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Analysis of the M-shell spectra emitted by a short-pulse laser-created tantalum plasma
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The spectrum of tantalum emitted by a subpicosecond laser-created plasma, was recorded in the regions of
the 3d-5 f , 3d-4 f , and 3d-4p transitions. The main difference with a nanosecond laser-created plasma
spectrum is a broad understructure appearing under the 3d-5 f transitions. An interpretation of this feature as
a density effect is proposed. The supertransition array model is used for interpreting the spectrum, assuming
local thermodynamic equilibrium~LTE! at some effective temperature. An interpretation of the 3d-4 f spec-
trum using the more detailed unresolved transition array formalism, which does not assume LTE, is also
proposed. Fitted contributions of the different ionic species differ slightly from the LTE-predicted values.

PACS number~s!: 52.25.Nr, 52.25.Jm, 32.30.Rj
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I. INTRODUCTION

M-shell spectra of tantalum have been widely studied
nanosecond laser-created plasma~ns-LPP!, for laser pulse
lengths of 1 to 30 ns@1–4#. The observed spectra are com
posed of a few individual lines, and of many ‘‘unresolve
transition arrays’’ UTA’s@5# superimposed on large unde
structures@6#, grouped in separated bunches~see Figs. 2–4!.
These lines and UTA’s are now well identified and cor
spond to electronic transitions fromn8>4 to n53. Isolated
lines are emitted by ions isoelectronic to nickel~28 bound
electrons!, UTA’s are emitted by ions with a few bound ele
trons more~Cu-like to Se-like! or less~Co-like to Mn-like!.
For such highly ionized heavy atoms, each UTA is co
posed of spin-orbit split subarrays~SOSA’S! @7,8#. Each
bunch corresponds mainly to a specific transition: 3d-4p,
3d-4 f , 3d-n8l (n855,6). In ns-LPP spectra, the 3d-4 f ar-
rays, and in a lesser extent the 3d-4p arrays, are superim
posed on a very large understructure, which is not seen
n8>5. The major difference between ns-LPP spectra and
present ps-LPP spectra is the importance of the 3d-5 f un-
derstructure.

The understructure, which is very large for the 3d-4 f
arrays, has been attributed to dielectronic satellites lines@6#
of noticeable total oscillator strength@9# and/or to hundreds
of faint lines@10#. The net effect is as if producing red wing
attached to each resonant and satellite UTA. Piling up th
red wings would successfully reproduce the observed spe
@11#. In order to better understand the mechanism produc
these understructures, and possibly derive a heuristic m
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for the red wings’ intensities and shapes, we are intereste
studyM-shell spectra emitted by plasmas in different con
tions, namely, mostly different densities.

High densities of the regions emittingK-shell spectra
have been demonstrated with subpicosecond laser-prod
plasmas ps-LPP@12#. In these experiments, high density is
consequence of reduced hydrodynamical expansion du
the short laser-pulse length, and is enhanced by pondero
tive force confinement at high laser intensity@13#. Such
mechanisms will still be active with highZ material, so
M-shell spectra emitted from dense regions are expected
ps-LPP, and will not be obscured by x-ray emission fro
low density regions, as the corona expansion is very sm

Goldsteinet al. @14# have presented a barium spectrum
the range 6–15 Å~which corresponds to the 3d-4 f transi-
tions! emitted by a plasma produced by a 650-fs laser, w
an intensity up to 1017W/cm2. They obtained a very large
understructure, with a barely resolved UTA superimposed
it. However, in their experiment, the average ionizati
largely exceeds the Ni-like ion, thus the understructure ha
spectral shape very different from the ones we shall pres
in this paper. Note that the barium spectra presented
Doron et al. @15,16# do not present such a feature.

We take advantage of the large energy (.0.1J) of the
available short-pulse laser to produce tantalum plasmas
to observe the spectrum for different transitions~3d-4p,
3d-4 f , and 3d-5 f !. We present in this paper identificatio
of the observed UTA in these conditions, a global analy
through supertransition arrays~STA! @17# modeling and a
detailed analysis by UTA’s for the 3d-4 f range. We shall
emphasize the differences with typical ns-LPP spectra.

