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X-RAY PLASMA DIAGNOSTICS FOR TOTALLY AND PARTIALLYPHOTOIONIZED PLASMAS SUCH AS WARM ABSORBERS IN AGNDelphine Porquet1 and Ja
ques Dubau2Observatoire de Paris, Se
tion de Meudon, Fran
eRESUMENGra
ias a la nueva genera
i�on de satelites de rayos-X, 
omo Chandra y XMM,se pueden obtener espe
tros de alta sensibilidad y resolu
i�on. En parti
ular, sepueden separar las tres l��neas m�as intensas (resonantes, de inter
ombina
i�on yprohibidas) de iones de baja 
arga (baja Z) 
omo el He, en plasmas no solares.Basados en estas tres l��neas, presentamos diagn�osti
os para densidad, pro
esos deioniza
i�on y temperatura totalmente o par
ialmente ionizados por fotoioniza
i�on.Estos poderosos diagn�osti
os pueden ser usados en plasmas 
alientes 
omo los deAGN, galaxias 
on brotes de forma
i�on estelar, binarias de rayos-X, et
. En parti-
ular, pueden ser usados en los absorbedores tibios que se ven en AGN (Porquet &Dubau 2000), que son herramientas importantes para entender las regiones 
entralesde diferentes tipos de AGN (Seyferts 1 y 2 y 
uasares de bajo y alto 
orrimiento alrojo). ABSTRACTThanks to the new generation of X-ray satellites su
h as Chandra and XMM,high resolution and high sensitivity spe
tra are available. In parti
ular, for the �rsttime, the three most intense lines (resonan
e, inter
ombination and forbidden) oflow 
harged (low Z) He-like ions are split for non-solar plasmas. We present density,ionizing pro
ess and temperature diagnosti
s, for totally and partially photoionizedplasmas, based on ratios of these three lines. These powerful plasma diagnosti
s
ould be used for hot astrophysi
al plasmas su
h as AGN, starburst galaxies, X-raybinaries, et
. In parti
ular, they 
ould be applied to the Warm Absorbers oftenseen in A
tive Gala
ti
 Nu
lei (Porquet & Dubau 2000), whi
h is an important toolfor understanding the 
entral regions of di�erent types of AGN (Seyfert 1 and 2,high and low redshift quasars).Key Words: GALAXIES: ACTIVE | TECHNIQUES: SPECTRO-SCOPIC { X-RAYS: GALAXIES1. A BRIEF INTRODUCTION TO WARM ABSORBERWarm Absorbers (WA) have been found, a few years ago, to be an important 
omponent of the 
entralregions of A
tive Gala
ti
 Nu
lei. Indeed, it is assumed they are lo
ated between the Broad Line Region(BLR) and the Narrow Line Region (NLR), and even inside the BLR (Otani et al. 1996; Porquet et al. 1999).This medium is assumed to be a photoionized plasma, but some additional ionization pro
ess is not ruled out(Porquet & Dumont 1998; Porquet et al. 1999). This is why we 
an 
onsider that WA 
ould be either totallyor partially photoionized (photoionization plus 
ollisional ionization). The existen
e of WA has been revealedby observations of signi�
ant absorption edges in X-ray spe
tra near 0.8 keV, implying 
olumn densities of1021{1023 
m�2. These features are seen in at least 50% of Seyfert 1 (Reynolds 1997), thus WA is a 
ommon
hara
teristi
 of these obje
ts. This medium is assumed to be not only an absorber but also a multi-wavelength1DAEC.2DARC. 316
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X-RAY PLASMA DIAGNOSTICS 317emitter (e.g., with opti
al 
oronal lines: Porquet et al. 1999). Besides, in Seyfert galaxies soft X-ray emissionlines are also observed. In parti
ular, the He-like X-ray lines are of parti
ular interest sin
e their ratios areused as plasma diagnosti
s, as dis
ussed in the next se
tion. Given that WA are either totally or partiallyphotoionized, we study two ionization models: totally photoionized plasmas (with \pure" photoionization),and hybrid plasmas (with photoionization plus an additional ionization pro
ess).2. X-RAY PLASMA DIAGNOSTICSHe-like ions have an interesting atomi
 stru
ture, they emit three main lines (n = 2 shell), whi
h are 
losein wavelengths: resonan
e (
alled w), inter
ombination (x + y), and forbidden lines (z). As shown by Gabriel& Jordan (1969), the 
ombination of the ratio of these lines 
an be used to derive the ele
troni
 density (ne)and temperature (Te): R(ne) = zx+ y and G(Te) = (x + y) + zw : (1)As pointed out by Pradhan (1985) and Liedahl (1999), these diagnosti
s 
ould also be used for the study ofphotoionized plasmas. 2.1. Atomi
 DataIn order to obtain a

