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The interaction of intense short laser pulses with ionized gases, or plasmas, underlies many 
applications such as acceleration of elementary particles, production of energy by laser fusion, 
generation of x-ray and far-infrared “terahertz” pulses for medical and materials probing, remote 
sensing of explosives and pollutants, and generation of guide stars. Such laser-plasma 
interactions create tiny electron density structures (analogous to the wake behind a boat) inside 
the plasma in the shape of waves, bubbles and filaments that move at the speed of light, and 
evolve as they propagate.  Prior to recent work by the PI of this proposal, detailed knowledge of 
such structures came exclusively from intensive computer simulations. Now “snapshots” of these 
elusive, light-velocity structures can be taken in the laboratory using dynamic variant of 
holography, the technique used to produce ID cards and DVDs, and dynamic variant of 
tomography, the technique used in medicine to image internal bodily organs. These fast 
visualization techniques are important for understanding, improving and scaling the above-
mentioned applications of laser-plasma interactions. In this project, we accomplished three 
things: 1) We took holographic pictures of a laser-driven plasma-wave in the act of accelerating 
electrons to high energy, and used computer simulations to understand the pictures.  2) Using 
results from this experiment to optimize the performance of the accelerator, and the brightness of 
x-rays that it emits.  These x-rays will be useful for medical and materials science applications.  
3) We made technical improvements to the holographic technique that enables us to see finer 
details in the recorded pictures.  Four refereed journal papers were published, and two students 
earned PhDs and moved on to scientific careers in US National Laboratories based on their work 
under this project. 
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