The experimental setup is described in Sec. II, the ide
fication of the lines in Sec. III, and the theoretical analysis
Sec. IV–VI.
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802 PRE 61M. BUSQUETet al.
II. EXPERIMENTAL SETUP

These experiments were carried out in 1995 with
Table Top Terawatt (T3) laser system at the Institut Nation
de la Recherche Scientifique~INRS-Québec!. A 550-fs, l
51.053mm laser pulse with an energy up to 1 J and with a
contrast of 106:1 was provided by a Nd:glass system bas
on the chirped-pulse amplification technique. A potassi
dihydrogen phosphate type I crystal was used to double
frequency of the laser light. The resulting pulses had an
ergy of 450 mJ at a wavelength of 0.527mm with a contrast
estimated at better than 1010:1. This high contrast 400-fs
green beam was then focused at normal incidence on
100-mm spot by means of a spherical fused silica lens (f /6),
thus giving an intensity of 1016W/cm2.

The x-ray emission~keV range! was studied with various
diagnostic including calibrated time-integrated Von-Ha´mos
crystal spectrometer~1–10 keV!. p-i-n diodes filtered with
55-and 100-mm-thick beryllium filters were used to monito
the x-ray signal and control the beam focussing. Three sp
tral ranges have been studied~4.2–4.9 Å, 5.3-6.3 Å, and
6.7-7.7 Å!. For the first range, the Von-Ha´mos spectromete
has been internally wavelength calibrated with emission li
~first and second order! from NaCl, V, and Si targets
Wavelength-calibration lines were recorded systematic
on each film. The spectral resolution was 5 mÅ at 7 Å. Tim
integrated spectra were obtained by accumulation of 10
100 shots, depending on the wavelength range conside
The three spectra presented in this paper may then s
small differences in temperature from one range to the ot
and obviously some averaging in density and tempera
conditions takes place. An x-ray streak camera filtered w
7.5 mm and 12.5mm of aluminum, and having a tempora
resolution of 1.6 ps, was used to measure the time histor
the keV x-rays. It yielded time duration of the x-ray emi
sions of less than, respectively, 3.0 and 2.6 ps~see Fig. 1!.
The duration of the emission was also measured with a pu
and probe technique using near-edge x-ray absorption s
troscopy@18#. The inferred duration for Ta emission, assu
ing a Gaussian temporal shape, at the wavelength of 5 Å~the
wavelength of the molecular-absorption resonance!, was 1.5
ps full width at half maximum.~FWHM!

III. IDENTIFICATION OF SPECTRAL LINES
AND TRANSITION ARRAYS

Three spectral ranges have been studied, 4.2–4.9 Å
responding principally to the 3d-5 f arrays, 5.3–6.3 Å cor-

FIG. 1. Time resolved x-ray emission of the Ta target.
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responding to the 3p-4d and 3d-4 f arrays, and 6.7–7.7 Å
corresponding to the 3d-4p arrays~Figs. 2–4!.

Initial identification has been obtained by comparis
with tantalum spectra recorded from ns-LPP by various te
@6,4,2,3#. For the 3d-5 f arrays, to overcome difficulties in
the identification of the lines, wavelengths were calibra
with vanadium~in the second order! and chlorineKa lines.
A global comparison of the spectra is shown in Fig. 5. T
peaks labeled ‘‘Ni’’~respectively, ‘‘Cu,’’ ‘‘Zn,’’ ‘‘Co’’ ! are
lines or UTA’s emitted by ions of 28~respectively, 29, 30,
27! bound electrons.

We summarize in Table I the transitions and waveleng
of the main Ni-like lines, and corresponding transition pro
abilities. The computations are performed with theRELAC

program@19#. Note that the radiative lifetimes of these tra
sitions are two orders of magnitude shorter than the x-
emission time. The radiative lifetimes for the other ions a
of the same order of magnitude, since they correspond to
same transitions 3d10-3d9nl with some spectator electron
added. The richness of the spectra clearly shows near l

FIG. 2. 3d-5 f Ta spectrum:~a! with nanosecond pulse-width
laser ~upper trace: Traginet al. @3#, middle trace: Audebertet al.
@2#, lower trace: Bauche-Arnoultet al. @6#!, ~b! with subpicosecond
laser~this work, upper trace with a laser intensityI 51016 W/cm2,
lower trace:I 5531015 W/cm2!. S indicates the dips interpreted i
the intra-Stark spectroscopy theory@20#. LabelsA–H stand for Ni-
like through Br-like ions, as given in Ref.@2#.
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PRE 61 803ANALYSIS OF THE M -SHELL SPECTRA EMITTED BY . . .
thermodynamical equilibrium~LTE! populations. Thus we
can infer that the collision rates are at least of the same o
of magnitude as the radiative rates. Consequently, the
scale for all atomic processes is much smaller than the d
tion of the plasma, and it is legitimate to interpret the spec
in the quasi-steady-state approximation. The rms devia
between experimental and calculated wavelengths is 2
The 3d94 f transition at 5.907 Å, with a deviation of 9 mÅ i
an exception, because the upper level would be better c
acterized inLS coupling as 1P1, for which the exchange
term is large enough to distort the wave functions. The sa
accuracy is to be expected for the other ions, because
supertransition Array~STA! model uses the same paramet
potential model as theRELAC. The 3d-4 f and 3d-5 f series
are clearly separated into two sets by spin-orbit splitti
although there is some overlap between ionization stage

