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ANALYSIS OF THE BALL-PLATE 

LASER FUSION TARGET EXPERIMENTS* 

Yu-Li Par. 

Lawrence Livermore Laboratory 
Livermore, California 9^550 

Two dimensional conputer simulation results of the two exploding 
pusher ball-plate targets discussed in the preceding paper (1) are in 
approximate agreement with the experimental space and time integrated 
x-ray spectra, x-ray microscope data, neutron yields, and laser energy 
absorptions, Figure 1. ' > 

Three parameters were used to characterize the laser absorption 
due to plasma instabilities. Two dumpall parameters were used to model 
the energy absorption and a single variable was used to define the electron 
tenrperature. The values, as well as the selection procedure for these 
parameters are discussed below. 

Geometrical ray tracing is used to calculate the focal, refractive, 
and reflective properties of the laser pulse. Assume that a ray is reflected 

i 

in a linear density gradient slab, Figure 2. The plasma density, p , at the :": 
turning point of the ray in the plasma can be determined. If p t Is equal t 
to or greater than 0.8 p^ where p is the critical density for the laser \ 

radiation, then 25% of the energy carried by the ray is absorbed at the 5 
turning point. The energy so absorbed is placed in the superthermal elec
trons. In these simulations, the superthermal electron spec iron Is charac
terized by a temperature a which is 6 times the thermal electron temperature. ! •! 

*Research performed under the auspices of the U. S. Energy Research and I: 
Development Administration, Cnntr^t No. W-7i)05-ENG-18. «':•' 
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The selection of the values for these parameters are guided by the theo

retical work of K. Estabrook, et al. (2), Figure 3, which shows the angle 

dependent absorption effects. Theoretical uncertainties can increase 

the magnitude of the absorption by about 15?. In addition, the value of a 

can vary between 3 and 12. It should also be noted that the results of 

computer simulations are, to some extent, insensitive to small variations 

in the values of these parameters because of the finite zone size, ani 

small density scale length found in most calculations. 

The 2D, no polarization, and calculation of magnetic field due to 

only the thermal electrons limitations in LASNEX, Figure 'I, influence the 

calculated laser absorption, density scale length, temperature gradient, 

and magnetic field strength. These effects can give high calculated neutron 

yields; high calculated thermal and low superthermal x-ray spectra. The 

magnitudes of the effects will depend strongly on the experimental condi

tions. 

The physical inputs rea.uired by LASIJEX are: target dimensions and 

compositions; energy, spot pize, convergence angle, and spatial and temporal 

intensity profiles of the laser pulse. 

The ball-on-plate target consisted of a 55 um diameter, 0.5 u-- thick, 

spherical glass microballoon containing DT gas at density 2 x 10 g/cm . 

This microballoon was attached to a 0.7 um thick, 120 um average diameter 

glass plate by a 10 um diameter, 3 um thick glue joint. A l1) Joule, 90 ps 

FWHM laser pulse extendiiig over 350 ps with a 4:1 rine; spatial profile was 

focused on the target in the calculation. The ring was assumed to be about 

60 um in diameter at the center if the. microsphere and had a 12 degree 

convergence angle, Figure 5. 
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The ball-in-plate target consisted of a 80 um diameter, 0.6 nm thick, 

glass microsphere containing DT gas at density 2 x 10 J g/cm and a glass 

plate located at the equatorial plane of the microbplloon. This was 

accomplished by cutting a 90 vim diameter circular hole in the 0.7 um thick, 

160 um average diameter glass plate and gluing the microballoon at the edge 

of the hole. A 10 ura diameter circular' ridge aroum the edge of the hole was 

formed in the laser cutting process. Mote that there existed a circular 

gap averaging 5 um between the microsphere and the glass pla;e. In our 

calculation, the focusing of the laser beams on the two sides of the target, 

as well as other characteristics of the two laser beams, were assumed to 

have been identical. Each laser beam was assumed to have had 15 Joules of 

energy in a 79 ps PWHM pulse extending over 280 ps with a 2:1 ring spatial 

profile. The ring was assumed to te alout 55 um In diameter at the center 

of the microsphere and had a maximum convergence angle of 20 degrees, 

Figure 5. 

We see in Figure 6 that the calculated and experimental energy 

absorptions for the two targets are consistent with each other. But, the 

experimental errors for these data are larga. Therefore, a more meaningful 

comparison requires better experimental .^easurenents. 

