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Abstract

The behavior of materials heated by X rays to high energy density state is a

very interesting and active research ficld for application in inertial fusion, astrophysics and so
on. Some new experiments on X-ray-ablated CsHs samples were designed and performed on
Xingguaung one beam frequency-tripled Nd:glass laser facility. The ablation velocity and the
mass absorption coefficient of CsHs foam, and the self-cimission spectrum of CeHs foil were
experimentally obtained. The experiments and results are briefly described.
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1 Introduction

X-ray fluxes produced by high-power laser
irradiating high-Z targets can heat sample to a
high-enecrgy density matter. The characteristics
of these plasmas are very important in the field
of inertial fusion, astrophysics aud so on.

The X-ray fluxes can be obtained from the
recar side of high-Z foil or the cavity target
irradiated by high-power laser. According to
themselves condition and idea the experimen-
tal investigations of the characteristics of mat-
ter in hot dense had been performed based on
the two kinds of target in American, England,
Japan, Germany and so on.l'~% We have also
researched 1u this field for some years. The ra-
diation heat wave driven by the intense soft-
X-ray radiation in a cylindrical cavity, which
was heated by the intense laser pulse, was ob-
scrved on Shenguang Nd-glass two beams laser
facility.(19]

Recently we performed some new experi-
ments on one¢ beam frequency tripled Nd:glass
laser facility. Using the targets based on Au foil
and novel cavity-configuration, we primarily in-
vestigated the ablation and absorption proper-
ties of CgHg foarn sample and the self-emission
of CgHg foil, respectively. The foam matcrial
has been noticed in inertial confinement fusion.
First, the velocity of heat wave has been mea-
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sured with 0.53;an laser beam by Afshar-rad
method®). Then we performed tlie experiments
with 0.35u1n laser beam and measured the ab-
sorption spectrum of the foain in hot dense for
the first time. The experimental idea, methods
and basic results are briefly given in this paper.

2 Experimental

According to the condition of Xingguang
facility, our targets based on Au foil and novel
cavity-configuration are schematically shown in
Fig.1(a) and (b), respectively. As shown in
Fig.1 (a), the X-ray radiation from the rear side
of Au foil irradiated by the intense laser pulse
was used to ablate and heat the CgHg foarn sam-
ple. The thickness of Au foil is (1704:20) nm.
The CgHg foam is of 0.085g/cm® density and
about 20pm thickness. A supersonic heat wave
can be maintained in low density foam. By mnca-
suring the time-resolved spectrum of radiation
emitted from the rear of the sarnple, we can ob-
tain the ablation velocity. Measuring and coni-
paring the spectra of radiation emitted from
the rear of targets with and without sample,
we can primarily study the X-ray absorption
of the sainple in hot dense. Decfining the target
shown in Fig.1(a) as the model of basic gold foil,
the targets of the radiation-intensified model
and semi-sample configurations have also been
considered. Then a basic target-sample config-
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uration was designed to obscrve self-emission
as shown in Fig.1{b). The novel cavity target
which is ¢300um Au cylinder connected with
a semi-cylinder is designed. The CgHg sample
covered on the diagnostic hole of the wall of the
semi-cylinder is heated by the X-rays emitted
from the wall of the cylinder heated by intense
laser pulse. In order to observe the self-emission
of CgHg foil we designed a special geometry of
laser-beain-target-detector, with which the X-
ray produced on the wall of target will be not in
sight of detector, and the detector was directed
towards AB as shown in Fig.1(b). It means that
the X-ray source ablating the sample can not be
detected. The experimental set-up is schemat-
ically shown in Fig.2. The set-up shown in
Fig.2(a) was used to investigate the features of
ablation of CgHg foam. A transmission grating
(TG) with 1050 L/mm was used to measure the
spectrum of X rays emitted from the rear side
of the target. An X-ray streak camera coupled
with TG was used to diagnose the time-resolved
spectra. A sub-keV X-ray spectrometer (Dantc)
calibrated absolutely was also used to detect the
spectrum and to deduce the X-ray flux. A pin-
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hole camera was used to monitor the X-ray spot.
The experimental set-up shown in Fig.2(b) was
used to rescarch the self-emission of the CgHg
foil in hot dense. A transmission-grating spec-
trometer (D) was used to measure the spectra
and a pinhole camnera (D2) to observe the radi-
ation resolved spatially for the target.

