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fbstract

We have examined the underdense plasma conditions of laser
irradiated disks using K %-rays from highly ionized ions. A 900 ps laser
pulse of 0.532 wn Tight is used to irradiate various Z disks which have
been doped with low concentrations of tracer materials. The tracers,
whose Z's range from 13 to 22, are chosen so that their K x-ray sp2ctrum
is sensitive to typical underdense plasma temperatures and densitics.
Spectra are measured using 2 time-resolved crystal spectrograph rec rding
the time history of the x-ray spectrum. A spatially-resolved,
time~-integrated crystal spectrograph also monitors the x-ray lines.

Large differences in Al spectra are observed when the host plasma is
changed from SiDZ to Pb0 or In. Spectra will be presented along with
preliminary analysis of the data.

*Work perfarmed under the auspices of the U.S. Department of Energy by
Lavrence Livermore National Laboratory under contract #W-7405-ENG-48.

**Hork partially supported by NATO Research Grant #292.81.

DICLAMER

¢ o
Neitner the Unieg States Goverrament Pt ary agency theteoh, ot any of heis m::uvm. ntln’uw
©areirty, expitis O imoled, o piIes ahy 12l Vaoility Of respafsBilty for the KTutEcy,
e, o wieliioes of ey oIS, oW, prodxt, of progess Ko, ;
Wsreitrs 1T in. U WO o nlinge iy owned fneh, Relrence P £ w_mm
commersiat BrOCuct, G, Ot AYiGH By ¥ICE KoM, IReTYY, mao,UCUE. 08 w-u con
ot heomaPily eopiiate ol ifply 15 wiotemet, acommentaticn, O {eatitg by tha Ui
Septes Govecnmen G any ageacy theredt, Tha views and pinions of sahons euwed hertn da nok
ooty 31t or FeIIE (Mg Of the Liniied S*es Goveramen: of any sy et

N

Ck)

LASTHSUY e Tl S0l to LI ED



-2-

Discussion

- We have performed a series of measurements to investigate the
usefulness of x-ray 1ine intensities as electron density and temperature
diagnostics. Line intensities from highly stripped ions have been ysed .
successfully in diagnasing high temperature astrophysical and magnetically
conf ined p]asmas]’z. Line intensities of He-like and H-like species
from laser-produced plasmas have also been used by various researchers to
estimate electron temperature and densities in the coronal plasma
regions. In general, these measurements have bheen compromised due to
the relatively dense, transient nature of laser-produced piasmas. Large
temperature and density gradients also complicate the analysis in
determining a unique temperature and density. In our experiment we have
begun studying these effects to assess their importance for predicting
temperature and densities of underdense piasmas.

The experiments were performed in the single beam interaction chamber
at the Center Laser Facility of Rutherford Laboratoryq. A single beam
of 0.532 ym light is focussed using an f/1 lens onto planar targets of
various Z materials, The average intensity on target is
N]O]S H/an. The target normal is tilted 10° with respect to the
beam. The targets are discs of CH, 51'02 and high 7 materials which have
been doped with low concentrations of elements whose lines are to be used
as diagnostics. Typically, the dopant levels are less than ten atomic
percent; although for some high Z targets larger concentrations are
needed. In all cases the dopant levels should not change significantly
the Z or hydrodynamics of the plasma.

Two crystal spectrographs measure the x-ray spectra. A spectrograph
located at 80° to the disc normal measures the time-integrated spectra. A
50 ym slit placed in front of the spectrograph spatially resolves the
plasma along the incident beam direction. An example of the data is shown
in Fig. 1. In general, line emission extends away from the absorption
region characterized by high continuum emission into the coronal region
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where only line emission is observed. An x-ray crystal streak camera
located on the opposite side of the target time resolves the line emission
with 80 psec reso]utionB. Figure 2 shows an example of the data. For
the Tower 7 targets the x-ray line emission lasts significantly longer
than the continuum emission. For the high Z targets the x-ray lines tend
to follow the laser pulse.

The data from both instruments are analyzed deriving intensities for
the various x-ray lines. Examples of the time~integrated data for Si
doped in CH and Pb0 targets are shown in Figures 3 and 4. Similar spectra
were also obtained with the time-resolved spectrograph.

The model to calculate the Tine ratios used in the study is a
straight forward steady state level population model. The inputs require
the temperature, density, and all the appropriate rate constants of
interest. In the present case we include all of the ground states up to
the Be-1ike stage and then have excited states as well as ground state for
Li-, He-, and H-Tike ions. In the case of the Li-like and He-1ike we also
include the autoionizing states which form satellites on the resonance
transition of the next jon stage.

