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Calculations of Self-Generated Magnetic Fields in Parylene 
Disc Experiments* 

G. H. Dahlbacka, W. C. Mead, C. E. Max, J. J. Thomson 
University of California, Lawrence Livermore Laboratory 

Livermore, California 9^550 

Experiments have been planned at Livermore to measure 
self-generated magnetic fields using the Faraday Rotation of 
frequency quadrupled 1.1 pm laser light. The LASKEX code was used 
during the planning of these experiments and has provided val
uable information in establishing the conditions under which 
the thermoelectric fields expected can be measured. Suspected 
thermoelectric fields have been inferred from experiments that 
have been carried out at NRL. 

In the LLL experiments, the target chosen for irradiation 
is the finite parylene disc illustrated in Figure 1. The 
finite disc allows for unequivocal measurements of quantities 
such as specific energy delivered to the target and provides 
a known means for comparison to ion probe diagnostics. In 
addition, the finite disc provides a simulated one-dimensional 
geometry for the blowoff on axis during the laser pulse since 

*Research performed under the auspices of the U.S. Energy, 
Research and Development Administration. Contract W7it05-ENG-^8. 
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tt.=? hy^rodynaraic timescale is less than or comparable to 
the laser pulse length. Furthermore, it provides for a 
two-dimensional geometry that can be correlated with code 
calculations. 

The dominant magnetic source term in LASHEX is the 
V In n x VT source term. Figure 2 is a summary of the 
magnetic field equations used in the code. Under typical 
conditions, these source terms lead to field growth rates 
of up to .1 MG/ps. Fields of the order of * megarauss 
are predicted then,for many laser experiments. Since the 
source term is proportional to the gradient of the logarithm 
of the number density, which is relatively fixed in these 
experiments, the dominant terms -an be expected tc be the 
gradient of the temperature and the angle between the gra
dients. 

This speculation appears to be confirmed in calculations 
that simulate two different laser bean spatial proxies and 
therefore, two different spatial temperature gradients. Figure 
3 illustrates these calculations. The ring source bean pro
file has a much steeper gradient and correspondingly higher 
magnetic fields. The Gaussian beam predicts fields of the 
order of 300 y.G. These fields would be marginally observed 
using the Faraday rotation apparatus at LLL and are consistent 
with observations to date on the Moncjoule laser system. 
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The rapid growth rates of the fields means that they 
are created early in time during the laser pulse. In 
addition, the low collision rates in the underdense region 
of the plasma means that the fields diffuse relatively slowly 
and, consequently, the main losses in field intensity in the 
blow-off are hydr^dynamic. 

Since the field dissipates on a hydrodynanie time scale, 
and since the laser pulse length is comparable to hydrodynamic 
time scales, the fields should be observable for several pulse 
lengths. This allows for field probe measurements to be made 
after the laser pulse is off. Thus, any laser-induced steepen
ing that could confuse the experimental results can be expected 
to relax into smooth density gradients. Furthermore, signifi
cant fields can be observed within the vicinity of the .'.'d 
critical density. 

The following movie (Fig. it) is a dynamic illustration of 
these effects. The calculation is cf a joule 150 ps laser 
pulse on a 15C --n parylene disc. These conditions represent 
low energy Janus shots with a 75 um diameter spot in a ring 
spatial profile. For computational use the disc is allowed 
to expand isothermally for i'0 ps at 1C electron volts. The 
source is then applied. 

The Lagrangian mesh is illustrated in low intensity blue. 
Three isodensity lines are illustrated in high intensity blue 
and represent Kd critical density, 6 times Md critical density, 
and 50 times Nd critical der.slty. The contours also illustrate 
the important number density gradients that are the partial 
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source of the fields. 
The temperature contours represented in red are 100, 

300, and 500 electron volts. The temperature contours are 
relatively flat in the center of the laser beam, since the 
higher temperatures in the interior provide excellent thermal 
conductivity and smooth laser variations. The high gradients 
evident in both magnitude and direction (for the cross product 
in the source term) are very evident at the edge of the laser 
beam. 

The resultant magnetic field intensity contours are 
toroidal in spatial shape and are chosen to be 200 kO, T O kG, 
and 2000 kG. The fields are sufficiently long lived that a 
temperal window exists after the ]*ser r-il.se, during which th? 
code predicts that field measurements can be made without 
large changes in the field intensity or spatial distribution. 
This observation led to criterion on the length 
and time delay of the ^ u probe. It will alsc, hopefully, lead 
to less ambiguous interpretation of the Faraday probe measure
ments. 

Estimates of the density penetration of the probe beam 
were alsc made usinf the LASNEX ray tracing package. Figure 5 
illustrates the perpendicular probe beam that demonstrates 
that the probe shouli sample close the Nd critical frequency 
without substantial refractive losses. 

http://r-il.se


In conclusion then, LASNEX predicts observable magnetic 
fields of the thermoelectric variety in our upcoming JANUS 
laser experiments. The steep spatial beam profile has been 
f.hown to be an advantage in generating high and therefore 
observable fields. The fields are observable in a window 
of hydrodynamic timescale and therefore, can be viewed after 
the generating- pulse is turned off. 



b3 THE FINITE PARYLENE DISC ALLOWS FOR BETTER MEASUREMENTS 
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1) Known specific energy 
2) Known ion content for ion diagnostics 
3) One dimensional axis geometry 
4) Overall two dimensional geometry for 

code comparisons. 
5) Allows for laser light energy balance 

Figure 1 
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L5 DIFFERENT BEAM PROFILES YIELD DIFFERENT FIELDS 

Zl 
Gaussian has shallow temp gradients and smaller fields. 
1 Joule 130 ps yields 300 kg max field. 
300 kg marginally observable 

Ring beam has higher VT and Bmax ~ 1MG 
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13 MAX FIELDS ARE OBSERVABLE AFTER LASER 
PULSE 

1) Fields diffuse slowly 

2) Hydro expansion is dominant loss mechanism 

3) Fields live for hydrodynamic time scales 

4) Laser induced density steepening is gone after 
main pulse 

5) Calculations show highest field near nd critical 

Flr.urp 'I 



L3 PLASMA CONDITIONS AT LASER PEAK POWER 
Blue-density (1/2 P C , 2 p c , 50P c) 
Red-k-temp (0.1 keV, 0.3 keV, 0.5 keV) 
Black-Bfields (.200 kg, 700 kg, 2 mg) 

75 pm 

I IT 



L3 4OJ PROBE PICTURE 250 ps AFTER PEAK OF MAIN LASER PULSE 

100 jum 



13 LASNEX USED AS A PLANNING TOOL FOR B — 
FIELD EXPERIMENTS 

1) Should have good geometric comparisons to real 
experiment 

2) Shows time window for observation of fields 

3) Shows high fields near nd critical density 

4) Shows fields most critically depend on spatial 
profile 

Figure 7 


