade o
unresolved structures which are not sufficiently detaitedame cases. At low density, many
TAs are not “smooth”, but exhibit some variations (signatof lines). The Rosseland mean
[3] is very sensitive to the resulting hollows in the spestruvhose porosity (localized absence
of lines) makes the plasma transparent at several freqggerdnes can subsequently play an
important role in the modelling of radiation transport. Hwer, their computation requires com-
plex numerical calculations, based on a detailed desenigf atomic structure, implying the
diagonalization of the Hamiltonian matrix.
We therefore decided to develop the hybrid SCO-RCG codanasg local thermodynamic
equilibrium and representing the best compromise betwesrigion and calculation time [4].

The statistical part is calculated by SCO (Super-Configoma®pacity) code [5], relying on
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the concept of “super-configuration” (SC), for instarte?s2p]®[3s)* [3p3d4g)*. In this way, a
rather limited number of SCs can represent a huge number dihasy configurations.
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Figure 2: Distribution of TAs (case of Fig. 1). o _ o
uses criteria involving characteristics of the

distribution of lines (humber, moments, individual widtesergy-amplitude correlation).

Data requ”ed for the calculation of detailed T=150 eV,p=0.058 g/cn%, inst. width=1.8 eV, areal mass:32'6].@/cm2
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) _ _ ) _ Figure 3: Experimental spectrum obtained by
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SCO-RCG, configuration mixing is limited to
electrostatic interaction between relativistic sub-cgunations (¢ orbitals) belonging to a
non-relativistic configuratiomy orbitals). SCO-RCG calculations are restricted to a paldrc
type of SC, in which all supershells are made of individuaitats up to a limit beyond which

all the remaining orbitals are gathered into a large finakssipelloy, for instance
o1 =[18", 02 = 292,03 =[2p]"®, - ,0m -1 = [8"™*, oM = [(8p) -+ - kmad"™ . (1)

If Nm = 0, the calculation involves only detailed configurationd #imerefore consists only of
DLAs, UTAs or SOSAs, depending on whether TAs can be detailedot. If Nyy > 1, the
spectra consists only of STAs. The first orbikalof oy (8p in example (1)) is determined
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consistently with Inglis-Teller limit [8] and in order to mimize the contribution oy to
the partition function. In order to complement DLA effortege code was recently improved
with the PRTA (Partially Resolved Transition Array) mod®],[which may replace the single
feature of a UTA by a small-scale detailed TA that conserkieskhown TA properties (energy
and variance) and yields improved high-order moments (skeg; kurtosis, ...). In the PRTA
approach, open subshells are split in two groups. The maimpgincludes the active electrons
and those electrons that couple strongly with the active oflge other subshells are relegated to
the secondary group. A small scale DLA calculation is penked for the main group (assuming
therefore that the subshells in the secondary group aredj@d a statistical approach for the
secondary group assigns the missing UTA variance to the.line

The total opacity is the sum of photo-ionization, inversemsstrahlung and Thomson scat-
tering spectra calculated by SCO code and a photo-exeitapectrum arising from contribu-
tions of SCO and Cowan’s codes (see Fig. 1) in the form

1 . meth
K(hv) = F&Jfﬁx;« fx—x' PxWx_x (hv), (2)

whereh is Planck’s constant,#” the Avogadro numbeiy the vacuum polarizabilitym the
electron massA the atomic number andthe speed of lightZ is a probability,f an oscillator
strength,W(hv) a profile and the sunX — X’ runs over lines, UTAs or STAs. Special care
is taken to calculate the probability of the correspondiabjéct” X (level yJ, configuration

C or SC=Z=) because it can be the starting point for different traosgi (DLA, UTA, ...). In
order to ensure the normalization of probabilities, configjons are first split into three disjoint
ensembles? (configurations whose levels can be calculat&d)configurations too complex

to be detailed) and” (configurations gathered into SCs). The total partitiorctiom then reads
Ut =U (2) +U (¥) +U (), 3)

where each term is a trace over quantum states of the fofeﬁlﬁﬁ‘“ﬂ)} in the corresponding
ensembleH] is the HamiltonianN is the number operatog the chemical potential an@ =
1/ (kgT)). The probability?’x of speciesX reads
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In the case where the transitiGn— C' is a UTA that can be replaced by a PRTA (see Fig. 2),

its contribution to the opacity is modified according to
feoc PeWeolv)r S T gy P Wi ys(hv), (6)
AR

where the sum runs over PRTA lingd — y'J' between all “virtual” levels of the reduced
set of orbitals,fW;VJ—, is the corresponding oscillator strength &HQIJ;VJ—, is the line profile
augmented with the statistical width due to the other (natuihed) spectator subshells. The
probability of a virtual levelyd belonging to the fake configuratiéhreads

1. —B(Ez—HNc)
(D+1)e 7 xZc with Y Pg= 2, 7)

Ii= 74 1) e B(Ep—HNc)
Ypec(2+1)e P yiec

whereZ¢c is given in Eq. (4).

The SCO-RCG code has already been used for astrophysidalamms [10] and interpre-
tation of experimental spectra (see Fig. 3). The PRTA maeekntly extended to the hybrid
statistical / detailed approach, enables one to reduceddlistEal part and fastens the calcula-
tions. We plan to improve the treatment of Stark broadeningrder to increase the capability

of the code as concerns K-shell spectroscopy.
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