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Radiative ablation to low-Z matter
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Eight beams of 0.3%m laser with pulse duration of about 1.0 ns and energy of 260 J per beam were
injected into a cylindrical cavity to generate intense x-ray radiation on the Shengguang Il high power laser
facility. Plastic foils with a thickness in the range of about 3.0-4% were attached on the diagnostic hole of
the cavity and ablated by the intense x-ray radiation. The radiative energy transport through plastic foils with
different thicknesses has been studied experimentally. The burn-through time of the plastic foils has been
obtained. For comparison, we also simulated the experimental results with Planckian and non-Planckian x-ray
spectrum source, respectively. It is shown that for thick plastic foil the simulation with non-Planckian x-ray
spectrum source is in good agreement with the experiment.
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[. INTRODUCTION sions should be taken into account in the simulation of ra-
diation ablation to thicker lowZ matter.

In the scheme of indirectly driven inertial confinement
fusion (ICF), the driven x-ray radiation is first generated in a
cavity of highZ matter. Then the intense radiation ablates the
low-Z wall of a DT pellet, leading to its compression and to  The experiments were carried out with up to eight beams
thermonuclear burn. As the radiation that drives the implo-of 0.35.um laser on the Shengguang Il laser facility in
sion of the fuel capsule also ablates the interior walls of &Shanghai. The scheme of the experiments is shown sche-
high-Z cavity to form radiation heat wave, the propagation of matically in Fig. 1. Two bundles of four laser beams enter the
the radiation heat wave into the interior walls of the cavitycylindrical cavity from its two ends to generate intense x-ray
loses some partition of radiation energy and changes the couadiation. The laser energy per beam is about 260 J with
pling efficiency of radiation energy to the fuel capsule. Theflat-top pulse duration of about 1.0 ns. The diameter of the
radiation heat wavegl—6] in the highZ matter have been cylindrical cavity is 800um and its length 140Qwm. Two
observed theoretically and experimentally. In order to obtaircircular diagnostic holes with diameter of 280 and 300
the highest hydrodynamic efficiency in the radiation-drivenwere opened about the midplane. The diagnostic hole with
implosion of the capsule, it is also crucial to know the radia-diameter of 300um was left open or covered by a single
tive energy transport and the propagating speed of the hedgyer of plastic foil with different thicknesses in different
ing wave in the lowZ shell of the capsule. Therefore, a se- experimental shots, as shown in Fig. 1. The x-ray radiation
ries of investigations on reemission and the propagation ofignals from the radiation sourdevhen the hole was left
the heating wave for lovi- matter have been carried out open or the rear of the plastic foil were measured with a soft
[7—19. In most experiments published previously, relativelyx-ray spectrometetSXS). The soft-x-ray spectrometer has
thin low-Z foils (thinner than 5um) were used due to the seven energy channels that covers the x-ray energy range of
lower incident x-ray radiation source and the x-ray sourceabout 50—1500 eV. The grazing incident mirrors are used in
spectrum was assumed to be Planckian. It was indiddtgld the spectrometer to cut off higher energy x rays. As the soft-
that the goldO-, N-, and M-band emissions in the x-ray Xx-ray spectrometer has a fiducial signal, the delay of x-ray
source have no obvious effects on the simulations of theignals at seven energy channels from the rear of different
experiments. With the completion of upgraded Shengguanthickness plastic foil can be obtained by varying the thick-

Il high power laser facility in China, the intense x-ray radia- ness of plastic foil in different shots. In the measurement the
tion source was obtained by injecting eight laser beams inttaser parameters and the targets except for the sample at-
cylindrical cavity from its two ends. The intense radiation tached on the hole were kept the same. The intense x-ray
was applied to ablate the lo&-matter with thickness of up radiation that ablates the lo@-material was monitored by
to 45 um. It is found that there exist intense gdld, N-, and  another soft-x-ray spectrometer from the 28@rcircular di-
M-band emissions in our x-ray source, and these band emiggnostic hole. A 20d0mm transmission grating spectrom-
eter was also used to measure the time-integrated x-ray spec-
trum from the laser-injected hole in the direction of 30° with
*Present address: Research Center of Laser Fusion, CAEP, P.gespect to the axes of the cylindrical cavity. In the experi-
Box 919-986, Mianyang 621900, People’s Republic of China. FAX:ments, the plastic foils with thicknesses of 3.18, 4.17, 7.83,
0816-2484270. 15.0, and 45.Qum were used as test sample. The density of
Email address: yjm70018@my-public.sc.cninfo.net the plastic foil is about 1.0 g/ctn

II. EXPERIMENTAL ARRANGEMENT
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Laserbeam FIG. 1. The schematic view of the experimen
tal setup. SXS: soft-x-ray spectrometer. TGS:
transmission grating spectrometer.
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[ll. EXPERIMENTAL RESULTS AND DISCUSSIONS were shown in Fig. 6. The delay of the x-ray signals from the