In the 3p-4d range ~Fig. 4!, Co-like satellites already
interpreted by Mandelbaumet al. @1# are identified~peaks
labeled A to G, etc., which correspond to Mandelbaum
key!. They are superimposed onMa and Mb inner shell
transitions ~shaded areas! which start at, respectively, a
7.252 and 7.023 Å.

The blue wing of the 3d-4 f structure around 5.8 Å~Fig.
5! could be due to Co-like satellites, or even to satelli
from higher charge states, but Co-like resonant lines are
visible and even Ni-like lines are not very intense, so time
space averages of emission from hotter plasma~as in Ref.
@14#! cannot occur. Such spectral shapes were not see
ns-LPP spectra.

Identification of the arrays in the 3d-5 f structure~Fig. 2!

FIG. 3. 3d-4 f Ta spectrum obtained at INRS~present work!.
100 shots of 200 mJ have been used.
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by the spectral shape alone would have been ambiguous
may be shifted by one or two arrays, without careful exam
nation. This is why we use wavelength calibration as m
tioned earlier. The satellite dips@labeled S on Fig. 2~b!#
around the line at 4.48 Å are also an indication of an in
vidual resonance line~thus emitted by Ni-like ions! @20#.
Frequently observed inK-shell resonance lines from ns-LPP
such dips are also observed on the 3p-4d spectrum we have
obtained in our experiment. Note that, if intra-Stark spectr
copy theory@20# applies to our conditions, an electron de
sity of 1022cm23 would be inferred from the dips separatio
The theoretical spectra we shall present in the following
also in accordance with this value. In the 3d-5 f series, the
Ni-like lines are hardly seen, in contrast with other spect
ranges. As the three spectral ranges have been obtained
different series of shots, the respective plasma conditi
may slightly differ. Excitation energies are about 2.7 keV f
3d-5 f arrays, while they are around 2.1 keV for 3d-4 f and
1.7 keV for 3d-4p. Consequently, if we assume a tempe
ture of approximately 300 eV~as estimated below!, the
3d-5 f line intensities are expected to be ten times wea
than the 3d-4 f lines, not accounting for optical depth.

IV. POPULATION MECHANISM OF THE UPPER LEVELS
OF THE 3d-4f AND 3d-5f ARRAYS

The spectrum observed in each of the three spec
ranges corresponds to a given transition~for exemple 3d-4 f
in the range 5.3–6.3 Å! emitted by various configurations o
various ions. Ni-like ion Ta451 emits three isolated lines~the
third one being negligible!, but all other ions emit unresolve
arrays of lines—actually spin orbit split arrays~SOSA’s! @7#,

TABLE I. Wavelengths and transition probabilities of the pri
cipal Ni-like tantalum (Ta451) lines. The third and fourth columns
are calculated values of the present work.

Transition l ~Å! ~expt.) l ~Å! ~calc.! A (s21)

3d1023d9
3/24p1/2 7.447a 7.449 5.6731012

3d1023d9
5/24p3/2 7.301a 7.303 1.0631013

3d1023d9
5/24 f 7/2 6.092b 6.089 1.0631014

3d1023d9
3/24 f 5/2 5.907b 5.898 3.6331014

3d1023d9
5/25 f 7/2 4.574c 4.574 9.3731013

3d1023d9
3/25 f 5/2 4.478c 4.477 1.2931014

aReference@1#.
bReference@6#.
cReference@2#.
a
FIG. 4. 3d-4p Ta spectrum. The shaded are
may be due to inner-shell transitions~Ma and
Mb!. The keys (A–G,a–u,a,b) correspond to
the identification by Mandelbaumet al. @1#.
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FIG. 5. Ta spectra obtained at LULI@6# for a
laser pulse-width of 0.6 ns and a laser intensity
~a! 331014 W cm22 and ~b! 331013 W cm22,
compared to~c! spectra obtained at INRS with
0.3 ps, 1016 W cm22 pulses.
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three per ion, the third one being also negligible. These
turn coalesce into broad peaks. The peaks, and the und
ing broad structure, correspond to hundreds of SOSA’s
the given transition~e.g., 3d3/2-4 f 5/2 and 3d5/2-4 f 7/2! with
one or more spectator electrons. Although many of th
may have very low oscillator strengths, their large num
may yield a considerable intensity and produce the obse
understructure, provided there is a significant mechanism
populate the upper levels.

