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We have developed an experimental platform to generate radiatively heated solid density samples for warm
dense matter studies at the OMEGA laser facility. Cylindrical samples of boron and beryllium are isochorically
heated by K- and L-shell emission from x-ray converter foils wrapped around the cylinders’ radii. X-ray
Thomson scattering (XRTS) measures the temperature and the ionization state of the samples as function of
time. Temperatures approach 10 eV, and the ionization states are found to be ZB = 3 and ZBe = 2. Radiation
hydrodynamics simulations were performed to confirm a homogeneous plasma state exists in the center of the
sample for the duration of the experiment. Results from the study can be extended to improve understanding of
radiative heating processes in the warm dense matter regime.
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I. INTRODUCTION

Warm dense matter (WDM) is an area of active theoretical
and experimental investigation due to its relevance to plane-
tary interiors [1], brown dwarfs [2], and inertial confinement
fusion research [3–11]. WDM is nominally defined as matter
with a coupling parameter of � ∼ 1, i.e., the Coulomb energy
is on the same order as the thermal energy [12]. This regime
corresponds with near solid densities and temperatures on
order of the Fermi temperature, and typically consists of
partially ionized atoms. This range of densities, temperatures,
and ionization states presents significant challenges to theory
and modeling, as quantum and coupling effects cannot be
treated as perturbations and the standard simplifying approx-
imations that are often made in plasma or condensed matter
physics cannot be applied.

The heating of matter by x-ray radiation plays an important
role in a range of WDM experiments, as well as in high-energy
density research [13–15], experiments that pursue inertial
confinement fusion [16], and astrophysical processes [17–19].
For example, x-ray heating is used to generate uniform and
controlled WDM conditions for ion stopping power mea-
surements on beryllium, as seen in recent experiments [20]
on the OMEGA Laser [21]. These experiments relied on
simulations of plasma conditions to interpret the experimental
results; electron density, electron temperature, and fractional
ionization all affect how charged particles deposit their energy
and are particularly challenging to model in the WDM regime
[20,22]. Having a means of measuring these conditions could
greatly improve the inferences made from ion stopping power
experiments in WDM plasmas.

X-ray Thomson scattering (XRTS) has emerged as an
experimental technique to probe the complicated physics of
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WDM [4,23–27] as it offers the ability to measure plasma
conditions such as electron density, electron temperature, and
ionization state [28]. In an XRTS measurement, a narrow-
bandwidth x-ray source impinges on a plasma and scatters into
a spectrometer at a desired scattering angle. The spectrum of
inelastically scattered x-rays reflects the electron velocity dis-
tribution and thus the electron temperature, electron density,
or both, as x-rays scatter inelastically from free and loosely
bound electrons. The elastic component of the scattering
spectrum arises from x-rays that scatter from tightly bound
electrons. The ratio of the areas under the elastic and inelastic
components reflects the ratio of free or bound electrons and
thus the ionization state [28].

Because XRTS directly measures the plasma conditions,
it offers an ideal tool to examine modeling uncertainties of
x-ray heating in the WDM regime. Here, XRTS is particularly
powerful because the mass density is known a priori and the
XRTS spectra can be used to deduce electron temperature and
ionization state. In fact, several experiments on the OMEGA
laser have demonstrated the use of XRTS in radiatively heated
material [23,29]. These experiments returned the time dynam-
ics as well benchmarking data for ionization models in high
energy density plasmas. However, direct measurements of the
conditions in radiatively heated plasmas are sparse and more
experiments are needed to constrain predictive models.

