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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. 

1007 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. 

1008 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. 



Appendix B
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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-nm 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 (Th ~ 120 eV) with uniform temperature gradients 
over a spatial region close to the diameter of the hohlraum. The 
hohlraum is attached to a 25‑nm-thick Be foil glued to a 180‑nm-
thick, 12% Br-doped polystyrene foil (C8H6Br2). 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-nm 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 Br-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 nm 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-nm 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 

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-nm-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 nm and temporal resolution of the interferom-
eter fringe displacement over a 30-ns time window. A planar 
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drive was observed across the field of view with smooth ramp 
unloading from the 25-, 40-, 55-, and 70-nm-Ta samples at 
progressively later times. The velocity sensitivity (set by the 
resolving element within the VISAR) is 0.995 km s–1 fringe 
shift–1. Using Fourier analysis and after deconvolving the data 
for temporal and spatial distortions within the streak camera, 
the time-resolved free-surface velocity (UFS) profile for each 
Ta thickness (Fig. 108.60) can be extracted. There is a very 
pronounced elastic–plastic precursor wave on all steps. An 

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.,2 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.3 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-nm-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 n ne c ~ 0.1 to 0.4), hot 
(electron temperature Te ~ 10 keV), and bathed in a high-tem-
perature radiation field (radiation temperature Trad ~ 300 eV). 
Here the critical density nc equals 9 # 1021/cm3. The laser 
beams heating this plasma are intense (~1015 to 1017 W/cm2). 
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-nm-
diam, 660-nm-long half-hohlraum. The side walls of the 
hohlraum are gold, usually 20 nm thick. The back wall is 
thin, ~1 nm of gold or 1 nm of gold overcoated with 1 nm 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 nm 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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Figure 108.59
VISAR streak record for target conditions described in Fig. 108.58.
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Free-surface velocity profile deduced from the data in Fig. 108.59.
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which is the plasma that is 200 nm 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 nm 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 

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 # 
1015W/cm2 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 ne and Te. 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 Te. 

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 G ZH 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.
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Images of NBI plates show beam deflection as a function 
of LPI probe-beam intensity.

Figure 108.61
Experimental setup of a hot hohlraum experiment.
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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 3~ laser light to SBFS. The absence of 3~ 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 nm 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 

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 nm 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.

Figure 108.64
Streak camera image showing forward SBS.
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