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1. Objective

As part of the LBNL subcontract for developing a Facility-User component to NDCX-II and for serving as the liaison among the various HED Physics groups in the U.S., Prof. Mark Koepke assembled a committee (John Barnard, Erik Gilson, Joe Kwan, and Steve Lidia) to organize a discussion-based workshop on common interests, future possibilities, and leverage advantages in high-energy-density science at facilities in the San Francisco Bay area. Additional help on the workshop structure came from Bob Cauble, Don Correll, Alex Friedman, Phil Heimann, Igor Kaganovich, and Ron Davidson.  This workshop, the “Bay Area High-Energy-Density Science Cooperative” Workshop, is referred to herein as the BA-HEDS Coop Workshop. The objective of this workshop was to explore a vision of a multi-facility cooperative, the BA-HEDS Coop. Developing common interests and leverage in high-energy-density science facilities is an ongoing activity in the Bay area. The emergence of NDCX-II as a user facility has motivated an examination of current activities and untapped potential for recognizing and realizing this common interest and leverage in light of perceived advantages from complementary, cooperative, and collaborative planning, coordination, and activities in facility development, joint experiments, and institutional identity.

The organizing committee structured the program around a high-energy-density-physics-capability overview presentation and a high-energy-density-physics-experiment overview presentation for each facility, followed by four group discussions. Tours of NDCX-II on day one and LCLS-MECI on day two were offered, and attended by most participants.

2. Motivation

The BA-HEDS Coop has the potential to be an international destination for high-energy-density science researchers by virtue of its excellent, world-class, core-facility resources and the proximity of these facilities to each other.  The BA-HEDS Coop offers technical leverage to individual scientists and groups, and enhances their ability to carry out high-impact research that may span multiple facilities.

Central to the outcome of this workshop is the assessment of shared interests in each other's facilities and in providing users with inter-facility high-energy-density-physics capability. We brainstormed on the benefits of cross-fertilization for management and user scientists. We also discussed the prospects for one or more future workshops geared toward the interests of prospective users, including user-scientist/student training and preparation. High, natural, potential of the BA-HEDS Coop for cross-office interest from and benefit for DOE-SC-BES was noted. Notes taken at the workshop have been assembled into this report, and are hereby submitted to the Department of Energy's Office of Science and National Nuclear Security Administration.   

3. Long-Term Goals

The exploitation of common interest and leverage in high-energy-density science facilities within the San Francisco Bay area can be significantly increased to benefit SLAC-LCLS-MECI, LBNL-ALS, LBNL-NDCX-II, LLNL-JLF, and LLNL-NIF. The emergence of NDCX-II as a user facility and the commissioning of LCLS-MECI add to the current activities and untapped potential for recognizing and realizing this common interest and leverage in light of perceived advantages from complementary, cooperative, and collaborative planning, coordination, and activities in facility development, joint experiments, and institutional identity. 

4. Recommendations

The BA-HEDS Coop constructively addresses, at no cost, the expensive-to-address-otherwise present imbalance between the participating laboratories and facility teams with respect to experiment, theory, and simulation. With the BA-HEDS Coop, the strengths in experiment, theory, and simulation are made available to all participating laboratories and facility teams. LLNL-JLF will benefit at least as much as the other facilities in this sense because it is organizationally separate from LLNL-NIF. The BA-HEDS Coop represents a world-class resource for high-energy-density science, especially because of the cooperative dimension being recognized and deliberately exploited.
The planning of facility upgrades, diagnostic development, experimental, computational, and theoretical research strategies, calls for proposals, user-group activities, student recruitment and involvement, and scientific collaboration can be coordinated for the benefit of participating facilities. For example, a sub-optimally directed user proposal will be redirected to the optimal-use facility. Target-chamber compatibility within the BA-HEDS Coop (LLNL-JLF and LCLS-MECI), which should be extended also to NDCX-II, makes switching apparatus in user experiments less difficult. Such a goal of extending this compatibility is more of a desired detail than a solution to a fundamental problem but worthy of exploring further. Specific-target characterization will be expanded by BA-HEDS Coop exploitation for the benefit of science and applications. 
One or more future workshops geared toward the interests of prospective users, including user-scientist/student training and preparation, will be organized. The single-facility user groups need not be merged, but they will benefit individually from joint workshops. BA-HEDS-Coop-related findings and recommendations will be directed to a BA-HEDS Coop coordinator or will be directed to the single-facility user group executive boards. Students and postdocs, as well as established research scientists, will benefit from a paradigm shift to explicitly coordinated inter-facility training, interactions, and strategies.