In addition, the interpretation of XRTS spectra from the
nonuniform, inhomogeneous plasmas formed in complex ex-
perimental geometries relies on accurate modeling of how
x- rays scatter from plasma electrons [30,31]. This includes
modeling of atomic form factors, structure factors [32,33],
screening contributions [34], and the physics of the electrons
that undergo Raman-like transitions to the continuum [4].
There has been limited experimental data available from uni-
form conditions to validate the many models used in interpret-
ing XRTS data. Indeed, recent XRTS work has come under
criticism due to the inconsistent models used in conjunction
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FIG. 1. (a) A schematic of the target geometry, laser configurations, and scattering k-vectors. (b) A photograph of the boron target. (c) Two
images of raw data. The top image shows the spectrometer calibration spectrum from a brass foil with the Zn He-α doublet at 8.97 keV in the
center of the strip, as well as Cu He-α at 8.37 keV and Cu He-β at 9.87 keV. The bottom picture shows XRTS data from a B sample on the
same energy scale as the calibration shot. The elastic scattering feature appears on the right side and the Compton (inelastic) scattering feature
is on the left. In both spectra, the photon energy increases from left to right.

for the inelastic and elastic scattering features to interpret
plasma properties [35]. Radiatively heated solids provide an
opportunity to utilize a known mass density and heating rate to
create relatively uniform conditions to benchmark modeling
of XRTS spectra.

In the following sections, we present XRTS measurements
from isochorically heated boron (B) and beryllium (Be) on
the OMEGA Laser. The boron and beryllium samples are
radiatively heated by x-rays generated from the laser-heated
x-ray converter foils of Cr and Ag, respectively. We analyze
the results to obtain electron temperature and ionization state
as a function of time, and compare the predicted results with
radiation hydrodynamics simulations of radiative heating. The
results from this platform show the power of XRTS to measure
time-resolved plasma conditions in radiatively heated WDM.
Finally, we offer a path forward of how to improve the mea-
surements and reach more extreme conditions in the samples.

II. OVERVIEW OF EXPERIMENTAL SETUP
AND RESULTS

We begin by presenting an overview of the experiment
used to collect XRTS data from radiatively heated warm dense
matter.

Figure 1(a) shows a schematic of the target geometry, along
with the laser configurations and scattering k-vectors. The
cylindrical sample is a (500 ± 100) − μm-long cylinder with
an 860 − μm diameter. A (2 ± 1) − μm-thick x-ray converter
foil coats the outer radius of the cylinder. A high-Z material
shielding cone with an opening angle of 120◦ abuts one end of
the cylinder and serves to block the spectrometer’s direct line-
of-sight to the Zn backlighter foils that are glued to the sides
of the cone. The cone contains a 400-μm-diameter aperture
at its tip to allow x-rays scattered by the sample through to
the spectrometer, as seen in Fig. 1. In the first experimental

iteration, the shielding cone was made of 75-μm-thick Au,
coated with 10 μm of CH plastic to prevent the Au from
becoming heated by hot electrons or direct laser irradiation.
The appearance of Au line emission around the scattering
spectrum prompted the use of a different scattering cone
design for subsequent experiments, which used a 3D printed
plastic cone encased with 70-μm-thick Ta foils.

Twenty-four to 26 laser beams heat the x-ray converter foil
wrapped around the sample, each providing 500 J at 351 nm
in a 1-ns square pulse, as seen in the upper left-hand corner
of Fig. 1 (indicated as “heater” beams). The beams were set
to best focus without phase plates and were arranged evenly
over the surface of the cylinder. Chromium is used as the
converter foil material for the boron samples and converts
the laser energy to chromium K-shell line emission, which
ranges between 5.4 and 5.9 keV in energy. Silver is used
to heat the beryllium sample and heats the samples through
silver L-shell emission, ranging from 3.6–4.2 keV. Six to 10
laser beams heat the Zn foils, beginning at 1.2 ns, around
the time the inner-cylinder is expected to reach its maximum
temperature (indicated as “probe” beams in the upper left of
Fig. 1). The 9 keV Zn He-α x-rays that scatter from the sample
are collected by the spectrometer, ZSPEC. ZSPEC is a Bragg
crystal spectrometer that consists of a 50 × 25 mm highly ori-
ented pyrolytic graphite (HOPG) crystal placed equidistantly
from a four-strip microchannel plate (MCP). Each strip is
time gated and integrates over 180 ps. The axis of the sample
cylinder is aligned with the ZSPEC’s line-of-sight. The 400-
μm aperture in the shielding cone restricts the view of the
ZSPEC to the central 500-μm diameter of the cylindrical
sample.

