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Spectral model fits to observed spectra of hot (X-ray emitting) plasmas 
provide us crucial information on the state and amount of hot plasma. The 
spectral fits inform us of the elemental composition of the plasma and its 
temperature and, in the case of non-equilibrium ionization plasmas, tell us 
the age of the plasma by the parameter τ = ne t, with t the age since the 
plasma was shock heated.

The most common modeling software for X-ray spectra is the XSPEC 
software package (Arnaud 1996). The purpose of the current work is to 
explain the assumptions and provide corrections for cases where
the assumptions are not accurate. 

Definition of emission measure (EM)and definition of abundance factors 
(A_Z) ) given below, with A_sol a solar abundance set:

2 of the simulated X-ray spectra and their spectral fits are shown in Fig. 3. The results 

from a set of simulated spectra and fits to those spectra are shown in Table 4. These 

verify that the abundances A_Z derived from spectral fitting are quite uncertain, and the 

spectra are fit with significant changes in the H and He abundances. 

We carried out a number of simulations in XSPEC simulating observed spectra 

using the Astrosat SXT response matrices. These were carried out for typical SNR 

fluxes, based on known type Ia SNRs with observed X-ray spectra, shown in Table 

3.

A number of test cases with pre-

specified abundances were carried out 

to illustrate the changes in density that 

results for non-solar abundance case, 

which are caused by the correction 

from including the correct values of 

electron density.

Figures 4 and 6 compare cases with 

solar abundance to those with light 

elements removed. With e.g H and He 

removed the element densities 

increase by factors of 10 and masses 

increase by the same factor. 

From the detailed calculation (Leahy, Foster, Seitenzahl, 2024) we show the correct 

density of the plasma is given by: 

For cases of non-solar abundances, with A1 or A2 different from 1, significant corrections are needed to the 
element densities to account for the difference between ne and ne,X . ne/ne,X can be much less than 1 as 
illustrated by the examples in Table 1. We define the electron density ratio re. The corrected densities are 
higher, by the factor re^−1/2, and the inferred element masses are corrected by the same factor (re^−1/2) thus 
can also be much larger. This implies that masses that may have been derived in the past using norm’s from 
XSPEC spectral fitting on hydrogen poor plasmas, such as expected for Type Ia SNRs, may be significantly 
underestimated.

First, we review the contributions of various elements to the observed X-ray 

spectrum. In general, elements that strongly contribute (like Fe and Ni) are 

tightly constrained, but weakly contributing elements like H, He, Li, Be, B, C 

are poorly constrained, as shown in Fig,1 below.

The variation with solar abundance set is small (~3.5%). However the variation of 

the electron density between the different abundance sets (A_Z) is large, with a 

number of examples given in Table 1. The ionization state and composition gives 

the ratio ne/nH,0. The variation is nearly a factor of 1000, instead of the single 

value assumed by XSPEC.

Because the abundances of H and He are normally very large, they can contribute 

significantly to the X-rays spectrum. This is illustrated in Fig.2 below,

i.e. H abundance needs to be 30 times solar for H to contribute equally to Fe. Because 

solar abundance of some elements is very low (e.g. Li)  the abundance relative to solar to 

contribute equally as Fe is large (~10^11). 

Figures 5 and 7 compare cases 

with realistic type Ia abundances 

from the N100 model. The 

difference is that the spectral fit is 

normalized with Fe abundance =1 

(red line) or Fe abundance = 10 

(grey line). These two spectral fits 

are compared to the same 

abundance set but with added H 

and He at solar abundance, which 

is orders of magnitude large that 

that produced by the N100 model, 

but still comparable with what might 

be assumed for a spectral fit with 

XSPEC. The densities and masses 

for added H and He are lower by 

factors of ~30 to 60 than for the 

case using realistic H and He 

abundances.  I.e. assuming too 

high H and He results in significant 

underestimate of densities and 

abundances, compared to the real 

physical case.
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