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Fig. 12. A hot DA white dwarf (effecti"" temperature 0:065 MK, magnitude V=15) obaervation simulation for the AXAF­
LETGS with an integration time of 10' s. Traces of meta! abundances are Ulumed a factor of - 10 below the obaerved 
abundances in the DA dwarf Feige 24 and slightly above the upper limite obaerved in the hot DA dwarf HZ 43 (Paerela et 4/. 
1986). Interstellar column deneity NB = 3 1018 cm-2• 

and the elemente are more highly ionized (" overioniaed") at a 
given temperature than they would be in the corona! model. 
The emergent X-ray spectrum consiete of the centra! contin­
uum with a �l�o�w�~�n�e�r�g�y� cutoff due to photoabeorption and emis­
sion Iines due to recombination and f1uoresc:ence (in the latter 
case e.g. K-shell Iines from ions with nearly stripped L-shells 
with reasonable radiative yields such as Li-, Be- and B-like 
ions (Chen 1986, Chen and Crasemann 1987» in the nebuia, 
typically near the continuum absorption cutoff. 

X-ray photoionized plasmas can differ from collisionally 
ionized plasrnas with similar ion concentrations. Because the 
photoionized plasma ie OIIerionÏ%ed relative to the electron 
temperature, the excitations of important Iines are dominated 
by recombination, photoexcitation, and cascades as oppoaed 
to collieiona! excitation and dielectronic recombination. Thie 
has a drastic effect on the emergent spectrum, as iIlustrated in 
Figure 10, where I have plotted spectra ca!culated for Fe XVII 
- XIX ions Uluming corona! and photoionized conditions re­
spectively (Liedahl et 4/. 1989). As can be seen, it will be 
straightforward to distinguieh photoionized plasrnas from coro­
nal plasmas with such spectra. The relative line intensities de­
tected in the photoionized case can be shown to be sensitive 
functions of the density and geometry of the emission regions 
and of the spectral shape of the photoionizing continuurn. 

Another means to dietinguish the two types of plasma 
modela ie density diagnostics (aee Figure 4). Deviations from 
corona! equilibrium can alter this diagnostics through differ­
ent recombination and ionization effecte, but the line intensity 
ratios remain density-sensitive a!so for these cases (Pradhan 
1985). The I/i ratio does not depend on the model because ite 
density dependence ie determined only by the collisional cou­
pling between the upper levela of the two Iines, but the ratio 
(I+i)/r does. E.g., for the 0 VII triplet it is - 1 in the coro­
nal model (where the Iines are excited by electron collisions 
from the ground) and - 3 in the photoionized nebular model 
(where population occurs through recombination, directly or 
via cascades). Hence thie diagnostic tooi can be quite gen-
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erally applied to many astrophysical and laboratory sources, 
while the singlet/triplet ratio can be used as an indieation of 
the model conditions. 

2.3. Optically thic/c plasmas 

In the extreme cue of very dense plasmas, e.g. thoae present in 
the inner regions of accretion f10ws on compact objects such as 
very hot white dwarfs (in cataclysmic variables) and neutron 
stars (in hard X-ray binaries) and in the centre of AGN, the 
source ie optica!ly thick to both continuum and line radiation. 
The spectrum will resembie, at very high optical depths, black­
body emiesion or a superposition of blackbody type spectra 
(cf. also Figure 9). However, at intermediate optieal deptha, 
the spectra! formation ie influenced by complicated radiation 
transfer effecte as weil as by fundamenta! atomie processes. 
Discrete spectra! structure ie expected which can provide much 
information about the source (Roes 1979). For X-ray emitting 
plasmas, Compton scat tering plays a significant role as weil 
where transfer through the scattering plasma will broaden and 
shift line proflies (in addition to thermal broadening) and a!­
ter the continuum dietribution, depending on temperature and 
column density (Lightman et 4/. 1981). The spectra! resolv­
ing power of the future spectrometers is suflicient tó resolve 
the X-ray spectra! features that are indieative of the nature of 
the Compton scat tering proceases as weil as of the structure of 
the accretion disk corona or the magnetosphere of the neutron 
star. Emiesion features obaerved from X-ray binaries lie in the 
wavelength region 9-20 A and are probably from L-transitions 
from partially ionized iron atoms (e.g. Vrtilek et 4/. 1986). 

The spectrum not only contains information on the pri­
mary X-ray aource itself, but will be modified by fluorescent 
emission linea and abaorption edgea produced by the cooler, 
surrounding medium. The depth of an absorptioil edge ie a 
measure of the element reaponsible for thie edge and since the 



energy of an edge moves towards higher values with increa&­
ing ionization, in this way the population of various ioniza­
tion stages of the constituents of the circurnstellar material 
can be measured. With high spectral resolution one is able to 
determine the element abundance. of the interstellar medium 
towards many strong galactie and extragalactie X-ray sourees. 
Figure 11 shows a simulation of the X-ray spectrum of a st rong 
accreting compact X-ray souree (integrated X-ray flux at Earth 
- 3 1O-gerg cm- 2s- 1 ) with a column density of intervening 
matter of NH=3 1021cm- 2 , observed with the AXAF-LETGS. 
The spectrum shows the possible identification of various ion­
ization stages of oxygen. 

Finally, another important dass of objects to be studied 
at very soft X-rays are isolated hot white dwarfs with optically 
thick (in visible and UV) photospheric plasmas with effective 
temperatures in the range - 0.03--{1.2 MK. At high gravity all 
hydrogen is pressure-ionized and the outer layers of the photo­
sphere are transparent to the soft X-ray radiation of hot ter and 
deeper layers which become optically thick to the X-rays. The 
shape of the X-ray spectra is very sensitive to phot08pheric pa­
rameters like effective temperature, gravity and element abun­
dances (for a review e.g. Heise 1988). Trace amounts of highly 
ionized metals may produce a variety of absorption edges that 
can be detected in high-resolution X-ray spectra at long wave­
lengths and which allows one to accurately determine effective 
temperatures and element abundanees for objects as hot DA 
and very hot DO white dwarf stars. Figure 12 shows a simula­
tion for an observation of a hot DA white dwarf with very low 
metal abundanees (- 10-7 ) at a distance - 100 pc (magnitude 
V = 15). 

3. SUMMARY 

High-resolution X-ray spectroscopy has applications to a wide 
range of hot astrophysical plasmas. lts significanee as a tooI 
in understanding the physica of such sourees will depend much 
on the reliability of theoretical models to interpret the spectra. 
In this paper I have considered various models used in describ­
ing the characteristica of hot plasmas and discussed several 
examples of the emergent X-ray spectrum to illustrate some of 
the problerns of interpretation. It is dear that the complex­
ity of plasma physica and the atomic parameters involved are 
such tbat a sound verification of plasma theories and atomic 
physics which are applied wi\1 be required and that for instance 
better model calculations with improved collisional excitation 
and ionization rates for the complex ions will be needed for the 
interpretation of future AXAF and XMM X-ray spectra. 
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