A comparison of the neutron yields, Figure 7, shows that the calcu

lated neutron yields for both target experiments are high. As discussed 

before, this effect can be the result of the limitations in the LASNEX 

code. 

Figure 8 shows that the calculated and experimental x-ray spectrum 

for the ball-in-plate target agrees surprisingly well. Using a value of 

4 for a would lower the superthermal spectrum in the 20 - 100 keV range, 

and the slope would be more parallel to the experimental spectrum. 
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We show In Figure 9 the comparison between the experimental x-ray 
spectrum and those calculated from LASNEX simulations when the magnetic 
field effects were turned on and off for the ball-ori-plate target. As 
in the case of the ball-in-plate target, the experimental x-ray spectrum 
is in good agreement with the calcualted spectrum obtained when the mag
netic field effects were included. Large deviations in the superthermal 
portion of the x-ray spectrum are observed between the data and the calcu
lated results without magnetic field. This is in agreement with the results 
of Thiessen (3) for the foam target. 

The fact that we simulate properly the implosion shapes for the two 
ball-plate targets can be demonstrated by comparing our calculated results 
with the x-ray microscope data. Figure 10 shows this comparison along the 
symmetry axis of the two targets. The location of the plate is clearly 
observed in the ball-in-plate target. The positions, as well as the widths 
of the cj.^nression peaks are in approximate agreement. 

We have shown that LASNEX 2D simulation results of two ball-plate 
targets are in approximate agreement with the available data. 
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2D SIMULATION RESULTS OF TWO DIFFERENT 
TARGETS ARE IN APPROXIMATE AGREEMENT 
WITH EXPERIMENT DATA 

Space and time integrated x-ray spectra 

X-ray microscope data — implosion shapes 

Neutron yields 

Laser energy absorption 

Figure 1 



US ABSORPTIVE PLASMA INSTABILITIES ARE CHAR
ACTERIZED BY THREE PARAMETERS 

• Non-classical absorption — dumpall 
25% absorbed 

at 
0.8 critical density (p c) 

• Superthermal electron temperature 
a - 6 

Figure 2 



m THEORY GUIDES THE CHOICE OF LASNEX PARAM
ETER VALUES - CHANGES ARE THE RESULT OF 
IMPROVED THEORY 
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Figure 3 



IS LASNEX CODE LIMITATIONS CAN CAUSE: • HIGH 
NEUTRON YIELD • HIGH THERMAL X-RAY SPEC
TRA • LOW SUPERTHERMAL X-RAY SPECTRA 

2D — symmetry axis (Z) required 

No polarization — required for resonance 
absorption y^T—N. 

[ Wrong ] 
V - / • * - Right 

Magnetic field - thermal electron 

Figure •) 



PHYSICAL INPUTS REQUIRED BY LASNEX 

Target dimensions and compositions 

Laser energy on ta» get 

Laser spot size and convergence angle 

Laser spatial and temporal intensity 
profiles 

p be 
Figure 5 



IS CALCULATED ENERGY ABSORPTIONS ARE CON
SISTENT WITH THE MEASUREMENTS 

Ball-on-plate Ball-in-plate 

EXP. 3 ± 2 J 6 ± 4 J 

LASNEX 2 J 6 J 

Figure 6 



US CALCULATED NEUTRON YIELDS ARE HIGH 

Ball-on-plate Ball-in-plate 

EXP. 1±0 .5x10 4 8 ± 4 x 1 0 5 

LASNEX I x l O 5 8x10 6 

Figure 7 



|g CALCULATED X-RAY SPECTRUM AGREES WITH 
EXPERIMENTAL DATA 
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Figure 8 



CALCULATED SUPERTHERMAL X-RAY SPECTRUM 
IS SENSITIVE TO MAGNETIC FIELD 
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Figure 9 



US CALCULATED IMPLOSION SHAPES ARE CONSIST
ENT WITH X-RAY MICROSCOPE DATA 
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Figure 10 



COMPUTER SIMULATION RESULTS OF 2 BALL-
PLATE TARGETS ARE IN APPROXIMATE AGREE
MENT WITH EXPERIMENTAL DATA 

Space and time integrated x-ray spectra 

implosion shapes — x-ray microscope data 

neutron yields 

Laser energy absorptions 

Need improvements: Experiment • Theory * Code 

Figure 11 


