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1. Introduction

The National Laser Users’ Facility (NLUF) is located in Rochester, New York, at the
University of Rochester’s Laboratory for Laser Energetics (LLE). LLE was established in 1970 to
investigate the interaction of high-power lasers with matter. The NLUF has been an integral part of
LLE’s activities since 1979.

This guide provides the appropriate technical references for researchers to prepare proposals
for the use of the OMEGA and OMEGA EP laser facilities at LLE. Calls for proposals to use these
two facilities as part of the NLUF program are issued by the Department of Energy (DOE) National
Nuclear Security Administration (NNSA) through the Alberquerque Operations Office. LLE serves
as the technical liaison for NLUF and as such is the primary interface for technical discussions prior
to the preparation of proposals. Though some detailed information is provided in this guide to assist
the potential users to formulate and field proposals on the LLE facilities, the official DOE/NNSA
solicitation contains the only formal proposal submission regulations that govern the DOE/
NNSA proposal selection process.

All potential and approved users of the facility are expected to be familiar with the contents
of this handbook and the relevant references to which it points. An understanding of the general
information, policies, and procedures contained herein is necessary in order to formulate, submit,
and carry out a user proposal. Additional information is provided on the procedures to follow once
a proposal is conditionally approved but before system shots are carried out. Finally, introductory
and orientation information is provided to assist a user during visits to LLE.

The NLUF is available for experiments requiring high-intensity laser beams. Fundamental
studies center around applications in high-energy-density physics.! High-energy-density physics
experiments use an intense pulse of laser light focused to a diameter as small as a few tens of
wavelengths of laser light. Intensities as high as 10'® W/cm? can be created on OMEGA and much
higher intensities are possible on OMEGA EP. A solid material, irradiated by such an intense laser
pulse, rapidly becomes a plasma with temperatures of 107 to 108 °K and densities greater than
10 g/cm3. This point-source plasma thus provides the necessary conditions for studies of thermo-
nuclear fusion, spectroscopy of highly ionized atoms, shock waves, laboratory astrophysics, or the
fundamental physics of matter under high intensities.

The high-energy irradiation capability of the Laboratory is provided by the OMEGA facility—
a 60-beam, 30-kJ, neodymium:glass laser system, operating at a wavelength of 351 nm. This facility
has an experimental target chamber equipped with various diagnostics that are made available
to facility users.

The University of Rochester operates NLUF under an agreement with DOE. DOE funds
the operation of OMEGA, thus making it possible for researchers to conduct experiments at the
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University of Rochester without direct charge. DOE provides grants directly to NLUF participants.
The projects funded under this program are for the conduct of basic experimental research in high-
energy-density science using the research tools and resources of the NLUF. This includes, but is
not limited to, inertial fusion, plasma physics, spectroscopy of highly ionized atoms, laboratory
astrophysics, fundamental physics, materials science, biology, and chemistry.

Evaluation of applications is conducted using a merit-review process in accordance with the
criteria set forth in the DOE solicitation for proposals. Applications undergo a preliminary screening
to determine whether the requirements of the solicitation have been met before they are subjected to
detailed evaluation utilizing merit review. Applications that do not include all requested information
(as specified in the DOE/NNSA solicitation) may be considered nonresponsive and may not receive
further consideration.

After the preliminary review, qualifying applications are subjected to a technical peer merit
review. A scientific peer committee of highly qualified individuals will evaluate the applications
using the following criteria:

(@) Scientific/technical soundness and quality of the proposed method/approach.

(b) Overall scientific/technical merit of the experiment and its relevance to its field of
research.

(©) The competence, experience, and past performance of the principal investigator and key
project personnel.

(d) The demands of the proposal in terms of resource requirements of the LLE facilities and
personnel.

The review committee (NLUF Steering Committee) is appointed by the President of the
University of Rochester with the approval of DOE. The review committee recommends applications
deemed worthy of laser time on the NLUF in a ranked order. Final selections is made by a designated
DOE/NNSA official based on the technical merit review, cost, and funding availability. Proposal
submissions and reviews are currently made biennially.

Since its inception in 1980, NLUF has received 278 proposals from prospective users of
which 143 have been accepted.
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Over seventy percent (70%) of the accepted proposals have come from university laboratories,
including Auburn University, Brigham Young University, Harvard University, Illinois State University,
Massachusetts Institute of Technology, Polytechnic Institute of New York, State University of New
York at Buffalo, State University of New York at Geneseo, Syracuse University, University of
California at Berkeley, University of California at Davis, University of California at Los Angeles,
University of Connecticut, University of Florida, University of Illinois, University of Maryland,
University of Michigan, University of Nevada at Reno, University of Pennsylvania, University of
Rochester, University of Texas, University of Wisconsin, and Yale University.
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Phase plates made over the last five-year period are more efficient, uniform, and reproducible
due to improvements in lithography, etching, and, more recently, advances in magnetorheological
finishing. A goal of phase-plate design is to generate the desired far-field spatial profile while
minimizing wide-angle scattering outside this profile. Improved design techniques, based on simulated
annealing and phase-retrieval algorithms, have been developed to improve the shape and profile of
the phase-plate focal spot. Greater experience in the design process has resulted in better control of
the correlation length in the near-field phase distribution. This allows the selection of one phase-plate
design over another on the basis of overall performance and manufacturability.

For the continuous phase plates currently used,* the phase retardation is distributed over the
surface by introducing optical path differences (OPD’s) in the form of a continuously varying thickness
t(x,y) of a material with refractive index n. The OPD is given as #(x,y)(n—1). Since the correlation
length of the phase plate is much larger than the wavelength of light, the surface relief refracts the
light a similar amount for all frequencies, making the on-target spot size relatively independent of
wavelength. (This is in contrast to the original phase plates used for fusion applications,’® whose
surfaces were made of discrete elements of different thicknesses and suffered from diffraction from
the discontinuities.)

Optical lithography is used to generate complex surface-relief structures that are subsequently
etched into a glass that is compatible with high-irradiance UV laser light. Mask fabrication, photoresist
patterning, and ion-beam etching have been significantly improved at LLE to fabricate 310-mm-diam
continuous phase plates for use in OMEGA. Improved photolithographic masks, such as the mask
shown in Fig. 2.15, were made using an LVT photographic film writer developed by Eastman Kodak
in Rochester, NY. The accurate masks, together with a uniform ultraviolet light source, ensures that
the mask transmittance at a point multiplied by the material removal function of the photoresist is
linearly related to the phase difference required by the phase-plate design.

The final fabrication step involves the transfer of the surface relief into a suitable UV-
compatible material. After extensive development of ion-beam etching, the transfer of photoresist
masters into fused-silica glass has become highly reproducible. The fabrication of phase plates is

Figure 2.15
Surface relief (shown in gray level) on one side of a glass
substrate used to form a continuous phase plate.

E14636]X
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performed in class-100 to class-1000 clean-room conditions to limit contamination that can cause
losses due to surface-relief scattering, material scattering, and material absorption. An alternative
manufacturing process using magnetorheological finishing, a technique originated at LLE, has been
developed by outside vendors to fabricate high-quality phase plates for applications requiring small
focal spots,” for which the gradients of 7(x,y) are small. This process produces very little far-field
scatter and defect-free near-field irradiance. It is the baseline process being used to make the NIF
indirect-drive phase plates, but its ability to make direct-drive phase plates [which require larger
gradients of #(x,y)] has still to be determined.

Phase plates are characterized using the OMEGA ultraviolet diagnostic table, which provides
a laser-beam characterization capability for up to four beamlines. The table is located on top of the
south end-mirror structure, where it has access to beamlines 46, 52, 56, and 57 without conflicting
with target chamber access, other diagnostics, or maintenance activities. The on-target irradiation
distribution from a single focused laser beam is measured with an equivalent-target-plane CCD
(charge-coupled device) camera.10-11

Examples of equivalent-target-plane images are given in Fig. 2.16(a) for the “SG4” phase plates
recently installed on OMEGA for implosion experiments and the “SG3” phase plates previously used
on OMEGA. In both cases 2-D SSD® with 1-THz bandwidth!2 and polarization smoothing!? were
used. Lineouts through the images [Fig. 2.16(b)] show that the SG4 phase plates produce significantly
flatter profiles than the previous phase plates.
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Figure 2.16
(a) Equivalent-target-plane images from the “SG4” phase plates currently used
on OMEGA and the “SG3” phase plates previously used on OMEGA. SSD and
W polarization smoothing are included. (b) Horizontal lineouts through the images
E11994]X of (a), with best fits of the form exp [-(+/r())""] shown dashed.
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The focal spot from an SG4 phase plate has been characterized outside the focal plane. As
seen in Fig. 2.17(a), the azimuthally averaged beam initially becomes less flat as the distance from the
best focus increases to 5 mm. As z increases farther, the profile becomes flatter and then approaches
the near-field irradiance profile for very large focal shifts. The measured profiles agree well with
ray-tracing simulations.!* The only significant deviation occurs in a small area near the center of
the beam for z = 5 mm, where nonuniformities resulting from phase errors in the near field (not
included in the calculation) may not be averaged out effectively; also, speckle in the beam makes
it difficult to define a meaningful azimuthal average near the center of the beam. The width of the
beam, defined on the basis of the radius encircling 90%, 95%, or 99% of the laser energy, is shown
as a function of z in Fig. 217(b).

The profiles shown in Fig. 2.17(a) are for a beam without SSD or polarization smoothing.
The z = 0 lineout is a little narrower than the SG4 lineout shown in Fig. 2.16(b) because the angular
dispersion associated with SSD (imposed by diffraction gratings early in the laser system) and the
far-field displacement between the two polarization components resulting from polarization smoothing
cause the beam envelope to be broadened in both directions.

A set of 40 phase plates has recently been made for indirect-drive experiments on OMEGA.
These phase plates are designed to reach a peak envelope intensity of 1015 W/cm?. Their shapes are
elliptical to provide approximately circular spots when projected onto the laser entrance hole of the
hohlraum target. A measured far-field intensity distribution and beam envelope are shown in Fig. 2.18.
These phase plates were successfully fabricated by the Zygo Corporation!? in collaboration with the

Lawrence Livermore National Laboratory, using magnetorheological finishing.
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Figure 2.17

(a) Azimuthally averaged radial lineouts of an SG4 phase plate intensity distribution (without SSD or polarization
smoothing) at three distances z from best focus. The dashed curves are ray-tracing simulations. (b) Radii of the SG4
beam as a function of z based on the 90%, 95%, and 99% encircled energy contours.
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(a) Measured far field (b) Measured beam envelope
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Figure 2.18

(a) Measured far field produced with the elliptical phase plate E-IDI-300 and (b) measured beam envelope. The average
intensity I5q is 1 x 10'5 W/cm?, the peak intensity Iys 15 3.8 1015 W/ecm?, the super-Gaussian power n is 4.1, the 1/e
minor diameter is 212 ym, and the 1/e major diameter is 290 ym.

Several other phase plates are available for target experiments on OMEGA. “SG8” phase
plates provide focal spots of diameter ~800 «#m with a very flat central portion of diameter ~400 ym:;
they may be approximated as super-Gaussians with r =412 ym and n = 4.7. These phase plates are
used for many planar-target experiments including stability, equation-of-state, and long-scale-length-
plasma experiments. A set of similar phase plates produces 800-xm-diam, elliptically shaped spots
relative to the beam axis so as to produce circular spots on target when used at irradiation angles of
23°,48° and 60°. A small number of phase plates with 100-#m and 200-xm diameter provide very
high irradiance for plasma physics experiments. Another set of phase plates produces 300-xm-diam,
elliptically shaped spots for use at irradiation angles of 23° and 48°. Finally, a novel phase plate
design has produced the one-dimensional pattern in the target plane shown in Fig. 2.19 for use in
several laser-imprint experiments on OMEGA. Phase plates with intensity perturbations of 30-x#m
or 60-um wavelength are available for studying hydrodynamic instabilities.
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2.3.4 Second-Harmonic and Fourth-Harmonic Capabilities

A second-harmonic (2w) capability has been implemented on OMEGA. It is available by
detuning the triplers in the frequency-conversion cell of one of the OMEGA beams (beam 25) and
redirecting the beam to port P9 on the target chamber using kinematic mirrors. (A separate port was
needed because a new, 2w focus lens was required.) Beam pointing, focusing, energy diagnostics,
and a dedicated 2@ phase plate (with a 200-xm spot diameter) are included. The 2w beam can be
converted to the fourth harmonic (4w) by inserting a KDP quadrupler into the beam. A half-wave
plate can be inserted into the 4@ beam to rotate its polarization to the desired orientation.

The 2w beam is used for 2w laser—plasma interaction experiments,16‘18 and the 4w beam is
used as a probe for Thomson-scattering experiments.'*20 The 2 and 4@ capabilities were installed as
a collaborative effort between LLNL and LLE and were funded through LLNL’s LDRD (laboratory-
directed research and development) program. A full-aperture backscattering station operating at
2w has also been implemented, together with Thomson-scattering diagnostics operating at 4 that
measure the absolute, spectrally resolved scattering from the target.

2.3.5 UV Spectrometer

A 63-channel, ultraviolet (UV) spectrometer?! has been installed on OMEGA. This instrument
replaces the previous spectrometer, which was limited to four beams. With an input energy of
1 1J per channel, 63 spectra can be acquired simultaneously on a single multibeam laser shot. The
spectrometer has a dispersion at the detector plane of 8.6 x 10~2 picometers (pm)/xm and a spectral
window of 2.4 nm at A = 351 nm. The wavelength resolution varies from 2.5 pm at the center of the
field of view, three times better than that of the previous spectrometer, to 6 pm at the edge.