The time-dependent hohlraum equivalent radiation temradiation-ablated lowZ sample relative to the driving radia-
perature was s%own in Fig. 2. Theqtemperature rises relc";ttlnoen ;\)I\Ilgitiiefeori]l %Igzrsl?/.Fzrzer;j;l:tyi/olrr:cazﬁgst?osniztmr;;csliir::ess of
tively fast at first, reaching about 130 eV, then increase%", the radiation absorbed by lo&-matter results in in-
slowly to the maximum temperature of 143 eV. The time-creased temperature and ionization of the plastic layer. The
integrated x-ray source spectrum measured with the trangemperature rise shifts theabsorption edge of carbon278
mission grating spectrometer was shown in Fig. 3. The eV to the higher energy of about 400—500 eV, as shown in
Nk-), _andIM-band emissions of the gold plasma were seerFig. 7, in which the opacity of carbon at temperature of 30
obviously. and 100 eV has been calculated using an unresolved transi-
The time-dependent equivalent radiation temperaturgion array(UTA) model[22,23. The opacity of the ionized
measured from the rear of the plastic foils with the soft-x-rayplastic layer behind the ablation surface decreases sharply in
spectrometer was illuminated in Fig. 4. It can be seen that ththe x-ray energy range of 278—-400 e\5600 eV. When burn
maximum radiation temperature decreases as the thicknesstfough of the radiation-ablated plastic foil occurs the x-ray
the plastic foil increases, and the time delay of the temperasignal in the energy range of 278-400 e¥500 eV will
ture increases as the thickness of the plastic foil does excefiicrease immediately. Therefore, we define the breakout time
for the 45um-thick plastic foil. of the heating wave as the time at which the radiation at
The typical time-integrated x-ray spectrum measured wittpPout 300450 eV from the rear of the I&sample reaches
the transmission grating spectrometer from the rear of the@0% of its peak. Similarly, the beginning time of radiation
15.0um-thick CH sample was shown in Fig. 5. The obviousa_blatlon IS d_efmed as the time at which the x-oray source
carbonK absorption edge has been seen. 5|gn<_';\I (the _dlagn_ostlc hol_e left op_erreaches 10% of its
The x-ray signals at photon energy of about 300 to 450 eynaximum intensity. In this experiment, the burn-through

' time of the lowZ sample as a function of its thickness was
(correspond to Ti channel of the soft-x-ray Spemmmmerobtained, as illustrated in Fig. 8. It is also clearly seen that

the burn-through time of the plastic foil is approximately
linearly proportional to its thickness. Therefore, the propa-
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gating velocity of the radiation heat wave in the plastic foil is
constant in this experiment, and the mass ablation rate of
about 1.4& 1P g/cn?'s is obtained by fitting linearly the
experimental data, shown in Fig. 6. Substituting the mea-
sured peak radiation temperature of about 140 eV, as shown
in Fig. 2, into the Eq(52) of the Ref.[24], the mass ablation
rate of about 8.28 10° g/cn?s is obtained and is smaller
than the measured one by 45%. The reason may be that the
intenseM-band emission in our x-ray source as shown in
Fig. 3 could be transported into the CH sample more deeper
and could preheat the CH sample.

For a detailed analysis, the experiments were also simu-
lated using a one-dimension&@lD) multigroup radiation

FIG. 2. The radiation temperature of the cylindrical cavity ver- transport cod&bMG [20,21]. The x-ray source radiation in

sus time measured with an absolutely calibrated multichannel softhe simulations was assumed to be a Planckian or non-
x-ray spectrometer from the circular diagnostic hole with diametePlanckian spectrum with the measured equivalent radiation
of 280 um. temperature, as shown in Fig. 2, and divided into 100 groups
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FIG. 3. Time-integrated x-ray spectrum from the laser-injected 0 x10° 210 3x10° 4x10°
hole of the cylindrical cavity, measured with transmission grating EpleV)
spectrometer.

FIG. 5. The time-integrated x-ray spectrum from the rear of the

in the energy range of 50-5000 eV. In the case of non_lS.O-;Lm-thICk CH sample, measured with a transmission grating

Planckian spectrum, the x-ray spectrum measured with th%pectrometer.

transmission grating spectrometer, as shown in Fig. 3, is us(JT(Elom the rear of the plastic foils in the case of non-Planckian

as incident x-ray source spectrum in the simulation. The in- . g
cident radiation flux is also assumed to be isotropic. lons an pectrum source. The spt_actrgl Intensities at 392 and 542 eV
rom the rear of the plastic foil are delayed obviously com-

electrons except for radiation in the plasma are thought tc;))ared with the spectral intensities at 914 and 174 eV. The

reach equilibrium, respectively. But the assumption of COMeason is that the opacity of the cold plastic foil at higher

pIet_e thermody_nam|c _equmb_rlum betvve_en_ rad'a“oﬂ and malt'energy of 914 and 1741 eV is much lower than that at 392
ter is not required. Simulations of radiative ablation to the

plastic foil, which were used in the experiment, were carrie nd 542 ev. When the dnvmg radiation 1S mmdent on the
plastic foil, the x ray at the higher energies shines through

out. - ;
Figure 9 presents the simulated radiation temperatures ége foil immediately, but the x rays at 392 and 542 eV cannot

a function of time from the rear of plastic foils with different Pass through the plastic foil until burn through of the plastic
thicknesses in both cases of Planckian and non-PIanckiafr?II oceurs. :
The calculated burn-through time of the test sample was

spectrum sources. For 3.18- and 7/831—th|qk CH plastic obtained from the simulations, with the same definitions of
foils, the simulated radiation temperatures in both cases are - akout time and beginning time of driving radiation as
similar and in good agreement with the measured ones. F . . .

