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Abstract 
We have examined the underdense plasma conditions of laser 

irradiated disks using K x-rays from highly ionized ions. A 900 ps laser 
pulse of 0.532 \m light 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 spectrum 
is sensitive to typical underdense plasma temperatures and densities. 
Spectra ire measured using a time-resolved crystal spectrograph recording 
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 Si0 2 to PbO or In. Spectra will be presented along with 
preliminary analysis of the data. 

*work performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under contract IW-7405-ENG-48. 
**Hork partially supported by NATO Research Grant #292.81. 
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Discussion 

We have performed a series of measurements to investigate the 
usefulness of x-ray line intensities as electron density and temperature 
diagnostics. Line intensities from highly stripped ions have been used 
successfully in diagnosing high temperature astrophysical and magnetically 

1 2 confined plasmas ' . 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 3 region . In general, these measurements have been compromised due to 
the relatively dense, transient nature of laser-produced plasmas. 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 plasmas. 

The experiments were performed in the single beam interaction chamber 
at the Center Laser Facility of Rutherford Laboratory . A single beam 
of 0.532 urn light is focussed using an f/1 lens onto planar targets of 
various Z materials. The average intensity on target is 

IS 2 W W/cm . The target normal is tilted 10" with respect to the 
beam. The targets are discs of CH, SiO, and high Z 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 um 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 resolution . Figure 2 shows an example of the data. For 
the lower Z 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 PbO targets are shown in Figures 3 and 4. Similar spectra 
were also obtained with the time-resolved spectrograph. 

The model to calculate the line 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-like stage and then have excited states as well as ground state for 
Li-, He-, and H-like ions. In the case of the Li-like and He-like we also 
include the autoionizing states which form satellites on the resonance 
transition of the next ion stage. 

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

Ionization Rates Lotz Sampson 2. Physics 280 466 (6S) 
Sampson & Golden (e.g.) J. P'hysics B ]3_, 2645, (80) 

Collision Rates Vinogradov et al Soc. J. Quant. £1., 5, 630 (75) 
in He-like 
Collisions between Blaha, Jacobs . Phys. Rev. A 2^525 (80) 
Autoionizing Li-like 
Like and He-Like Soett, 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 ions 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 T , and not both simultaneously. Experimental values of 
Si line ratios from doped CH and PbO 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 T 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 urn so that large 
gradients may exist. We plan to use hydrodynamic code predictions coupled 
with the line 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 
ratio of the Si Lya and He-like 2 P 1 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 
1 3 x-ray spectra have been measured. The P^/ P, line ratios are 

plotted in the Figure 10 comparing with predicted line ratios from Boiko 
0 

et al. . 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 I 

Sunmary of Plasma Parameters from Si Line In tens i t i es 

N P (cm 

CH 
- 31 

PbO 

2 1P 1 

2 ^ 
1 x 1 0 2 0 1.1 x 1 0 Z 0 

3 1P ] 

?P^ 
1 x 1 0 2 0 1 x 1 0 2 0 

2 3 P ^ • Si + 1 1(MN+5T) 0.3 21 
- i.i x i(r 

20 2 - 8 x 1 0 £ U 

S 1 + " . (ABCD+JKL+QR) 

Te(keV) 

CH PbO 

Mf2 0.83 0.83 
2 ! P n 

Mi 
3 1 P ] 

0.85 1.05 

2 P 1 0.40 0.53 
Si+11(ABCO+0KL+QR) 

09241 



EXAMPLE OF A S P A C I A L L Y RESOLVED SPECTRUM 
FROM A N AI -POPED GLASS T A R G E T m 
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Figure 1 



EXAMPLE OF A T IME-RESOLVED SPECTRUM 
FROM A N Al DOPED GLASS T A R G E T m 
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Figure 2 



X - R A Y SPECTRUM FROM Si SEEDS IN A CH DISK T A R G E T 

X 1 0 1 4 

5.00 

4.00 i 
I 

> 3.00 

T 2 ^ , 

Lya: 
I 

M L 

_ 1 j ! 

X = 0.53 jum 
E L = 20 joules 
l L ~ 3 X 1 0 1 4 W / c m 2 _| 

4*P 
Ly/3 

40-01-1182-3S39 

1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 
Photon energy, keV 

L5 

Figure 3 



X - R A Y SPECTRUM FROM Si IN A PbO DISK T A R G E T 1̂  
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Figure 4 



RATIO OF INTERCOMBINATION TO L i -L IKE SATELLITES 
IN Si CAN BE USED AS A DENSITY DIAGNOSTIC US 
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Figure 5 



RATIO OF He -L IKE RESONANCE TO INTERCOMBINATION LINES 
IN Si CAN BE USED AS DENSITY DIAGNOSTICS [yg 
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Figure 6 



RATIOS OF L Y M A N TO HE-L IKE LINES FROM Si CAN BE USED TO 
ESTIMATE THE LASER PLASMA CORONAL TEMPERATURES |gg 
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Figure 7 



RATIO OF He-LIKrE RESONANCE TO L i -L IKE SATELLITES IN Si 
CAN BE USED AS A CORONAL TEMPERATURE DIAGNOSTIC 
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Figure 8 



Si LINE RATIOS CAN BE USED TO DERIVE A TIME RESOLVED 
CORONAL TEMPERATURE m 
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Figure 9 



SIMPLE ANALYSIS OF ^ ^ P - , RATIO SHOWS T H A T DOPANT 
EMISSION IN CH OCCURS A R O U N D CRITICAL DENSITY 
FOR 0.532 nm LIGHT 
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Figure 10 