The rates of primary interest; i.e., the ionization rates, the
electron collision rates in the He-Tike ground to n equals 2 complex, and
the collision rates between the autoionizing state are found in the
following references:

Tonization Rates Lotz Sampson 2. Physics 280 466 (69)
Sampson & Golden (e.g.) J. Physics B 13, 2645, (80)

Collision Rates Vinagradov et al Soc. dJ. Quant. E1., 5, 630 (75)
in He-like -

(ollisions between Blaha, Jacobs . Phys. Rev. A 21 525 (80)
Autoionizing Li-1like -
Like and He-Like Goett, et al Atom. Data & Nuc. Data, 25, 185 (80)
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With these rates and standard calculations of the remaining rates,
which are less crucial, one can produce the ratios given. The one
outstanding problem is to resolve whether the plasma does reach the steady
state and for this we ran the problem time dependent using a Lagrangian
fluid element as a "test particle™ and found that the jons easily come to
a steady state when reasonable plasma expansion was used.

Examples of the various ratios are shown in Figures 5-8. These have
been chosen since they are sensitive primarily to a single parameter,
either N, or Te’ and not both simultaneously, Experimental values of
Si line ratios from doped CH and PbQ are indicated. The results are
summarized in Table I. The two targets produce similar results indicating
that the plasma parameters are similar in the line emitting region.

The different line ratios do not give a unique plasma temperature and
density. The most striking disagreements are with line ratios from
different charge states. The He-like resonance to Li-like line indicates
a lower Te than the Lyman to He-like resonance ratio. This may be due
to the spatial gradient along the laser beam. Even though the spectrum is
spatially-resolved it is averaged over about 50 um so that large
gradients may exist. We plan to use hydrodynamic code predictions coupled
with the 1ine ratio code to investigate this effect. We are also
investigating ionization equilibrium and their effects on the line ratios.

An example of the time-resolved data is shown in Fig. 9. The line
ratig of the Si Lye and He-like Z]P] line is plotted as a function
of time. The time history of the lines are very similar for the two cases.

Finally, various dopants have been seeded into CH targets and their
x-ray spectra have been measured. The ]P]/3P] Tine ratios are
plotted in the Figure 10 comparing with predicted line ratios from Boiko
93_51;8. For the seed targets the line ratios indicate emission is from
near critical density implying the seeds are sampling the same region of
the target.
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TABLE 1

Surmary of Plasma Parameters from Si Line Intensities

N (cm3)
o b0
2lp 20 2
1 1x10 1.1x 10
3'p 20 20
] 1% 10 1% 10
2% 411 21 20
y+ 51 (MesT) 0.3-1.1x10 2-8x10
53* 1 (ABCD+IKL+QR)
Te(ket)
o Pho
e 0.83 0.83
2'p
1
H{E 0.85 1.05
3lp ,
1
2'p
1 0.40 0.53
5i*1 T (ABCDHKL4QR)
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'EXAMPLE OF A SPACIALLY RESOLVED SPECTRUM
FROM AN AI-DOPED GLASS TARGET | Ch
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EXAMPLE OF A TIME-RESOLVED SPECTRUM
FROM AN Al DOPED GLASS TARGET L
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X-RAY SPECTRUM FROM Si SEEDS IN A CH DISK TARGET
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X-RAY SPECTRUM FROM Si IN A PbO DISK TARGET
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RATIO OF INTERCOMBINATION TO Li-LIKE SATELLITES
IN Si CAN BE USED AS A DENSITY DIAGNOSTIC
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Figure 5
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RATIO OF He-LIKE RESONANCE TO INTERCOMBINATION LINES
IN Si CAN BE USED AS DENSITY DIAGNOSTICS €}

1000

T T T T T 1

— Without Li-like sateilites
— — With Li-like satellites

Line ratio’

40-01-1082-3420

Figure 6

et e b s

-ZL-



RATIOS OF LYMAN TO HE-LIKE LINES FROM Si CAN BE USED TO
ESTIMATE THE LASER PLASMA CORONAL TEMPERATURES
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RATIO OF He-LIKE RESONANCE TO Li-LIKE SATELLITES IN Si
CAN BE USED AS A CORONAL TEMPERATURE DIAGNOSTIC
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Si LINE RATIOS CAN BE USED TO DERIVE A TIME RESOLVED

CORONAL TEMPERATURE
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SIMPLE ANALYSIS OF 1P,/3P, RATIO SHOWS THAT DOPANT
EMISSION IN CH CCCURS AROUND CRITICAL DENSITY

FOR 0.532 nm LIGHT
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