The cylinder consists either of solid density beryllium or
solid density boron. In both cases, the sample’s mass density
and purity was characterized by the manufacturer, Goodfel-
low. The beryllium was characterized to be more than 99.0%
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FIG. 2. A plot of 1D hydrodynamics simulations of boron mass
density versus radius and time. The white box indicates the implosion
times and region of the cylinder probed by our XRTS measurements.
The simulations indicate that XRTS measurements are made before
the shock front reaches the region of the cylinder that is probed by
x-rays.

pure, with a density of 1.858 g cm−3. The impurities that
appear in the highest concentrations are oxygen (at 0.4 atomic
percent) due to oxidation of the outer layers, iron (0.07 at.%),
and carbon (0.07 at.%); these impurity concentrations are not
predicted to affect scattering signals [36]. The boron plugs
were also characterized to be more than 99% pure, with a mass
density of 2.36 g cm−3.

We collected several time-resolved XRTS spectra from the
boron cylinders. The first spectra were taken at 1.5 ns, which
was after x-ray backgrounds generated by the interaction
of the heater beams with the converter foil began to abate.
The latest measurements were taken until 2.0 ns, which was
before the shock was expected to come into view of the
spectrometer through the aperture in the shielding cone. Data
from the beryllium cylinders was limited to a single scattering
spectrum at 1.6 ns due to Au x-ray backgrounds from the
shielding cone.

III. RADIATION HYDRODYNAMICS SIMULATIONS

We performed 1D radiation hydrodynamics simulations
using the simulation code Helios [37] to verify that XRTS
measurements were made before the shock front reached
the region of the cylinder visible to the spectrometer, i.e.,
under isochoric conditions, and to obtain predictions for the
effects of radiative heating on the samples. The simulations
assume a 1-ns square pulse laser drive based on the mea-
sured shape of the OMEGA laser and use an average in-
tensity based on number of lasers incident on the surface.
We choose to show simulations performed on boron in this
section, but the simulations for beryllium are qualitatively
similar.

Figure 2 shows the simulated mass density profiles of the
boron cylinder versus time. The heater laser drive was mea-
sured to be 13 TW at its peak, which correlates with a laser

FIG. 3. 1D radiation hydrodynamics simulations of boron elec-
tron temperature versus radius and time. The dashed black box
indicates the probed volume and time range measured by XRTS. The
simulations show that we expect temperatures to remain relatively
constant after the laser drive turns off.

intensity of I0 = 1070 TW cm−2 on the cylindrical surface.1

The region that is visible by the spectrometer through the
aperture in the shielding cone is indicated by the dashed white
box, as well as the times that XRTS spectra were measured.
The outer edge of the cylinder and the shock front are labeled.
As Fig. 2 shows, the shock wave does not reach the region
that is visible by the spectrometer until after 2.5 ns, increasing
certainty in the fact that these measurements were made under
isochoric conditions.

We then tuned the output of the simulations to match
the temperatures that were measured by XRTS, as will be
discussed in Sec. V, by changing the strength of the laser
drive. The simulations reproduced the measured tempera-
tures when the laser drive power decreased to 0.31I0 =
330 TW cm−2. Figure 3 shows the simulated electron tem-
perature versus radius and time for the case of the lower
laser drive. The simulations predict that the temperature of
the sample is expected to stay relatively constant at ∼ 9 eV
within the times and volume probed by XRTS.

We now describe the methods used to analyze the spectra
before showing the results of the analysis.

IV. XRTS THEORY AND PREVIOUS WORK

To perform a full analysis of the collected spectra, we
present theory relevant to x-rays scattering from plasma
electrons.

