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1. INTRODUCTION

Understanding of the coupling of laser light to the plasma corona is essent ial for the
success of laser-driven inertial confinement fusion (lCF). The most desirable way of
imparting laser energy to the target plasma is via inverse bremsstrahlung absorpt ion. I In
addition, at elevated intensities, the thresholds for various instabilities may be exceeded,
channeling laser energy into scattered electromagnetic (EM) waves and var ious
electrostatic waves . As a result, part of the incident laser energy may be unavailable for
heating the plasma and the target may be irradiated less uniformly . Furthermore, some of
the laser energy may ultimately be transferred to energet ic electrons that can preheat the
fuel and degrade target performance. Many of these processes, such as stimulated
Brillouin scattering (SBS ), stimulated Raman scattering (SRS), two-plasmon-decay
(TPD) instability, and filamentation, have been studied extensively.I Presently, however,
the understanding of these processes is not sufficient to predict their importance under
realistic ICF plasma conditions. Therefore continued surveying of laser-plasma
interaction processes is required to guard against unforeseen surprises. This paper surveys
the plasma diagnostics used on the OMEGA laser facility at the University of Rochester's
Laboratory for Laser Energetics (LLE).
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2. PLASMA DIAGNOSTICS AND RESULTS

Absorption measurements on OMEGA are obtained from 17 plasma calorimeters
placed inside the target chamber that consist of dual, thin (25-,um) Ta foils attached to
low-mass thermocouples. A Cu pad with equally low thermal mass serves as reference .
One of the Ta foils is covered with a UV-transmitting window that measures the scattered
UV energy, while the second foil is open and measures the total energy of the scattered
UV light, plasma, and x rays. The plasma plus x-ray energy is obtained by subtracting the
UV signal from the open-foil signal. The calorimeters are absolutely calibrated using
particle beams and UV sources . The random error is -5%, and the systematic error is
estimated at -4%. For plastic-shell OMEGA implosion experiments, the absorption
fractions range between 70% and 80%, depending on the target and pulse shape used.
The measurements generally agree with the predictions from hydrodynamic code
simulations.

Parametric interaction processes generally do not impart useful energy to the
imploding target. Depending on the process, the drive energy may be reduced, the
irradiation uniformity may be decreased, or the fuel may be preheated by energetic
electrons. A detailed survey of interaction processes on OMEGA is obtained by
monitoring the light scattered back through the focusing lens of two of OMEGA's 60
beams. A schematic layout of the full aperture backscatter stations (FABS) is shown in
Fig. 1. A 4% pickoff reflection is focused by a near-normal-incidence concave mirror. A
35l-nm high reflector separates the UV and visible energies, which are then measured by
two volume-absorbing calorimeters. The UV (SBS) calorimeter is cross-calibrated and
the visible calorimeter (SRS) is absolutely calibrated and corrected for all intervening
optical components. The estimated error on the energy measurements is 5% to 10%

Another two 4% reflections are used to image the target onto two large-core (435
,um) gradient-index fibers filtered for 351 nm (SBS) and the visible for SRS. The two
fibers are routed to two spectrometers, each coupled to a streak camera for time-resolved
spectroscopy. Typical SBS and SRS spectra are shown in Fig. 2. The broadband SRS
spectra have been corrected for group-velocity dispersion in the fiber. Modal dispersion
in the fiber is insignificant. The overall time resolution is 80 ps for SBS and lOOps for
SRS. The corresponding spectral resolutions are 0.04 nm (SBS) and 4 nm (SRS).

Figure 3 shows the results obtained from the two FABS's on OMEGA for SBS when
two different beam-smoothing techniques are employed, i.e., 2-D SSD3 at l-THz
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Figure 1. Schematic layout of the full-aperture backscatter station (FABS) on OMEGA, which measures
the energy and temporal evolution of the spectrum in the SBS- and SRS-wavelength regions.
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Figure 2. Typical time-resolved SBS (a) and SRS [(b) (c)] spectra obtained on OMEGA long-seale-length
interaction experiments at l-THz SSO beam smoothing. The short-wavelength (at A.::5 500 nm) SRS emission
(b) originates in filaments . Application of polarization smoothing suppresses filamentation and the short
wavelength SRS signal (c). Laser pulse shapes are superposed on all spectra. In (a) the dashed line is the
spectrally integrated SBS backscattered power ; the squares represent calculated SBS shifts using 2-0
hydrodynamic predictions and SBS threshold calculations.

bandwidth with and without polarization smoothing. The two sets of data are clearly
separated (0 and .). Replotting the data for polarization smoothing at half their nominal
peak intensity collapses the two sets of data to a single set (e and .), which leads to the
conclusion that SBS primarily originates in the highest-intensity speckles of the intensity
distribution.

Parametric interaction processes involving plasma waves are likely to generate
energetic electrons. I Plasma waves generated by SRS typically give rise to hot-electron
temperatures of Th = 40 to 60 keY, while the TPD plasma waves lead to Th = 50 and
150 keY. These hot electrons generate x-rays, which are measured with filtered
photomultiplier-scintillator detectors.f The absolute energy contained in the hot electrons
is obtained via cross-calibration using absolutely calibrated x-ray spectroscopy.P For ICF
studies, the scaling of the temperature and energy content in the fast electrons is
important for assessing their possible detrimental impact on target performance. An
example of the scaling of Th with overlapped irradiation intensity is shown in Fig . 4.
These data indicate that the TPD instability is susceptible to multibeam-interaction
effects contrary to conventional wisdom.

so

;;-
~

J
~

60

8.e •~

40
6.0 7.0 8.0 9.0

Figure 3. SBS reflectivities obtained in single
beam. long-scale-length, laser-plasma inter
action experiments on OMEGA with 1-THz SSO
beam smoothing, with (0) and without (_) PS.
The • are data with PS plotted at half their
nominal intensities.
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Figure 4. Scaling of hot-electron temperature with
overlapped beam intensity inferred from time
resolved, hard-x-ray measurements in the range
from 50 to 500 keY. The data were taken with
filtered photomultiplier-scintillator detectors on
6O-beamOMEGA implosion experiments.
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Filamentation in the underdense corona affects the uniformity of target irradiation by
expelling plasma from the high-intensity speckles in the light distribution. This process
has a low threshold that increases with laser bandwidth when SSD is applied.
Filamentation is difficult to measure directly, but there are indirect indicators for it, such
as the short-wavelength SRS signal'' at A::5 500 nm (for ALaser =351 m). Interaction
experiments on OMEGA have shown clear evidence for suppression of filamentation in
experiments with l-TIlz SSD [Figs. 2(b) and (c)].

The temperature Te influences the instability thresholds and gains. Thus, knowing T,
helps to interpret of interaction experiments.I In planar-target experiments T, has been
measured using small (-0.1 pm thick and 200 pm in diam) embedded micro-dots of KCl,
Ti, or V. The hydrodynamics of the overall plasma are not measurably influenced by the
presence of these. dots. Time-resolved x-ray spectroscopy then yields electron
temperatures from time-varying x-ray line ratios.

3. CONCLUSION

A wide array of plasma diagnostics supports the interaction experiments on the
60-beam OMEGA laser facility . The results obtained from these experiments continue to
refine our understanding of the interaction processes and lead to improved target designs
for future large laser fusion facilities (NIF in the US and LMJ in France).
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