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Welcome letter from JLF director 
 

Dear JLF community,  
 
The Jupiter Laser Facility had a lot to celebrate in FY2024. After a long-
anticipated refurbishment and modernization effort, which included 
the dismantling and rebuilding of our laser bay, a new power 
conditioning system, moving the COMET laser, and modernizing the 
system with new diagnostics and controls, the facility re-opened its 
doors for user operations. With additional support from the DOE 
Office of Fusion Energy Sciences, we also added a third beamline to 
allow users to have a dedicated short pulse capability in Titan. With 
this effort, the facility is poised to increase the rate of high-quality 
shots.  
 

Coincidentally, the facility also celebrated its 50th anniversary this last year. One of our lasers, 
Janus, was commissioned in 1974, providing a 10-joule-class, two-beam system for the first fusion 
experiments at LLNL. While LLNL has continued to innovate in laser technology and operations, 
designing and building bigger and more powerful lasers all the way to the National Ignition Facility 
(NIF), the Jupiter Laser Facility has remained a beacon in the laser and high-energy-density science 
community to develop new ideas and train the next generation of scientists in the field.  
 
On May 16th, 2024, the facility hosted a reopening and 50th anniversary celebration, which featured 
welcome remarks from our LLNL senior management team, an open house, and a symposium on 
“5 decades of science and technology at the Jupiter Laser Facility.” Many of our LLNL colleagues 
and longtime academic users were on hand to celebrate. 
 
In FY2024, with the new and improved JLF, we welcomed 15 experiments awarded through 
LaserNetUS on our three laser platforms Titan, Janus/TA1 and COMET. These experiments, along 
with facility highlights, are described in this annual report.   
 
As I complete my first year as the JLF Director, I could not be prouder of the dedication of our 
technical staff, who continue to innovate and provide state-of-the-art laser technology and 
operations at the facility, and of the breadth and depth of high-impact science accomplished by our 
users. With the addition of two new capabilities developed in partnership with our colleagues at 
NIF&PS, STILETTO, a novel spatio-temporal pulse shaping instrument, and new gratings in Titan, 
FY2025 promises to be an equally exciting year for laser and high-energy-density science at JLF.  
 
I look forward to more experiments, capabilities, partnerships, and groundbreaking science! 
 
With brightest regards, 
  
Félicie Albert 
JLF Director 
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December 2023: JLF completes successful cleanup 
day  

 
 
In December 2023, JLF held a dedicated “cleanup day” focused on discarding legacy items that were no 
longer in use at the facility. Before the event, the team coordinated with organizations such as Donation, 
Utilization, and Sales; Environmental Safety and Health; and facilities to have proper recycling bins in place 
as well as a team to haul away palettes. They removed hardware, diagnostics, and parts from old laser 
systems no longer in use, including optics from the 1970s, old electronics, detectors, glass, and various 
hardware. 
 
“Having a dedicated day, where the whole team was focused on the task, made the cleanup successful and 
productive. Everyone rolled up their sleeves and engaged throughout the day,” said Félicie Albert, JLF director. 
“I would give special kudos to Brandon Fischer (ENG, JLF mechanical tech), Elaine Johnson (PHYS, JLF 
administrator), and Chris Boutsikakis (O&B, JLF facility point of contact) for planning and organizing the 
event.” 
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January 2024: NIF and JLF users meeting 

 
Ignition figured prominently in the presentations and discussions at the NIF and JLF User Groups Meeting in 
Livermore. 
 
Ignition was the dominant theme at this year’s LLNL National Ignition Facility and Jupiter Laser Facility (NIF 
and JLF) User Groups Meeting.  
 
The word—and the subject—came up repeatedly in presentations, including reviews of NIF’s repeated 
achievement of fusion ignition and plans for future megajoule (MJ) yields, JLF experiments, Discovery Science 
projects, and discussions about the future of inertial fusion energy (IFE). And, as if to emphasize the point, 
LLNL “Ignition” banners were featured prominently in the background. 
 
The event, held from Jan. 30 to Feb. 1, attracted more than 175 participants to learn about research projects 
and activities of LLNL’s NIF & Photon Science (NIF&PS) Directorate and the Physical and Life Sciences 
Directorate’s JLF. 
 
There were 39 distinct institutions represented among the registered attendees, including nearly two dozen 
universities, several companies, National Nuclear Security Administration (NNSA) personnel, and national 
laboratories. An estimated 50 university students attended and 45 posters were presented. 
 
“Since the last time we saw each other, it has been a momentous year at the National Ignition Facility, and for 
our high-energy-density (HED) community at large,” said Vincent Tang, deputy director of the NIF&PS 
Directorate, in his opening remarks at the Garré Vineyard & Winery event center in Livermore. 
 

https://jlf.llnl.gov/
https://lasers.llnl.gov/science/discovery-science
https://lasers.llnl.gov/science/discovery-science
https://lasers.llnl.gov/science/energy-security
https://www.energy.gov/nnsa/national-nuclear-security-administration
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“Just over a year ago, NIF made fusion ignition happen, crossing that long theorized threshold to achieve a net 
energy gain,” Tang continued. 
 
Since the initial fusion ignition milestone on Dec. 5, 2022, the Lab has repeated ignition four more times, 
most recently on Feb. 12, after the User Groups Meeting. 
 
Tang credited the fundamental research and Discovery Science work discussed at the NIF and JLF User 
Groups Meeting as having “played key roles in helping to make ignition happen—from driving capability 
development like new diagnostics and platforms to helping us as a community sustain a world-leading team.’ 
 
This year’s meeting was particularly exciting for the JLF since it has completed a multiyear refurbishment 
project and has a new facility director in Félicie Albert. JLF users provided several technical presentations 
describing new experiments. 
 
“The NIF and JLF User Groups Meeting was great for the JLF user community,” Albert said, “because after four 
years of refurbishment, the facility is starting to welcome users back for experiments.” 
 

 
A new feature at this year’s NIF and JLF User Groups Meeting was a panel discussion on “Fostering Innovation 
Through IFE,” moderated by Petros Tzeferacos of the University of Rochester, at right. Shown, from left, are: 
Justin Galbraith, Alan Fry, John Edwards, and Dan Casey. Galbraith, Edwards, and Casey are with LLNL. Fry is 
with the SLAC National Accelerator Laboratory. 
 
Samantha Calkins, NNSA federal program manager, presented a perspective on her organization and 
reviewed its priorities. NNSA is responsible for the safety and reliability of the nation’s nuclear stockpile and 
maintains the stockpile in the absence of underground tests while also strengthening key science, 
technology, and engineering capabilities. 
“When we have this sort of cross-section of appropriately scaled drivers, advanced diagnostics, and 
simulations, we can really achieve exciting results such as ignition on the NIF,” she said. “But this wasn’t 
achieved by one person alone or just overnight. As you all know, this took decades of work, collaborations 

https://www.llnl.gov/article/49301/shot-ages-fusion-ignition-breakthrough-hailed-one-most-impressive-scientific-feats-21st
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across the scientific community, creativity, innovation, as well as an unyielding endurance to push scientific 
progress forward. 
“Reaching ignition has now allowed us to think, ‘What’s beyond the ignition?’” Calkins said. “Can we achieve 
a high-yield capability in the laboratory or even just higher yields on the NIF? And that would unlock further 
space within the HED regime to answer outstanding questions.” 
 
Kramer Akli, program manager for DOE’s Office of Science, Fusion Energy Sciences, detailed the federal 
government’s funding of $75 million to advance IFE through public-private partnerships, including a four-year, 
$16-million multi-institutional project led by LLNL. The LLNL effort will be carried out by the newly 
established IFE Science and Technology Accelerated Research for Fusion Innovation and Reactor Engineering 
(STARFIRE) hub. 
 
The IFE-STARFIRE hub will accelerate demonstration of high-gain target designs, target manufacturing and 
engagement, and diode-pumped solid state laser technologies. The project will also begin developing the 
future workforce for IFE through partnerships with universities and new curriculum development. 
 
Akli also reviewed plans to establish a pilot fusion energy plant in the 2030s or 2040s. “IFE is part of the 
roadmap, which is very exciting,” he said. “We really look forward to working with you, with the community, 
and with other stakeholders.” 
 
Abbas Nikroo, NIF deputy director for Physics/Facility Integration, gave an update about NIF, describing it as, 
“an amazing accomplishment year at NIF” for three reasons: NIF’s ignition achievements, which open up new 
regimes of weapons physics and set the stage for new fusion energy possibilities; NIF provides data 
supporting the Stockpile Modernization Program design options and improves the understanding of weapons 
science; and the facility is progressing in making new hires in the workforce for long-term sustainability. 
 