In an XRTS experiment, x-rays scatter into the full solid
angle as a result of interactions with electrons in the plasma.
The scattered power per frequency and per solid angle can be

1The simulation code Helios requires a laser intensity in the units
of TW cm−1, which translates as the areal intensity multiplied by the
diameter of the cylinder.
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written as [28]

d2P

d�dω
= r2
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NI0S(k, ω), (1)

where P is the scattered power, r0 is the classical electron
radius, θ is the scattering angle, N is the number of scatterers,
and I0 is the intensity incident on the target. The term includ-
ing cos2θ describes polarization dependence of unpolarized
light. h̄ω = h̄(ωi − ωs ) is the change in the photon’s energy
where ωi and ωs are the frequencies of the incident and the
scattered photons, respectively. k denotes the magnitude of
the wave vector momentum transfer during the scattering and
is determined by the scattering angle and incident frequency,
by k = 2

c
ωi sin θ/2.

The oft-applied Chihara decomposition [38,39] describes
the total dynamic structure factor, S(k, ω), as

S(k, ω) = |f (k) + q(k)|2Sii (k, ω) + Zf See(k, ω)

+Zb

∫
Sbe(k, ω − ω′)Ss (k, ω′)dω′, (2)

where h̄ω is the energy transferred from the electron by
Compton scattering, f (k) is the ionic form factor, q(k) is
the electronic screening cloud contribution, Sii is the ion
density correlation function, Zf is the ionization state, See

is the free-free dynamic structure factor, Zb is the bound
charge per atom, Sbe is the form factor of bound electrons
undergoing Raman-like transitions to the continuum, which is
modulated by the self-motion of the ions, Ss . The three terms
represent the contributions from bound-bound, free-free, and
bound-free scattering, respectively [38,39].

The literature contains many examples in which the inelas-
tic scattering feature is compared with theoretically generated
fits to infer plasma properties such as electron density and
temperature [4,23,24,26]. While the modeling behind the free-
free scattering feature is thought to be well understood, the
shape and scaling of the bound-free term can differ with dif-
ferent theoretical treatments [39,43–47]. The bound-free term
is often modeled using the impulse approximation, which is
known to be a reasonable approximation for the case of k →
∞ [28]. However, there remains uncertainty as to the proper
scaling of the bound-free feature with respect to other features
in the spectrum [43–45]. Because of such uncertainties, some
recent work seeks to interpret scattering spectra outside of the
Chihara decomposition, with methods like density functional
theory [9,35,48]. For the case of these data, different methods
of scaling the bound-free feature had little impact on the
inferred temperature and is contained in the error bars.

More recent work in XRTS focuses on the information
found in the elastic scattering feature; various authors use
the strength of the elastic scattering feature to deduce plasma
properties, such as the ion structure factor [32], the ioniza-
tion state [4,5,30,36,49,50], or the screening properties [34].
The values of f (k), q(k), and Sii (k, ω) all depend on the
magnitude of the scattering vector, k, which depends on the
frequency of incident radiation, ωi , and the scattering angle,
θ . The ionic form factor, f (k), is calculated by the Fourier
transform of bound electrons around an ion species. The
contribution from the electron screening cloud, q(k), arises
from the response of the free electrons to the ions, and is found

FIG. 4. (a) The boron ion structure factor versus k for solid
density (2.36 g cm−3), 10 eV boron with ZB = 3.0, as calculated by
several models available in the MCSS code [40,41]: Debye-Hückel
[42], effective-Coulomb, and finite-wavelength screening [34]. (b) A
plot of the B screening cloud contribution versus k as calculated by
several models available for the electron-ion potential in the MCSS
code [40,41]: effective-Coulomb, the hard empty core, and the soft
empty core. In both cases, the experimental k-value of the experiment

(7.9 Å
−1

) is noted by the dashed vertical line. The ion structure
factor converges to 1 and the screening cloud converges to 0 at
the experimental k-value for all models considered. This increases
confidence in the modeling of elastic scattering for this scattering
geometry.

to be best modeled by a finite wavelength screening method
[5,34]. The Sii (k) can be modeled with several different
potentials, including Debye-Hückel [42], Coulomb, and finite
wavelength. However, the Debye-Hückel potential is known
to provide the best approximation in the case of partially
ionized, moderate density, and low-Z plasmas [34].

