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154 N. Kontogiannopoulos et al. | High Energy Density Physics 3 (2007) [49—155
40 theoretical transmission is in agreement with the narrow ab-
1 sorption feature of the 2p—3s transitions between 70 and
35 i e : ;
| 75 A: however, a large deviation is observed in the absorption
304 feature of the 2p—3d transitions in the range 58—70 A
1 We note that the ZnS matter density used for the calcula-
25 tions is a first approximation. Calculations with SCO showed
g ”_' that the zinc transmission spectrum is sensitive to the density.
= This dependence affects the absorption and could explain the
15 observed deviations of the absolute value of the transmission.
1 Further, and more interestingly, the matter density affects the
104 shape of the transmission spectra, in particular as concerns
s the Zn®" 3d—5f transitions. This needs further analysis. The
] deviation for sulfur around 60 A is probably due to the lower
04— experimental accuracy at low wavelengths. Further analysis
00

time (ns)

Fig. 7. Multi-simulation results of the temperature time evolution of 20 uga'cm:
ZnS foil tamped with 8 pg/fem” carbon foils on both sides, at three interfaces
covering the plasma spatial expansion. Dashed line: right carbon/Zn$ inter-
face. Full line: Interface at the center of ZnS, Dotted line: left carbon/ZnS
interface.

radiation emitted at the back side of a gold foil, rather than
using a Planckian driver.

The electron temperature time evolution of Zn§ is given in
Fig. 7. During the probing pulse, the temperature variation of
each cell (ZnS center cell and C/ZnS interfaces) is about 5 eV.
The electron temperature and the matter density as a function
of the Lagrangian mass at three times corresponding to the
rising half-maximum (1.2 ns), the maximum (1.4 ns) and the
falling half-maximum (1.7 ns) of the probing pulse are given
in Fig. 8. According to Fig. 8(a), the temperature spatial
gradients are initially 17—20eV at 1.2 ns and smooth out as
time evolves to 14—16eV at 1.4 ns and 13—14 eV at 1.7 ns.
That is, MULTI predicts that the temperature gradients are
mainly due to the time evolution. Further, in Fig. 8(b). the
matter density presents a spatial variation of 4—5 mg/cm® at
1.2ns, of 3—4 mg/em® at 1.4 ns, and of 2.5-3 mg/em® at
1.7 ns, respectively.

The results calculated by MULTT have been post-processed
with SCO to determine the transmission as was done for Al
case. As a first approximation, the calculations were per-
formed using a constant matter density of 2.5 mg/em® for
Zn$ and of 1 mg/cm?® for carbon, respectively.

The theoretical results are compared to the measured trans-
mission in Fig. 9, where good agreement between the two is
found in the range 84—120 A, corresponding to the 3d—4f
transitions of Zn®"—Zn®*", However, there is a difference in
the range 76—84 A. In particular, the measured transmission
has an absorption feature around 80 A that does not appear
in the theoretical transmission. Identification of supertransi-
tions arrays with SCO shows that this feature could correspond
to the Zn** 3d—5f transitions. For these conditions the theory
seems to follow only the weak narrow structure in the range
84—90 A, which correspond to the 3d—4f transitions of
Zn®". For the absorption of the sulfur ions $°"—S8°7, the
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using HULLAC is needed to clarify this situation for the trans-
mission [21].

{a} |‘ 8 ug.fcm’C_L 20 pg/em?® ZnS ‘_L 8 ng{cm’Chl
i < e o |
¥ | [ErEes rising half-maximum (t = 1.7 ns)
24 4 maximum (t = 1.43 ns)
224 0 lezo=- falling half-maximum (t= 1.72 ns
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L} T
0 5 10 15 20 25 30 35
lagrangian mass (uglem®)

(b)oo1

m
=3

density (g/em®)

1E-4

T T
0 5 10 15 20 26 30 35
lagrangian mass (ug/cm®)

Fig. 8. Lagrangian representation of plasma hydrodynamic parameters. (a)
Electron temperature and (b) density at the rising half-maximum (1.2 ns), at
the maximum (1.4 ns) and at the falling half-maximum (1.7 ns) of the probing
pulse.
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Fig. 9. Comparison of the experimental transmission (thin dashed line) with
the averaged tansmission caleulated with the SCO code (thick full line).
The density and the electron temperature are calculated with MULTIL. The
time evolution gradients are included calculating separately the transmissions
given by the spatial pradients distributions at three times and taking their
average. (Reliable measured range is 55—125 A))

5. Conclusions

The time resolved XUV absorption spectra of ZnS and Al
foils heated by the thermal radiation of a gold cavity have
been measured. Analysis of the Al absorption spectra with
HULLAC post-processing the hydrodynamic  output  of
MULTI, showed that the Planckian equivalent temperatures
of the radiative flux heating the absorption foil was in the
range of 3560 eV. Based on this estimate of the cavity heat-
ing conditions, the Zn$ foil hydrodynamic expansion was
simulated with MULTIL. The results were used by SCO to
calculate the transmission spectra of ZnS. Comparison
showed the dominance of the 3d—Af transitions of Zn®*
and Zn'" ions. Also, spectral features corresponding to the
3d—4f and 3d—5f transitions of Zn®" were identified. The
deviations of the theoretical transmission in the range cor-
responding to Zn®* 3d—5f transitions suggests a correlation
between the matter density and the occurrence of the transi-
tions, an interesting point which needs further exploration.
For sulfur, the 2p—3s transitions of §7—8% jons have
been identified. The observed deviation between experiment
and theory in the range corresponding to the 2p—3d transi-
tions will be further analyzed with the detailed code
HULLAC.
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