Joint experiments will be conducted both purely for scientific benefit and also to demonstrate the advantages of complementary, cooperative, and collaborative science. New cross-facility collaborations will be stimulated. In a matter of one hour, four joint experiments were conceptualized and discussed. 

(1) Investigating the conductivity of dense aluminum would involve four labs (ALS, JLF, LCLS-MECI, and NDCX-II). This project was discussed in detail and approximate milestone dates were proposed. LCLS is an x-ray source with laser heating and diagnostics for measuring the structure function S(k). NDCX-II is an accelerator with diagnostics and tools and codes for measuring electrical conductivity (using magnetic field penetration experiments) and thermal conductivity (using optical experiments) up to 1 eV. LLNL-JLF has a short-pulse laser accompanied by target fabrication, diagnostics, codes, and modeling to measure electrical conductivity at higher temperatures. Similar targets and similar temperatures can be studied experimentally, while diagnostics and computer models can be compared. Conductivity meets all three criteria for a worthwhile experiment.

(2) Driving a shock in heated material instead of cold material. Determining the equation of state of dense matter by shock heating a tamper having dados (or grooves) of different depths. The intent would be to compare laser heating and heavy-ion-beam (ion irradiation) heating. Because the Huginiot relation is precisely known, any difference can be attributed to physics not properly modeled in the equation of state. Three labs (NDCX-II, JLF, and LCLS-MECI) would be involved.

(3) Using porous material, such as aero gel or tiny-scale-size Styrofoam, as a surrogate for turbulence to study the expansion adiabat in material undergoing turbulent flow and the evolution of the spectrum of the spatial scales of the inhomogeneities.  Pressure, energy, entropy, electrical conductivity, thermal conductivity, and power spectrum would be documented to validate codes that simulate turbulence using data from material that simulates turbulence. Three labs would be involved (LBNL-NDCX-II, LLNL-JLF, and LCLS-MECI).

(4) Examine ion stopping in heated matter. This study could extend to examining target-normal-sheath acceleration and break-out afterburner. Four labs would be involved.

5. Summary of the Discussions

The near-term capabilities of NDCX-II will support a unique program of cutting edge science studies. At the time of the Workshop, the maximum ion kinetic energy produced was 0.2 MeV. Additional acceleration pulsers have since been connected, and in the near-term (August/September 2013), the maximum will be 1.2 MeV. Using the active induction cells (12) and periods (27) of this initial configuration, the peak ion energy is below the 1.9 MeV Bragg peak for Lithium ions in Aluminum. To allow for the even more uniform deposition that is available when ions slow through the Bragg peak, and to incur the benefits of shorter pulse, longer range, and higher fluence, a longer-term configuration that would employ 10 additional periods (21 active cells and 37 periods) has been worked out. NDCX-II has rudimentary diagnostics at this time, but could aggregate white-light polarization, polarization pyrometry, X-pinch x-ray source, cryogenics, frequency-domain interferometry, and an energy analyzer with modest research and development funds in the near term. The Callisto chamber will improve diagnostic access for users.
The Linac Coherent Light Source (LCLS), the world’s first hard x-ray free-electron laser, has been operating since 2009 and the Material at Extreme Conditions (MEC) instrument since April 2012 with the first user experiment taking place that month. User support and diagnostics were outlined as an example and to inform future users within the workshop. Experimental set-up between experimental periods takes a minimum of one week. Beam time consists of 12 hours per day for 5 days. Each nanosecond laser arm can provide a shot every ten minutes, translating to one shot of 2 keV -10 keV per 5 minutes for the two laser arms. The 4 TW short pulse 35 fs-laser can provide pulses of 10 Hz synchronized with the LCLS x-ray beam for high-repetition rate, high data-throughput experiments of isochorically heated targets.  The combination of the world brightest x-ray probing capability with powerful optical lasers provides a unique capability for developing new methods for studying warm dense matter and physics problems within high energy density science.  Testing experimental observables against first principles techniques such as X-ray Thomson scattering at MEC is expected to be a central component for the study of warm dense matter within BA-HEDS Coop facilities.
LLNL-JLF laser time is provided free of charge and apportioned through an open competitive review process at LLNL, in DOE Office of Science style. Each experimental period is typically 4 weeks long, with occasional variations of plus or minus 2 weeks. JLF serves as a pipeline into LLNL, a training experience for new researchers, a development platform for novel high-energy-density (HED) physics diagnostics, a staging platform for NIF experiments, an enabling facility for high-impact HED science, a way to expand the HED community, and a facility for broad participation by LLNL researchers.