Because f (k), q(k), and Sii all contribute to elastic scat-
tering signal strength, inferring properties like ionization from
elastic scattering relies on accurate modeling of these features.
It is possible to take measurements at high k-values in which
q(k) and Sii approach their limiting values of 0 and 1, respec-
tively. In that case, the values of Sii and q become insensitive
to model choice, which increases certainty in the measurement
of f (k) and thus the measurement of the ionization state.
Figure 4 shows both q and Sii as calculated by different
models for the screening cloud and the static structure factor
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FIG. 5. Left: a χ 2 map versus electron temperature and B ionization state. 1σ confidence intervals are marked by the white dashed
curve. The best fit is found at a temperature of Te = 8.6+2.7

−3.1 eV with ZB < 3.1. Right: an illustration of ionization sensitivity (top right)
and temperature sensitivity (bottom right) in the fitting. Both plots show the data and the best fit, as well as one or two other modeled spectra
that vary ionization and electron temperature, respectively.

for solid-density boron at 10 eV. It is worth noting that the
results here are effectively temperature independent within
the WDM regime. The dashed vertical line marks the k-value

of the experiment, 7.9 Å
−1

. Figure 4 shows that the values
of Sii and q are model independent given the experimental
geometry and energy of the probe source. By taking scattering
measurements at such high k-values, we can be confident of
the modeling of the elastic scattering and provide measure-
ments of quantities that depend on the elastic scattering signal
strength, like ionization states, with higher certainty.

V. DATA ANALYSIS AND DISCUSSION

We collected time-resolved XRTS measurements from
boron cylinders and one measurement from a beryllium cylin-
der. To measure the plasma conditions, we compare the XRTS
data to theoretically generated fits, using a χ2 fitting method.
Because the mass density is known a priori, only the electron
temperature and ionization states remain to be identified by
fitting synthetic scattering spectra to the measured data.

The raw data was processed to extract the spectra used
in fitting. We subtracted a background to account for the
emission from the still-warm x-ray converter foil; different
background subtraction procedures were tested and found
not to impact the temperature or ionization measurements.
Figure 5 shows one of the spectra measured from boron, at
(1.76 ± 0.20) ns. The right side of Fig. 5 shows the spec-
trum along with several theoretically-generated spectra that
vary with electron temperature (top right) and boron ioniza-

tion (bottom right). All fits assume a solid mass density of
2.36 g cm−3. The best fit is obtained with a temperature of
Te = 8.2+2.3

−2.2 eV. The measurement also suggests that ZB <

3.1; however, ionization states below ZB = 3.0 are considered
unphysical, as the boron L-shell is low enough in binding
energy such that no L-shell electrons can remain in bound
states at solid mass density. The left side of Fig. 5 shows the
χ -square map versus ZB and Te to illustrate the sensitivity of
the fits to fitting parameters, with the 1σ confidence contour
denoted by the dashed white curve.

Because boron is not expected to ionize into its K-shell
until it reaches temperatures above 30 eV and the data suggest
ionization states of ZB < 3.1, we set ZB = 3.0 and fit all
spectra for electron temperature to measure temperature as a
function of time. Figure 6 shows the measured temperatures
and associated fitting uncertainties, along with several sim-
ulated temperature-versus-time curves, each generated with
different incident laser intensities. As Fig. 6 shows, the inci-
dent laser intensity affects the maximum temperature reached
in the sample but does not affect the qualitative heating be-
havior; the temperature at the center of the cylinder increases
rapidly while the laser drive is on and remains steady after
the laser turns off, until the shock wave eventually reaches
the center. The measured temperatures from the spectra are
similar in value, which supports the heating trend observed in
the simulations; namely, that the temperatures in the cylinder
remain relatively constant after the laser drive turns off.