 
Daniel Mayes, center, a postdoctoral researcher from the University of Texas at Austin, explains his poster on 
“Oxygen Opacity Experiments for Stellar Interiors at NIF” to Lauren Hobbs of the United Kingdom’s Atomic 
Weapons Establishment, left, and LLNL’s Elvin Monzon, right.  
 

https://science.osti.gov/fes
https://lasers.llnl.gov/news/llnl-led-team-receives-doe-award-establish-inertial-fusion-energy-hub
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The 10-year plan for NIF, Nikroo said, includes pushing the facility’s performance with its current facility up to 
10 MJ output in the near term, and developing an upgrade proposal with NNSA to maximize NIF’s full laser 
energy potential to push yields to 30 MJ or higher, enabling the study of new physics regimes (see “Enhanced 
Yield Capability Proposal Aims to Boost NIF Yield”). 
 
“It is an exciting time for NIF and its users and pushing the performance opens many new opportunities,” he 
said. 
 
Nikroo said the final phase of the NIF Master Oscillator modernization project to improve laser accuracy and 
repeatability has been completed. He also noted optic and laser improvements now allow NIF to deliver up to 
2.2 MJ of laser energy to the target. 
In addition, the NIF Sustainment Plan is underway to ensure the facility can continue to meet program needs 
for the next two decades. Additional funding in 2023 enabled the start of urgent needs to refurbish amplifier 
and final optics. 
 
Nikroo said the 2023 selection of 11 Discovery Science projects spans astrophysics, planetary science, 
nuclear science, and high-energy particle generation. 
 
The Discovery Science projects are: 
“Ionization in Dense Plasmas,” Roger Falcone, University of California, Berkeley. 
“Turbulent Formation of Stars,” Seth Davidovits, LLNL; 
“S-Process Nuclei in a Plasma Environment,” Brian Appelbe, Imperial College. 
“Iron Photoionized Plasmas Relevant to Accretion Disks,” Roberto Mancini, University of Nevada, Reno. 
“Ultra-Bright MeV Photon Sources,” Fabrizio Consoli, ENEA – Centro Ricerche Frascati. 
“Ultra-High Power Beam Generation,” Patrick Poole, LLNL. 
“Enhanced Proton Isochoric Heating Platform,” Raspberry Simpson, LLNL. 
“Advancing Atomic Physics at Gbar Pressure,” Tilo Döppner, LLNL. 
“Particle Acceleration in Magnetized Quasi-Perpendicular Collisionless  Shocks,” Frederico Fiuza, University 
of Lisbon. 
“Pressure-Induced Phase Transformations of SiO2,” Michele Marshall, Laboratory for Laser Energetics. 
“High-Brilliance Gamma-Ray Sources,” Nuno Lemos, LLNL. 
 
Other presentations included: 
Eva Zurek, University at Buffalo SUNY, “Extreme Chemistry and New States of Matter at Extreme Pressures.” 
Danae Polsin, Laboratory for Laser Energetics, “Transforming Simple Metals to Topological Insulators: 
Sodium at NIF.” 
Amy Jenei, LLNL, “Equations of state for white dwarf stars.” 
Nuno Loureiro, MIT, “Modern Perspectives and Challenges in Plasma Turbulence and Magnetic 
Reconnection.” 
Will Fox, Princeton Plasma Physics Laboratory, “Experiments on Magnetic Reconnection at the NIF.” 
Petros Tzeferacos, Laboratory for Laser Energetics, “Transport processes in turbulent and magnetized 
plasmas.” 
David Collins, Florida State University, “Star Formation at NIF.” 
 
In addition, the User Groups Meeting heard several updates on NIF from: Dayne Fratanduono, on developing 
an Enhanced Yield Capability; Annie Kritcher, on multi-MJ yields at NIF; Brian Spears, on the role of high-
performance computing (HPC) and artificial intelligence (AI) in calculating ignition and accelerating inertial 
fusion science; and Dave Schlossberg, on high-yield diagnostic plans and radiation hardening. 
 
New this year was a roundtable panel presentation on “Fostering Innovation Through IFE.” It was moderated 
by Tzeferacos, and the panelists were LLNL’s John Edwards, Justin Galbraith, and Dan Casey, and Alan Fry 
from the SLAC National Accelerator Laboratory. 

https://lasers.llnl.gov/news/enhanced-yield-capability-proposal-aims-boost-nif-yield
https://lasers.llnl.gov/news/enhanced-yield-capability-proposal-aims-boost-nif-yield
https://lasers.llnl.gov/news/using-nif-study-sluggish-pace-star-formation
https://lasers.llnl.gov/news/enhanced-yield-capability-proposal-aims-boost-nif-yield
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Poster competition winners with their awards. Shown, from left, Kevin Fournier, NIF User Office Director; 
Vicente Valenzuela-Villaseca, a postdoctoral researcher from Princeton University; Skylar Dannhoff, a 
graduate student at MIT; Sonya Dick, a graduate student at the University of Michigan; Maria Gatu-Johnson, 
MIT professor; and Félicie Albert, JLF Director. 
 
The poster winners were: 
First-place postdoctoral scholar: Vicente Valenzuela-Villaseca, Princeton University, “X-ray Imaging and 
Electron Temperature Evolution in Magnetic Reconnection Experiments at the NIF.” 
First-place graduate scholar: Sonya Dick, University of Michigan, “Investigation of MgO Viscosity via 
Richtmyer-Meshkov Growth.” 
Second-place graduate scholar: Skylar Dannhoff, Massachusetts Institute of Technology (MIT), 
“Investigations of Plasma Flow, Interface Dynamics, and Self-Generated Fields in Ta2O5- and SiO2-Lined 
Hohlraums at OMEGA.” 
 
“The posters are a great venue for the students and postdocs to engage in a detailed give-and-take with Lab 
researchers and their academic colleagues, as well as for networking,” said NIF User Office Director Kevin 
Fournier. The poster contest was sponsored by General Atomics, Luxel Corporation, and Sydor Technologies. 
 
The NIF User Office organized and hosted the event, including managing the tours of NIF and JLF, student 
travel, and the logistics for the offsite venue. 
 
“The NIF User Office team, particularly the administrative team of Meaghan McDonald, Rachel Ghilarducci, 
and Aj Salaices, working closely with the NIF User Group Executive Committee, did a great job planning the 
event,” Fournier said, “arranging all the logistical details, facilitating tours of both the NIF and the Jupiter Laser 
Facility, getting visitors for the tours badged and on site, and generally handling all the behind-the-scenes 
tasks necessary to pull off such a stimulating and hospitable meeting.”  

https://lasers.llnl.gov/for-users/nif-user-group
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March 2024: Q&A on JLF and LaserNetUS in Optics and 
Photonics News 
Félicie Albert, director of the Jupiter Laser Facility (JLF), was recently featured in Optica. In this Q&A style 
article, Félicie talks about LaserNetUS, a network that enables students and researchers to conduct 
experiments at high-intensity laser facilities like JLF. 
 
Can you tell us about LaserNetUS and how it got started?  
The mission of LaserNetUS is to provide access to the brightest lights to any researcher who doesn’t have 
access. It’s a way for people who do not have the opportunity to do experiments or do not have a laser facility 
at their home institution to get access to high-intensity laser light. 
 
In 2018, the National Academy of Sciences did a report that mapped where the high-intensity laser facilities 
were located and where high-intensity laser science was happening. And it concluded that the United States 
was losing leadership in that area to Europe and Asia. One of the recommendations of that report was to 
create a network of high-intensity laser facilities across North America. The Department of Energy’s Office of 
Fusion Energy Sciences rallied around a few laser facilities to start LaserNetUS, which has evolved into 
today’s program. 
 
How are experiments selected? 
Typically, every October, we have a call for proposals. For two months, users can submit their proposals 
through the LaserNetUS submission portal. All the proposals are reviewed together by an independent review 
panel. The facilities themselves do not have a say in the scientific merit of the experiment, so everybody gets 
a transparent review. The review panel ranks the proposals, and then sends the facilities the proposals that 
were ranked well for that facility. The facilities then get to say if the experiment is feasible or not. We recently 
finished our fifth cycle of experiments and closed the sixth call for proposals in December 2023. 
 
Why do you think providing this access to researchers and students is so important? 
First and foremost, it advances high-power laser science by supporting cutting-edge research. And we enable 
a diversity of ideas and backgrounds. If I just do research at my own facility, the ideas will be very limited. So, 
it’s really great to have a broad background of scientists and communities coming together to fulfill their 
ideas. 
It also helps develop the next generation of researchers in this field. It provides students and early-career 
researchers access to unique facilities and technologies that they wouldn’t have otherwise, and that helps 
them advance their careers. And then finally, we foster collaborations at an international scale. For example, 
if somebody wants to do an experiment at an institution, but it’s lacking a diagnostic or some capability, then 
we try to connect the pieces and make sure people have what they need. 
 