The primary function of the spectrometer is to diagnose the spectral broadening that is
imposed on the OMEGA laser beams as part of the implementation of two-dimensional smoothing
by spectral dispersion (SSD).>12 To maximize the available bandwidth, limited by the acceptance
bandwidth of the potassium-dihydrogen-phosphate (KDP) crystals used for frequency tripling,
a second tripler crystal was added to each OMEGA beam, with the two tripler crystals angularly
detuned by specified amounts with respect to the direction of propagation.23-24 To maintain the highest
conversion efficiency, the angular detuning of these crystals must be controlled to approximately
100 urad. Mistuned crystals decrease the UV conversion efficiency and change the spectra of
the converted light. While a procedure has been developed to tune the crystals by monitoring the
conversion efficiency over a series of nine laser shots, the tuning can drift with time and checks of
individual beamlines have revealed that the spectra are different. One goal of the new spectrometer
is to make it possible to determine the tuning state of all the crystals on a single shot and to correct
any misaligned crystals, thereby improving the power balance on OMEGA. An improved tuning
procedure based on the UV spectrometer is being implemented.

A secondary motivation for building the spectrometer was the need to understand and
control an intrinsic source of bandwidth on the OMEGA system due to self-phase modulation. If the
intensity of a laser pulse varies in time, the nonlinear index of refraction produces a time-varying
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phase.2> This phase, known as the “B integral,” is equal to f nylds, where n, is the nonlinear index
of refraction, / is the laser intensity, ds is an element of the path length, and the integral is over the
entire beam path. When this phase varies in time, it produces a frequency shift.

These dual missions determined the specifications of the spectrometer. The spectrometer
acquires complete spectra for all OMEGA beams on a single shot. To allow for the possibility of
corrupt channels and to incorporate in-situ wavelength calibration, the system was constructed
with 63 channels. Each channel spans a 0.6-nm bandwidth around A = 351 nm to view the entire
SSD-broadened spectrum. With SSD turned off, the spectrometer can resolve spectral features of
the order of 3 pm. The light that feeds the spectrometer comes from the small fraction of the light
from each beamline that is split off for diagnostics purposes. To accommodate total UV energies
per beamline of 10 to 500 J, the detection system is designed to handle signal levels that vary by a
factor of 50, from 20 nJ to 1 zJ.

A schematic of the spectrometer is shown in Fig. 2.20. Light from a 63-channel fiber bundle
passes though a 3 x 21 slit array and a collimating lens pair before reflecting off three mirrors and
three gratings. A second lens pair focuses this light onto a CCD. Many spectrometers use reflective
optics to image the light through the instrument to avoid chromatic aberrations associated with the
refractive elements. However, since this instrument has a limited spectral range, the spectral dispersion
in the fused silica can be ignored. The advantage of using refractive optics is that the imaging can
be done on axis, allowing a wider field of view than possible with off-axis imaging. The large field

of view is required because the spatial extent of the fiber head is 21 x 25 mm?2.
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Figure 2.20
Schematic of the 63-channel UV spectrometer. The slit array (one slit per channel) is imaged onto the CCD with
spectral dispersion in one direction.
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A typical CCD image from the UV spectrometer is shown in Fig. 2.21. The image includes
spectra for some beams with SSD and some without. The SSD beams, represented by large rectangular
spectra (dispersed in the vertical direction), have approximately the same energy and 80 times the
bandwidth of the narrow-linewidth beams. The 37 missing channels would be interspersed among
the 23 channels shown.

Some representative spectra obtained from images such as those illustrated in Fig. 2.21
are shown in Fig. 2.22. The spectra of Fig. 2.22(a) are from beams with 1-THz SSD and show the
characteristic three peaks of the two-tripler frequency-conversion system used on OMEGA .24 They
are produced from a region of the CCD with 570 x 100 pixels by averaging along the 100-pixel
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(a) Spectra from two beams from a single shot with 1-THz SSD. (b) Spectra from a low-intensity pulse (9 J, 2 ns) and
a high-intensity pulse (50 J, 100 ps), both recorded on beam 61, the channel with the highest resolution.
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spatial direction and show that the spectrum differs from beam to beam. Since the detailed shapes
of these spectra depend on the tripler-crystal alignment, the UV spectrometer can potentially aid
in crystal tuning.2

In Fig. 2.22(b), two spectra taken without SSD are compared. The narrow spectrum, from
a low-intensity pulse, is expected to be transform limited and represents the instrument response to
a single frequency. The other spectrum, from a high-intensity pulse, illustrates the largest allowed
intrinsic spectral broadening on the OMEGA system (due mainly to the B integral). Larger bandwidths
can damage the system. The spectrum is asymmetrical because the rising edge of the pulse, which
generates the red-shifted wavelengths, is faster than the falling edge, which generates the blue-shifted
wavelengths.

2.3.6 Target Chamber Tritium Recovery System

To support high-activity cryogenic DT targets (~0.24 Ci each) while maintaining tritium
emissions within environmental release limits (2.2 Ci per year), a Target Chamber Tritium Removal
System (TC-TRS) has been added to the OMEGA target chamber’s vacuum-pump exhaust line.
This exhaust line also serves the Cryogenic Target Handling System Cart Maintenance Room and
tritium scrubber.

The TC-TRS uses molecular sieves to collect tritiated water (HTO) from the exhaust effluent
before transferring the gas to the building exhaust stack. A catalytic reactor converts tritium gas (HT)
to HTO prior to the molecular sieve stage. The molecular sieves are automatically regenerated in situ.
Three molecular sieve beds are installed, allowing continuous availability even during regeneration
cycles. Input and output tritium and moisture monitors verify performance of the removal system
and support a predictive maintenance plan that ensures high reliability and availability. To date, bed
regenerations have yielded ~80 liters of tritiated water condensate containing 6 Ci of activity. The
TC-TRS traps tritium in the exhaust from mechanical vacuum pumps used on the OMEGA target
chamber.

The TC-TRS also receives effluent from the tritium scrubber. This is a small system that is
dedicated to removing concentrated elemental tritium in the effluent from OMEGA cryogenic vacuum
pump regenerations. Most of the tritium released into the target chamber is collected by these pumps.
The tritium scrubber employs zirconium-iron at elevated temperatures to reversibly adsorb elemental
tritium. Effluent from the scrubber is then polished by the TC-TRS to remove residual tritium.

The target chamber’s vacuum system and the auxiliary vacuum systems (e.g., for the ten-
inch manipulators and the target positioner) have been modified to support decontamination cycles
of the target chamber and antechambers. Modifications include the addition of purge-gas intake
valves; a direct, atmospheric pressure path to the TC-TRS; and software and operating procedures
to support automated decontamination of the target chamber and its antechambers. This operating
mode allows equipment that has been exposed to tritium in the target chamber’s vacuum envelope
to be safely serviced while minimizing personnel exposure to tritium and preventing contamination
of the Target Bay environment.
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The TC-TRS also receives effluent from Moving Cryostat Transfer Carts (MCTC’s) as the
result of decontamination activities in the Cart Maintenance Room. MCTC'’s are subjected to vent/
pump cycles using room air to remove tritium from internal spaces. Effluent from the pump-out
portion of the cycle is directed to the TC-TRS. Approximately 100 cycles are required over a period
of two days to reduce concentrations to acceptable maintenance levels. Highly contaminated MCTC’s
have been observed to yield as much as 500 millicuries during the decontamination process.

The TC-TRS modification allows OMEGA to shoot high-activity DT targets while providing
a high degree of personnel safety and ensuring minimal release of tritium to the environment.

2.3.7 Software Improvements for OMEGA Operations

OMEGA operations are supported by an array of software and database applications that
capture the principal investigator’s shot specifications, categorize shots by their impact on the
operational configuration, orchestrate the shot itself, collect and archive shot data, and provide data
reduction for initial assessments. This system includes executive-level programs that communicate on
an internal computer network and coordinate the activities of all shot-related programs. For example,
the “Shot Executive,” which is at the top of the executive-level hierarchy and operated by the Shot
Director, propagates messages that transition the entire laser system from one well-defined state to
the next. As the shot approaches, a precision hardware timing system counts down, fires the laser,
and triggers all diagnostics for data acquisition.

During the period FY03-FYO07, the software suite has continued to evolve as new capabilities
have been added to the OMEGA Laser System and as computer-aided setup and monitoring have
been applied to existing elements. The software framework has been extended and improved to
accommodate joint shots using OMEGA EP. Significant improvements have been realized in the
areas of object-oriented design; intra-program communication facilities; code development that
employs mature, industry-recognized libraries; and source code control. The new laser system will
employ the same operational concepts as used on OMEGA and, from the outset, will benefit from
the software maturity of the older system.

While the two systems use separate databases for configuration and shot-data archiving, a
common shot request system will serve to link the databases for shot preparation and data retrieval.
The same executive-level software modules are used in both systems so that the “look and feel” of
functions, terminology, and the user interface are shared.

2.3.8 Support for External Users
Approximately 50% of OMEGA shots are currently assigned to outside users. The support

for these users is virtually the same as for LLE users and is centered around shot scheduling and
planning, the integration of user-developed diagnostics, and user access to shot data.
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probe laser is fiber-optically coupled to the rest of the VISAR system. The imaging system relays an
image of the rear target surface to the output beamsplitters (BS2) of the interferometers. It also conveys
the probe beam to and from the target. Each interferometer has an optical etalon (delay) in one leg,
providing a comparison of the phases of the reflected probe beam signal at two different times. The
result is a series of fringes (imposed onto the target image) whose displacements are proportional
to the velocity of the rear surface, resolved in space along the face of the target transverse to the
direction of shock propagation. These fringe patterns are detected with an optical streak camera to
provide a record of velocity as a function of space and time, with ~5-xm spatial resolution and ~10-
to 50-ps temporal resolution, depending on the sweep speed. The second channel has a different
velocity sensitivity to resolve the 277 ambiguities that result when instantaneous velocity jumps (from
shocks) are greater than one fringe period.

The detection of the shock-breakout time from opaque samples is possible with VISAR by
simply monitoring the rear surface of the target. If the shock is weak, it will initiate movement of
the surface that will be detected by VISAR. If the shock is strong, it will vaporize the surface and
the expanding material will absorb the VISAR probe beam. In either case the arrival time of the
shock is measured. The coating on the periscope mirror M1 is designed to transmit the self-emission
from the target to the streaked optical pyrometer (Sec. 2.5.14), allowing simultaneous velocity and
temperature measurements.

Two significant upgrades to this system have recently been implemented. The system now
includes new ROSS streak cameras (Sec. 2.5.3), and an entirely new optical system has been installed
to facilitate rapid installation and streamline operation. The new system has excellent performance
and has decreased the diagnostic preparation time required for each shot.

A measure of the precision of the VISAR diagnostic is the correlation of the velocities deduced
from the two channels. Figure 2.83 shows the velocity profiles recorded on an isentropic compression
experiment that produces a slow, continuous target compression. This results in a rear-side velocity
that increases over many nanoseconds. The excellent agreement between the two channels and its
persistence for over 10 ns demonstrates the accuracy and stability of the system.
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2.5.14 Streaked Optical Pyrometer

Shocks driven by laser-produced plasmas on OMEGA typically have temperatures greater
than 5000 K and produce optical emission. This emission is measured by the LANL streaked optical
pyrometer,!’! which uses a Cassegrain telescope (optimized for 250-nm light) coupled to an optical
streak camera. This system has been modified so that it can be used simultaneously with the VISAR
system (Sec. 2.5.13). Referring to Fig. 2.82, the self-emission light in the 600- to 850-nm range leaks
through one of the periscope mirrors (M1) and enters the streaked optical pyrometer. Correction optics
compensate for the refractive VISAR telescope used at these wavelengths. The result is a system that
provides simultaneous velocity (VISAR) and temperature measurements (streaked optical pyrometer)
and has been extremely useful for equation-of-state and shock-timing experiments.

This arrangement has recently been enhanced by removing seven of the mirrors that were
needed for the Cassegrain system. The new optical system (Fig. 2.84) is much simpler: it has an image
relay (two lenses), two mirrors, a Dove prism (for image rotation), and an interference filter pack. This
system has increased the sensitivity by a factor of six and enabled the detection of multiple wavelength
bands (400 to 500 nm and 600 to 850 nm). The higher sensitivity allows a better detection of phase-
transition (melt) signals, and the multiple wavelengths allow color-temperature measurements.

The responsivity of the pyrometer has been calibrated using a lamp whose calibration is
traceable to a National Institute of Standards and Technologies standard. The lamp is placed in the
OMEGA target chamber and viewed with a standard experimental configuration. Various narrowband
filters are inserted to measure the spectral response. An initial guess for the system response was
taken as the product of the published spectral response of the S20 photocathode and the measured
transmission spectra of the wavelength-dependent optical elements. The spectral response curve was
then adjusted to reproduce the spectroscopic measurements. For a Planckian source, this provides
a relatively simple relation between the recorded signal and the brightness temperature of the body.
The constants used to adjust the spectral response are updated to follow optical element changes
and system degradation and are available for each experiment.

Interference
/ filters

From target Streak

camera
\ Dove
prism

To VISAR .
Figure 2.84

Optical layout of the streaked
optical pyrometer.

E14703JX
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2.5.15 Cryogenic-Target Characterization Diagnostic

A cryogenic-target characterization diagnostic (CTCD) has been installed on OMEGA to
permit evaluation of the integrity of the cryogenic D, or DT ice layers 50 ms prior to the shot. The
layout of the diagnostic is shown in Fig. 2.85. A pulsed, ~50-us LED light source is piped through
a 450-um light fiber to an OMEGA port. A magnified image of the fiber output is relayed to the
target. After removal of the shroud and layering sphere <90 ms before shot time, the LED is fired
and a shadowgraphic image of the target is formed on a CCD camera as shown in Fig. 2.85. This
image is read out before the shot for subsequent analysis.