These measurements also demonstrate the power of this
platform to measure electron temperature and ionization
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FIG. 6. A comparison of the experimentally measured boron
electron temperatures versus time with predictions from 1D rad-
hydro simulations for several different incident laser intensities. The
nominal laser intensity, indicated by I0, was 1070 TW cm−2. The
power of the laser drive in the simulations had to be tuned to 0.31I0

match the measured temperatures, highlighting the importance of
measuring the plasma conditions in radiative heating experiments.

to benchmark models that predict the outcomes of radia-
tive heating. Figure 6 shows simulated temperature versus
time curves for laser intensities that range from 0.04I0 =
40 TW cm−2 to the nominal intensity, I0 = 1070 TW cm−2.
As Fig. 6 shows, simulations that use the nominal laser
intensity over-predict the temperature reached in the cylinder
by more than a factor of two and the best match with the
data occurs when the laser intensity is decreased to 0.31I0 =
330 TW cm−2. This could arise from modeling uncertainties
in several physical processes that govern radiative heating,
including the conversion efficiency of laser to x-ray energy,
uncertainty in the heater-foil thickness that could result in
more self-attenuation of the x-rays, 2D effects of heating
that result in colder regions near the ends of the cylinders,
uniformity of the laser drive on the cylinder, and the emission
spectrum of the converter foil.

The plot of temperature sensitivity in the bottom right of
Fig. 5 demonstrates that increasing the temperature of a fit
broadens the inelastic scattering peak, but has the primary
effect of increasing the height of the elastic scattering peak
relative to the inelastic peak (the spectra shown here are
normalized to the heights of the inelastic peaks, for illustrative
purposes). However, this effect is deceptive, as a change in
temperature alone does not change the number of photons
that scatter elastically for this scattering geometry. Rather,
an increase in temperature broadens the free-free feature of
the inelastic component of the spectrum which then adds
with the elastic scattering feature to give an appearance of
increased elastic scattering. Figure 7 shows the best fit to a
boron spectrum to demonstrate how the free-free, bound-free,
and elastic scattering features sum together to generate a full
scattering spectrum. The high energy side of the free-free
feature overlaps with the elastic scattering feature, so as the

FIG. 7. The best fit to the B data at 1.68 ns, along with the
individual contributions to the scattering spectrum. The blue wing
of the free-free feature overlaps with the elastic scattering feature.
Increased electron temperature broadens the free-free feature, which
then adds with the elastic scattering feature to give the appearance of
increased elastic scattering in the final spectrum.

temperature increases and the free-free feature broadens, the
unchanged elastic scattering feature and the broadened high
energy side of the free-free feature add together to give a taller
elastic peak. This results in a trade-off of fitting the spectrum
both for temperature and ionization. However, as the χ2 plot
shows, the ionization and temperature can still be bound by
fitting the complete spectrum.

We also measured and analyzed one spectrum from a
beryllium cylinder that was isochorically heated by a sil-
ver x-ray converter foil. Figure 8 shows the best fit to the
scattering spectrum, along with a χ2 map versus ionization
state and electron temperature. For the case of beryllium, the
best fit was found to be Te = 6 ± 5 eV and ZBe < 2.2. Here,
ionization states below ZB = 2.0 are considered unphysical.
The large error bars from this measurement resulted from a
high energy x-ray background generated by the Au shielding
cone, as well as a lower signal-to-noise ratio due to fewer
beams being used to generate the Zn x-ray source. The results
of the Be measurements prompted a redesign of the shielding
cone, as discussed in Sec. II, which significantly improved the
resolution of the measurements. Future measurements on Be
will take advantage of the optimized target design.

