
4

FIG. 4: (Color online) (a) Raw ccd image for a 500 mbar Ar
gas fill (678J laser energy) showing the fluorescence created
in the Ar gas. A shadow region is evident between the region
where the Ar is viewed and the region where plasma from
the expanding laser-driven plasma can be visible as it moves
away from the gas cell window. In (b) the following shot at
the same Ar gas pressure (787J laser energy) has the 218nm
Sn layer replaced with 186nm Al and we can see that there
is a dramatic drop in the emission of Ar K-↵ and virtual
disappearance of K-� emission. The calibration scale is the
same for both images.

simplified model. The model assumes that the fluores-
cence and Auger decay of ions with an inner shell va-
cancy occurs e↵ectively instantaneously compared to the
timescale of the experiment. The electron temperature
is fixed by energy balance between the absorbed energy
from photo-ionisation, the energy lost to radiative re-
combination, K-↵ emission and bremsstrahlung (see e.g.
[15]) and the energy contained in the plasma due to ion-
isation and electron temperature. In the model results
presented, we assume time-dependence in the ion-stage
populations using just ground states. In figure 7 we can
see the predicted rise in electron temperature as well as
the emission history of K-↵ radiation from various ion
stages. It is clear that the bulk emission occurs at the
peak of the radiative flux, as we might expect and that
the system is evolving as the emission occurs. As with
the Auger and fluorescence timescales, we assume rapid
thermalisation between electrons, which for an electron
density of 1018cm�3 and temperature of 20eV would be
of sub-ps order for Z*=3 [16]. We can note that the av-
erage ionisation shown in this model is lower than seen
experimentally. Initially it may be supposed that this
might be due to the lack of excited states which can pro-
vide enhanced ionisation rates by step-wise ionisation.
We have attempted to estimate this e↵ect by by running
a modified code with up to 20 excited states for each ion
stage (taken from the NIST data base e.g. [17–19]). In a
simple approximation we assumed they were populated
by simple Boltzmann factor, which is equivalent to as-
suming LTE for these excited states. The population for
the excited states is then used to modify the ionisation
rates. We found this simple treatment of excited states in
general predicted a similar temperature history, peaking
slightly lower at 15eV due to more energy going into in-
ternal excitation. The average ionisation was within 5%
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FIG. 5: (Color online) (a) Line-out from a shot with a 50 mbar
gas fill showing the spectrum both close to the source at z=0.5
mm, (orange curve with black diamonds) and far away at
z=5.66 mm (blue curve). The energy on target was 749J (b)
Line-out for shot with 152 mbar gas fill and 748J energy. In
this case we show the spectrum at z=0.5mm (orange curve) as
well as a Cloudy simulation (dashed curve). In both cases, we
have marked the positions of expected K-↵ lines from di↵erent
ion stages.

of the model without excited states. More importantly,
the predicted spectra were almost identical in both cases.
We present the version without excited states here as the
excited state model, though it behaves well at later time,
shows some numerical instability in the electron temper-
ature at times earlier than 1ns. This simple model is not
in good agreement with the spectral output of the exper-
iment and there are several potential reasons, the lack
of detailed collisional-radiative modelling and line trans-
fer/opacity e↵ects for example. However, it serves to
show the time evolution of the plasma, indicating that we
are not in a steady state. In future a more sophisticated
model including time dependent collisional-radiative bal-
ance of excited states and line transfer can be developed.
We can also note that results of the code are quite sensi-
tive to the inclusion of a lower energy photon group and
more sophisticated experimental arrangements to mea-
sure this carefully are expected for future experiments.

Because of the relevance of photo-ionised plasmas to
astrophysics, we have also used a well known code from
the astrophysics community to model the experiment. In
figure 5 we can also see in part (b) a simulation of the