X-TED laser Y-TED detector
(Port P8) (Port H6)

Cryogenic Port

HI11 H10
LED
Target chamber
Y-TED laser X-TED detector
(Port H15) (Port P5)

E14545]X

Figure 2.85

Schematic of the cryogenic-target characterization diagnostic (CTCD) on the OMEGA target chamber. A 627-nm,
high-brightness LED illuminates the cryogenic target for ~50 us within ~50 to 100 ms prior to shot time. The target is
imaged onto a CCD camera, yielding a shadowgraph. Two additional laser beams illuminate the target and are viewed
in the target existence detectors X-TED and Y-TED.

A typical CTCD shadowgram is shown in Fig. 2.86(a). The four spider silks supporting the
target are clearly visible as is the bright ring representing the DT ice layer of this target. The quality of
these images is inferior to that obtained in the characterization station due to experimental constraints
imposed by the OMEGA target chamber. However, these images still allow a basic assessment of
the integrity of the targets to be made. They are sharp because of the short, 50-us, LED pulse.

Figure 2.87 shows the unwrapped shadowgraph of Fig. 2.86(a) in the vicinity of the target
surface and the bright ring. Superposed on the figure are the positions of the target surface and the
bright ring as determined by the image analysis software (black lines). Also shown (in red) are the
target surface and bright ring locations as obtained before the shot in the target characterization
station for approximately the same angle of observation. The close correspondence is indicative that
the target has not undergone any significant change during its transport from the characterization
station to the OMEGA target chamber, a process that typically takes between one and two hours
and many target manipulations.
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Figure 2.86

CTCD shadowgraphic images of cryogenic targets suspended by four spider silks, obtained using the 50-us LED
pulse. The bright ring due to the ice layer is clearly visible, albeit with some breaks caused by defects in the ice layer.
The bright dots are due to two cw laser beams (“X-TED” and “Y-TED”) reflecting off various surfaces of the target;
their size provides an indication of target motion during the 10-ms integration time of the CCD camera. Target (a),
a DT target, exhibits minimum vibrations (<10 xm) while target (b), a D, target, suffers from very large (~160 #m)
vibrations.
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Of particular significance in Fig. 2.86 are the bright dots aligned along two diameters and
indicated as “X-TED” and “Y-TED.” They result from the target existence detector (TED), a system
in which two cw, 1-mW, HeNe lasers illuminate the target from two directions (Fig. 2.85). In the
absence of a target at target chamber center, detectors on the opposite side of the chamber detect
the light from these lasers and prevent the OMEGA laser from firing. Reflections from the various
surfaces of the cryogenic target give rise to the multitude of bright dots aligned on a diameter.

These bright dots provide information on the target vibration at shot time in two ways. First,
the CCD camera (a DALSA!72 DALSTAR 1M30) integrates over ~10 ms. In the presence of vibrations
this causes the HeNe laser to expose a larger area of the CCD. This is very apparent in Fig. 2.86(b),
where the target vibrates over a distance of ~160 #m perpendicular to the silks, while the target in
Fig. 2.86(a) shows minimal vibration (<10 gm). Further information is provided by the faint vertical
lines (“streaks”) through the bright dots. In the 2 ms subsequent to the 10-ms integration time of the
CCD camera, the image is shifted, row by row (in the downward vertical direction of Fig. 2.86), to a
storage location on the same chip. During this 2-ms interval the bright TED laser reflections continue
to illuminate the target and reach the CCD, resulting in the streaks on the image. These streaks
appear as straight lines in the vertical direction of the image if the target does not move during the
2-ms image transfer time [as in Fig. 2.86(a)]. However, if the target vibrates during the transfer, these
lines can become curved. In the example of Fig. 2.86(b), the small deviation of the streak from the
vertical (~30 um at the top of the target) indicates a vibration frequency well below 400 Hz.

The features described here have been observed frequently and have led to significant
improvements in the target support system. Vibration-free images such as that shown in Fig. 2.86(a)
are now routinely observed.

2.5.16 External-User—Developed Diagnostics

External users of OMEGA often develop, implement, and operate new diagnostic systems.
The routine operation of many of these systems has been turned over to the OMEGA Experimental
Operations Group. This section describes several of the external-user—developed diagnostics whose
operational responsibility still rests with the originating user.

2.5.16.1 HENEX (High-energy electronic x-ray diagnostic)

HENEX is an x-ray spectrometer developed by a team with participants from NRL, LLNL,
NIST, and SFA Inc.!73 to record spectra in the energy range of 1.1 to 20.1 keV. HENEX has four
reflection crystals with overlapping coverage of 1.1 to 10.9 keV and one transmission crystal covering
the range of 8.6 to 20.1 keV. The spectral resolving power varies from approximately 2000 at low
energies to ~300 at 20 keV. The spectrum of each crystal is recorded by a modified dental x-ray
charge-coupled detector with a dynamic range >2500. This device has been used on OMEGA
experiments and is a core diagnostic for x-ray spectroscopy on the NIF.

2.5.16.2 TBD (Transmitted beam diagnostic)
LLNL has developed and fielded on OMEGA a transmitted beam diagnostic!™ to measure
the fraction of a high-intensity second-harmonic interaction beam transmitted through an underdense
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target. The TBD consists of an uncoated reflector, mounted near the target, that collects and reflects
4% of the transmitted light to a camera assembly outside the vacuum chamber. The TBD measures
beam spray, beam deflection, and the absolute transmitted power. A third-harmonic TBD has recently
been installed.

2.5.16.3 HRXI (High-resolution x-ray imaging)

CEA has developed HRXI,!'? a high-spatial-resolution, time-resolved, x-ray imaging diagnostic,
for OMEGA. It combines two state-of-the-art x-ray technologies developed in France: a high-resolution
x-ray microscope (with an energy cutoff of ~6 keV) and a high-speed x-ray streak camera. The instrument
achieves spatial and temporal resolutions of ~5 #m and ~30 ps, respectively.

2.5.16.4 Dante

Dante is a time-resolved x-ray spectrometer developed by LLNL and used on the Nova and
OMEGA lasers.! 70177 This diagnostic measures the soft-x-ray power in a number of channels defined
by the combination of filter edges. The detectors are planar vacuum x-ray diodes with Al, Ni, or Cr
cathodes. High-speed (5 GHz) digitizers are used to time resolve the signals. The primary function
of Dante is to measure the absolute, spectrally resolved, radiation flux from a hohlraum. The version
of Dante installed on OMEGA has a total of 18 channels with nominal energies ranging from ~60 eV
to ~15 keV. Precision calibration has been carried out using two beamlines [U3C (50 eV to 1 keV)
and X8A (1 to 6 keV)] at the National Synchrotron Light Source.

2.5.16.5 DMX

DMX!78 was developed by CEA as an x-ray spectrometer for eventual use on the NIF and
LMI.17® It has 18 energy channels ranging from 50 eV to 20 keV. The softer bands (<1.5 keV) use
a combination of mirrors and filters and a coaxial diode detector. The mirror/filter combination is
designed to improve hard-x-ray rejection. The intermediate channels (from 1.5 keV to 5 keV) use only
a filter and a coaxial diode. The highest-energy channels use a photoconductive detector (neutron-
damaged GaAs) instead of an x-ray diode detector. The absolute x-ray response of the diodes and
the relative transmissions of the mirror/filter combinations have been calibrated on a synchrotron
beamline at the Laboratoire pour I’Utilisation du Rayonnement Electromagnetique in Orsay. DM X
has been used for several hohlraum physics campaigns on OMEGA.

2.5.16.6 DEMIN (Detector micromegas for neutrons)

DEMIN is a new neutron diagnostic developed by a team from CEA.!80 It has been designed
to measure neutrons in the background of the high levels of gamma rays that are produced in
ignition or near-ignition experiments. The detector couples a neutron-to-charged-particle converter
to a micromegas (micro-mesh gaseous structure) detector.!81:182 The version developed for use on
OMEGA was designed to carry out 12- to 17-MeV neutron spectroscopy of secondary neutrons.
Based on tests performed on OMEGA, the y-ray background is sufficiently suppressed by this device
to allow measurements of secondary as well as tertiary neutrons in future experiments on OMEGA,
the NIF, and the LMJ.17®

2.6 TARGET FABRICATION
(Under construction)
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3. Proposal Information

Applications for facility use and financial grants from DOE are welcome from any qualified
U.S. university, laboratory, or company. The preparation and submission of NLUF proposal documents
is governed by the requirements described in the Research Announcement (call for proposals) issued by
the DOE/NNSA Albuquerque Operations Office. This office issues the call for proposals, screens and
accepts the proposals, and forwards all responsive proposals to NLUF for technical evaluation.

3.1 PROPOSAL PREPARATION

This section provides supplemental information to assist potential users in preparing NLUF
proposals. Proposals to conduct experiments at NLUF are a request for allocation of laser beam
time and, if proposed, a request for DOE financial (grant) assistance. The most important part of
the proposal is the technical description and justification of the proposed experiment. The proposal
should contain clear statements indicating the purpose of the experiment, the method, and the results
expected.

It is mandatory that each proposal specifically state the required number of OMEGA shots,
the required OMEGA laser and diagnostic configurations, the required theoretical and computational
support, and the required target specifications and quantity. The principal investigators are expected
to communicate with the DOE target contractor (GA) during formulation of the proposal to obtain
estimates of the effort required to provide targets for the proposed experiments. A Proposal Summary
sheet (see Appendix C), identifying the experiment requirements must accompany each proposal
to use the NLUF. In cases where either the requested target quantity or specifications cannot be
obtained within the target fabrication support contractor resources allotted to NLUF, the user must
include funding for target support within his/her proposal. Similarly, if the prospective user requires
computational support from LLE, such support must be costed in the proposal.

Potential applicants who intend to include in their proposal any information considered
proprietary are cautioned to refer to the instructions in the DOE Research Announcement regarding
the marking and protection of such data.

Separate technical and cost proposals are required for applicants seeking financial support
from DOE/NNSA. Specific guidance on the format and content of each document will be provided
in the DOE/NNSA Research Announcement.

3.2 FACILITY REQUIREMENTS

Proposals must clearly describe the specific requests for the facility, including laser and
diagnostics configurations and target requirements, and contain a detailed discussion of the
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background, justification, techniques, measurement accuracy, and expected results. Each of these
items is critical in evaluating the proposal.

Proposals which are incomplete or not responsive to the requirements set forth in the DOE/
NNSA Research Announcement will be returned. Potential users are encouraged to contact the
NLUF manager for technical discussions during the proposal formulation process. This assures that
important questions, such as the engineering practicality of the experiment, the equipment and target
fabrication resources required, and cost factors are addressed at an early stage.

Inquiries on the use of the facility may be addressed as follows:

Manager

National Laser Users’ Facility
Laboratory for Laser Energetics
250 East River Road

Rochester, NY 14623-1299
(585) 275-3866

Telephone inquiries may be directed to either to the NLUF Manager or the Administrative
Liaison.

3.3 INSTITUTIONAL COLLABORATIONS

The proposal must clearly identify all collaborations that are required to carry out the proposed
work. A formal confirmation from an authorized representative of the collaborating institution must
accompany the proposal.

34 PROPOSAL SUBMISSION

All NLUF proposals must be submitted in response to the DOE/NNSA Research
Announcement (call for proposals), which is issued on or about the beginning of the calendar year.
No proposals will be accepted directly by the NLUF or LLE.

3.5 PROPOSAL REVIEW

Evaluation of applications will be conducted using a merit-review process in accordance
with the criteria set forth in the DOE call for proposals. The scientific peer review panel (Steering
Committee) is appointed by the President of the University of Rochester, with DOE approval. Members
of the panel include outstanding scientists from education and government, each with demonstrated
achievement in the scientific community. The terms of appointment for members are staggered so
that part of the membership is renewed for each review.
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Final selections for grant awards are made by a designated DOE official in consultation with
the scientific peer review panel, based on technical merit, cost, and funding availability. The user
research grants are issued and administered by the DOE Oakland Operations Office.

3.6 FINANCIAL SUPPORT FOR USER EXPENSES

Along with the technical proposal requesting access to the NLUF, applicants may request
financial (grant) assistance from DOE. Researchers requesting financial support from DOE must
submit a separate cost proposal as described in the DOE call for proposals. The budget information
submitted to DOE should include personnel costs, supplies and materials, other direct costs (including
travel to the University of Rochester), indirect costs, target-fabrication costs, theoretical support, and
equipment costs.
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4. Policies

4.1 USER RESEARCH GRANTS

User research grants are negotiated between the user and DOE’s Oakland Operations Office.
DOE will notify those users that are approved for funding. This notification takes place after the
Steering Committee has reviewed the proposals and made its recommendation to DOE.

4.2 SAFETY

LLE is designed to allow many kinds of activities, ranging from fabrication and
experimentation to seminars and tours. From the viewpoint of safe work practices, however, LLE
must be considered first and foremost an open laboratory environment; accordingly, all of the
potential safety and health hazards of a benchtop lab must be assumed to exist.

Only by practicing safety will the risk of accidents be minimized. This is the responsibility
of each user, regardless of activities. Unsafe work practices cannot be tolerated, whether they result
from a failure to observe written policies and procedures, or from a failure to use prudent judgment.
Unsafe actions by a user may, among other things, result in termination of an experiment.

Users must comply with all relevant safety policies and procedures in place at the UR/LLE.

All materials to be employed in experiments that are unusual, e.g., hazardous metals and all
targets, must be pre-approved by UR/LLE before they are brought to the facility.

4.3 TARGET DESIGNS
Proposed targets must be reviewed by LLE and declared “system safe.”

If a user is concerned about the safety of a particular activity, the matter is to be directed
immediately to the attention of the Facility Manager.

4.4 SCHEDULING OF EXPERIMENTS

The scheduling process for OMEGA and OMEGA EP experiments is detailed in Appendix
A (LLE INST 3000F). The facility users should note the timeline itemized in Table 4.1 with respect
to the scheduling of facility shots.