ALS can be used as an x-ray probe of warm dense matter and hot dense matter that links well to the other BA-HEDS Coop facilities. ALS provides time-resolved, rapid-absorption determination of near and extended edges for electronic structure measurements. Time-dependent x-ray techniques can uniquely probe matter under extreme and dynamic conditions. Ionization mass spectrometry reveals complex molecular dynamics as matter goes through high-pressure evolution. Time-dependent and temperature-dependent electron-phonon coupling describe electron-structure dynamics. X-ray Thomson scattering can be used to probe dense plasma. Synchrotron-based and laser-based diagnostics are available. What is needed is a non-perturbative, independent, temperature measurement so that K-edge modeling is not solely relied upon.
Dick More proposed joint investigations on conductivity and the idea of using porous targets as a turbulence surrogate for evaluating codes. He advocated a set of criteria for evaluating proposed experiments at these world-class facilities: (a) is it really unknown, (b) is it really measurable, and (c) is it really important?
Documentation of inter-facility cooperation prior to the workshop is listed below:
Cases where the costs were covered by DOE Office of Science:

- LLNL designed much of the x-ray transport optics and diagnostics
- LLNL designed the LCLS-MEC instrument VISAR system

- LBNL will supply undulators for the LCLS-II upgrade
- LLNL Fusion Energy Program members assigned to NDCX-II (Alex Friedman, John Barnard, David Grote, Steven Lund, Bill Sharp, Ron Cohen)

- LLNL supplied the induction cells and most of the pulsed power equipment for NDCX II construction

- The LCLS/MEC target chamber is a modified Jupiter/Titan chamber design, and an optimal NDCX-II target chamber would be very similar
Cases where no costs arose:

- 6th International Warm Dense Matter Conference program committee consisted of LBNL and LLNL members: Phil Heimann (ALS, Chair), Dick Lee (LLNL, now retired), John Barnard (LLNL/NDCX II), and Bob Cauble (Jupiter)

- Jupiter has offered a target chamber from Callisto for NDCX II
- Jupiter has offered laser equipment to Laser Science and Technology Division at LCLS
- People have moved:

   Phil Heimann LBNL/ALS to LCLS

   Bill White LLNL to LCLS

   Dick Lee LLNL, now retired
   Hae Ja Lee LBNL to LCLS

   Siegfried Glenzer LLNL to LCLS
- Bob Cauble (Jupiter) is a reviewer for LCLS/MEC proposals
- Pavel Ni (NDCX II) will participate in a Jupiter laser experiment in March

- Many researchers already perform experiments at multiple facilities (ALS/LCLS/Jupiter). The Berkeley-campus program (funding from SSAA, Joint Program, etc) already utilizes tools in Bay Area for studies of WDM, HDM, and plasmas.

Topic List of Complementary Opportunities
X-ray Thomson scattering
X-ray absorption
Diagnostic capability/development
Ion stopping
Pyrometry
Conductivity
Chemistry driven by deposition
EOS of matter with turbulence
EOS of matter
Material properties
Metal-foam-simulated turbulence
Effective volumetric heating by lasers and associated hydro
Disparity between LTE and non-LTE
Fast imaging techniques
Advantages of a User-Facility Community (reviewer pool, recruitment of users)
Method of user-group communication (via user-group chairs)
Computer Simulations
Theory
Applying one facility’s models and codes to experiments performed at a different facility
Code sharing awareness
Inter-facility communication based on diagnostic knowledge and needs
BA-HEDS Coop Web site that also provides links to each user group
Questions that can be answered in a complementary manner
Appendices

6. Agenda for "West Coast High Energy Density Science Cooperative" Workshop

Tuesday 22 January 2013 LBNL B-47 conference room
 8:45    
Opening Remarks                                                              S. Gourlay/M. Koepke

 9:00        Overview of NDCX-II capabilities                              
A. Friedman/P. Ni

 9:30        HEDP capabilities at the LCLS                                    
P. Heimann

10:00       Break

10:15    
HEDP capabilities at the JLF                                              
R. Cauble

10:45      
Tour of NDCX-II                                                                 
S. Lidia

11:45       
Lunch                                                                                
LBNL cafeteria

 1:00      
HEDP experiments at NIF: Review/Plans                          
W. Goldstein

