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Summary

To establish a platform for the study of fast electron transport in a warm
dense plasma, plasma created in a package target is monitored using
the x-ray line absorption spectroscopy.

Aluminum doped foam package targets (200 mg/cm?, Al atomic density
of ~3-5x102° /cm?) were developed for the absorption spectroscopy.

Cold Al K-edge was observed in both Al-doped foam and solid Al
targets.

X-ray absorption lines were recorded with a laser driven foam package.

Te and ne of the shocked foam targets will be inferred from the
measured absorption spectra by comparing with atomic physics code.

Fast electron transport in the characterized plasma will be studied with
OMEGA EP short pulse beam in FY10.



Fast electron transport needs to be studied
in warm dense plasma for fast igniton (Fl).
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® In cone-guided FI scheme, fast electrons travel in plasma with temperature of
few 100°’s eV - keV.

® The resistivity in hot plasma can be significantly different from the cold (room
temperature), solid density target.

e Different resistivity could change the fast electron transport in the media.

Ref: M. H. Key et al., Phys. Plasmas, 14, 0565502 (2007).



Foam plasma is created in container to
maximize its temperature and density.
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Aluminum was uniformly doped in CH foam
for x-ray line absorption spectroscopy.
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2-D hydrodynamics code DRACO shows
Te~40 eV, n.~10°?/cc plasma can be created.
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DRACO simulation predicts the plasma

exist in the x-ray probe region after 4 ns.
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Absorption spectra of x-ray are sensitive

to the plasma temperature.

Transmission (Al) [9%]

100

80 |

60 |

40 |

20 |

Al 1x10%° atoms/cm?
in 50 mg/cm?® CH Plasma

20 eV *

(

1.45 1.50 1.55
X-ray Energy [keV]

Transmission (Al) [9%]

100

80 |

60 |

40 |

20 |

Al 3x10%° atoms/cm?®
in 100 mg/cm3 CH Plasma

S

ol |1

1.45 1.50 1.55
X-ray Energy [keV]

Initial Condition: ~5x10?° Al atoms/cc in 200 mg/cm?3 CH Foam

FLYCHK was used to estimate line absorption spectra.



X-ray spectra though targets were
measured with streaked spectrometer.

OMEGA EP Driver (BL4)
X-ray i 1.2 kJ/3.5 ns
o NS 150 um spot, 3w
A
8'ga°k"89ht;rt ~1.5x1075 W/cm?
Hm om o T delay. =-0NS
Foam ';kaage ' ™. [Backlighter (BL1, 2, and 3)
Reference Foils .| 3.0-3.5 kJ/2.5 ns (total)
+ . 100 um spot, 3w
‘/;‘A Tdelay — 6 - 18 ns
Energy Range: 1.40 ~ 1.65 keV oQ
Energy Resolution: ~ 2 eV %

Time Window: 4 ns
Temporal Resolution: ~ 60 ps

SSCA Streaked Spectrometer (TIM13) ‘

10



Al cold K-edge was observed in both
undriven Al-doped foam and solid Al targets.
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Absorption lines were observed at ~8 ns
indicating temperature reduction in time.
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Intensity of the backlighter x-ray attenuated
by the driven target decreased in time.
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Future Experiment

e-transport will be studied in characterized

plasma with Cu K-shell x-ray diagnostics.
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--------------------------------------------------------------------------------------------------
*

: Au Foil
DCHOPG Cu Ka Imaging System (e-Source)
Spectrometer Bragg Crystal Imager
(TIM14) or

KB Microscope ¥ ' Create
5 Foam Plasma

T Needs to be developed.

*
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