A Shot Request Form (SRF) is required for each shot to be taken on OMEGA. The user
is responsible for completing these forms. The SRF’s must be completed via computer; access is
available through the LLE home page at www.lle.rochester.edu. The user should contact the NLUF
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Manager to obtain instructions and the pertinent password to access the SRF’s via the web site.

Table 4.1: NLUF experiment timeline.

Time Event/Required Action
~May of solicitation year DOE/NNSA notification to NLUF grantees.
June of each year Facility Advisory and Scheduling Committee meets to set Annual Schedule.

4 months prior to scheduled experiment | Submit target request forms (TRF’s) to target contractor (GA) [or make
alternative target fabrication arrangements].

2 months prior to scheduled shots Submit detailed experimental proposal and draft SRF’s to FASC.

2 weeks prior to shots Fill out shot request forms (SRF’s) and participate in pre-shot
configuration review at LLE (or by VTC). Also submit pre-shot briefing
viewgraphs to NLUF manager for week-in-advance shot briefing.

2 working days prior to shots Provide target metrology data to OMEGA/OMEGA EP Experimental
Group Leader.

In the event that a user is not prepared to conduct an experiment when scheduled or the laser
system is unavailable (for whatever reason) when scheduled, an attempt to reschedule the experiment
to a later date will be made. However, the users must bear in mind that the OMEGA schedule is
very tight and there is not much flexibility to reapportion shot time if the assigned time is not used
as originally scheduled.

4.5 PoST-SHOT EVALUATION

There are several post-shot key reporting requirements for all external users of the
OMEGA and OMEGA EP facilities. These are itemized in Table 4.2. Of particular importance
is the requirement for a post-shot “critique” of the experiment. The review of proposals for the
continuation of ongoing work at NLUF and for new experiments takes into consideration the
technical performance and timely reporting of previous work performed at NLUF by the user.

Table 4.2: NLUF User reporting requirements.

Time Report/Briefing Receiver

On shot da Complete experimental effectiveness rating (a 0, 0.5, or 1.0 Shot Director
y P P g

point system) to indicate initial assessment of experimental

success in meeting objectives.

1 day after shot day A brief summary of progress toward experimental objectives. NLUF Manager
1 week after shot day A detailed critique on all aspects of experiment. Engineering Division
Director
October of each year A brief summary of progress made toward achieving program NLUF Manager
objectives. This is published in the LLE Annual Report.
Upon completion of grant/ | Final report. DOE/NNSA and

effort proposal NLUF Manager
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4.6 PHOTOGRAPHIC DATA/DARKROOM POLICY

LLE maintains a darkroom for the purpose of processing films used in OMEGA experiments.
This darkroom is available for photographic use by qualified users only. A qualified user is one who
has demonstrated darkroom capability and understanding and has obtained permission to use the
darkroom from the darkroom manager.

4.7 PUBLICATIONS

It is the University of Rochester’s policy that the results of the research conducted on its
campuses be freely published. This policy also applies to the publication of a description of the user’s
experiment and the results of that experiment. To protect the interests of users and the University, a
delay in publication consistent with this policy may be made upon written request.

The users’ facility is also under obligation to report on work conducted at the facility.

To address these objectives, the users’ facility produces an annual summary of users’ research.
Each user agrees to furnish and authorize the users’ facility to reproduce (1) the abstract of the user’s
research as contained in the proposal and (2) a brief report of the annual progress or the results of
the experiment. The report is to be submitted by the user to the NLUF manager no later than six
weeks following the completion of each fiscal year.

4.8 ACKNOWLEDGMENTS

A specific acknowledgment on all abstracts, reports, and publications of the research
performed at the users’ facility is required with the following sentence on the title or first page:

“The research and materials incorporated in this work were partially developed at the
National Laser Users’ Facility at the University of Rochester’s Laboratory for Laser Energetics, with
financial support from the U.S. Department of Energy under Cooperative Agreement DE-FC52-
92S5F19460.”

Investigators should also add acknowledgments for any other contracts that support this
research, including any DOE research contracts.

4.9 RESTRICTED DATA

It is the policy of the University of Rochester that classified research will not be conducted
as part of the DOE-funded program at the NLUF. Accordingly, a user must not submit any proposal
that requires the use of or is likely to generate security classified data, including DOE-restricted
data. In the unforeseen event that it becomes necessary to use such data for the performance of a
user’s experiment, the University reserves the right to stop the work; to terminate, without liability,
any further requirement to operate the users’ facility for that experiment; and to hold the data for
disposition under applicable law.
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If, while at the user’s facility, a user realizes or suspects that restricted data is being generated,
the matter must be brought immediately to the attention of the Director of LLE.

410 SECURITY

All personnel, including users and visitors, are required to wear University of Rochester
identification badges while in the building. A key and key card are required for access to the building
during nonworking hours. Keys, key cards, and ID badges may be requested from the Administrative
Liaison. Please note that all foreign nationals visiting the laboratory must receive approval from
DOE/NNSA. Requests for foreign visitors must be submitted to the Administrative Liaison at least
60 days in advance of the proposed visit.

411 SMOKING

LLE facilities must be maintained in a very clean environment. For this reason, smoking is
not permitted within the main building or its adjoining structures.

4.12 WEB SITE

The UR/LLE maintains a web site (www.lle.rochester.edu) that contains an NLUF page and
OMEGA facility schedule.
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5. Travel and Housing Information

5.1 HoTELS AND HOUSING

For short visits, several hotels are located within a reasonable distance. Reservations are
made by the user directly. (See map on LLE web site.)

5.2 AIRPORT
The Greater Rochester International Airport serves the metropolitan area. American,
Jet Blue, Continental, United, Delta, Northwest, USAir, and other airlines have flight connections

at the airport.

The airport is within ten minutes of the users’ facility. For short visits, taxicab transportation
is readily available. Car rentals are arranged at the airport.

5.3 Mar

A map of the access routes to LLE is shown below.
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1000 Laser Facility Overview

OMEGA is a multikilijoule-class laser facility located at the University of Rochester’s
Laboratory for Laser Energetics (UR/LLE). The OMEGA Laser Facility includes the
60-beam compression laser system, the four-beam extended performance (EP) laser, and
the cryogenic target handling system. The laser systems can be operated independently,
with separate scientific objectives for each, or jointly with the combined capabilities
addressing a single requirement.

The OMEGA compression laser system is a 60-beam neodymium glass laser that is
frequency converted to deliver up to 30 kJ of 351-nm light on target. This system is
capable of conducting fully diagnosed direct-drive or indirect-drive target physics
experiments, including direct-drive planar or spherical cryogenic experiments. The
system is designed to operate on a 1-h shot cycle and will nominally deliver 1000 shots
per year in single-shift operations.

The OMEGA EP Laser System consists of four beams, two that have both long- and
short-pulse capability and two that have only long-pulse capability. The short-pulse
beams deliver 1- to 100-ps pulses at energies up to 2.6 kJ per beam to either the OMEGA
compression target chamber or the auxiliary OMEGA EP target chamber. The long-pulse
beams deliver 1- to 10-ns pulses at energies up to 6.5 kJ per beam to the auxiliary
OMEGA EP target chamber. When coupled to the OEMGA target chamber, the
OMEGA EP system will support short-pulse backlighting and fast-ignition experiments.
When coupled to the auxiliary target chamber, the system will be capable of fully
diagnosed high-energy, high-intensity planar experiments. The system is designed to
operate on a 2-h shot cycle and will nominally deliver 450 shots per year in single-shift
operations.

The OMEGA Cryogenic Target Handling System (CTHS) is capable of filling, layering,
and characterizing cryogenic DD and DT spherical targets and DD planar targets. It
delivers and positions these targets in the target chamber and supports them at the target
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chamber center until they are shot. The OMEGA EP system will be limited to planar DD
targets.

The OMEGA Laser Facility is funded by the Department of Energy (DOE) and is housed
in the University of Rochester—owned Laboratory for Laser Energetics’ facility located
on the South Campus of the University of Rochester. The facility is operated under a
Cooperative Agreement between the Department of Energy and UR/LLE. Under this
Agreement the UR/LLE also operates the National Laser Users’ Facility (NLUF). Shots
are made available to NLUF users on the OMEGA Laser Facility; however, the NLUF
users are funded by DOE outside of the DOE-UR/LLE Cooperative Agreement.

OMEGA Governance Plan

1.1 Introduction

The OMEGA Governance Plan covers the process by which the OMEGA Laser Facility,
including OMEGA EP, is governed to determine the allocation of system time, schedule
user experiments, and ensure that users’ current and future requirements are presented to
the OMEGA Facility Director. This governance plan does not cover the line-management
functions of the OMEGA Facility Director to operate and maintain OMEGA and
OMEGA EP. The organization for OMEGA Governance is outlined in Fig. I-1.

Cooperative
LLE Director < P NNSA Defense

Agreement Programs

LLE Science Program

Advisory Committee

OMEGA Facility OMEGA
Director |77~ Experlmeptal
User Coordinator

N _-" /
_><_ )/
-7 T~
T OMEGA Facility
Facigi)ivI li/ilfl‘a er |77 B Advisory and
Y £ Scheduling Committee

E15619JX

Figure I-1
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1.1.1 LLE Director

The LLE Director is responsible for the overall direction of the laboratory to
ensure that National Nuclear Security Administration (NNSA) program goals are
supported. He is responsible for appointing the OMEGA Facility Director.

e The LLE Director is selected by the President and approved by the Board of
Trustees of the University of Rochester in consultation with NNSA and is
appointed for a five-year renewable term.

e The LLE Director reports administratively to the University of Rochester’s
Provost. Programmatically, the LLE Director consults with the NNSA
Assistant Deputy Administrator Office for Inertial Confinement Fusion.

e The LLE Director approves and publishes the annual OMEGA fiscal-year shot
schedule three months prior to the start of the fiscal year and certifies that it
fulfills the guidance provided by NNSA.

1.1.2 OMEGA Facility Director

The OMEGA Facility Director is responsible for defining the overall OMEGA
facility use that maximizes the benefit to the national stockpile stewardship and
ignition programs and balances security priorities with broader scientific,
technological, and economic competitiveness goals.

1.1.3 OMEGA Facility Advisory and Scheduling Committee (FASC)

This committee recommends OMEGA system time allocation, promotes an
effective user community, and reviews the facility’s overall effectiveness for
users.

1.1.4 LLE Science Program Advisory Committee

This committee advises the LLE Director on major policy issues, balance of
program use, use strategy, availability, and future capabilities of OMEGA. It
advises on LLE’s inertial confinement fusion (ICF) science program direction.

1.1.5 OMEGA Experimental User Coordinator

The Experimental Coordinator is the single point of contact for all non-LLE
Principal Investigators (P1’s). He/she is the liaison between the Pl and the
OMEGA support staff for technical information and user support for planning and
conducting experiments on OMEGA. The user coordinator is appointed by the
Experimental Division Director.

1.1.6 OMEGA Laser Facility Manager

The OMEGA Laser Facility Manager is responsible for the overall operation and
operational readiness of the OMEGA Laser System, including the OMEGA
compression and OMEGA EP facilities.
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OMEGA System Time Availability, Programmatic Allocation,
and User Support

1.2.1 System Time Availability

There are three principal uses of OMEGA: ignition physics, weapons physics, and
basic science. The allocation of system shot time to users will be based on
NNSA’s programmatic needs and available shot time. The number of shots
depends on the type of shots, system availability, experimental effectiveness, and
funding levels.

The OMEGA Laser Facility Manager is responsible for the overall operation of
OMEGA, including ensuring that system availability and experimental
effectiveness are optimized. The Laser Facility Manager will provide the
following to the OMEGA Facility Director, the OMEGA Facility Advisory and
Scheduling Committee, and the LLE Science Program Advisory Committee:

e Monthly report on the number of target shots scheduled and completed by
user, including the experimental effectiveness of each shot. A yearly
summary report will be provided.

e Monthly report of OMEGA system availability, including an analysis of
the contribution to system nonavailability. A yearly summary report will
be provided.

e An annual projection of the system time available based on the expected
funding.

1.2.2 Programmatic Allocation

The OMEGA Facility Advisory and Scheduling Committee (FASC) will
recommend system time allocations as described in Sec. 1003 following guidance
on program balance. In FY08 the system time allocation was 50% for the National
Ignition Campaign (NIC), 20% for weapons physics, 25% for basic science
(NLUF and Laboratory), and 5% for contingency. Contingency will be assigned
to make up system time lost due to unavailability and/or additional urgent
requirements. The FASC will advise the LLE Director and OMEGA Facility
Director on changes to the guidance for program balance.

1.2.3 OMEGA User Support

The OMEGA Facility Director has fiscal responsibility for operation of the
facility and is responsible for ensuring that all appropriate support functions are
provided. Standard capabilities required for users to conduct experiments supplied
by the facility include:

e Experimental support, including facility diagnostics, operations data
processing and access, standard phase plates, and polarization rotators. An
on-site target contractor provides support for national laboratories and
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e Administrative support including badging, safety training, facility
orientation, data archiving and retrieval, Shot Request Form (SRF)
administration and preparation assistance, working areas and logistic
support, and computer network connections.

e Engineering support to field/adapt user-supplied diagnostics.

e Technical information and support for planning and conducting user
experiments.

1002 Science Program Advisory Committee

LLE’s Science Program Advisory Committee advises the LLE Director on significant
policy matters relating to LLE’s scientific program and OMEGA'’s use and capabilities
planning. The organization of this committee is shown in Fig. I-2; its chairman is
appointed by the Laboratory Director. Its specific responsibilities include the following:

Make recommendations to the OMEGA Facility Advisory and Scheduling
Committee as to LLE experiments to be performed and their relative priorities.

Formulate LLE’s annual Work Plan.

Formulate and maintain up-to-date long-range program plans of five and ten
years.

Advise on major changes to the overall balance of facility use that may be
required.

Recommend actions needed to resolve issues of inadequate system time or
financial resources to meet programmatic requirements.