Looking back, is there work that has come out of the project that you found particularly interesting? 
There are so many, it would be hard to do justice to all of them. We’ve had over 70 experiments completed. 
It’s yielded about 34 publications in peer-reviewed journals. Some that I find interesting are using secondary 
light sources to look at additively manufactured parts and their defects. Some are looking at using x rays to 
image how nutrients get absorbed by plants. Some are trying to accelerate electrons to the highest possible 
energies. There is a lot of breadth and depth. 
 
What do you hope to see the network achieve?  
I really hope the community continues to grow. We have about 1,300 users registered on our website, and 
anybody who wants to register can do so. So, if anyone is interested, please do reach out to us. I would love 
for our user base outside the United States to broaden, as right now it’s primarily from Europe. I would love for 
the network to expand the themes that we’re doing. Mostly, it deals with what we call high-energy-density 
science, but it would be great to have more biology, medical applications, or societal applications in general. 

https://jlf.llnl.gov/
https://www.optica-opn.org/home/articles/volume_35/february_2024/departments/broadening_access_to_the_brightest_lights/
https://lasernetus.org/
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Right now, the lasers in the network are not a black box. If you come to do a laser experiment, you have to sort 
of know your way around laser experiments. And it can be a little intimidating for somebody who is not part of 
that world. So, we would love to make it more user friendly. And I would really like to see the younger 
generation just step up into leadership roles. LaserNetUS takes a village. It’s not the doing of any one person, 
it’s a community network. 
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May 16th 2024: JLF 50th anniversary and reopening 
Fifty years ago, the first laser, Janus, was installed in Building 174 (renamed the Jupiter Laser Facility in 2006) 
at Lawrence Livermore National Laboratory. 
 
The Jupiter Laser Facility (JLF) has added additional lasers, contributed to more than 100 Ph.Ds., and 
welcomed thousands of international users. On Thursday, after a four-year refurbishment supported by the 
Laboratory and the DOE Office of Fusion Energy Sciences, the facility now celebrates its grand reopening and 
its 50-year history. 
 
“This is your facility, a community facility, that is supported by the entire Laboratory,” said JLF Director Félicie 
Albert during a ribbon-cutting ceremony. “This is a testbed for many high-energy-density science and 
strategic deterrence programs.” 
 

 
Associate Deputy Director of Operations Sandra Brereton, Strategic Deterrence Deputy Director Brad Wallin, 
S&T Deputy Director Pat Falcone, Physical and Life Sciences Principal Associate Director Glenn Fox, NIF & 
Photon Science Principal Associate Director Jeff Wisoff, and Jupiter Laser Facility Director Félicie Albert cut a 
ribbon for the reopening of the Jupiter Laser Facility. (Photo: Blaise Douros/LLNL) 
 
JLF includes the fifth-highest energy laser in the U.S. Dedicated to high-energy-density science research and 
is one of the founding members of LaserNetUS, a network of high-intensity laser systems across North 
America. JLF consists of three operating laser systems and target areas—Janus, Titan, and COMET—and a 
main laser bay, consisting of three different beams: two long pulses and one short pulse. 
 
“This is an example of us pulling together as a team to get this project done,” said Deputy Director of Science 
and Technology Pat Falcone. “JLF is a pacesetter in the field. The Lab’s ignition accomplishments were built 
upon the pioneering laser programs carried out at JLF. It’s been a terrific journey and it’s all about doing 
science with partners. We’ve built a new scientific capability here and that says we’re now open for more 
collaborations and discoveries.” 

https://llnl.gov/
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Every year, JLF welcomes international collaborators, academia, the private sector and other national 
laboratories to conduct research. JLF users are allotted four weeks to run an experimental campaign and the 
opportunity to work out technical challenges and perfect their experiments before performing larger, more-
consequential experiments at other facilities like LLNL’s National Ignition Facility or the University of 
Rochester’s OMEGA Laser Facility. 
 
With the number of JLF users tripling from 2008 to 2017 and an increased interest in high-intensity and high-
power laser research, JLF’s aging equipment and capabilities needed a refresh. 
 

 
Jupiter Laser Facility Director Félicie Albert describes the inner workings of the laser systems in the Jupiter 
Laser Facility. (Photo: Shelby Conn/LLNL) 
 
“It’s been 10 years since we started this conversation, and it’s amazing to see the transformation of JLF,” said 
Physical and Life Sciences Principal Associate Director Glenn Fox. “It’s unique because it’s a true LLNL user 
facility.” 
 
“The JLF develops people and people are our most important asset to get our missions done,” said NIF & 
Photon Science Principal Associate Director Jeff Wisoff. “When you name your facility after the king of gods, 
you have high expectations. JLF helps develop the best talent and new techniques and deliver what we need 
for stockpile stewardship and discovery science.” 
 
Strategic Deterrence Deputy Director Brad Wallin said: “An essential element that JLF brings is the 
development of people and partnerships with the international community. That leads to technically 
excellent work in the field of high-energy density science that is key to stockpile stewardship and national 
security.” 
 
Later in the day, Albert and other scientific leads hosted a symposium on the past, present and future of high-
energy-density science.  
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Summer 2024: Interns shine bright at the Jupiter Laser 
Facility 

 
 
This summer, the Jupiter Laser Facility (JLF) hosted interns as part of the Reaching a New Science Energy 
Workforce (RENEW) program—a DOE Office of Science initiative aimed at developing a strong, diverse 
workforce pipeline through partnerships with minority serving institutions.  
 
The interns, Alexandra Koleva and Aliyah St Louis-Alleyne from Florida Agricultural and Mechanical University 
(FAMU), were hosted by JLF director Félicie Albert and mentored by Dean Rusby and Matt Selwood. The 
mentors brought the interns onto their respective experiments, allowing them to explore different uses of the 
Titan laser—a unique laser platform combining high-energy pulses with long and extremely short pulse 
lengths.  
 
“JLF is a user facility, and by pairing the interns with the experimental teams led by Dean and Matt, we were 
able to offer them a unique experience doing hands-on work and learning about lasers and high-energy-
density science,” Albert said.  
 
Koleva and St Louis-Alleyne had no prior experience with high-power lasers, but throughout the internship, 
they developed the skills and understanding to take ownership of the experiments they took part in with 
Selwood and Rusby. 
 
For example, the interns participated in a dual x-ray and neutron generation experiment, which they helped to 
build from scratch. Rusby led the x-ray generation experiment and Selwood the neutron experiment, giving 
the interns an understanding of how each imaging source is generated and to explore the idea of multi-modal 
radiography—capturing a radiograph of an object with two different sources along the same line of sight at 
the same time.  
 

https://jlf.llnl.gov/
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When a material is driven to extreme temperatures and pressures using a laser like Titan, different x-ray 
sources are used to understand what happens to a sample’s properties under these conditions. x-ray and 
neutron sources provide complimentary, but different, information about objects based on the different ways 
they interact with them.  
 
“Both Dean and I were once Alex and Aliyah, being undergraduate interns at a laser facility in the UK,” 
Selwood said. “Seeing students given the same opportunity to experience such a unique experimental 
physics lab is wonderful.” 
 
In addition to gaining experience with experimental laser science, Koleva and St Louis-Alleyne also attended 
the annual LaserNetUS meeting in Austin, Texas. LaserNetUS is a network of high intensity laser systems 
across North America, which JLF is a founding member of. Participation in this event gave the interns an 
opportunity to engage with the rest of the LaserNetUS community and learn about opportunities in the field.  
 
The JLF internship has been a unique supplement to the interns’ undergraduate studies, giving them new 
insights that they will bring back to FAMU as they each continue pursuing degrees in physics. “I really enjoyed 
learning about the different laser applications and current laser projects being done at all of the [LaserNetUS] 
facilities,” St Louis-Alleyne said. 
Outside of their time in the laser facility, the interns felt right at home within LLNL — with Koleva playing 
beach volleyball alongside the other interns and scientists during breaks and St Louis-Alleyne noting that one 
of her favorite parts of the experience was getting to know fellow interns and staff.  
 
“In this short time at LLNL, I've learned more than I did in a year of school,” Koleva said. “Experience really is 
the key to understanding everything you've learned so far. I was fortunate to be in a great place with great 
people, which made all the difference.” 
 
  

https://lasernetus.org/
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August 2024: JLF operations manager Brent Stuart 
elected Optica senior member 

 
 
Brent Stuart, our JLF operations manager, has been named senior members of Optica. The professional 
society’s senior membership status recognizes members with more than 10 years of professional experience 
in optics or an optics-related field. 
 
The 2024 class joins a distinguished group of scientists, engineers, entrepreneurs, and innovators who have 
demonstrated exemplary professional accomplishments in optics and photonics. Click here to see the 
entire Optica 2023 class. 
 