Let us denote UP4J8
n8 the superconfiguration@17#

3d9(4l )n84 f J8 of the ion Taq1 with n85q228 electrons in
the subshells 4l , l 5s, p, d or f, with one electron in the
subshell 4f J8 and one hole in the 3d shell. We shall denote
LOn8 the corresponding superconfiguration 3d10(4l )n8. Note
that the superconfiguration~SC! LOn8 can be considered as
‘‘ground’’ SC. For the 3d-4 f arrays, suppose that the spe
tator electrons and the optical electron lie in the same s
n54, in such a way that the upper levels of the transitio
are close to the ionization limit~say within 100 eV!. The

energy range of the superconfigurationUP4J8
n8 extends on

both sides of the ionization limit andUP4J8
n8 is only ‘‘partly

autoionizing,’’ so the supertransition arrayUP4J8
n8 -LOn8 is

only partly a dielectronic ‘‘superarray.’’
When local thermodynamical equilibrium~LTE! can be

assumed, population mechanisms are, by definition, s
posed strong enough so that all levels of the superconfig

tion UP4J8
n8 are populated proportionally to the Boltzman

factor. At lower density, when LTE does not hold, the em
ting levels are generally populated by direct excitation fro

ground states. However, as configurations withinUP4J8
n8 are

above and close to the ionization limit, they can also
strongly populated by capture and eventually they will dec
radiatively. In our plasma conditions~Ne>1022cm23, Te
about a few hundreds of eV! this entrance channel will no
be quenched by theDn50 collisional transition rates to

other configurations ofUP4J8
n8 , as the radiative decay rate

are approximately ten times higher.
n
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Thus, the capture to these autoionizing levels is a sign
cant population channel, even at the lower densities of
LPP, and the understructure is always large. On the o
hand, for the 3d-5 f dielectronic satellites SOSA’s, the uppe
levels cannot be populated by capture, as they are far
above the ionization limit~by around 600 eV, see Fig. 6!,
unless a much larger electron density can increase the
ture rates. The 3d-5 f arrays will present a large understru
ture when density is high enough to open this entrance ch

nel to the ‘‘levels’’ of theUP5J8
n8 superconfiguration. Such i

the case in our experiment. A schematic description of
different regimes is presented in Fig. 7.

V. ANALYSIS WITH THE STA CODE

We present here an LTE analysis of the whole spectru
Actually, LTE is not assumed to be completely in force, b
the concept of an ionization temperatureTZ that we have

FIG. 6. Energies of some Ta emitting levels~reproduced from
Ref. @6#!.
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introduced and demonstrated recently@21,22# indicates that
LTE population distributions at someTZ can reasonably wel
reproduce the real distribution, specially when not too
from LTE. Describing the population equilibrium among e
cited levels with an ionization temperature is all the mo
valid because the density is larger than in ns-LPP, and s
the likely photon reabsorption. The importance of the und
structure is also an indication of possible ‘‘partial-LTE
conditions, at least at some ionization temperature wh
may differ from the actual temperature. Furthermore,
tailed collisional-radiative calculations performed in the ca
of germanium have shown that the excited-level populati
are close to a ‘‘LTE atTz’’ description, when the coupling to
the next ionization stage~through capture and autoioniza
tion! is large@23#, which we have already emphasized.