Recommend policy with respect to international collaboration and use of
OMEGA.

Review major proposals that significantly add or change facility capabilities and
advise on the merits of such additions or changes relative to cost (including the
cost of the system time).

Brief or provide a written report of its recommendations to the LLE Director and
other LLE Division Directors. If a consensus view is not reached within the
committee, all views will be represented.

Develop LLE’s Annual Self-Assessment.
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OMEGA Scientific Program Advisory Committee

Chairman
OMEGA Experimental | | OMEGA | |Engineering| | Theory Associate Theory | | Computation
Experiments Division Facilities Division Division | | Director for| | Group and Design
Group Leader Director Director Director Director | | Operations Leader | |Group Leader
G7138])2
Figure 1-2

1003 FASC Roles and Responsibilities

3.1

Responsibilities

The Facility Advisory and Scheduling Committee formulates the annual facility schedule,
reviews experimental proposals for compatibility and safety, and evaluates facility
availability and experimental effectiveness. The FASC recommends the annual facility
schedule and represents the needs of the users to the LLE Director and OMEGA Facility
Director.

3.1.1 Annual Scheduling Meeting
The full FASC meets in June of each year to formulate the one-year OMEGA

facility sch

edule for the upcoming fiscal year. Additionally, the FASC reviews

facility availability and effectiveness for the previous year and recommends
notional shot allowances for the fiscal year after next. Specific responsibilities

include:

e Recommend shot allocations for the set of experimental proposals
submitted by the OMEGA user groups for the upcoming fiscal year using
the following criteria:

Consistency of experimental goals and NNSA’s programmatic
requirements and the likelihood of the experimental goals being
achieved.

The uniqueness of OMEGA to perform the experiment or a
recommendation that the experiment be performed by another facility.

The impact of the experiment on the facility, e.g., potential for system
damage, environmental issues, etc.
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e Review programmatic requirements for the fiscal year after next and make
a recommendation for total system time required and the overall program
balance.

e Review user requests for facility modifications and recommend
appropriate action to the LLE Director and OMEGA Facility Director.

e Review the OMEGA availability and experimental effectiveness for the
past year and recommend appropriate lessons learned to the LLE Director
and OMEGA Facility Director.

e Review existing experimental capabilities such as diagnostics and
information availability, and recommend improvements where warranted.

e Review policy for experimental data ownership, access, and security
issues.

3.1.1.1 Membership The FASC committee members are appointed by the
host institution and approved by the LLE Director. The membership is
summarized below.

Number of | Subcommittee Source
Members
8 Ignition Physics | LLNL, LANL, LLE (5), SNL
2 Weapons Science LLNL, LANL
2 Basic Science NLUF Manager (1)
University Community (1)

The committee membership will serve for a term determined by the host
institution. The term should nominally be for at least two years. The
committee chairman will be the OMEGA Facility Director.

The basic science subcommittee consists of the NLUF manager and a
representative of the university users’ committee appointed by the LLE
Director. Basic science consists of the NLUF and Laboratory basic science
programs. Laboratory means the National Laboratories (LLNL, LANL, and
SNL) and LLE (including the Fusion Science Center represented through
LLE). An NLUF Technical Evaluation Panel is appointed separately as
defined by the NLUF management program contained in the UR/LLE-DOE
Cooperative Agreement. This committee meets biennially to review NLUF
proposals and recommends to NNSA the proposals to fund and their shot
allocations. The recommendations of this committee are represented by the
NLUF Manager at the FASC. While the NLUF programmatic funding is
provided separately by NNSA, the programmatic funding for Laboratory basic
science is provided by the individual laboratory and system time is provided
by the facility. The Laboratory basic science program will be administered by
the NLUF Manager who will issue a yearly solicitation for proposals. The
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Laboratory Basic Science Review Committee members will be approved by
the LLE Director and will consist of members from the user laboratories (one
each) as well as at least two independent members. This committee will peer
review all proposals on merit and make a recommendation to the LLE
Director of proposals in rank order including a recommended system time
allocation.

3.1.1.2 Committee Procedures The procedures that govern the annual
schedule formulation process and facility review are outlined in this section.
This process will be initiated each year by the OMEGA Facility Director
issuing relevant guidance and a planning timeline.

e The subcommittees meet in the early spring to review proposals and
recommend system time requirements in time to provide an input to
the draft annual facility schedule and support the annual FASC
meeting held in June each year.

e The OMEGA Facility Director collects the inputs from the
subcommittees, evaluates facility impact, and formulates a draft of the
fiscal-year schedule for review at the annual FASC meeting. The
subcommittee chairman will present proposals for system time to the
FASC, including the results of proposal ranking and recommending
experiments that should be scheduled.

e The full committee will meet in closed session to evaluate the input of
the subcommittees and recommend a balanced program that meets the
guidance provided by NNSA. If there is inadequate system time to
fulfill all requests, the committee will recommend the “split” among
the three areas and require the subcommittees to reduce the requests to
meet the allocation. The full committee will recommend the fiscal-year
schedule that includes 5% contingency to the LLE Director for
approval.

e The committee will complete the reviews identified in Sec. 3.1.1 and
report the results to the LLE Director and OMEGA Facility Director.

3.1.1.3 User Requirements Each laboratory is responsible for formulating
an experimental program to fulfill its campaign objectives. Proposals for
experiments from selected PI’s are formulated to meet those program
objectives. Proposals that are not in support of program objectives should not
be submitted. Members of participating laboratories cannot be PI’s on NLUF
proposals. Proposals from outside entities [for example, proposals resulting
from international agreements (e.g., CEA, AWE)], will go through the same
process as all other proposals. Proposal content and Pl responsibilities are
detailed in Sec. 1004.
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3.1.2 Fiscal Year After Next First-Quarter Schedule

A provisional first-quarter schedule will be developed in April of each year. The
planning for this will be initiated by LLE at least two months in advance, and the
scheduling meeting will be via video teleconference. This will allow the
identification of target requirements early to ensure that first-quarter experiments
can be supported. While this schedule is provisional, it is envisioned that it will be
adopted with little or no revision during the normal annual June OMEGA
Scheduling and Advisory Committee meeting. The recommended notional system
time allocations for the upcoming fiscal year should be used as guidance in
arriving at this provisional first-quarter schedule. Section 3.1.1 procedures should
be used in developing this schedule.

3.1.3 Biweekly FASC Meetings

A subcommittee of the FASC consisting of the LLE members of the FASC, the
Laser Facility Manager, the Experimental Operations Group Leader, and the
Laser System Scientist meet biweekly to administer the facility schedule and
monitor its effectiveness (other, non-LLE committee members are welcome to
attend this meeting if available on site). Specific responsibilities include:

e Review experimental proposals submitted by Principal Investigators two
months in advance for system and experimental compatibility and safety.
Approve or recommend changes to the proposals.

e Review experimental critiques submitted by Principal Investigators and
propose corrective actions to the Facility Director where warranted.

e Evaluate the current and planned activities on the system presented by the
Laser Facility Manager.

e Evaluate the experimental diagnostic performance and progress in
implementing new/modified diagnostics presented by the Experimental
Operations Group Leader.

e Review the status of submitted proposals and critiques.

e Review recommended schedule changes and, in consultation with users,
formulate schedule changes to accommodate user requests where possible.

e Assign system contingency time to make up for lost experimental time or
to perform new, high-priority experiments.

e Conduct a running review of the system schedule to determine the ability
to perform previously approved experiments, especially those dependent
on system or diagnostic upgrades.

e Ensure that the facility schedule is kept current and posted on LLE’s web
site.
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1004 Experimental Proposals and Principal Investigator Roles and Responsibilities

With respect to the laser facility, PI’s are those individuals responsible for proposing
experiments to be conducted on the OMEGA Laser System.

4.1  Principal Investigator Orientation

Principal investigators must complete an OMEGA familiarization before conducting their
first experiment. This familiarization should be scheduled through the Laser Facility
Manager at least three months prior to the PI’s first scheduled experiment. The
familiarization will include the following:

e Briefing on OMEGA and /or OMEGA EP capabilities,

e Review of PI responsibilities including SRF preparation,

e Safety briefing,

e Tour of OMEGA/OMEGA EP,

e Observation of operations, preferably with an experimental PI,
e Target metrology and positioning requirements, and

e Briefing on diagnostic procedures.

4.2  Experimental Proposal

Once an experiment is scheduled by the FASC, the Pl is responsible for submitting a
proposal template and SRF’s, coordinating experimental and laser requirements,
monitoring the experimental execution, and writing a critique of the execution of the
experiment within one week of its performance. Principal investigators are responsible
for submitting an electronically transmitted experiment proposal template to the FASC
that amplifies and extends the information submitted prior to scheduling the experiment.
This template and accompanying SRF’s, target request forms (TRF’s), and VISRAD files
must be received at least two months prior to the conduct of the experiment and will
initiate the preparation phase for the experiment.

4.2.1 Proposal Template Instructions

4211 Date of experiment, AM or PM, experiment title, principal
investigator names, and applicable facility (OMEGA, OMEGA EP, or both)

4.2.1.2 Summary of the experiment’s objectives.

4.2.1.3 Laser and diagnostic requirements for the experiment. The input for
this should include experimental configuration name and a draft SRF and a
request identification (RID) number for each experimental configuration. Any
non-LLE supported diagnostics or unqualified diagnostics should be
separately identified.
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4.2.1.4 Type and number of targets including number of spares.

e |dentify the target request form (TRF) number for each configuration,
if available.

e A sample of complex targets (defined as other than a simple flat-foil,
spherical direct-drive capsule, or plain hohlraum) must be delivered to
LLE at least one week prior to the scheduled experiment. This will
allow testing the positioning of the target and developing accurate
target-positioning procedures and reticules by placing the target at
target chamber center (TCC) when TCC time is available. Indicate on
the proposal if targets are complex and include the number of targets
ordered for each configuration.

e Targets must be metrologized prior to delivery at LLE and verified
after arrival at LLE using LLE’s Powel scope. Metrology data will be
available to the Experimental Operations Group no later than two full
working days prior to the day of shots.

e Target, target support, and target shield mass must be minimized to
preclude either shrapnel or vapor-deposition degradation of optics.
Generally this means that flat targets should be no larger than the beam
spot size plus 100 zm, support structures should be of minimum mass
to securely support the target, and shields should be of a minimum
area and thickness.

4.2.1.5 A VISRAD file that shows the target including the mount stalks and
the beams intercepting the target. (Use of the software program, VISRAD,
enhances visualization and importation of data to the SRF.) The file name
must be formatted “<RID Number>-<Pl Name>.vvw,” e.g., for targets
corresponding to RID 12345 and Pl surname of Heeter, the file name is
#12345-Heeter.vvw.” VISRAD files must be submitted as attachments to the
proposal.

4.2.1.6 Quantity (shot count) of target shots proposed.

4.2.1.7 Identification of diagnostics planned for use on the experiment that
are not qualified for use on OMEGA/OMEGA EP. Non-qualified diagnostics
are those that have not completed facility qualification per LLE
Instruction 7700 and are not generally selectable on the SRF.

4.2.1.8 Laser-energy transport considerations (OMEGA only)

A. Estimate laser-energy transmission through target:
Significant transmission of laser light through a target can cause
damage to the opposed beam optics of the OMEGA compression
facility. A beam transmitted through an underdense target can have
significant spatial modulation. The potential for such damage is
increased when a distributed phase plate is used in a beam. To assess
the potential for such damage, the PI is required to state the estimated
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level of laser-beam transmission through the target (including blow-
through) for the proposed experimental configuration. The basis of this
estimate can be a simulation of the laser—target interaction or data
from an experiment that closely simulates the proposed experimental
configuration. No experiment will be approved unless such an estimate
is provided in the template submitted for approval to the OMEGA
FASC two months prior to the scheduled shot day. Beam dumps or
calorimeters can be installed in opposing beams to increase the
maximum acceptable energy transmission (for up to six beams). The
following matrix shows the maximum allowable blow-through under
various scenarios:

DPP in either target Beam block Maximum acceptable
or opposing beam? | (in opposing beam?) | energy transmission
Yes No 20
Yes Yes 200J
No No 100J
No Yes 300J

B. Estimated laser-energy backscatter from the target
Significant backscatter from a target can cause damage to the beamline
optics. To prevent damage, the estimated backscatter energy must not
exceed 140 J.

C. Estimated laser energy reflected from the target
Significant laser energy reflected from a flat target can be directed into
other beam ports and damage beamline optics. To reduce the reflected
energy and prevent damage, the maximum angle of incidence of a
laser beam on a flat target must not exceed 65°.

4.2.1.9 Special shot-schedule considerations associated with experiment.

4.2.1.10 Campaign configuration variables. Include all shot parameters such
as pulse shapes, beam energies, beam delays, diagnostic setup, etc. that will be
varied during the campaign.

4.2.2 The proposal template (see Table 1-1) will be reviewed by the FASC to
ensure that the experiment’s requirements are consistent with the capabilities of
the Laser Facility.
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421.1 General: Date of Experiment: [ ]AM []PM

A. Experiment Title:

B. Principle Investigators:

C. Facility:

[ ] OMEGA [ ] OMEGA EP

4212 Summary of Experiment Objectives:

Experimental Specifications and Laser/Diagnostic Requirements:

4.2.1.3 4214 4215 4.2.1.6
SRF Targets VISRAD Filename # of
Experimental (RID-PI Name.vrw) | Target Shots
Configuration | Example Complex (Submit files with
Name RID# | TRF# | Yes No | Quantity proposal)
(] [
(] [
] [
L] [
1 [
4.2.1.7 Identify all diagnostics required that are not qualified
Diagnostic Name Description
4.2.1.8 Energy Transport Considerations
A. Estimated laser transmission through target (OMEGA only): _J
B. Estimated backscatter energy is less than 140 J ]
C. For flat targets, verify maximum angle of incidence is less than 65° [ |
4.2.1.9 Special considerations:
4.2.1.10 Campaign configuration variables:
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4.3  Principal Investigator Responsibilities

Once the principal investigator’s experiment has been scheduled, it will become the PI’s
responsibility to interface (via the Experimental Division liaison representative for user
experiments) with the assigned experimental coordinator, and ultimately with the Laser
Facility Manager, the Experimental Operations Group, the Optomechanical System
Group, and the LLE Target Fabrication Group (while keeping the experimental
coordinator and liaison representative informed) to ensure that the experimental and laser
system requirements are coordinated and understood (see Fig. 1-3). If a principal
investigator uses targets and/or diagnostics not provided by LLE resources, or requires a
pulse shape that is not in the LLE inventory, the Pl must coordinate those respective
requirements through the corresponding LLE groups to ensure that, at the time the
experiment is to be conducted, issues associated with availability or compatibility of
those non-LLE-provided resources have been resolved.