Stuart, a staff scientist in the Physical and Life Sciences Directorate, is the operations manager for 
the Jupiter Laser Facility (JLF). He oversees all aspects of laser development and innovation at JLF. 
Recently, he led a large facility modernization effort for the facility, which resulted in multi-million-dollar 
investments by LLNL and the DOE Office of Science to redesign and rebuild the laser beamlines, power 
conditioning systems, and diagnostics. The facility reopened for user experiments in 2023. 
 
“I’m honored by this recognition, and thankful for all the exciting opportunities and amazing colleagues here 
at LLNL that made this award possible,” Stuart said. 
 
He earned his bachelor’s degree in physics from Caltech and his Ph.D. in engineering/applied science from 
the University of California, Davis. After demonstrating a new ultraviolet laser based on the sulfur monoxide 
molecule for his thesis work, Stuart joined LLNL to work on the Nova petawatt laser, where he built up the 
front-end of the system and performed seminal investigations into the mechanisms of sub-picosecond laser 
ablation and materials processing applications. 
 
Stuart also has delivered femtosecond machining systems to the Y-12 Plant and LLNL’s High Explosives 
Applications Facility, the trigger laser for the Dynamic Transmission Electron Microscope, and novel active 
remote-sensing systems. His leadership in laser design and operations led to many applications in particle 

https://www.optica.org/en-us/home/
https://www.optica.org/about/newsroom/news_releases/2024/july/optica_announces_2024_class_of_senior_members/
https://jlf.llnl.gov/
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acceleration, high-field laser-matter interactions, materials characterization, remote sensing and materials 
processing. Stuart has served on many major Optica conference program committees such as CLEO, 
Photonics West, and Frontiers in Optics. 
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August 2024: JLF participates in annual LaserNetUS 
meeting 

 
 
Jupiter Laser Facility (JLF) director Félicie Albert and LLNL/PLS scientists attended the annual LaserNetUS 
meeting, held from July 16–18 in Austin, Texas, gathering with other facility directors, scientists, and students 
to learn about the past year’s advancements in laser science. 
 
Since its founding in 2018, LaserNetUS—a network of 13 high power laser and support facilities 
supported by the DOE’s Office of Fusion Energy Sciences—has executed over 142 experiments across 
its participating facilities, producing over 45 publications and supporting over 1,200 users. As a member 
of LaserNetUS, JLF provides experimental users beamtime through the network’s annual call for 
proposals. 
 
In total, this year’s meeting welcomed over 150 participants. “As the representative of JLF for 
LaserNetUS, I was really energized by this meeting. It was great to hear about other users results, share 
best practices with other facilities, and meet prospective users of JLF,” said Félicie. “I am also enthused 
by seeing so many student and postdoctoral researchers producing exciting scientific results because of 
LaserNetUS.” 
 
In addition to presentations from users on their results, the meeting also included plenary talks, a poster 
session, and many discussions between the LaserNetUS users and the facility point of contacts. The 
day before the meeting, facility directors met to discuss future directions of the network, meeting once 
again after the meeting to hear from the scientific advisory board. At the event, Félicie and Scott Wilks 
(NIF) also hosted an LLNL recruiting booth. 
 
“With the JLF refurbishment now complete and the facility reopened for user experiments, we look 
forward to executing the next set of LaserNetUS experiments at JLF. We have 13 laser experiments 

https://jlf.llnl.gov/
https://lasernetus.org/
https://www.llnl.gov/article/51261/GET
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planned for FY25, and we expect many applications for beamtime at JLF when the next LaserNetUS call 
is issued in October.” 
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September 2024: Operational Excellence award for the 
JLF refurbishment team 

 
 
Recipients of 2024 Director’s Institutional Awards were recognized in two ceremonies in August, celebrating 
honorees for their scientific, operational, and cultural accomplishments over the past year. LLNL Director Kim 
Budil, Principal Deputy Director Carolyn Zerkle, Deputy Director for Science and Technology (S&T) Pat 
Falcone, and Operations and Business Principal Associate Director Cynthia Rivera presented the awards. 
 
The annual awards recognize outstanding team and individual contributions to the Lab in areas of operational 
excellence, S&T, publications, and diversity, equity, and inclusion, as well as exceptional early and mid-career 
employees in science and technology. 
 
Jupiter Laser Facility Refurbishment Planning and Execution Team—Félicie Albert, Scott Andrews, David 
Barker, Andrew Barry, Robert Beard, Graham Bench, Christopher Boutsikakis, Mark Bowers, Tom Brown, Carl 
Bruns, Chuck Cadwalader, Bob Cauble, Kris Chubb, Dave Cloyne, Rob Costa, Rick Cross, Kristin Croteau, 
Brandon Fischer, Gary Freeze, Gregory Goodwin, Ed Gower, Mark Herrmann, Jim Hunter, Glen James, Matt 
Jamison, Mark Javier, Elaine Johnson, Ghobad Khorsand, Doug Larson, Bruno Le Galloudec, Austin Linder, 
Stephen Maricle, Micah Marsh, Chris Marshall, John Moody, Jim Moody, Melissa Odom, Betty Savarese, Kevin 
Shipp, Brent Stuart, Joji Thomas, Nicky Vanartsdalen, Bruno Van Wonterghem, Jhonatan Vite, Brad Wallin, 
Paul Wegner, Scott Winters, Serene Zhang, and Kevin Zoromski.  
 
The refurbishment, a ~$12 million LLNL investment, started in 2018 and was a major undertaking for the 
Jupiter Laser Facility (JLF) and the Laboratory, and has enabled the facility to maximize its utility for its 
community of users. 
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JLF tours and visits 
With the facility now reopen for user operations, we are offering tours of the facility.  
 

 
On April 10th, 2024, the facility was visited Jean Paul Allain, DOE associate director for Fusion Energy 
Sciences.  
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Part 2: 
JLF User Experiments 
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Energy bandwidth gated high resolution x-ray radiography development 
 

A. Do1 with T. Ebert1, N. Ruof1, D. Massin1 and F. Treffert1 

1Lawrence Livermore National Laboratory 
 
High spatial resolution x-ray imaging in HED experiments is a very important goal to achieve. For instance, the 
hydrodynamic instability experiments that are performed at LLNL’s National Ignition Facility or at the 
University of Rochester’s OMEGA Laser Facility show scale lengths on the order of 1 µm for the smallest 
features and are measured using x-ray radiography [1]. However, most capabilities currently max out at 
around 5 µm resolution. A recent approach for increasing the resolution of x-ray imaging in HED experiments 
is to use the Fresnel Zone Plate optics (FZP). FZP are optics that use diffraction to focus x-rays. They have 
been proven to achieve spatial resolutions between 1 µm and 3 µm [2,3]. One downside is the tradeoff 
between the field of view and the contrast of the image due to the background generated by the non-
diffracted light (or zeroth order) degrading the image quality. To reduce this background, we are reducing the 
energy bandwidth using a multilayer optic and a crescent FZP geometry to mitigate diffraction background. 

 
The experiment took place in Titan using only the long pulse at 2ω, 200 J in 2 ns to irradiate a Ti backlighter. A 
gold grid was placed at TCC and a triple FZP was set-up, with the option of adding the multilayer mirror, and 
facing the grid using an IP as detector. Additional diagnostics used included a DCHOPG spectrometer to 
control the backlighter emission and a ride along LiF sample with a gold grid taped onto it for contact 
radiography. A single alignment shot was performed throughout the allocated shot weeks. The reason for the 
single shot was that the laser conversion to 2ω only left the experimental team with 2 shot days available. 
Then, on the first shot the FZP optic broke after the shot during the venting which terminated the experiment 
as there was not enough experimental time to mount a new FZP configuration. The only data collected for the 
FZP was for alignment purposes and did not provide new information. The scan of the LiF sample had 
expectedly low signal to noise ratio as we were planning to accumulate multiple shots. 

 

Figure 1 
Photo of the experimental set-up at TITAN.  