 1:45       
HEDP capabilities at the ALS                                         
R. Falcone            

 2:15      
HEDP experiments on ALS: Review/Plans                      
R. Falcone

 3:00      
Break
 3:15       
HEDP experiments on NDCX-II: Plans                           J. Barnard/R. More

 4:00       
HEDP experiments at JLF: Review/Plans                        R. Cauble/S. Glenzer

 4:45       
Break
 5:00       
Opportunities for complementary experiments                   
Group

 5:30       
Adjourn Day #1

 

Wednesday 23 January 2013 SLAC SSRL 3rd Floor Conference Room
 8:45       
Opening Remarks                                                              
M.Koepke

 9:00       
HEDP experiments at LCLS: Review/Plans                      
B. Nagler

10:00      
Role of international facilities (e.g., FAIR, SPring-8,etc) 
Group

11:00      
Tour of LCLS

12:00      
Lunch                                                                               
LCLS cafeteria

 1:30       
Opportunities for collaboration                                             
Group

 2:30      
Advantage of an inter-facility HEDP capability for users    
Group

 3:15        
Wrap-Up

 3:45      
Adjourn Day #2
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7. Participants

LBNL
Roger Falcone, UC Berkeley, Director, Advanced Light Source

Stephen Gourlay, Accelerator and Fusion Research Division Leader
Enrique Henestroza, Staff scientist, ICF Target and Accelerator Physics
Joe Kwan, Fusion Science and Ion Source Technology Research Program Head
Steve Lidia, NDCX-II Operations and Controls, Testing and Development Leader
Pavel Ni, NDCX-II HEDP and Fusion Target Studies Leader
Thomas Schenkel, Fusion Science and Ion Source Technology Research Deputy Program Head
Peter Seidl, Accelerator and Fusion Research Division, Deputy Division Leader

LLNL
John Barnard, Heavy Ion Fusion Science Virtual National Laboratory Deputy Director
Bob Cauble, Director Jupiter Laser Facility
Don Correll, Fusion Energy Sciences Program Leader
Alex Friedman, NDCX-II Accelerator Physics and Technologies Leader
Siegfried Glenzer, NIF Scientist (transitioning in February to SLAC Distinguished Scientist)
Bill Goldstein, LLNL Deputy Director for Science and Technology
Richard More, LLNL/LBNL Consultant, Atomic and Plasma Physics
Matt Terry, Post doctoral researcher on ICF Targets

SLAC
Phil Heimann, LCLS MEC Department Head
Hae Ja Lee, LCLS MEC Instrument Scientist
Bob Nagler, LCLS MEC Instrument Scientist

PPPL
Erik Gilson, NDCX-II Operations and Controls, Testing and Development Deputy
Ron Davidson, Princeton University, Heavy Ion Fusion Science Virtual National Laboratory, Deputy Director (attending via teleconference)
Igor Kaganovich, Plasma Physics Theorist (attending via teleconference)

West Virginia University
Mark Koepke, Professor of Physics 

 
8. Facility Descriptions 

SLAC-LCLS

LCLS provides x-ray pulses with sufficient energy for isochoric heating of matter, with sufficient photon energy and flux for inelastic scattering measurements of electron and ion temperature and densities, as well as high peak power and high energy optical lasers, to drive plasmas and shock compressed matter.

MECI, the sixth and final instrument to be added to the Linac Coherent Light Source, investigates the extremes of the universe around us. The MEC instrument allows researchers to create and probe matter at extreme temperatures, extreme pressures and extreme densities. The instrument commissioning began in January 2013. Much like the X-ray Pump Probe instrument, the MEC uses an optical laser beam, and at times the LCLS itself, to initiate a reaction or prepare an initial excited state in a sample. The LCLS X-ray beam then probes how the reaction takes place or how the sample relaxes out of its excited state. 

Using powerful optical lasers and the LCLS's ultra-bright, ultra-short X-ray pulses, MECI will have the unique capability of creating and probing the short-lived states of matter that can exist during inertial fusion processes, in the cores of giant planets and inside supernovae. Matter passing through such transient states may also be the precursor for new types of materials that have yet to be discovered. For example the MEC high energy laser might be used to create high pressure states that can substantially exceed 1 Mbar. The LCLS beam could then reveal the exceedingly small (nanoscale) and rapid (less than 100 femtoseconds) modifications of the matter’s thermodynamic properties and structure. LCLS/MEC will access a large parameter space in density and temperature overlapping with a significant fraction of the phase space accessible by each of the BA-HEDS Coop facilities.
 