Principal
Investigator(s)

Experimental
Coordinator

LLE
Target
Fabrication

LLE
Experimental
Operations

OMEGA
Laser Facility
Manager

LLE

Target
Production

Non-LLE
Targets

Diagnostic
Qualification and
Configurations

Target
Alignment
Scheme

Opto- Drivers
mechanical

G7140al1

Figure I-3

4.3.1 Experiment Reviews

4.3.1.1 Approximately two weeks prior to commencing the experiment, the
Pl, or designee, will conduct a comprehensive review of the detailed
requirements for their upcoming campaign. This review is for the mutual
benefit of the laser and experimental operations group leaders and the
scientists involved with the laser and diagnostic systems. If changes have been
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made since the two month submission, the PI shall submit an updated
VISRAD model of the targets and revised SRF’s that define each unique shot
configuration prior to this meeting. (See Sec. 4010 “Shot Request Forms and
Administration” for more on the forms.)

4.3.1.2 All new diagnostics must be fully qualified two full weeks before the
date of the experiment.

4.3.1.3 Final Shot Request Forms shall be submitted to the Laser Facility
Manager by the close of business on the Monday prior to the week of target
shots. The Laser Facility Manager shall be notified of subsequent changes
prior to the initiation of the shot by the operations crew. Any special
requirements for set up of the diagnostics for the first shot should be clearly
indicated: for example, modifications to the ten-inch manipulator set-up
sheets.

4.3.1.4 By two working days before the shots, the PI will provide target
metrology results for all targets to the Experimental Operations Group Leader.

4.3.1.5 For each shot day of the campaign, the Pl will support the shift
briefings as appropriate. During the actual execution of the experiments, the
principal investigator will act as an advisor to the LLE Shot Director and may
be called upon to render advice on whether to proceed with planned
experiments in the event of abnormal system performance. The Shot Director
is in charge of the overall laser and target systems during a shot series. If
issues associated with safety (personnel or equipment) arise during an
experimental sequence, the Shot Director can abort that shot or even the
whole series if warranted.

4.3.1.6 Submit the Shot Effectiveness Form prior to the shot after next.

4.3.2 Experimental Critiques

Once the experiment (or sub-series of the experiment) has been conducted, it is
the responsibility of the principal investigator to provide to the FASC [within one
week after the experiment (or sub-series) has been conducted] a written critique of
the performance of the experiment and facility. The following items should be
included:

e Problems encountered
- Laser
Experimental diagnostics
Experimental
Target

e Suggestions for improvements

e Positive feedback
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1005 Laser Facility Operations Overview

All aspects of OMEGA shot operations are under the direction and control of the
OMEGA Facility Operations organization shown in Fig. 1-4. OMEGA and OMEGA EP
may be operated independently, with separate scientific objectives for each system, or
jointly with the combined capabilities addressing a single requirement. For certain high-
yield shots, the opposite facility will have to be in closed access even though the facilities
are operating independently. The Shot Director(s) are under the overall direction of the
Laser Facility Manager, who heads up the OMEGA Shot Operations watch organization.
For joint OMEGA and OMEGA EP operations, the OMEGA EP Shot Director reports to
the OMEGA Shot Director. This watch organization will directly control the actual shot
operations and will be responsible for safety, shot execution, and data collection.

The CTHS, Tritium Filling Station (TFS), Tritium Removal Systems (TRS), and
cryogenic Cart Maintenance Room (CMR) are operated by qualified watchstanders under
the direction and control of the Cryogenic and Tritium Facility Manager (see Fig. I-5).
The CTHS target chamber insertion and positioning systems are operated through the
OMEGA facility watch organization (see Fig. 1-4).

OMEGA
Shot Director

Laser Drivers Power Beamlines Experimental
Operator Conditioning Operator System
Operator Operator
Laser Drivers Power IR and UV Experimental
Technicians Conditioning Alignment/Laser System
Technicians Technicians Technicians

Photographic
Technicians

Experimental
Cryogenic

Technicians

OMEGA EP
Shot Director

(for Joint Shots)

Figure 1-4(a): OMEGA watch organization.
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OMEGA EP
Shot Director
Laser Sources Beamlines Experimental
Operator Operator System
Operator
Laser Sources Power Alignment/Laser Experimental
Technicians Conditioning Technicians System
SP and/or LP Technicians Technicians
(as required)
Laser Photographic
Amplifier Technicians
Technicians

G7142)2

Figure 1-4(b): OMEGA EP watch organization.

Duty Cryogenic and Tritium
Facility Engineer

G7143)2

Figure 1-5: CTHS organization.
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The full OMEGA/OMEGA EP shot watch organization (excluding CTHS filling,
layering, and characterization watches), unlike the divisional administrative organization,
is operative only during shot operations. Personnel qualified for and assigned to these
watches during specific periods of time may come from any of the Laboratory’s
divisions. While assigned to a watch, however, they report to and are directed by the Shot
Director until relieved.

For shot operations, the watch organization shown in Fig. 1-4 must be manned to the
extent detailed in Sec. 2021. During non-shot periods (maintenance and/or scheduled
system modifications or upgrades) only the Shot Director will be stationed.

System corrective and preventive maintenance will be scheduled and performed by the
existing Laboratory administrative divisional organization. Divisional responsibilities for
services (e.g., mechanical design, electronics design, computer software, etc.) and
equipment/systems are detailed below. Where equipment and systems cross divisional
lines, one lead Division is assigned the overall responsibility. Corrective and preventive
maintenance will be scheduled in consonance with the Laser System Schedule approved
by the FASC. Scheduled divisional maintenance will be approved by the Group Leader
designated by the Division Director. The Laser Facility Manager, or Cryogenic and
Tritium Facility Manager, as appropriate, or person appointed by them will review, track,
and monitor the scheduling and completion of all key scheduled maintenance actions.

To ensure the operational readiness of the OMEGA/OMEGA EP Laser Facilities,
including laser, target, cryogenic targets, and building support systems, the placing of
major equipment or systems (those that would prevent completing a fully diagnosed
target shot) out of commission will be controlled by the OMEGA Shot Operations watch
organization under the direction of the Laser Facility Manager or the CTHS organization
under the direction of the Cryogenic and Tritium Facility Manager as appropriate. The
divisional representative will obtain permission from the on-watch Shot Director or
Cryogenic and Tritium Facility Manager as appropriate prior to placing a major
equipment or system out of commission. The return of equipment and systems to
commission after maintenance will also be reported to the Shot Director or Cryogenic
and Tritium Facility Manager as appropriate. The Shot Director and Cryogenic and
Tritium Facility Manager will maintain a log for their areas of responsibility indicating
the current status of equipment placed out of commission. Separate logs for the OMEGA
compression facility, the OMEGA EP facility, and the CTHS facility will be maintained.

OMEGA Laser Facility service and equipment responsibilities are as follows:
OMEGA Facility Division

Services
Clean room (Laser Bay and Target Bay)
Film processing

Equipment/Systems
Alignment sensor packages
Blast window assemblies, distributed phase plates, distributed polarization
rotators
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Cryogenic Target Handling System

Deformable mirrors

De-ionized water and glycol cooling systems (including controls, indications, and
purification)

Experimental control and data acquisition

Experimental target diagnostic peripherals (e.g., nose cones, filters, pin holes,
etc.)

Focus lens subassembly

Freguency conversion

Grating compression chamber and beam transport tubes and associated vacuum
systems

Grounding system

Hardware Timing System

Infrared alignment

Interlock system (door interlocks, motion detectors, warning light and alarm
controls, and dump system)

Laser amplifiers

Laser amplifier structures (service cranes, etc.)

Laser beamline diagnostics (HED spectrograph, UV transport calibration, beam
timing, pulse shape, and pulse contrast)

Laser control system (including interfaces, cabling, card cages, neuron modules,
cable converters, and PLC subsystems less SUN workstations and displays,
alignment video system)

Laser drivers—main, SSD, backlighter, and fiducial for OMEGA and short and
long pulse for OMEGA EP (oscillators and pulse shaping)

Laser optomechanical elements (alignment sensors, polarization control optics,
mirrors, beam splitters, flip-in devices, spatial filters, and path-length
adjusters)

Nitrogen purge system

Off-axis parabola inserter

Optics

Parabola alignment diagnostic

Periscope mirror assembly

Plasma-electrode Pockels cell (PEPC)

Power conditioning including PEPC power conditioning

Radiation detection system

Radio communication system

Short-pulse alignment

Spatial filters

Spatial-filter vacuum systems

Structures (end mirror target mirror, target area, spatial filter, etc.)

Target chambers and associated vacuum systems

Target positioning

Target viewing

Tritium Filling Station (TFS)
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Tritium Removal Systems (TRS)
Ultraviolet alignment

Engineering Division

Services
Electronics design
Electronics Shop
Machine Shop
Mechanical design
Optical Fabrication Shop
Optical Manufacturing Shop
Software development and maintenance

Experimental Division

Services
Film digitizing
Target production
Equipment/Systems
Experimental target diagnostics
Laser diagnostics (streak cameras and HED’s)
Targets

Theory Division

Services
Computing and networking

Equipment/Systems
Alignment video system
Control system software
Imaging software
(Non-LON) network wiring and hub equipment
PC’s
SUN workstations and displays

Administration Division

Services
Accounting
Administrative services
Facility improvements
Personnel services
Purchasing

Equipment/Systems
De-ionized water and glycol pumps, motors, and heat exchangers
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Electrical distribution (switch gear, motor control centers, power panels, breakers,
distribution to connected equipment, emergency diesel generators, and
distribution to PCU’s)

Heating, ventilation, air-conditioning system, and DDC system

Pneumatic air and nitrogen systems

Public address system

Target/Laser Bay 10-T cranes

Target Bay elevator

1006 Laser Facility Manager

The Laser Facility Manager is responsible for the overall operation and operational
readiness of the OMEGA Laser System including the OMEGA compression and
OMEGA EP facilities. The Laser Facility Manager reports to the OMEGA Facility
Director. The LFM has a support staff of an Associate LFM and an Operations Analyst
for OMEGA and OMEGA EP. The LFM has the following specific responsibilities:
(Note: The LFM may delegate authority to the OMEGA or OMEGA EP Associate LFM
to act for him as he deems appropriate.)

Manage the OMEGA Laser Facility to ensure that it is fully ready to execute the
schedule of experiments proposed by the FASC and approved by the LLE Director.

Direct laser facility operations to ensure operations are conducted effectively and
safely.

Directly supervise the OMEGA and OMEGA EP Shot Directors to ensure that he/she
fulfills his/her responsibilities in operating the applicable facility.

Coordinate the preparation and submission of written procedures covering shot
operations to the OMEGA Facility Director for approval. Approve written change
notices as required to clarify or amend these procedures in advance of the approval of
a formal revision by the OMEGA Facility Director.

Manage and control all laser facility maintenance to ensure safety and operational
readiness.

Make recommendations regarding the procurement of all laser facility services,
operating equipment spares and supplies, and system upgrade components.

Be responsible for the overall system configuration control and management in close
coordination with System Engineering.

Directly manage watchstander training and qualification and certify the qualification
of the Shot Directors.

Serve as a member of the OMEGA FASC and provide this committee with a periodic
report of system status and the status of completing scheduled experimental
operations.

Approve the laser facility watchbills.
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Maintain a list of laser facility qualified and proficient watchstanders.
Administer the Work Authorization Procedure requirements.

Administer facility access requirements and procedures.

Provide daily written directions for laser facility operations in the Laser Facility
Manager’s Day Order Books. Separate books for OMEGA and OMEGA EP will be
maintained.

Laser System Scientist

The Laser System Scientist is responsible for the safe propagation of the laser in each
laser system. The Laser System Scientist reports to the OMEGA Facility Director and has
the following responsibilities:

Support the preparation, qualification, and operation of the laser in close coordination
with the Laser Facility Manager and Shot Directors. He/she is normally available on
site during daily system qualification, short-pulse operations, and when precision of
unique energy balance is required. When not on site he/she should normally be
accessible by pager and phone.

Qualify the laser-beam spatial profile at the start of daily shot operations.

Maintain the system energy balance and specify the system setup for unique energy
balance conditions specified by experimental principal investigators.

Qualify the laser for short-pulse and picket-pulse operations and approve the pulse
shape and energy settings for each shot.

Analyze system performance.
Advise the Laser Facility Manager and Shot Director during any abnormal laser
conditions including directing the suspension of operations if deemed necessary.

Cryogenic and Tritium Facility Manager

The Cryogenic and Tritium Facility Manager is responsible for the overall operation and
operational readiness of the CTHS, TFS, TRS’s, and CMR [collectively included in the
Cryogenic and Tritium Facility (CTF)]. The Cryogenic and Tritium Facility Manager
reports to the OMEGA Facilities Division Director and has the following specific
responsibilities:

Manage the CTHS to ensure the reliable delivery of cryogenic targets of acceptable
quality to the OMEGA compression facility to execute the schedule of experiments
proposed by the FASC and approved by the Director of LLE.