1. A. Do et al., Physics of Plasmas 29, 080703 (2022). 
2. A. Do et al., Rev. Sci. Instrum. 92, 053511 (2021). 
3. F. Marshall et al., Sci. Instrum. 92, 033701 (2021).  
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Laboratory study of the formation of oblique magnetized collisionless 
shock formation and the effect of the ion-electron collisions 

 
S. Bolaños 1 with M. Bailly-Grandvaux1, M. Manuel2, O. Culfa1, R. Dorst3, A. Mongale1, E. Rovere1, and F. N. Beg1 

1 Center for Energy Research, University of California, San Diego, La Jolla, CA 92093, USA 

2 General Atomics, San Diego, CA 92103, USA 
3 Department of Physics and Astronomy, University of California-Los Angeles, Los Angeles, California 90095, USA 

 
Collisionless shocks are ubiquitous in astrophysics and a possible source of the highest-energy cosmic rays 
in our universe. Significant work has been done recently, highlighting the dependence of collisionless shock 
formation mechanisms on the amplitude of the ambient B-field and its orientation relative to the flow. Recent 
laboratory measurements of quasi-perpendicular shocks, a configuration with the B-field perpendicular to 
the flow, revealed the underlying acceleration mechanisms and the interaction between reflected and 
inflowing ions. However, other magnetic geometries, such as quasi-parallel and oblique, are less well 
understood and rely on micro-instabilities. We performed an experiment using Janus to investigate the 
formation of oblique magnetized collisionless shocks. The experimental setup shown in Figure 1(a) relies on 
the formation of a high-density (ni~1019-1020 cm-3) plasma by irradiating the backside of a thin, laser-driven foil 
using the East laser beam. Next, the West laser beam drives a fast, low-density (ni~1017- 1018 cm-3) plasma, 
which interacts with the magnetized “East” plasma in a collisionless regime. The dynamics of the interactions 
were observed using interferometry and streaked optical pyrometry (SOP) diagnostics. The diagnostics were 
fielded to obtain a side-on view of the interaction, as shown in Fig. 1(a). In addition, the magnetic field was 
applied using a coil and set to reach a magnetic field of 5 T. The goal of the experiment was to observe the 
effect of collisions within the shock formation stage, which was done by changing the material of the foil. We 
used Ti or plastic foils. 38 shots were performed during this campaign. Fig. 1(b) shows some interferogram 
images indicating the presence of a density pile-up or interface located around the mid-plane (-1 mm < x < 0 
mm) exclusively observed in the magnetized shots. These features are highlighted in the graph of Figure 1(b), 
displaying the unwrapped density lineouts of the magnetized shots. They are characterized by a strong 
gradient with a density jump of a factor of ~2. These findings suggest the formation of shocks, with the shock 
forming significantly faster (~2.5 ns) in the case of plastic targets compared to titanium foil (~8.5 ns). Fig. 1(c) 
shows a SOP measurement from a magnetized shot using plastic targets. It reveals the sudden development 
of a feature inside the East plasma following the interaction of East and West plasmas. This feature differs 
from the shock structure observed with the interferogram and may be attributed to plasma pile-up as well. 
Interestingly, neither the external magnetic field nor the material appeared to influence the dynamics of this 
feature. 
 

 
Figure 1:  
Panel (a) shows the setup of the experiment at Janus. The view corresponds to a cross-section of the coil. Interferograms are displayed in (b) for 
the Ti foils (top row) and plastic foils (bottom row). The plot shows the lineouts of the estimated path-integrated density from the magnetized 
shots (interferograms in the right column). (c) shows a SOP measurement from a magnetized shot using plastic targets.  
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Hugoniot measurements of strong-yet-ductile eutectic high entropy alloy 
 

K. Katagiri1 with A. Hari1, S. Parsons1, G. Righi2, S. Alli2, N. Ozaki3, Y. Nakanishi3, T. Okuchi4, A. Li5, B. Li5, Y. Vohra6, and L. Dresselhaus-Marais1 

1Stanford University / SLAC National Accelerator Laboratory / PULSE Institute 

2Lawrence Livermore National Laboratory 

3Osaka University 

4Kyoto University 

5University of California San Diego 

6University of Alabama at Birmingham 

The recently developed eutectic high entropy alloy (EHEA) with composition AlCoCrFeNi2.1, 3D printed using 
laser powder bed fusion (L-PBF), is uniquely strong yet ductile due to its dual-phase (fcc/bcc), nano-lamellar 
structure [1]. Understanding the shock response of this EHEA is crucial for using it in industrial and defense 
applications [2]. 

In July 2024, we used the Janus laser at Jupiter Laser Facility to perform laser-shock experiments on this 
EHEA. We used the VISAR diagnostic to measure the shock Hugoniot of the EHEA up to pressures of around 
150 GPa. To obtain measurements of both particle velocity and shock velocity in the EHEA, we implemented 
a two-sided target setup (Fig. 1a). We obtained the average shock velocity by using the differences in shock 
break-out times between the two sides. The particle velocity in the EHEA was back calculated from the 
apparent velocity measured in the window (quartz or lithium fluoride) using the impedance matching 
method. A typical VISAR image is shown in Fig. 1b. Throughout our 4-week experiment, we were able to fire 70 
shots on both 3D-printed (nano-grain) and as-cast (micro-grain) AlCoCrFeNi2.1. Unfortunately, many of the 
shots were not analyzable due to variability in VISAR data quality. Fig. 1c shows our Hugoniot data together 
with that from previous studies. Overall, our findings are consistent with data previously collected on the 
nano-grained EHEA at the GEKKO laser [2]. Due to large uncertainties and spread in the data points, we were 
unable to distinguish differences between the Hugoniot curves of the nano- and micro-grained EHEAs. To 
obtain a Hugoniot fit, we combined our data together with previously collected data [2,3]. 
 

 
 

Figure 1 
(a) Experimental Schematic. (b) A typical VISAR image. (c) Obtained Hugoniot plots of nano-/micro-lamellar EHEA AlCoCrFeNi2.1. 

 
1. J. Ren et al., Nature 608, 62 (2022).  
2. K. Katagiri et al., J. Appl. Phys. 135, 095902 (2024). 
3. S. P. Zhao et al., Mater. Sci. Technol. 134, 178 (2023). 
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Spall Strength of Medium Entropy Alloys 
 

Sheron S. Tavares1, Gaia Righi2, Carlos J. Ruestas3, Marc A. Meyers1* 

1 University of California San Diego, La Jolla, CA 92093, USA 
2Lawrence Livermore National Laboratory, Livermore, CA 94550, USA  

3IMDEA Materials Institute, C/Eric Kandel 2, Getafe, 28906, Madrid, Spain 

High-entropy alloys, also known as multi-principal element alloys, are a recent development in materials 
science which is the subject of intense research effort at a global level because of their outstanding 
mechanical properties. Of particular importance are reports of its outstanding dynamic properties due to 
sustained work hardening, which renders it resistant to catastrophic shear localization, a precursor to failure. 
The extraordinary fracture toughness of some of them, established down to temperatures of liquid helium, 
suggests that similar performance can be obtained under dynamic conditions. We systematically determined 
the spall strength of the Cantor-derived four-element alloys at strain rates of 106 s-1 and 107s-1. In order to 
accomplish this, we used the Janus laser. The results are surprisingly close and are displayed in Figure 1 (a) in 
yellow. The spall strengths vary from 2 GPa, at strain rates of 104 s-1 (using a gas gun), to 35 GPa, from 
molecular dynamics simulations at 109s-1. One of the specimens had a significant fraction of a brittle Sigma 
phase and fragmented with no signal. The other four conditions, which exhibited quite different quasi-static 
strength, had nevertheless close spall strength, ranging from 7 to 10 GPa. Figure (b) shows the fracture 
morphology in spall region. The dimples on the surface indicate a ductile fracture. The campaign tested 43 
specimens in addition to four specimens from UC Berkeley; the latter experiments had the participation of 
Prof. R. O. Ritchie, post-doc Punit, and graduate Student David Cook. The fracture surfaces of the spalled 
specimens were characterized by SEM. The identification of the fracture propagation path is underway using 
EBSD of the polished cross sections. A paper presenting the results of this campaign is being prepared and 
will be submitted to an archival journal. 

 

 

 

 

 

  
 

 
Figure 1  
(a) Spall strength versus strain rate for High Entropy Alloys. Our results from Janus are fully consistent with literature values. (b) Fracture 
morphology in spall region.  
 

1. S. S. Tavares, J. G. Callanan, D. R. Jones, D. T. Martinez, J. Valdez, A. Huang, M. A. Meyers, S. J. Fensin, Dynamic Fracture 
Response of Cantor-Derived Medium Entropy Alloys, Acta Materialia, submitted (2024). 

  

(a) (b) 
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Effect of diamond formation on the DC conductivity using single-shot 
terahertz time-domain spectroscopy of high-pressure hydrocarbon states  
 
B. K. Ofori-Okai1,2, E. R. Sung1,2, E. R. Toro1,3, P. T. May4, S. J. Ali5, A. Descamps6, L. B. Fletcher1, T. Hutchinson5, N. J. Hartley1, G. Righi5, E. 