Basic plate Au CoH,s Tharget Laser
& —
J— -— Sample
B \\ .
(a) ()

Fig.1 Targets and cavity-configuration

(a) For ablation and absorption experiments; (b) For

sclf-emission experiments
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Fig.2 The schematic arrangement of the laser beam-target-detector

(a) For ablation and absorption experiments; (b) For self-emission experiments

3 The main experimental results

3.1 Ablation

The temporal spectrum of soft X rays emit-
ted from back side of CgHg foam, measured by
the X-ray streak camera combined with T.G. is
shown in Fig.3. Two groups of spectra, mainly

from shine-through and burn-through, are ob-
served. The spectra of radiation are mainly in
0.6~1.9nm and 2.6~3.7nm range and the de-
lay between themn is (3102£68) ps. Defining the
this delay as burn-through time, we obtained
that the ablation velocity is 6.4x10% cmn/s. Ac-
cording to the results measured by the sub-keV
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X-ray spectrometer, the X-ray flux ablating the
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Fig.3 Time-resolved spectra of CgHy foam

The experiments were performed with one
beam of A = (.35um light from Xingguang laser
facility. Tle typical laser energy was 29J with
the pulse duration 0.6 ns.

3.2 Absorption

The source spectrumn and the absorption
spectruin are shown in Fig.4. They were ob-
tained from the targets located at the rear side
of Au foil without and with CgHg foam. re-
spectively. The CgHg foam was thie thickness
of 20pm and the density of 0.085g/cm3. The
laser facility was operated with encrgy 32.4J
and 31.0J and the pulse duration 0.62ns and

14

104
Source spectrum

Relative intensity
(-,
-+

Absorption spectrum

10 30 50 70 90
X-ray wavelength/nm

Fig.4 The source spectrum and the absorption
spectrum

0.68 us for the source and the absorption spec-
tra, respectively. It should be noted that beoth
of them are almost the same. Therefore, con-
paring tlie source and absorption spectra, we
can roughly obtain the mass absorption coef-
ficient as a function of wave length, as shown
in Fig.5. The dots describe the absorption for
thermal CgHg foam and the theoretical curve
for the absorption of cold carbon. It can be
seen that the absorption of thermal CgHg foam
is lower than that of cold carbon. It is true be-
cause the opacity of carbon in hot dense is lower
thau that of cold carbon.
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Fig.5 The mass absorption coefficients of Cylla
foam: thermal carbon (e) and cold carbon
described by theorctical curve
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3.3 Self-emission

Self-cmission is a basic nature for a mate-
rial in hot dense. The experiments were carried
out with one beam of 0.35um radiation from
the Nd-glass laser facility. The laser energy was
about 40 J and pulse duration about 0.7 ns. The
laser beam was injected into a novel cavity tar-
get. The sample of CgHg foil covered on a di-
agnostic hole of target was irradiated by the
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Fig.6 The spectra obtained from the diagnostic
hole with and without CsHs foil sample

4 Summary

We have studied properties of CgHg sam-
ple ablated by X-rays created in laser-plasma
interaction. The ablation velocity and mass ab-
sorption cocfficient of CgHg foam and the sclf-
emission spectrnmn of CgHg foil are obtained.
It opens up the possibilities for investigation
on characteristics of matter in a state of high-
cnergy density in the laboratory, which is of
very interest for obtaining a basic insight into
the state of matter at high temperature and into
the opacity of material in hot dense, and has po-
tential applications in inertial confinement fu-
sion. We are going to study them further.
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Fig.7 The sclf-cmission spectrum for CyHa foil
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