Manage the TFS to ensure room-temperature DT targets are supplied to the OMEGA
compression facility.

Direct facility operations to ensure that they are conducted effectively and safely.
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Directly supervise the CTHS, TFS, TRS, and CMR operators to ensure that they
fulfill their responsibilities.

Coordinate the preparation and maintenance of written procedures covering CTHS,
TFS, TRS, and CMR operations. Approve written change notices as required to
clarify or amend these procedures in advance of the approval of a formal revision by
the OMEGA Facilities Division Director.

Manage and control all CTHS, TFS, TRS, and CMR maintenance to ensure
operational readiness.

Make recommendations regarding the procurement of all services, operating
equipment spares and supplies, and system upgrade components.

Be responsible for the overall CTF system configuration control and management.
Coordinate all control system modifications including ensuring OMEGA Laser
Facility Manager approves applicable changes.

Directly manage watchstander training and qualification and certify the qualification
of all CTHS and TRS watchstanders.

Maintain a list of qualified and proficient CTF watchstanders.
Maintain the tritium inventory and a log of radioactive material.

Ensure that all radiological safety procedures are followed and report any radiological
incidents to the LLE Radiation Safety Officer.

Ensure compliance with all procedural requirements of this LFORM; the Laser
Facility Manual, Vol. IV, Operating Procedures; the LLE Radiological Controls
Manual; and other LLE Instructions.

Control of system status including placing systems and equipment out-of-commission
for maintenance and/or testing, maintaining the Equipment Status Log (Sec. 4004),
and approving system/equipment Tagouts/Lockouts (Sec. 4005). NOTE: Where
systems interface with the OMEGA facility, the facility Equipment Status Log and
Tagout system under the purview of the Shot Director should be used.

Ensure that qualified watchstanders (Sec. 2023) are stationed in accordance with the
posted watchbill (Sec. 2022) prior to conducting CTHS or TRS operations.

Ensure a CTHS, TFS, TRS, and CMR Facility Log is maintained to document
operations.

Conduct prewatch and watch briefings as required.

Approve and inspect all radioactive material shipments received in and transferred
out of the CTF.

Keep the OMEGA Facility Director, appropriate Group Leaders, and others, as
appropriate, informed of system status and problems. As a minimum the following
will be reported:
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Failure to have targets ready for scheduled experiments (OMEGA Experiments
Group Leader and Laser Facility Manager).

Failure of equipment that disrupts operations (applicable Division Director and
Group Leader).

Any release of tritium above normal (LLE Radiation Safety Officer).

Accident or incident that causes personnel injury or significant equipment damage
(applicable Division Director, Laboratory Safety Officer, and applicable
Functional Safety Officer). Additionally, incident investigation and reporting in
accordance with LLEINST 6950 should be completed.
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2m
4w
ACSL
ASP
AWE
AWG
BWA
CCD
CEA
CEQC
CID
CLARA
CPS
CTCD
CTHS
CVD
DEMIN
DI
DOE
DPP
DPR
DTRA
EMI
EMP
EMS
EP
FABS
FASC
F-ASP
FCC
FLAS
FWHM
GCC

ACRONYMS

Second harmonic
Fourth harmonic

Aperture-coupled strip line

Alignment sensor package

Atomic Weapons Establishment

Arbitrary waveform generator

Blast window assembly

Charge-coupled device

Commissariat a4 I’Energie Atomique
Critical Equipment Qualification Checklist
Charge-injection device

Crystal large-aperture ring amplifier
Charged-particle spectrometer
Cryogenic-target characterization diagnostic
Cryogenic Target Handling System
Chemical vapor deposition

Detector micromegas for neutrons
Deionized

Department of Energy

Distributed phase plate

Distributed polarization rotator

Defense Threat Reduction Agency
Electromagnetic interference
Electromagnetic pulse

End-mirror structure

Extended performance

Full-aperture backscatter station

Facility Advisory and Scheduling Committee
Stage-F alignment sensor package
Frequency conversion crystal

Focus lens assembly

Full width at half maximum

Grating compressor chamber



GMXI Gated monochromatic x-ray imager

HED Harmonic energy detector

HED Harmonic energy diagnostic

HENEX High-energy electronic x-ray diagnostic
HPGe High-purity geranium

HRXI High-resolution x-ray imaging

HT Tritium gas

HTO Tritiated water

HTS Hardware Timing System

HXRD Hard-x-ray detector

HYNBT High-yield neutron bang time

IR Infrared

IRAT Infrared alignment table

KAP Potassium acid phthalate

KB Kirkpatrick—Baez

KD*P Deuterated potassium dihydrogen phosphate
KDP Potassium dihydrogen phosphate

LANL Los Alamos National Laboratory

LARA Large-aperture ring amplifier

LBO Lithium triborate

LDRD Laboratory-directed research and development
LiNbO; Lithium niobate

LLE Laboratory for Laser Energetics

LLNL Lawrence Livermore National Laboratory
MCP Microchannel plate

MCTS Moving Cryostat Transfer Cart

MRS Magnetic recoil spectrometer

MTG Master timing generator

NBI Near-backscatter imaging

NBT Neutron bang time

Nd:YLF Nd-doped yttrium lithium fluoride

NIF National Ignition Facility

NLUF National Laser Users’ Facility

NNSA National Nuclear Security Administration
NRL Naval Research Laboratory

NTD Neutron temporal diagnostic



nTOF
oIp
OMA
OPCPA
OPD
OR
OTIS
PAD
PCE
PCU
PEPC
PFN
PGR
PILC
pm
PMA
PMT
POL
POTTS
PTD
regen
RFG
SBS
SD
SE
SNL
SPDP
SRF
SRRS
SRS
SSD
TB
TBD
TC
TCC
TC-TRS

Neutron time of flight

OMEGA intercommunication protocol
Optical multichannel analyzer

Optical parametric chirped-pulse amplification
Optical path difference

Oscillator Room

OMEGA Transport Instrumentation System
Parabola alignment diagnostic

Power Conditioning Executive

Power conditioning unit

Plasma-electrode Pockels cell
Pulse-forming network

Pulse Generation Room

Preionization and lamp check

Picometer

Periscope mirror assembly
Photomultiplier tube

Polarizer

Precision Optical Timing and Triggering System
Proton temporal diagnostic

Regenerative amplifier

Reference frequency generator
Stimulated Brillouin scattering

Shot Director

Shot Executive

Sandia National Laboratory

Short-pulse diagnostic package

Shot Request Form

Stimulated rotational Raman scattering
Stimulated Raman scattering

Smoothing by spectral dispersion

Target Bay

Transmitted beam diagnostic

Target chamber

Target chamber center

Target Chamber Tritium Removal System



TED
THz
TIM
TMS
uv
UVAT
VISAR
WRF

Target existence detector

Terahertz

Ten-inch manipulator

Target mirror structure

Ultraviolet

UV alignment table

Velocity interferometry for any reflector

Wedge-range filter
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National Laser Users’ Facility Proposal Summary Sheet

Principal Investigator:
(Name, Institution, and Address)

Title of Proposed Project:

Project Objective:

Approach:

Number of Students Involved
Graduate(s):
Undergraduate(s):

Facility Requirements:

Target Fabrication Contractor Support Request
1.0 Minimum support required ($)
2.0 Planned support request ($)

Target Types:

Number of Shots:

Diagnostic Development:

Equipment Required:

User Provided Equipment:

COMMENTS:
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During FY06 the OMEGA Facility conducted 1394 target shots

FYO06 Laser Facility Report

for a variety of users. Shaped-pulse cryogenic DT implosions
highlighted the development of direct-drive cryogenic capabil-
ity. A total of 12 D, and 15 DT direct-drive cryogenic target
implosions were performed (see Table 108.VII). OMEGA
Auvailability and Experimental Effectiveness averages for FY06
were 93.3% and 95.3%, respectively (see Fig. 108.56). High-
lights of other achievements for FY06 include the following:

» The first of a series of direct-drive, ignition-scaled cryogenic

targets containing tritium were imploded in February 2006.
LLE achieved a DOE milestone in March by imploding two
layered DT cryogenic targets containing tritium. The first
high-yield, direct-drive, ignition-scaled, 50% DT cryogenic
implosion was achieved in June 2006—the first time that
such a target was imploded on an ICF facility. OMEGA is
now fully capable of fielding high-tritium-fraction cryogenic

Table 108.VII: The OMEGA target shot summary for FY06.

Laboratory | Planned Number | Actual Number |IDI NIC | DDI NIC | Total NIC | Non-NIC
of Target Shots of Target Shots
LLE 724 714 201 497 698 16
LLNL 325 348 243 0 243 105
LANL 121 125 54 0 54 71
NLUF 120 122 0 0 0 122
CEA 40 49 0 0 0 49
SNL 24 30 30 0 30 0
NWET 6 6 0 0 0 6
Total 1360 1394 528 497 369
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Figure 108.56

OMEGA Availability and Experimental Effectiveness data from FYO1 to FY06.
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targets and has the infrastructure in place to support the
corresponding radiological issues.

e
—_
o

» Afull set of 42 new indirect-drive-ignition distributed phase
plates (IDI DPP’s) were designed and fabricated for National
Ignition Campaign (NIC) experiments on OMEGA. The
phase plates produce an elliptical far field (200 gm x
300 um) at normal incidence and a nearly circular spot at
the plane of the laser entrance hole (LEH) and can be ori- L L L
ented for use in both pent and hex configurations. Hohlraum 00 05 10 15 20 25
energetics experiments using IDI DPP’s were successfully
conducted in August, completing a DOE milestone for the
National Ignition Campaign. The primary objective of these
experiments is to study the effect of laser-beam smoothing

Power (TW)

0.01

Design

»
o

US57IRC Time (ns)

Figure 108.57
OMEGA single-beam pulse shape from low-adiabat cryogenic target implo-
sions (shot #42966) using pulse shape LA279901P.

with phase plates on the radiation temperature and scattering
losses of the hohlraum.

Low-adiabat, high-contrast pulse shapes are required for
OMEGA ignition-scaled cryogenic DT target experiments.
Such pulse shapes are typically characterized by a narrow
picket pulse on top of a low-intensity foot pulse, followed by
a high-intensity drive pulse. The new front end on OMEGA—
the integrated front-end source (IFES)—is a highly stable
optical-pulse-generation system based on fiber amplification
of an optical signal that is temporally carved from a continu-
ous-wave fiber laser. The use of fiber-optic lasers and ampli-
fiers and waveguide temporal modulators makes IFES ideally
suited for producing reliable, stable pulse shapes. Recent
experiments on OMEGA have required >100:1-contrast-
ratio pulse shapes. The electrical waveform that drives the
waveguide modulators to shape the pulse is produced using
LLE’s aperture-coupled-strip-line (ACSL) technology. The
shape is designed to precompensate the temporal distortions
in the laser due to amplifier gain saturation and nonlinear
conversion in the frequency-conversion crystals (FCC’s). Fig-
ure 108.57 shows (on a logarithmic scale) the design template
and the measured ultraviolet laser pulse produced on target
by OMEGA for pulse shape LA279901P. The match between
the designed and measured shapes is excellent, particularly in
the following critical pulse parameters: the picket energy, the
>100:1-contrast foot, and the rising edge of the drive pulse.

A year-long project to upgrade the active-shock-breakout
(ASBO) diagnostic was completed in April 2006. The upgrade

214

enables high-precision measurements and ease of operation
for equation-of-state (EOS) and shock-timing experiments.
Using the existing system as a baseline, the upgrade incor-
porates a new optical layout that uses the Rochester Optical
Streak System (ROSS) streak cameras as detectors for the
two velocity interferometer system for any reflector (VISAR)
channels. The result is an outstanding optical device that pro-
vides excellent performance and smooth operation using the
accurately calibrated ROSS cameras. Many experiments are
using the new ASBO system. CCD camera data-acquisition
capability for x-ray framing cameras was extended to TIM’s
4 and 5 and is now available on all TIM’s.

The OMEGA EP short-pulse beam-transport tube was
installed during an extended maintenance week in June 2006.
The beam-transport tube connects the OMEGA EP grating
compression chamber located within the OMEGA EP Target
Bay to port P9 on the OMEGA target chamber. Significant
structural modifications within the OMEGA target area were
required to facilitate the installation of the short-pulse beam
tube including target bay platform structural modifications,
modifications required to facilitate access to OMEGA UV
transport optics, and the addition of two Target Bay jib
cranes. Facility modifications planned for FY07 include the
relocation of TIM 2 from port H7 to port H3, installation
of the off-axis parabola in port H7, and installation of
the OMEGA EP transport mirrors on the east side of the
OMEGA target chamber.
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National Laser Users’ Facility and External Users’ Programs

During FY06, 680 target shots were taken on OMEGA for
external users’ experiments, accounting for 48.8% of the
total OMEGA shots for the year. The external users during
this year included seven collaborative teams participating
in the National Laser Users’ Facility (NLUF) program and
many collaborative teams from the National Laboratories
(LLNL, LANL, and SNL) and the Commissariat a I’Energie
Atomique (CEA) of France. Some of this work is highlighted
in this section.

NLUF Program

In FY06, the Department of Energy (DOE) issued a
solicitation for NLUF grants for the period of FYO7-FYO0S.
A total of 12 proposals were submitted to DOE for the NLUF
FY07/08 program. An independent DOE Technical Evaluation
Panel comprised of Prof. Ani Aprahamian (University of
Notre Dame), Dr. Steven Batha (LANL), Dr. Ramon Leeper
(SNL), Prof. Howard Milchberg (University of Maryland), and
Dr. Robert Turner (LLNL) reviewed the proposals on 18 April
2006 and recommended that six of the twelve proposals receive
DOE funding and shot time on OMEGA in FY07-FYO0S8.
Table 108.VIII lists the successful proposals.

Table 108.VIII: FY07-FY08 NLUF Proposals.