E. McBride6, D. Kraus4, S. H. Glenzer1 

1SLAC National Accelerator Laboratory, Menlo Park CA 94025 
2Department of Photon Science, Stanford University, Stanford, CA 

3Department of Mechanical Engineering, Stanford University, Stanford, CA 
4Institut für Physik, Universität Rostock, Albert-Einstein-Str. 23-24, 18059 Rostock, Germany 

5Lawrence Livermore National Laboratory, Livermore, CA 94550 
6 School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK   

 
The Janus target area of the Jupiter Laser Facility was used to field a terahertz (THz) diagnostic designed to 
measure the electrical conductivity of shock compressed matter. The high energy of the Janus laser, up to 
700 J in 20 ns, was used to drive a large area (~ 1mm diameter) of polystyrene (PS) and polyethylene 
terepthelate (PET) to 100+ GPa pressures. Diamond formation has been observed when PET is compressed in 
this range, with possible simultaneous appearance of metallic hydrogen. Both processes are expected to 
affect the electrical conductivity. We investigated the conductivity changes using THz spectroscopy, enabled 
by the Hidra laser in the Janus target area. THz frequency pulses can be considered quasi-DC because the 
temporal period of the field (~1 ps) is slower than the timescale of most of the electron-electron interactions 
in highly conductive systems. Consequently, the electron response to the THz field is of similar time scale as 
their response to a true DC field. Details of the experiment and preliminary results are shown in Fig. 1, with 
the target geometry in Fig. 1(a) and sample THz data in Fig. 1(b). The time-domain data show multiple THz 
pulses which result from reflections of the incident THz field at different interfaces within the target. In our 
analysis, we decompose the time-domain signals to extract contributions from the reflection at different 
interfaces. We then use the THz pulses to determine the refractive index and the conductivity of the 
compressed sample. Preliminary results are shown in Fig. 1(c), where we observe an increased refractive 
index in both PS and PET. The data also yield an upper estimate to the conductivity of ~100 S/m, considerably 
lower than what would be expected for metallic hydrogen. Currently, analysis is ongoing of VISAR data to 
confirm pressure estimates as well as analysis of remaining shots. The data and methods have been 
presented at the 2024 APS Division of Plasma Physics Meeting [1,2], with at least one publication planned. 
 

 
 
Figure 1 
 (a) Target geometry. The drive beam irradiates the ablator, and the VISAR and THz probes enter from the rear of the target. The THz probe 
enters at an angle and the reflected THz signal is recorded. (b) Representative THz data measuring the reflections from an undriven (blue) 
and driven sample (red). The dashed lines are fits to the data collected and made up of THz pulses that have reflected from different 
interfaces. The cyan (dark red) lines are the decomposition of the fits into the individual reflections in the undriven (driven) targets, 
informing any changes due to shock compression. The additional pulse in the driven data at ~9.3 ps (red) corresponds to a reflection at 
the shocked-to-unshocked material interface. (c) Preliminary results showing the refractive index and electrical conductivity extracted 
from analysis of the reflection at the shocked-unshocked sample interface. 
 

1. E. Sung et al., APS Division of Plasma Physics Meeting, PP12.00124 (2024) 
2. B. K. Ofori-Okai et al., APS Division of Plasma Physics Meeting, ZI03. 00005 (2024) 
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Amplification of ultrashort pulses through stimulated  
Raman backscattering 

 
D. Ward, N. Klaus, and J. Ren 

Delaware State University 

Early saturation in stimulated Raman backscattering (SRBS) limits the energy conversion and the pulse 
compression process even though plasma as a medium is capable of unlimited bandwidth for compression 
and can sustain ultra-high intensities for large amplifications. The SRBS process is prone to be affected by 
other laser plasma instabilities that coexist and compete with SRBS in the plasma [1, 2]. Excitation of a strong 
Langmuir wave is vital in accelerating and maintaining the SRBS process. Here, we show the use of an 
ultrashort seed pulse for our SRBS experiment. This experiment is a continuation based on our previous result 
and recently an energy amplification factor of 100 was attained despite the nonideal plasma. Coherence in 
the output pulse spectrum was maintained and the amplified pulse energy reached ~30 -40 mJ. With an 
amplified spectrum FWHM of ~ 50nm, the amplified pulse is estimated ~ 42fs, consistent with Particle-in-Cell 
(PIC) simulations results. The calculated peak power is estimated ~ 1016 W/cm2.  
 
Fig. 1 shows the measured amplification of the SRBS (e.g., energy ratio of the amplified and input pulse) 
under an input seed energy of 330uJ (under a normal operation, the input energy is ~500uJ). Optimal delay 
between the pump and seed were searched (by tuning the optical delay stage) to best overlap the pulse in 
temporal domain and compensate for the time jittering (in picoseconds) of the pump and seed systems. The 
pump pulse has a wavelength of 1053nm and 14ps pulse width and intensity of 1.1×1014 W/cm2. The 
ionization pulse has a wavelength of 1053nm and 14ps pulse width and intensity of 1- 5×1014 W/cm2. The seed 
pulse has a wavelength between 1200nm – 1280nm, 35-45fs pulse width, and intensity of ~ 1.6 ×1014 W/cm2.  
 
To further investigate the capacity of the SRBS scheme, in the next campaign, we will optimize our 
experimental setup to improve the nonideal plasma conditions. We will also measure the output pulse width 
and the pulse shape with a customized FROG to understand the nonlinear amplification/interaction process. 
Our studies will enable us to establish a practical direction for reaching the extreme light regime. 

 
Figure 1  
Amplifications of the SRBS pulse. A delay stage is applied to fine-tune and synchronize the pump and the seed pulses temporarily. The 
maximum amplification is ~100. With this recent result, we reached our original project goal of “demonstrating the feasibility of 
increasing the output energy in ultra-short laser pulses by over 100 times via the Stimulated Raman Backscattering (SRBS) technique.” 
 

1. J. Ren et al., Nature Physics 3, 732 (2007).  
2. J. Ren et al., Physics of Plasmas 15, 056702 (2008). 
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Measurement of viscosity in CH-based plastics under diamond forming 
conditions 

 
G. Righi1 with Nitish Acharya2, Suzanne Ali1, Trevor Hutchinson1, Yong-Jae Kim1, Hussein Aluie2, Jessica Shang2, and Hye-Sook Park1 

1Lawrence Livermore National Laboratory 

2University of Rochester 

The viscosity of CH-based plastics was investigated using the measurement of a decaying perturbed shock 
front. In transparent materials, the formation of a reflecting shock can be tracked using velocimetry 
techniques and if a perturbation is placed in the path of the shock wave, the wave will pick up the pattern as it 
travels through the sample. A known perturbation amplitude is machined into the target such that when the 
shock traverses it, the amplitude decay can be tracked and related to viscosity (Fig. 1a). This experiment was 
conducted in Janus TA1, for its ability to deliver a long-pulse (up to 20 ns) high energy (up to 500 J) drive laser 
coupled with velocimetry diagnostic (VISAR). We conducted a total of 34 shots across the 4-week beamtime. 
Unfortunately, this campaign was largely unsuccessful due to a poor target design, but we will return in FY25 
Q4 with improved designs. We found that due to rough, uneven surfaces, we could not get sufficient light to 
be reflected from the target. Additionally, the formation of a reflecting shock in epoxy is largely unstudied, so 
the next campaign will include shots to explore this property. 

On a positive note, we used this campaign to train students (Fig. 1b) and new Janus TA1 users, who have 
since returned to JLF for their own campaigns. We also fielded a second experimental target design, which 
performed very well and has since resulted in a successful OmegaEP campaign.  

 

Figure 1 
(a) Experimental set-up showing 527 nm drive laser driving a rippled target. VISAR measures the velocity of the rippled shock front, which 
becomes reflective at high pressure. (b) Graduate student, Nitish, aligning a target in Janus TA1 chamber for a shot. 
 
  

(a) (b) 
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Optimization of a dual x-ray and neutron source for multi-modal 
radiography 

M. P. Selwood1 with F. Treffert1, D. R. Rusby1, J. Sicard2, A. Koleva3, A St. Louis3, A. Youmans1, C. J. Cooper1, and G. J. Williams2 

1Lawrence Livermore National Laboratory 

2University of Nevada, Reno 

3Florida A&M University 

Radiography is a useful non-destructive evaluation technique to study the arial density of an object.  While 
typically performed with x-rays, neutrons offer complimentary information due to their different cross 
sections with common elements—in particular, the high neutron cross section with hydrogen and relatively 
low cross section with high-Z materials allows to investigate plastics inside of hard metal shells. In contrast, 
any x-rays capable of penetrating the hard metal shell would have low contrast with the plastic inside. 
 
Fast (MeV) broadband neutron sources can be generated from lasers via a “pitcher-catcher” scheme.  We 
used the Titan laser to drive a target normal sheath acceleration (TNSA) ion source, directed towards a 
secondary catcher target to convert ions to neutrons. During the laser-target interaction, x-rays are also 
produced via bremsstrahlung. We investigated utilizing both the neutron source and the x-ray source to 
produce two quasi-simultaneous radiographs along a single line of sight of the same object by using different 
scintillator detectors and filtering to differentiate the two radiographs. Over the course of 52 full-power shots, 
we optimized our neutron yields in order to generate complimentary radiographs on a 2” thick plastic 
scintillator (designed for neutrons) and a 20 mm thick crystal LYSO scintillator (designed for neutrons). 