Measurements like the ones presented in this paper will
also benchmark simulations of XRTS spectra from ma-
terials at more extreme conditions. Recent literature con-
tains conflicting predictions about the ionic form factor, fk ,
in beryllium at high energy densities [51,52], which has
implications on the strength of elastic scattering and on
the inference of ionization states. Density-functional-theory
molecular-dynamics (DFT-MD) simulations for isochorically-
heated Be presented in Fig. 3 in Ref. [51] predict that fk

is reduced by almost a factor of 2 compared to the simpler
Hartree-Fock calculations. Similar simulations in Ref. [52]
(shown in the top panel of Fig 3. in Ref. [52]) show that
fk is more consistent with Hartree-Fock. The data in this
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FIG. 8. Left: a χ 2 map versus electron temperature and Be ionization state. 1σ confidence intervals are marked by the white dashed curve.
The best fit is found at a temperature of Te = 6+5

−5 eV with ZBe < 2.2. Right: an illustration of ionization sensitivity (top right) and temperature
sensitivity (bottom right) in the fitting. Both plots show the data and the best fit, as well as one or two other modeled spectra that vary ionization
and electron temperature, respectively.

paper arise from comparatively well-known conditions, as
the mass density is well-characterized and limited K-shell
ionization is predicted to occur. Our Be data shown in Fig. 8
have a ratio of elastic-to-inelastic scattering of 0.37 ± 0.04,
and are thus consistent with predictions from Ref. [3] and
Hartree-Fock calculations. The boron data show elastic to
inelastic scattering ratios of 0.54 ± 0.05. Only at much higher
densities of 10-times or more compression do we expect to
see a reduction in the ionic form factor. Such conditions can
and will be generated in capsule implosion experiments at
the National Ignition Facility [53,54], where the development
of an experimental platform for XRTS measurements that
uses the same scattering geometry (same scattering angle and
photon energy) as the measurements reported in this paper is
in progress [55].

VI. CONCLUSION

In this paper, we presented measurements of electron tem-
perature and ionization from radiatively heated warm dense
matter. The data were taken from a platform on the OMEGA
laser that uses laser-driven x-ray converter foils to heat solid-
density cylindrical samples. We performed a full analysis
of spectra from solid-density B and Be samples and fit the
spectra to obtain electron temperature and ionization. We
also made time-resolved measurements of the temperature
of the boron samples and compared the results to radiation
hydrodynamics simulations. We found that the simulations

over-predict the temperatures reached in the centers of the
cylinders.

This platform can be extended to understand better the
mechanism of radiative heating, as well as the properties of
warm dense matter. Systematic studies could be performed
to determine how parameters such as x-ray converter foil
thickness, x-ray converter foil material, laser drive-time, and
laser intensity affect the temperatures reached in the sample.
In addition, temperatures in the sample could be increased
to measure properties such as the onset of K-shell ioniza-
tion in warm dense matter. The radius of the cylinder could
be decreased to increase the sample temperature, or more
beams used to heat the x-ray converter foil. Future exper-
iments will further improve the error bars on the returned
plasma parameters by increasing the signal-to-noise ratio of
the measurement, presumably by adding more lasers to heat
the x-ray backlighter or by summing repeated measurements.
In addition, measurements at higher temperatures will be
more accurate as the width of the inelastic Compton feature
becomes more sensitive to electron temperature when the
temperature exceeds the Fermi temperature.

As it stands, the measurements presented in this paper
highlight the necessity of using an experimental technique
like XRTS to characterize the plasma conditions in radiatively
heated warm dense matter. Simulations performed with the
nominal laser intensity incident on the x-ray converter foil
over-predict the temperatures reached in the samples by more
than a factor of two; the laser intensity has to be decreased
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by nearly 70% to reproduce the measured values. The con-
clusions of previous experiments that relied on simulations to
predict the plasma conditions from radiative heating, such as
presented in Ref. [20], might need to be reconsidered. Future
experiments will benefit by implementing a technique like
XRTS to measure plasma conditions directly.
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