15.0- and 45.Qsm-thick CH plastic foils, the simulated ra- fhose in the above experimental results. Comparison of the

theoretical burn-through time with the experimental ones

diation temperatures using non-Planckian spectrum sourcv%qas shown in Fig. 11. There exists little difference for the

?er;agsrc;& ?gzlitseigt ngg;?;;essgcrsﬂ;nSeOSL'Irligt;?ee:'m::::%alculated burn-through time of the 3.18-, 4.17, and 7.83-
b 9 P P ,u¥n-thick plastic foils in both cases. But for Iom-thick

lower than the measured ones. e . : ; :
Figure 10 gives the simulated spectral intensity Versuglastlc foil, the simulated burn-through time using Planckian

time at four x-ray energies, i.e., 392, 542, 914, and 174 evspectru_m source is much larger t_han t_hat us.ing non-
T ' ' ’ Planckian spectrum source. For simulation using non-
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FIG. 4. The radiation temperature versus time from the rear of FIG. 6. The x-ray signals at photon energy of about 300—450 eV
the radiation-ablated plastic foils with different thickness, measured's time from the rear of the plastic foils with different thickness,
with the soft-x-ray spectrometer. measured with SXS.
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FIG. 7. The calculated opacity of carbon at temperature of 30

and 100 eV, the density of carbon was assumed to be 0.01d/cm (1) The measured x-ray source signal that was used to

determine the beginning time of the driving radiation is the
Planckian spectrum source the calculated burn-through timeeemission radiation of the gold walls. However, the reemis-
is also approximately linearly proportional to the CH thick- sion radiation is time delayed with respect to the real driving
ness, which is similar as the experiment, and the estimatechdiation. Therefore, the measured burn-through time is
theoretical mass ablation rate of the plastic foil is aboutsmaller than the real one.
1.85x 10° g/cn? s by fitting the calculated data linearly. This  (2) The measured radiation temperature of the driving
result is only larger than the experimental one by 25%. Busource, which was used as x-ray source in the simulations is
for simulation using Planckian spectrum source no linear realso the reemission radiation temperature of the inner walls.
lation between the burn-through time and CH thickness exisBince the reemission efficiency of the inner walls is lower
for plastic foils with thickness of 3.18—150m. There also than 1, especially during the beginning time of the driving
exit a deviation that the simulated absolute burn-througtsource, the driving radiation in the simulations is less inten-
times in both cases are larger than the measured ones. Thive than the real one during the beginning time, which may
deviation may come from the following aspects. results in larger burn-through time in the simulation.
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(3) Other reasons, for example, higher opacity was useikd. The experimental results show that the maximum radia-
in the simulation. However, further investigations need to beion temperature from the rear of the plastic foils decreases
carried out to definitely explain the derivations. as the thickness of the plastic foil increases. The time delay

of the temperature increases as the thickness of the plastic

IV. CONCLUSIONS foil does except for the 4pm-thick plastic foil. The burn-

through time of the plastic foil is approximately linearly pro-

Intense x-ray radiation source with peak temperature up tgortional to its thickness, and the mass ablation rate of the
143 eV was generated on the newly upgraded Shengguangd|astic foil is about 1.48 10f g/cn? s. For an analysis of the
laser facility. It is shown by the measurements that this ragxperimental results, a one-dimensional multigroup radiation
diation source has intense gol@, N-, andM-band emis- {ransport codepmc was used to simulate the experiments.
sions. Using this intense x-ray radiation source, the radiativg, the simulations two types of x-ray spectra, i.e., Planckian
ablation to lowZ plastic foils has been experimentally stud- 4nq non-Planckian spectrufwith and without the inclusion

of the gold O-, N-, and M-band emissions were used as

200 " Exper o incident x-ray source spectrum. It is shown, by comparison
1800 mental results . . . . .
O Simulation (Planckian) of the simulations with the experiments, that for thinner plas-
1600} & Simulation (Non-Planckian) tic foils the simulations in both cases of Planckian and non-
1400 F A Planckian source spectrum generate nearly the same results,
2"‘”; . as indicated by Edwards, Barrow, and WillL5]. But for
T oo thicke_r pIastic.foiI.s_, such as 1pm-thick plastic foil in this
% ool . 8 experlment,' s!gn|f|cant influence of the gold-, N-, and
2 | a8 . M-band emissions on the overall predicted results were seen
soor in the simulations. Moreover, the simulation with the inclu-
400 |- .l sion of the goldO-, N-, andM-band emissions in the x-ray
200 | source spectrum can reproduce the experiments in general.
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