urate line ratios, we have 
al
ulated atomi
 data over a wide range of temperatures forradiative and diele
troni
 re
ombinations3, and 
ollisional ex
itation rates4 from the ground level, whi
h shouldbe 
onsidered in hybrid high-temperature plasmas. For both atomi
 pro
esses (re
ombination and ex
itation),radiative 
as
ades from n > 2 levels have been taken into a

ount in the 
al
ulation of the population of then = 2 shell levels (related to w, x+y, z). Indeed, 
as
ades are of great importan
e espe
ially for the z forbiddenlines. The rate 
oeÆ
ients and more details about the 
al
ulations 
an be found in Porquet & Dubau (2000).2.2. Ionizing Pro
ess Diagnosti
In \purely" photoionized plasmas, radiative re
ombination is the dominant pro
ess. In hybrid plasmas,
ollisional ex
itation is also important sin
e the temperature is high enough to permit ex
itations from theground level. Radiative re
ombination rates show that the level 
onne
ted to the inter
ombination (x+ y) andto the forbidden (z) lines are favored, and thus implies stronger triplet lines (x; y; z) than the singlet resonan
elines (w). On the 
ontrary, 
ollisional strengths favor the level 
onne
ted to the w resonan
e line. Then, totallyphotoionized media emit weak resonan
e (w) lines 
ompared to forbidden (z) or to inter
ombination (x + y)lines. In hybrid plasmas, the behaviour is the opposite (see Fig. 1).2.3. Density Diagnosti
The ratio R is 
onstant below some 
riti
al density (n
rit), the forbidden lines are then intense, and aboven
rit, the 3S1 level (forbidden line) is depopulated to the 3P levels (inter
ombination lines) via 
ollisional ex
i-tation inside n = 2. Then, the intensity of forbidden (z) lines de
reases while the intensity of inter
ombination(x+y) lines in
reases. This inversion o

urs (approximately) within two orders of magnitude in density. Thus,inside this range, R is very sensitive and gives an a

urate estimate of the density (see Fig. 1). Summarizing,when we observe that the ratio R is 
onstant, we obtain an upper limit for the density. When R be
omessensitive to the density, we obtain a good density estimate. If R tends to zero (z ! 0), we obtain a lower limitfor the density.3Radiative re
ombination dominates at low temperatures whereas diele
troni
 re
ombination dominates at high temperatures(
onsidering re
ombination pro
esses).4Collisional ex
itations inside the n = 2 shell o

ur even at low temperatures.
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318 PORQUET & DUBAU
hybrid plasma photoionized plasma
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Fig. 1. O VII theoreti
al spe
tra 
onstru
ted using the RGS (XMM) resolving power (E=�E) for three densityvalues (in 
m�3). This 
orresponds (approximately) to the range where the ratio R is very sensitive to thedensity: z, forbidden lines; x+ y, inter
ombination lines; w, resonan
e lines.3. CONCLUSIONFor the study of Warm Absorbers, we propose two powerful diagnosti
s for the ele
tron temperatures anddensities. The �rst of them 
ould be used to determine the ionization pro
ess: totally or partially photoionizedmedium. Cal
ulations of atomi
 data and line ratios are available in Porquet & Dubau (2000). The determi-nation of the physi
al parameters of WA in di�erent types of AGN will have a great impa
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