The relative intensities of the arrays indicate that the m
abundant ionic species are Zn-like to Ge-like ions, wh
means an average charge state^Z& in the range of 40–43. An
electron densityNe51022cm23 ~which corresponds to a bul
density ofr50.07– 0.075 g/cm3! is a good first guess from
the expected hydrodynamic conditions of ps-LPP. In L
conditions, this corresponds to an electronic temperatur
270610 eV, computed with a crude hydrogenic model,
300620 eV computed with the STA model~see Fig. 8!. It is
noteworthy that the interpretation with the coronal equil
rium model yields a temperature of 9006100 eV, and an

FIG. 7. Schematic population mechanisms, plain and sha
arrows stand for collisional and radiative transitions, respectiv
The thickness of the lines indicates approximately the importa
of each process:~a! at low density andn>5, direct excitation of
optical levelso from ground levelsg; ~b! high density or 3d-4 f
array: capture from ionized levelsi to doubly exciteddx. dx levels
add an entrance channel;~c! at much higher density, collisiona
transitions ensure partial LTE amongi, dx, and o levels. In this
case, radiative transitions do not contribute much to the pop
tions.
r
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optically thin non-LTE model~the mixed model@24#! gives
5006100 eV. In summary, we can say that 290 eV is a go
first guess for the ionization temperature at this assumed
sity. However, it is well known@25# that in LTE, ^Z& for a
given element is proportional toT3/2/Ni exp@2x(z)/kT#—
wherex(z) is the ionization potential of ionz, andNi is the
ion density. In the present case, the temperature isTZ but the
argument is still valid. Therefore, on the basis of^Z& only,
the temperature could vary fromTZ5235 eV for r
50.008 g/cm23 to TZ5380 eV forr50.8. This dependence
is exemplified in Fig. 8. We will follow the accepted practic
of assuming that the density has the value given by the si
lation, i.e., Ne51022cm23. As noted above~Sec. III!, this
value would also be obtained in the framework of intra-Sta
theory @20#.

M-shell spectroscopy implies too numerous lines, or ev
unresolved transition arrays~UTA’s!, to allow complete de-
tailed spectrum reconstruction, especially far from coro
equilibrium conditions. Thus, the approach of the supertr
sition arrays, introduced recently@17# is relevant. The STA
approach extends the principle of UTA to superconfigu
tions, taking advantage of LTE populations through comp
tations of various partition functions. The computations a

d
.
e

a-

FIG. 8. Ta average charge state^Z& computed using a simple
hydrogenic LTE model at electronic densities from 1021 cm23 to
1023 cm23 and using the STA model atr50.08 g/cm3.

FIG. 9. STA synthetic spectra for 3d-5 f arrays at r
50.08 g/cm3 and different temperatures. Vertical scale varies b
tween curves.
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806 PRE 61M. BUSQUETet al.
done in j-j coupling with a correction for interaction of th
relativistic sub-configurations@8#, so the supertransition ar
rays are actually superpositions of SOSA’s. In Fig. 9, we p
synthetic spectra at different temperatures for the same
density ofr50.08 g/cm3. The position of the blue edge o
the array is directly related to the effective temperature,
could be considered a diagnostic of the plasma condition
good fit of the observed spectrum is obtained for a temp
ture of 29565 eV, not only regarding the position of thi
blue edge, but also for the global shape and for the inten
ratio of the resonant lines to the understructure.

As seen in Fig. 10, where the 3d-5 f , 3p-4d, 3d-4 f , and
3d-4p arrays are presented, the same conditions~r
50.08 g/cm3, TZ5295 eV! give good agreement for th
shape of the structures of the whole spectrum. In cont
with the study of Goldsteinet al. @14#, we do not need to
assume a contribution of x-ray emission from different
gions with different temperatures.

VI. REFINED ANALYSIS OF THE 3 d-4f ARRAYS

In a small range of wave numbers, it is possible to anal
the spectrum in more detail. Indeed, in such plasmas,
emission of seven or eight different ionic species can
observed, and the resulting spectra are very complex. Su
study has already been done for interpreting a ns-LPP s

FIG. 10. Experimental spectrum compared with STA synthe
spectrum, for the total observed spectral range atr50.08 g/cm3 and
Te5295 eV. The vertical scale is multiplied by 4 and 6 for 3p-4d
and 3d-5 f arrays, respectively. The experimental spectrum
shifted upwards for clarity.
t
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trum ~see Ref.@6#!. Now, using improved computer code
thousands of transition arrays can be introduced in the
culation, and the broad understructure under the 3d-4 f ar-

FIG. 11. Synthetic spectra built from 6924 UTA’s from seve
charge states,~a! Te5300 eV,Ne51022 cm23 and LTE charge dis-
tribution, ~b! with a fitted distribution, which is wider and leads t
an average value ofZ lower than the LTE predicted value. Th
individual contribution of each ion stage is plotted. The transitio
5/2-7/2 correspond to the primed ion names.

c
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ra
FIG. 12. Comparison of the synthetic spect
of Fig. 11~b! to the experimental spectrum.
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PRE 61 807ANALYSIS OF THE M -SHELL SPECTRA EMITTED BY . . .
rays can be modeled.
For each ion, we select a set of transitions by the follo

ing procedure. The lower configurations are taken among
the configurations having an average energy value~with re-
spect to their respective ground state! lower than a certain
limit. We set this limit to 2100 eV, as the Boltzmann fact
exp(2E/TZ) yields a negligible population (,1023) above
this limit. The corresponding upper transitions are dedu
by promoting one 3d electron to a 4f electron.