FY06 NLUF Experiments

FYO06 was the second of a two-year period of performance
for the NLUF projects approved for the FYO5-FY06 funding
and OMEGA shots. Six of these NLUF projects were allotted
OMEGA shot time and received a total of 122 shots on OMEGA
in FY06. Some of this work is summarized in this section.

Isentropic Compression Experiments (ICE) for Measuring
EOS on OMEGA

Principal Investigators: Y. M. Gupta and J. R. Asay (University
of Washington)

This experimental effort is geared toward developing new
areas of high-pressure research. The aim of the FY06 shots
was to continue development of techniques to generate high-
accuracy, quasi-isentrope, equation-of-state data. This will
make possible, for the first time, “cold” stress-density loading
curves for standard materials at loading rates up to ten times
higher than possible with other methods in the Mbar regime.
For the FY05 NLUF allocation, a platform was developed to
produce high-accuracy and high-pressure stress-strain data on
aluminum.! This was the first such data to be measured with a

Principal Investigator Affiliation Proposal Title
R. P. Drake University of Michigan Experimental Astrophysics on the OMEGA Laser
R. Falcone University of California, X-Ray Compton Scattering on Compressed Matter
Berkeley
P. Hartigan Rice University Laboratory Experiments on Supersonic Astrophysi-
cal Flows Interacting with Clumpy Environments
R. Jeanloz University of California, Recreating Planetary Core Conditions on
Berkeley OMEGA—Techniques to Produce Dense
States of Matter
R. Mancini University of Nevada, Reno Multiview Tomographic Study of OMEGA
Direct-Drive Implosion Experiments
R. D. Petrasso, C. K. Li | Massachusetts Institute of Monoenergetic Proton Radiography of Laser/
Technology Plasma-Generated Fields and ICF Implosions
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laser driver and was taken with ramp compression timescales
more than ten times faster than had previously been possible.
A stiffer response of aluminum was observed than had been
previously observed at slower ramp compression experiments
on the Z facility at Sandia National Laboratory. In addition, it
was observed that the elastic—plastic transition is much larger
than expected from previous work at Z. This points to a strong
rate dependence in the material strength. The new high-strain-
rate data provided by these experiments are being used to
benchmark models that incorporate time dependence being
developed at Washington State University (WSU).

On 26 April 2006, 14 shots were performed on isentropic
compression targets. The ICE-EOS package, as shown in
Fig. 108.58, consists of a Au hohlraum, a plastic reservoir fol-
lowed by a vacuum gap, and a triple-stepped Ta target. Fifteen
beams from the OMEGA laser at 0.35-xm wavelength, contain-
ing a combined energy of 5 kJ in a 2-ns temporally flat pulse, are
focused symmetrically onto the inner walls of the Au hohlraum
(1.7-mm LEH, 2.2-mm diameter, 1.7-mm length). This confined
high-Z geometry results in a near-blackbody distribution of ther-
mal x rays (75, ~ 120 eV) with uniform temperature gradients
over a spatial region close to the diameter of the hohlraum. The
hohlraum is attached to a 25-um-thick Be foil glued to a 180-xm-
thick, 12% Br-doped polystyrene foil (CgHgBr»,). The x-ray field
within the hohlraum launches an ablatively driven shock through
the foil. The initial region of planarity is expected to approach the
diameter of the halfraum and can extend over millimeters. The
Bromine dopant absorbs high-energy Au M-band x rays (-2 to
5 keV) generated within the hohlraum, which otherwise could
preheat the Ta step sample. After breakout from the rear-surface
shock, heating and momentum cause the Br-CH to dissociate and
unload across a 600-xm vacuum gap. Transit across the vacuum
gap causes the mass-density gradients along the target axis to
relax as a function of distance from the original B--CH/vacuum-
gap interface. The unloading Br-CH monotonically loads up
against the Ta sample, and the imparted momentum launches
a ramp stress wave through the material. The temporal profile
of the compression wave may be shaped by varying the size of
the vacuum gap, the density of the reservoir, or the temperature
within the hohlraum. In the FY06 experiments the main targets
consisted of 25/40/55/70 ym Ta or W. A significant change in
the target design from the previous campaigns in FY05 was the
inclusion of a Be ablator and 1-#m CH liner on the inner wall of
the Au hohlraum. The purpose of this modification was to keep
the hohlraum open for ~80 ns to facilitate future on-axis radiog-
raphy experiments that would diagnose material properties (e.g.,
material strength) during compression. In this context an “open”
hohlraum means no on-axis, line-of-sight Au content that would
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serve to absorb the flash x-ray photons used for radiography. Be
has a high-ablation velocity, and its inclusion (1) increases the
x-ray ablative shock pressure into the sample for a given input
laser energy and (2) serves to fill the holhraum rapidly and thus
acts as a filler, which delays the on-axis stagnation of the cylin-
drically converging Au holhraum material. The 1-xm-CH liner
serves to further tamp the hohlraum collapse. The primary goal
of the FY06 NLUF shots was to use this planar drive to extract
a single-shot series of equation-of-state (EOS) data for Ta and
W up to peak pressures in excess of 1 Mbar.
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Figure 108.58

Schematic of ICE-EOS target package. The inclusion of a Be ablator and a
1-mm CH liner material serves to keep the hohlraum open for ~100 ns, as
was verified in a separate radiography campaign.

The time history of the Ta/vacuum interface acceleration is
recorded with a line-imaging velocity interferometer [velocity
interferometry system for any reflector (VISAR)] with two
channels set at different sensitivities. The time-resolved fringe
movement recorded by a streak camera is linearly proportional
to the velocity of the reflecting surface, which in this case is
the Ta/vacuum interface. This allows an accurate measurement
of the free-surface velocity as a function of time. The streak
camera output of the VISAR for the target conditions described
in Fig. 108.58 is shown in Fig. 108.59. The recently upgraded
LLE VISAR provides a greater target field of view than had
previously been possible, thereby allowing the use of four sepa-
rate steps on a single shot for the first time, which ultimately
increases the accuracy of the equation-of-state measurement.

The VISAR image provides spatial resolution at the target

plane over ~800 xm and temporal resolution of the interferom-
eter fringe displacement over a 30-ns time window. A planar
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Figure 108.59
VISAR streak record for target conditions described in Fig. 108.58.

drive was observed across the field of view with smooth ramp
unloading from the 25-, 40-, 55-, and 70-ym-Ta samples at
progressively later times. The velocity sensitivity (set by the
resolving element within the VISAR) is 0.995 km s~! fringe
shift!. Using Fourier analysis and after deconvolving the data
for temporal and spatial distortions within the streak camera,
the time-resolved free-surface velocity (Ugg) profile for each
Ta thickness (Fig. 108.60) can be extracted. There is a very
pronounced elastic—plastic precursor wave on all steps. An
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Figure 108.60
Free-surface velocity profile deduced from the data in Fig. 108.59.
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increase in this elastic—plastic wave as a function of Ta thick-
ness/ramp rise time is observed. This is an important observa-
tion that points to a rate dependence in the material response.
Analysis of this data is ongoing.

Using the iterative analysis technique described by Rothman
et al.,? the free-surface velocity profiles in Fig. 108.60 can
be used to generate a path through stress-density space up
to 1 Mbar (Ref. 1). In future experiments techniques will be
developed to shape the pressure profile of the ramp compression
wave by using graded density reservoir materials.> This will
increase the shock-up distance within the target, which in turn
will facilitate larger step heights resulting in lower error bars.
In addition, the use of graded density reservoirs is expected to
increase the accessible peak pressure on OMEGA to greater
than 4 Mbar.

Laser—Plasma Interactions in High-Energy-Density Plasmas
Principal Investigator: H. Baldis (University of California, Davis)

High-temperature hohlraums (HTH) are designed to reach
high radiation temperatures by coupling a maximum amount
of laser energy into a small target in a short time. These 400- to
800-um-diam gold cylinders fill rapidly with hot plasma during
irradiation with multiple beams in 1-ns laser pulses. The high-Z
plasmas are dense, (electron density 7, / ne ~ 0.1 to 0.4), hot
(electron temperature 7, ~ 10 keV), and bathed in a high-tem-
perature radiation field (radiation temperature 7,4 ~ 300 eV).
Here the critical density n,. equals 9 x 1021/cm3. The laser
beams heating this plasma are intense (~10!3 to 1017 W/cm?).
The coupling of the laser to the plasma is a rich regime for
laser—plasma interaction (LPI) physics. The LPI mechanisms
in this study include beam deflection and forward scattering.
To understand the LPI mechanisms, the plasma parameters
must be known. An L-band spectrometer is used to measure the
electron temperature. A ride-along experiment is to develop the
x-radiation emitted by the thin back wall of the half-hohlraum
into a thermal radiation source.

Figure 108.61 shows the experimental setup. About twenty
laser beams in three cone angles are incident into a 600-xm-
diam, 660-xm-long half-hohlraum. The side walls of the
hohlraum are gold, usually 20 u4m thick. The back wall is
thin, ~1 4m of gold or 1 um of gold overcoated with 1 xm of
parylene. The high- and intermediate-angle beams are focused
at the center of the laser entrance hole (LEH), but the low-angle
beams are focused ~250 to 400 #m in front of the LEH to avoid
hitting the back wall. An LPI probe beam is incident almost
normal to the hohlraum axis and aimed to an interaction region,
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which is the plasma that is 200 #m in front of the LEH. The
transmission and forward scatter of this beam are measured
with the temporally and spectrally resolved spectrometers and
calorimeters in the full-aperture backscatter (FABS) diagnos-
tic. Because of the laser-beam configuration on the OMEGA
laser, one can use FABS to measure the forward-scattered light
from opposing beams. If the beam is deflected, it falls onto the
NBI plate. A time-averaged image of this deflection is recorded
by the NBI camera. The L-band spectrometer views the plasma
in the LEH region. The x-radiation emitted by the thin back
wall can be used to heat a physics target. To characterize this
source, the heating of a witness placed ~400 x#m outside the
back wall (Fig. 108.61) was measured.

Beam deflection is measured with the NBI plate. Fig-
ure 108.62 shows images of the NBI plate as a function of LPI

LPI probe beam
Radiation source: LEH LPI
thin back wall interaction
region
<= P
< e
P e/ %
Witness / N 4
plate Hohlraum:

thick side walls ¢ m View of L-band
\

" « Spectrometer
NBI plate F\ Deflected
Drive probe beam
beams
Figure 108.61

Experimental setup of a hot hohlraum experiment.
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probe-beam intensity for two independent interaction beams.
As the intensity increases, the beam deflection increases (the
cross marks the center of the beam). The LPI beam is “bent”
by the plasma flowing out of the target. Beam deflection occurs
when the ponderomotively induced density depressions in the
plasma move downstream and carry the light refracted into
them. The images from NBI 25 and NBI 30 correspond to
interaction beams B46 and B61, traversing the plasma at angles
31° and 9°, respectively, with respect to the normal to the axis
of symmetry of the hohlraum. The beam deflections at 5 x
101W/cm? are approximately 15° and 7.2°, respectively. This
is the first observation of beam deflection as a function of laser
intensity for different optical paths along the plasma.

Understanding the measured LPI mechanisms depends on
knowing the plasma parameters. Radiation-hydrodynamics
codes are used to predict the plasma conditions. These must be
benchmarked by measurements of n, and 7. In highly charged
gold, the 3d — 2p transitions of individual ionization states are
separated by about 40 eV. If these lines can be resolved, the
spectrum gives the distribution of the ionization states of gold.
This, combined with models that predict the ionization state as
a function of electron temperature, would give T,.

The L-band spectrometer is designed to measure the 3d —
2p transitions in gold with high resolution. It is a transmission
crystal spectrometer mounted to a single-strip framing camera.
It captures a single-time and space-resolved, high-resolution
spectrum. Figure 108.63(a) shows a measured spectrum. There
is a group of lines, peaking at 10,100 eV, with half-width of about
250 eV. Simulated spectra [Fig. 108.63(b)] from the nonlocal
thermodynamic equilibrium (NLTE) code FLYCHK (for { Z) as
a function of electron temperature) and FLYSPEC (for spectral
lines) show similar features: a group of lines about 200 eV wide.
The centroid moves to higher x-ray energy with higher electron
temperature. A comparison of the data with simulation shows
the measured electron temperature is ~7 to 8 keV.

23217
~5 % 1015 W/cm?2

Figure 108.62
Images of NBI plates show beam deflection as a function
of LPI probe-beam intensity.
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Figure 108.63

(a) L-band spectrometer measurement of 3d — 2p transitions in Au. (b) Simulated spectra using the code FLYCHK.

Measured stimulated Brillouin forward scattering (SBFS)
is shown in Fig. 108.64. The SBFS confirms the time at which
the plasma reached the interaction region, by the transition
from 3w laser light to SBFS. The absence of 3w light after 1 ns
may indicate that the nonlinear beam deflection has shifted the
beam toward the NBI plate, with the light missing the collect-
ing lens. It is possible that the SBFS is not deflected because
of its lower intensity.

The use of the back wall as a radiation source is demon-
strated by using it to heat a Cr witness plate. The arrangement
for the HTH half-hohlraum with a witness plate is shown in
Fig. 108.65. Figure 108.65(a) shows a schematic of the target.
The witness plate (WP) is mounted ~400 gm from the back
wall, at an 11° tilt to the back wall so that the imaging diag-
nostic views the WP edge-on. The WP is a thin chromium foil
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Figure 108.64

Streak camera image showing forward SBS.
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Figure 108.65

New radiation source: the thin back wall of an HTH half-hohlraum is used to
heat a witness plate (WP). (a) The sketch of the target shows a WP mounted
~300 xm from the back wall at an 11° angle so it is viewed edge-on by the
OMEGA diagnostic. (b) The data show a WP glowing after it has been heated
by the back wall (also glowing). (c) The measured expansion of the Cr WP.
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