LBNL-ALS

The Advanced Light Source (ALS) provides short-pulse lasers for isochoric heating of matter, broad-spectrum synchrotron backlighters, and detectors with sufficient time resolution for rapid absorption measurements of near and extended edges for electronic structure measurements.

It is useful to separate ALS experiments into two categories — one focused on Materials/Condensed Matter and one with a dual focus on AMO (atomic, molecular, and optical) physics and accelerator physics.

Light sources such as the ALS have opened up research frontiers that may hold the answers to fundamental questions about structure and dynamics in AMO physics. The advanced spectroscopies that have been developed here provide the ability to control and probe atomic and molecular processes with unprecedented precision. In particular, the spectral resolution, brightness, broad tunability, and polarization control generate novel avenues for the study of tailored states, inner-shell processes, and nonperturbative electron interactions. Driven by the high brightness of the ALS, a whole new world of vacuum ultraviolet (VUV) and soft x-ray physics has emerged through the development of combined techniques to excite, select, and probe atoms, molecules, and clusters.

Accelerator physics encompasses research generated by and for the ALS machinery itself, including not just the accelerator, but also the storage ring, bending magnets, insertion devices, beamlines and more. The ALS operating schedule includes ample time for the resident accelerator physicists to not only improve on beam delivery to users, but also to explore new modes of operation and envision the possibilities for a next-generation light source.

Multiple x-ray probes at ALS and LBNL can be generated:

Synchrotron - based

Synchrotron light with typically 106 photons and 100 ps pulses

Streak camera can give 1 ps temporal resolution

ALS BL6 covers 250 - 1500 eV, with monochromatic x-rays at higher energy (to 12 keV)

X-ray absorption measurements of isochoric heated samples done at C & O K-edges, and Ni & Cu L-edges

Sliced x-ray pulses with ~ 102 photons per pulse at 200 fs

Laser - based

Plasma backlighters with ~ 10-6 efficiency into narrow angle

High laser harmonics create with ~ 10-6 efficiency in SXR

LBNL-NDCX-II

Intense beams of heavy ions are well suited for heating matter to regimes of emerging interest. NDCX-II enables studies of warm dense matter at 1 eV and near-solid density, and of heavy-ion inertial fusion target physics relevant to electric power production. For these applications the beam must deposit its energy rapidly, before the target can expand significantly. To form such pulses, ion beams are temporally compressed in neutralizing plasma; current amplification factors of 50–100 were routinely obtained on the Neutralized Drift Compression Experiment (NDCX-I) at the Lawrence Berkeley National Laboratory. In the NDCX-II physics design, an initial non-neutralized compression renders the pulse short enough that existing high-voltage pulsed power can be employed. This compression is first halted and then reversed by the beam’s longitudinal space-charge field. Downstream induction cells provide acceleration and impose the head-to-tail velocity gradient that leads to the final neutralized compression onto the target. Discrete-particle simulation models (one-, two-, and three-dimensional) were employed so that the space-charge-dominated beam dynamics could be optimized.

LLNL-JLF

Jupiter is a multi-platform facility for high energy-density (HED) science. Its mission is to expand the frontiers of high energy-density laboratory science, support high energy-density science at LLNL in multiple programs, support, collaborate with, and expand the broader HED physics community, and help train and recruit future scientific workforce.

Laser time is provided free-of charge and apportioned through an open, competitive peer-review process at LLNL, according to the style of a DOE Office of Science user facility.

The Jupiter Laser Facility (JLF) has a flexible intermediate scale, offers a variety of platforms capable of high-impact HED science for different classes of experiments, and has the infrastructure to safely support multiple users with a range of experience levels.

Long-pulse Janus is used mainly for HED matter and materials studies:

EOS (VISAR), in situ dynamics (diffraction), HED chemistry (CARS)

High-energy pico-second Titan is used for HED plasma experiments:

Technique development and implementation (XRTS); FI (particle transport); WDM (x-ray, VISAR, and particle diagnostics), relativistic plasmas (transport, LPI)

Callisto is the only operating high-intensity femto-second laser at LLNL. It was used for LPI and early FI work and has been used as a fast source for diagnostic development. Mainly it has been used for laser wakefield acceleration and now for developing a betatron. To be closed FY2013.

