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• Plasma Physics is a study of matter and physical systems 
whose intrinsic properties are governed by collective 
interactions of large ensembles of free charged particles. 
99.9% of the visible Universe is thought to consist of plasmas. 
The underlying physics of the collective behavior in plasmas 
has applications to space physics and astrophysics, materials 
science, applied mathematics, fusion science, accelerator 
science, and many branches of engineering.

• The Plasma Physics program supports research that can be 
categorized by several broad, sometimes overlapping, sub-
areas of the discipline including: magnetized plasmas in the 
laboratory, space, and astrophysical environments; high 
energy density plasmas; low temperature plasmas; dusty, 
ultra-cold, and otherwise strongly coupled plasmas; non-
neutral plasmas; and intense field-matter interaction in 
plasmas.
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Jun Ren (Delaware State U.), “Excellence in Research: Seeding Stimulated Raman 
Backscattering with Intense and Ultra-Intense Laser Pulses”

Christopher Orban (OSU) et al., “Collaborative Research: Enhancing Laser Based Ion 
Sources with High Data Rate Techniques”

Thomas White (U. Nevada, Reno), “CAREER: Non-Adiabatic Effects in Dense Plasmas”

Petros Tzeferacos (U. Rochester), “TDYNO: Fluctuation Dynamo, Heat Transport, and 
Ion Acceleration in Magnetized Turbulence”

Maria Gatu Johnson (MIT), “Unique Application of High Energy Density Plasmas for 
Nuclear Astrophysics Experiments”

Recent NSF-funded projects that have used, or are aiming to use, NIF or JLF: 



Matthew R. Edwards
Assistant Professor of 
Mechanical Engineering

Stanford University

CAREER: Plasma Optics for Compact Ultra-High-Power Lasers

High-power lasers that provide ultrashort pulses of intense light are a critical 
technology for fundamental science and a range of industrial, medical, and national 
security applications. The key constraint on laser power and performance is damage 
to glass and metal optics: to prevent high-power lasers from destroying themselves, 
their optics must be large. The size and expense of large optics make higher laser 
powers impractical and limit possible applications of existing systems. This project 
replaces optics inside high-power lasers with plasma components, allowing the 
control of a thousand times higher light intensity and leveraging machine learning 
to provide a unique, physics-based solution to a bottleneck in laser development. It 
also creates educational and research opportunities to train students in plasma 
physics and high-power laser engineering. The compact plasma-based high-power 
lasers developed here will both advance scientific fields like particle physics, plasma 
physics, quantum optics, and astrophysics and enable the use of high-intensity light 
for applications like nuclear fusion energy, radiotherapy for cancer treatment, x-ray 
imaging for sensitive material detection, and the construction of advanced 
accelerators and light sources for semiconductor manufacturing… 



Zettawatt-Equivalent Ultrashort Pulse Laser 
System

Mid-scale Research – Awards # 1935950 and 2126181 https://zeus.engin.umich.edu/

Operates as an NSF user facility
2 PW pulses demonstrated!

3 Petawatt power laser facility
Experiments on:
• Testing extreme field physics
• Unique particle & photon sources
• Applications of sources across STEM
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International Partnerships

X-lites - the Extreme Light in Intensity, Time, and Space 
network ( https://opticalscience.osu.edu/x-lites ) promotes 
collaboration around the world to make use of new extreme 
light facilities. X-lites is bringing together facility users and 
facility operators to support high-impact science and 
engineering using extreme light.
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Workshop Goals:

• Address the current state of scientific understanding regarding the design and fabrication of 
optical materials and components for next generation high-power laser technologies

• Identify scientific gaps hindering progress, and 

• Offer solutions for bridging the associated technological gaps. 



Multi-PetaWatt (MPW) Diagnostic Community Workshop 
May 21-22, 2026 at U. Michigan - Ann Arbor

• Workshop Goals:

o Understand and identify diagnostic technologies and detector science that will 
be used to address scientific frontiers for multi-petawatt facilities

o Identify technical gaps in bridging present diagnostic solutions to the MPW 
scale and leverage technology solutions from complementary fields

o Develop and connect diagnostic scientists across the MPW community

o Working group areas to survey the state-of-the-art in 

o Hard X-rays

o Particle beam diagnostics

o Ultrafast high-power optical diagnostics

• Registration and white paper submission: Due March 31, 2026

https://nsf-opal.rochester.edu/mpw-diagnostic-community-workshop/ 

Co-chairs – Contact for more information!

 Steve Ivancic, steve.ivancic@rochester.edu

 Louise Willingale, wlouise@umich.edu

 Mike Downer, downer@physics.utexas.edu
Register today!
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