Re-analysis of Z541 & Z543 performed Feb. 2008
I revisited the data acquired in our original neon gas cell experiments.

Goal is to extract more quantitative information evaluating what these data have to say about photoionized plasma kinetics.

We would like to extract the charge state distribution (CSD) from the data using curve of growth methods. Then compare with the CSD calculated using various models.

The first question is exactly what data set should we work with to optimize the information quality?

We have data from two experiments, Z541 and Z543.

The radiation field was somewhat more intense on Z 541.

On each experiment we fielded two time integrated space resolved spectrometers. Each spectrometer was equipped with two space resolving slits. Therefore we record up to four spectra on each shot. On Z543 an alignment problem caused us to miss one spectrum. Thus we have a total of seven spectra to work with.

In my original analysis I processed only the single spectrum that had the best signal to noise. This was the radially-resolved spectrum corresponding to the wide slit on Z543. As indicated in the JQSRT article, the He-like lines were well identified, as were the Li-like satellites to the Healpha. However, the spectrum was noisy enough that I left a question mark near the Lyalpha. Also, there were features near the Hebeta and gamma that could have been satellites, but could also have been noise.
In our analysis of the iron opacity measurements I learned how powerful averaging techniques are for improving the signal to noise in absorption spectra. Therefore I decided to try averaging the seven spectra from the two experiments. This means I am ignoring the radiation intensity difference between the two experiments. This must be evaluated later.

Figure 1 shows the raw data from the seven spectra. It is clear that some features are spectral lines, but it is also clear that some artifacts arising from crystal defects also exist. There are sharp features seen in some spectra but not others. Also, there are broad bumps in some spectra but not others. The latter may be crystal defects or they could be differences in the Z-pinch emission spectrum. 
Averaging can help us understand which features are real spectral lines and which are not. It also provides a better measurement of the absorption line strengths. These benefits probably outweigh the fact that the conditions were not exactly the same on the two shots.

In order to analyze this data we need to know the plasma transmission. We do not have a measurement of the un-attenuated spectrum as we did for the iron opacity experiment. Therefore we use an approximation that the continuum absorption is negligible. This approximation should be highly accurate for the wavelengths that are on the red side of the photoionization edge. It is more questionable on the short wavelength side of the edge. 

With this approximation we can estimate the un-attenuated spectrum by editing out the spectral lines and fitting the remaining continuum. 

I first constructed an average spectrum by scaling the amplitude of each raw lineout to match the average. I did this separately in two wavelength region (10-12.6 and 12.6-14 Angstroms), since the scale factor could vary with wavelength depending on the crystal artifact variations.

Figures 2 & 3 show the effect of the averaging. This process clearly helps identify which features are real spectral lines.

Now we are ready to infer the transmission.

I make a copy of each average spectrum and edit out the real spectral lines. Note this requires that I decide which features are real and which are not. The averaging helps a lot with this, but I also compare the spectra with PrismSpect calculations to help.
Once I have a spectrum that only consists of the continuum between the lines, I fit it with polynomials. I break the spectrum up into pieces that can be reasonably fit with relatively low order polynomials. This is somewhat subjective but it is unavoidable since we don’t have an independent measurement of the un-attenuated spectrum. The shape of the fits may look un-physical, but remember that this has the instrument sensitivity folded in and we know from past work that the crystal reflectivities possess some efficiency variations with wavelength.

Figures 4&5 show the peaks in red, the continuum in green, and the fits in black, for the two spectral regions.

The transmission is inferred by dividing the fit to the continuum by the average absorption spectrum.

The transmission is shown in Fig. 6. The data is in red and a PrismSpect calculation is shown in green. The conditions for this PrismSpect calculation were Te=20 eV, Tr=30 eV, Tspectrum=200 eV, ni=1e18 ions/cc, and cell size =14 mm (the original size is increased from 10 mm because of mylar bowing). I have yet to succeed in identifying what conditions would lead to the experimentally observed spectrum. However, this comparison already helps identify the lines.

A few more comments:

1) I remain concerned about the healpha strength. The signal is weak due to the long wavelength. We used DEF film, which wasn’t a good choice because of the significant hard x-ray fogging. Thus we have a weak signal and a background that is almost as intense. This makes background subtraction a problem for the absolute accuracy.

2) I regard the observation of the Li-like satellites to He beta and He gamma as a significant finding. This should help firm up the inference of the CSD. In addition, some of these transitions arise from excited states. Maybe they will lead to new plasma diagnostics. Finally, such lines must also exist in astrophysical spectra, if the column density is comparable to what we had on Z. I don’t recall seeing any mention of these lines, possibly they are present but unaccounted for.
3) It is not easy to get He-like line depths to have transmission ~ 0.5 as they do in the experimental spectrum. The lines are already saturated in the PrismSpect calculation shown in Fig. 6 and simply increasing the He-like population doesn’t change the depths of the strong lines very much.