COMET is a versatile system (several beam paths, pico-second and nano-second beams) with a 3-5-minute repetition rate. It is used mainly for spectroscopy technique development and calibration and testing of NIF diagnostics.

Ti:Sapph Europa was used for development of FDI and femto-second WDM studies on thin targets. Europa has been cannibalized for parts but is a good university-class femto-second laser. Warm Dense Matter is created by isochoric laser heating of free-standing nanofoils, leading to a non-equilibrium state with Te>> Ti.

LLNL-NIF

NIF and Jupiter lasers provide drivers for shock compressing matter and backlighters with sufficient photon energy and flux for inelastic scattering measurements of electron and ion temperature and densities and radiography.

The National Ignition Facility (NIF) enables scientific investigation using unique extreme

laboratory environmental conditions, including

Densities of ~ 103 g/cm3,

Neutron densities as high as 1026/cm3,

Unprecedented areas at pressures greater than 1011 atm,

Unprecedented volumes of matter having temperatures exceeding 108 K, and

Unprecedented volumes of matter having radiation temperatures exceeding 106 K.

Only three places in the Universe have produced extremes close to such conditions: the Big Bang, when the Universe was born in a primordial fireball; the interiors of stars and planets; and thermonuclear weapons. Nothing within orders of magnitude of the neutron densities that will be produced in NIF has been available for laboratory experiments until now. The capabilities of NIF and related smaller high-energy-density research facilities are ushering in a new era of investigative opportunities that will have a transformative impact in many fields. These include planetary and space physics; radiation transport and hydrodynamics; nuclear astrophysics; the science of ultradense materials and materials damage; many areas of plasma physics; laser-plasma interactions, ultraintense light sources, and nonlinear optical physics; novel radiation sources; and other topical areas involving the interplay of electromagnetic, statistical, quantum, and relativistic physics.

Not all experiments on NIF need to produce fusion ignition. Researchers are planning many other types of experiments that will take advantage of NIF's tremendous energy and flexible geometry in non-ignition shots. Non-ignition experiments will use a variety of targets to derive a better understanding of material properties under extreme conditions. These targets can be as simple as flat foils or considerably more complex. By varying the shock strength of the laser pulse, scientists can obtain equation-of-state data that reveal how different materials perform under extreme conditions for stockpile stewardship and basic science. They also can examine hydrodynamics, which is the behavior of fluids of unequal density as they mix.

NIF experiments also will use some of the beams to illuminate "backlighter" targets to generate an x-ray flash. This allows detailed x-ray photographs, or radiographs, of the interiors of targets as the experiments progress. In addition, moving pictures of targets taken at one billion frames a second are possible using sophisticated cameras mounted on the target chamber. These diagnostics can freeze the motion of extremely hot, highly dynamic materials to see inside and understand the physical processes taking place (see Diagnostics). As construction of the 48 "quads" of four beams each proceeded, many shots were already being performed using the first quad of beams (see NIF Early Light). Following NIF's completion and dedication in 2009, experiments using all 192 laser beams demonstrated NIF's ability to create the conditions needed for ignition experiments beginning in 2010.
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Alex Friedman reviews the capabilities of NDCX-II





Alex Friedman’s audience includes Steve Gourlay, Enrique Henestroza, and bagels.





Tuesday’s tour of  NDCX-II led by Steve Lidia.





Alex Friedman presents





Mark Koepke opens the Wednesday afternoon group discussion.





During the Opportunities for Collaboration group discussion, Siegfried Glenzer charts each facility’s identity in HED operational parameter space, interpreting advantages of this range for joint conductivity investiga-tions suggested by Dick More.





Siegfried Glenzer  sketches out a 4-lab collaborative project.





Bob Cauble explains how  Jupiter Laser Facility could provide experimental insight useful to the other facilities.





Hae Jae Lee demonstrates features in the LCLS-MEC-instrument control room.





Bob Nagler shows Bob Cauble the enclosure that contains the MEC instrument’s short-pulse laser system.





The white board at the completion of Wednesday’s group discussion.





Wednesday’s tour of LCLS-MEC instrument led by Phil Heimann.





Wednesday’s tour of LCLS-MEC instrument led by Phil Heimann.





Tuesday’s tour of  NDCX-II led by Steve Lidia.








Hae Jae Lee chairs the opening session on Wednesday at LCLS during which Joe Kwan outlines NDCX-II’s international collaborations.





Tuesday’s tour of  NDCX-II led by Steve Lidia.





Tuesday’s tour of  NDCX-II led by Steve Lidia.