 

Figure 1 
The object being imaged and the image captured from the neutron and x-ray scintillator.  Different features can be seen on the surface.  

 
1. M. P. Selwood et al., JLF User Meeting presentation (2025).  
2. M. P. Selwood et al., Physics of Plasmas, in preparation (2025). 
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Double-pulse enhanced target normal sheath acceleration with  
high Z-targets 

 
J. Snyder1, N. Tamminga2, J. Morrison2, R. Desai2, and C. Orban2 

1Department of Mathematical and Physical Sciences, Miami University, Hamilton, OH 45011 

2Department of Physics, Ohio State University, Columbus, OH 43210 
 

We performed an experiment at the Titan Laser at the Jupiter Laser Facility to generate protons using the split 
pulse set-up shown in Fig.1 via double-pulse enhanced Target Normal Sheath Acceleration (TNSA). TNSA is 
one of the most extensively studied laser-driven ion acceleration mechanisms to date. Still, to realize the 
potential applications of laser-driven ion sources requires higher energy ions and better control of the ion 
energy spread while maintaining feasible facility costs. One potential method for increasing proton energy 
and conversion efficiency to protons is by using one laser pulse split into two separate, equal energy beams, 
as shown in recent simulations [1,2]. Splitting the pulse into two lower intensity beams and overlapping the 
beams spatially and temporally onto a thin target allows increased absorption of laser energy via a front 
surface interference effect, ultimately leading to increased ion energies when compared to a single pulse 
with twice the on-target intensity. For this experiment, the Titan beam was split into two half beams with 
independent focusing OAPs and was focused onto 15 μm thick Au targets. A delay stage controlled the timing 
between the two half beams. Titan was the preferred experimental apparatus due to the pulse width, 
achievable intensity, and pulse-splitting capabilities. Through the experiment, we collected data on twenty-
eight high powered shots in the split-pulse configuration. While data analysis is ongoing, RCF data indicates 
double-pulse TNSA produced more spatially symmetric ion beams than did single-pulse TNSA, with single-
pulse ion beams being asymmetrically skewed towards the single-pulse laser axis. Preliminary results were 
presented at the LaserNetUS user meeting in 2024, and a manuscript is currently in preparation for 
publication.  
 

 
Figure 1 
Titan chamber layout for split pulse experiment. Two independent OAPs each focused half of the Titan beam onto a 15-micron thick Au 
target. Data was collected using RCF stacks with Aluminum filtering located 18.6 cm from TCC and three EPPSs, one located along the 
target normal direction and one along each beam axis, respectively. 

 
1. Ferri, J., et al. "Enhanced target normal sheath acceleration using colliding laser pulses." Communications Physics 2.1 (2019): 

40. 
2. Rahman, N., et al. "Particle-in-cell modeling of a potential demonstration experiment for double pulse enhanced target normal 

sheath acceleration." Physics of Plasmas 28.7 (2021).   
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Quantum materials and qubit synthesis with beams and plasmas 
 

Kaushalya Jhuria, Wei Liu, Liang Tan, Amanda Hebert, Arun Persaud, and Thomas Schenkel 

Lawrence Berkeley National Laboratory, Berkeley, CA 94720 
 

In 2024, our successful beamtime at the Titan facility at Lawrence Livermore National Laboratory (LLNL) 
focused on the exploration of laser-ion doping of materials, particularly diamonds, using intense pulses of 
boron, protons, and other heavy ions from laser-plasma acceleration. This innovative approach has already 
yielded promising results, such as the formation of a superconducting phase in diamond with transition 
temperatures (Tc) around 0.5 K following exposure to boron ion pulses. Using laser-plasma doping marks the 
first instance of diamond becoming superconducting via ion implantation, opening new avenues for creating 
tunable superconductors and studying materials in non-equilibrium states. 
 
Our recent experiments demonstrated that boron ion pulses could achieve boron concentrations up to 
1.4×1022/cm3 in diamond, leading to superconductivity. These findings were confirmed using secondary ion 
mass spectroscopy (SIMS), Raman spectroscopy, and x-ray diffraction techniques. Additionally, we observed 
the formation of novel color centers and quantum emitters in semiconductors exposed to ion pulses from 
laser acceleration and these hold potential as qubit candidates for quantum networking and quantum 
sensing applications. 
 
For our 2024 Titan beamtime, we had 36 shots and started work on applying more in-situ diagnostics, such as 
a Thomson Parabola and a Streak camera. Our goal is to understand the tuning range of Tc of boron-doped 
diamond and investigate the formation of novel spin-photon qubit candidates in one-dimensional strings and 
two-dimensional sheets. 
 
Looking ahead to our 2025 beamtime, we plan to build on the insights gained from our 2024 experiments by 
further refining the doping process and expanding our research to include additional materials and dopants 
and expand on using in-situ diagnostics. Our goal is to push the boundaries of superconductivity and 
quantum material synthesis, paving the way for new technological advancements in these fields. 

 

 
Figure 1 
Four-point probe sample resistance as a function of temperature showing transition to a superconductive phase with transition 
temperatures 
of ~0.2 to 0.5 K for a series of boron-doped diamond samples that had been prepared by laser-ion implantation at the Titan facility. 

 
1. Kaushalya Jhuria, Arun Persaud, Wei Liu, Liang Z Tan, Xinran Li, Boubacar Kante, Edward Barnard, Amanda F Hebert, Thomas 

Schenkel, “Quantum materials and qubit synthesis with intense ion beams”, APS-DPP Meeting (2024). 
2. APS-March Meeting 2025, submitted 
3. Publication in preparation 
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Thermal diffusivity measurements of laser-shock compressed dielectrics 
by optical transient grating spectroscopy at extreme conditions 

 
P. I. C. P. McGuire1 with T. M. Hutchinson1, I. Ocampo1, G. Righi1, S. J. Ali1 and J. H. Eggert1 

1Physics Division, Lawrence Livermore National Laboratory 
 

We conducted thermal diffusivity measurements on Zinc Sulfide (ZnS) using a novel transient grating 
spectroscopy (TGS) instrument at the Jupiter Laser Facility, Janus long-pulse laser in TA-1. During the 
beamtime we built an instrument to write at thermal transient grating on a sample using the femtosecond 
800nm Ti-Sapphire HIDRA laser frequency doubled to 400nm. The optical setup allowed us to match the 
femtosecond 400nm HIDRA light to 532nm nanosecond probe light split off from the VISAR laser and record 
the reflected and diffracted signals on a diode. In addition, we recorded VISAR on two streak cameras. 
Although this setup was successfully coupled to shock compression using five high-energy shots on MgO and 
LiF, we did not record a transient grating signal in LiF or MgO. The reason was two-fold: (1) there were 
significant losses at the target (>99%) of the pump light at conversion to 400nm and due to absorption in the 
thick glass of fast, refractive optics. And (2), there were significant spherical aberrations in the probe beam, 
due to chromatic compensation plates, which prevented heterodyning the probe beam, which proved 
necessary to record a single-shot signal. After the beamtime was over, we redesigned the setup using 
reflective (instead of refractive) optics which solved both issues. We chose to test the setup on ZnS due to its 
known thermal diffusivity and favorable optical absorption coefficient at 400nm and relative transparency at 
532nm. We recorded excellent single-shot diffusivity data with few nanosecond decay timescales compatible 
with implementation on a shock compression platform (Fig. 1, left). Fits to the data (Fig. 1, right) demonstrate 
that the platform is consistent with literature values of ambient pressure thermal diffusivity of ZnS. Our 
uncertainties are on the order of 15-20%, which is in line with TGS-derived thermal diffusivity when stacking 
many thousands of lineouts in a conventional setup [1]. To our knowledge, this is the first single-shot 
transient grating spectroscopy measurement of thermal diffusivity of any material. We have reproposed our 
experiment through LaserNetUS and hope to implement the demonstrated reflective optic setup under laser-
shock compression in the near future.  

 

Figure 1 
(left) Raw data lineout for single-shot diffracted 532nm probe with 400nm HIDRA pump (blue lineout) and without pump present (orange 
lineout). (right) fit to the grating decay equation for 30 consecutive single shots using a pump grating spacing of 900nm. The shaded green 
region shows the mean and standard deviation of the data, and the dotted black lines shows the literature value for ZnS. 

