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Basic Rates

lonization: Lotz t of Bethefrom to laboratory ¥s
20neutralandsinglyionizedspecies.8 30-40%
ECIP, Coulonib Born

Radiative Recorbination: Seatorhydrogenic¥gnot + Milne

Quartum DefectHartree-Slateceriral eld, Close-Couplin

DielectronidRecombination: BurgessSummers
Densiyy Dependence

Equilibrium  Tables: Jordan; Landini & MonsignoriFossi;
Arnaud & Rothen°ug;Mazzottaet al.

CollisionalExcitation:
OscillatorStrength+ Gaurt Factor
Coulon-Born
DistortedWave

Close-Coupling



Line Ratio Techniques

He-like ions,Fe XVI |

Densiy, lonizationState, Temperature& Optical Depth

Gabriel & Jordan Vedder et al.

Acton & Brown Wood & Raymond

Dosdtek & Feldman; Mewe & Sylwester; Pradhan et al.; Smith et al.; Porquet et al.;

Loulergue& Nussbaumer;Liedahl et al.; Mauche et al.; Sdimelz et al.



General Purp ose X-ray Spectral Codes
Lines,DR SatellitesBremsstrahlungRkecorbination, 2°

Collisional Equilibrium:
Cax & Tudker; Tudker & Koren;Raymondé& Smith
Landini & MonsignoriFossi;and Stern,Landi

Mewe; and Sdirijver, Gronendlild, van denOord, Sylwester,Kaastra

Kato O [T E
Gaetz& Salpeter » :

Time Dependent:

Log Flux

Cax & Daltabuit

Itoh: Masai gl

74;\” N P Ll b
Hughes 0 10 20 30 40 50
Wavelength
Hamilton, Sarazin Chewalier; Borkowski et al.
Photoionization (radiativ e transfer):
Kallman & McCray; XSTAR
Ferland;CLOUDY

Maudeet al.



Data Bases
CHIANTI and APEC
CompleteWavelengthCoverage]R to X-ray

"Complete"setsof ionsandlines

Hundredsof timesmorelines

Full populationcalculation
Cascades

High Densities
ModernLanguages

Di®ereh Philosophies:
CHIANTI from solarEUV line ratio work
) All lineswith reliable-s
APEC from X-ray astronomy
) Includeweaklinesthat addup (HULLAC)



Future Directions

Better- ij ’ AIJ y Cion, ®rad, ®DR

More completannershelland satelliteline calculation
Integratedionizationstate computation

Ne, Field dependencef @y

Gon, Ghhot aNd®br from metastabldeels
Recominationto excitedstates

Integratewith multidimensionahydro codes
Fast, compactsubseif cade
Robusttime-de@ndem ionizationstate

Multi-D radiative transferin lines& cortinuum
ChargeTransfer
Non-Maxwvelliandistribution
Quantify Uncertain ties

Approac h NLTE from the other side