Each 3dN-3dN214 f transition array is composed of a fe
hundreds to a few thousand individual lines. This num
grows and becomes huge when 2, 3, or 4 spectator elec
are added. For this reason, we used the unresolved trans
array ~UTA! formalism @5#. Moreover, in the highly-ionized
tantalum spectra, the spin-orbit parameters are large eno
for splitting each transition array in two peaks or subarra
~SOSA!.

~i! 3dN~1spect. el.!23dN214 f 5/2~1spect. el.!,
~ii ! 3dN~1spect. el.!23dN214 f 7/2~1spect. el.!, having

the larger wavelength.
Each subarray is represented by a Gaussian profile, w

mean wavelength, FWHM, and total strength are obtai
using compact formulas involving Slater and spin-orbit
dial integrals@7#. These integrals are computed by means
the RELAC code@19#. Because the interaction between re
tivistic subconfigurations is taken into account@8#, peak~i!
~named 3/2-5/2! is stronger than peak~ii ! ~named 5/2-7/2!.

Assuming partial LTE between the populations of the u
per configurations of each ion, each SOSA is weighted
the Boltzmann factor. We introduce seven charge sta
from Cu-like to Br-like ions, to build the spectra shown
Fig. 11. The summation of the two SOSA components
sults in two broad bands, mostly from 5.9 to 6.1 Å for t

FIG. 13. Comparison of the fitted charge distribution with d
tributions given by the STA model at different temperatures.
b
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3/2-5/2 arrays, and from 6.1 to 6.4 Å for the 5/2-7/2 arra
We first started by using an LTE ion distribution at 300 e
@Fig. 11 ~a!#. Trying to improve the fit, we varied the tem
perature. It was found that the experimental ratio of the
tensities of these two bands cannot be reproduced by an
distribution at any temperature. However, it happens that
average wavelengths of the Se- and Br-like 3/2-5/2 arr
nearly coincide with the Zn- and Ga-like 5/2-7/2 arrays@Fig.
1~b!#. Thus, a better agreement is obtained for the g
around 6.15 Å and for the relative intensity of the two ban
~see Fig. 12! with a widened and shifted ion distributio
~compared to different LTE distributions in Fig. 13!. The
resulting averagêZ& is shifted from 41.4 to 40.4, with an
rms deviationDZ51.75, instead of 1.5 with STA. The mai
difference comes for the less abundant ionization stag
Thus, the detailed computations of UTA’s allows in this ca
to detect fine non-LTE effects. It shows that the width of t
ion distribution can be a relevant parameter to characte
non-LTE effects, in addition to the average^Z&.

VII. CONCLUSION

The M-shell spectrum of ps-LPP Ta has been record
and shows a distinctive feature of a large understructure
low the 3d-5 f arrays, in contrast with ns-LPP. Some ten
tive interpretation is proposed by analysis of the populat
mechanisms. Not only the 3d-5 f spectrum, but the whole
spectrum including severalM-shell transitions are succes
fully reproduced with a fair agreement by an LTE calculati
at one temperature~T529565 eV, for a density ofr
50.08 g/cm3!, using the STA code, which includes subco
figuration mixing. This temperature has to be understood
an ionization temperature and the actual electronic temp
ture is probably larger. A fit to the spectrum has also be
obtained by a detailed reconstruction with a large set
SOSA’s, and an LTE population distribution atTe
5300 eV. However, a better agreement can be obtained
increasing the populations of the less abundant ionic spec
This shows that this particular spectrum is very sensitive
departure from Saha ionization distribution. It also shows
interest of measuring the width of the ion distribution, a p
rameter that has been largely overlooked.

Our modeling was relatively simple, but the agreeme
with experiment is good. The interpretation of the spec
gives some confidence that we have recorded x-ray spe
from high density plasmas, and shows that ps-LPP ar
powerful tool to study dense matter.
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