 
1. Dennett, C. A., & Short, M. P. (2018). Thermal diffusivity determination using heterodyne phase insensitive transient grating 

spectroscopy. Journal of Applied Physics, 123(21). 
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Single-shot, time-resolved measurements of plasma columns at COMET 
 

E. S. Grace1, A. Longman1, G. Zeraouli, 2 D. Attiyah3, E. Welch4, J. Clark1, S. Maricle1, A. Linder1, N. Lemos1, D. Mariscal1, T. Ma1, R. 
Trebino, S. Wilks1, M. P. Hill1 

1Lawrence Livermore National Laboratory, Livermore CA 94550 

2Colorado State University, Fort Collins CO 80524 

3University of California Irvine, Irvine CA 92697 

4University of Nebraska Lincoln, Lincoln NE 68588 
5Georgia Institute of Technology, Atlanta GA 30332 

The central goal of this experiment was the development of a novel diagnostic for single-shot (r,z,t) 
measurements of electron density distributions. The scientific aim, which was successful, was to measure 
on a single laser shot the formation of a self-plasma waveguide [1] on picosecond timescales in 3D using a 
chirped probe pickoff from the COMET laser. In unstable systems, such as those found in high-energy-density 
conditions, scanning a single variable such as time or delay confuses the shot-to-shot variations with the 
effects of the variable being scanned (in this example, the time evolution of the physical system). Previous 
measurements of this kind have been limited due to the difficulty of acquiring this volume of data on a single 
shot. COMET was chosen for this experiment for multiple reasons. The optical properties of the system were 
desirable (the 4nm bandwidth was large enough for this bandwidth-dependent diagnostic), and the probe 
beam line is picked off from the main system at a late stage and thus has high timing accuracy with the main 
beam. Secondly, it has a relatively high repetition rate at one shot per five minutes, making it suitable for the 
development and testing of novel diagnostics. Further development of high repetition rate lasers at JLF will 
allow for more inventive work, since a high shot rate allows for many iterations to be tested and optimized on 
each campaign. Including both the diagnostic design and the physics results, this work has been the subject 
of several invited talks (HILAS, RadIT, European Physical Society) as well as two upcoming publications [2,3].  

Figure 1 
Setup and raw data. (a) Optical setup, including diffractive optical element, bandpass filter, interferometer, and camera. (b) Raw data, 
including nine 2D timestamps. (c) Close up of time stamp t1, with no plasma column present. (d) Close up of time stamp t5, after the 
plasma column has been formed, demonstrating together with (c) the temporal sequencing of the diagnostic.  

 
1. N. Lemos et al. Physics of Plasmas 20 063102 (2013). 
2. E. Grace et al. Phys. Rev. Research (in prep). 
3. E. Grace et al. Plasma Physics and Controlled Fusion (in prep), invited.   
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Measuring x-ray emission from hot, high-density plasmas using LLNL’s 
Titan 2w Short Pulse Laser 

 
G. V. Brown, A. Fairchild, N. Hell, E. Magee, R. Shepherd, M. Macdonald, H. Flores-Alimboyguen, T. Cordova 

Lawrence Livermore National Laboratory, Livermore CA 94550 

During October of 2024, we conducted a one-month campaign at JLF’s Titan laser with the intent of using the 
2w short pulse beam to create high-density, high-temperature plasmas of astrophysically-relevant ions and 
measure their x-ray spectra using several high-resolution spectrometers. The results are used to better 
understand high-electron density effects on atomic structure and to provide x-ray benchmarks for spectral 
modeling packages used by the high-energy density and high-energy astrophysics communities. Owing to 
unforeseen events, the original campaign time was largely spent using Titan’s long pulse beams, and only two 
days were available for 2w short-pulse shots. Using the long-pulse beam, we were able to calibrate our 
diagnostic suite and determine the utility of multiple targets, and we successfully measured time-integrated 
spectra from seven x-ray channels covered by five spectrometers spanning the 700 eV to 7 keV energy range.  
Using the short-pulse laser, x-ray spectra were collected on seven shots at laser energies between 20 and 50 
Joules and focal spot diameters from 15  to above 100 micrometers. Targets consisted of 1500 Å of KCl 
tamped on both sides with 3 micrometers of parylene-N. Based on our measured spectra, comparison to 
theory and comparison to data measured using AWE’s Orion laser, a plasma at density above 1023 cm-3 and a 
temperature of ~ 1 keV was achieved. Fig. 1 shows a spectrum of the emission from Hea and Lya line 
complexes from helium-like and hydrogenic chlorine and potassium. 

 

Figure 1 
Intensity versus photon energy of emission from helium-like and hydrogenic chlorine and potassium. The width of Cl15+ Heb line is 
about 25 eV, indicating an electron density of about 1023 cm-3.   
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Novel targets to enhance laser driven MeV x-ray production  
 

Adeola Aghedo
1, 2

, D. R. Rusby
2
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2,3
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2
, C. Scalett

1
 

1Physics Department, Florida Agricultural and Mechanical University 
2Lawrence Livermore National Laboratory, Livermore, California 94550, USA 

3Department of Physics, University of Texas at Austin, Austin, Texas 78712, USA 
 

Interactions between high-intensity lasers and solid targets have been shown to generate high-energy x-ray 
and particle beams [1]. To enhance the generation of these particles, it is crucial to optimize the initial 
acceleration of electrons in the pre-plasma. One approach currently being explored to improve electron 
acceleration involves using novel target configurations. These designs include attaching low-density CH foam 
targets and Compound Parabolic Concentrator (CPC) cones to a tantalum substrate [2]. The CPC is 
employed to focus the laser beam to a smaller spot and to confine the pre-plasma, while the low-density CH 
foam is used to create an extended plasma, thereby prolonging the laser's interaction with the underdense 
plasma [3]. We have also combined these targets to study the confining effects of the cone and the extended 
plasma formed by the foams. Each type of target includes a Tantalum substrate used to produce 
breamstrahlung radiation from the accelerated electrons. All target configurations are shown in Fig. 1.  
 
The results indicate that the foam target achieved both the highest number and energy of electrons and x-
rays. The electron temperature and average energy of the electron distribution were measured for all four 
targets. We observe a general enhancement over the flat target when using the foam target, whereas there is 
no improvement when using the CPC or the combined CPC and foam target. We are currently unsure why the 
targets with CPCs do not enhance the number of electrons as observed in previous experiments; however, 
there are a few hypotheses, such as sensitivity to pointing or excessive pre-plasma that can lead to hosing of 
the laser within the plasma. As expected, the integrated x-ray data show a similar trend to the electron data, 
with the foam target again yielding the largest enhancement over the flat target. 
 
In conclusion, our study highlights the significant role of target configuration in optimizing particle beam 
generation in high-intensity laser interactions. The foam target consistently outperformed other 
configurations, suggesting its potential for enhancing electron and x-ray production. Future investigations will 
focus on understanding the limitations of CPC designs and refining target configurations to further improve 
particle acceleration. 

 

Figure 1 
Different target configurations.  

 
1. Kerr et al. Phys. Plasmas 30, 013101 (2023);  
2. Rusby et al. Physical Review E 103, 053207 (2021) 
3. Rosmej et al. Plasma Phys. Control. Fusion 62 (2020) 
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Expansion of target over hundreds of nanoseconds after high intensity 
laser interaction 
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High-intensity laser interactions with solid targets impart significant energy, leading to ionization and 
expansion of the target material. In some experiments, multiple targets may need to be shot in quick 
succession, with intervals of only hundreds of nanoseconds. The performance of the second target can be 
affected by the first, as the expansion of the first target might interfere with the laser interaction intended for 
the second, or radiation from the first could pre-heat the second target. Understanding these scenarios is 
crucial for assessing the feasibility of shooting two targets in succession, and they are being investigated 
experimentally at facilities like the Jupiter Laser Facility (JLF) and OMEGA-EP.  
 
At the Titan laser facility, we investigated the expansion dynamics of a solid tantalum target following its 
interaction with a 120 J, 1 picosecond laser pulse, which had a peak intensity of approximately 1 x 10²⁰ 
W/cm². An optical probe was employed to observe the expansion of the target up to 1 microsecond after the 
interaction. This probe was expanded to capture the full extent of the target's expansion. It performed 
shadowgraph measurements of the expanding target, and the results at several time intervals from different 
shots are presented in Fig. 1, where the high-intensity laser is incident on the left side of the target. 
 
Initially, the expansion of the target is observed at the front, where the laser interaction occurs. However, by 1 
microsecond, it becomes evident that the shockwave generated by the interaction has propagated through 
the target, reaching and blowing through the rear. Notably, the lateral expansion of the target is significantly 
smaller, which is an encouraging observation for minimizing interference with subsequent targets. An ongoing 
modeling effort is underway to better understand and interpret the experimental data. In conclusion, the 
study of target expansion and its effects on subsequent laser interactions is vital for optimizing multi-target 
experiments. The insights gained from these investigations will inform future experimental designs and 
improve the reliability of high-intensity laser applications. Continued research and modeling efforts will 
enhance our understanding of these complex interactions, paving the way for more efficient and effective 
experimental setups.  

Figure 1  
Expansion of the tantalum target as a function of time. This time series is taken over four shots.  
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