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Broadband spectrally incoherent pulses are promising to mitigate laser—plasma instabilities and beam imprint. Three-wave non-
linear mixing can amplify optical pulses over much larger bandwidth than laser amplification. The operation of optical parametric
amplifiers (OPA’s) with coherent pulses having smooth, slowly varying temporal profiles is well understood, but their operation with
spectrally incoherent pulses having random high-frequency time-domain modulations has not previously been described in detail.

A framework based on normalized three-wave nonlinear mixing equations has been developed and used to analyze the operation
of OPA’s with spectrally incoherent pulses, showing that the temporal walk-off between signal, pump, and idler, as well as the
relative photon flux of the pump and signal wave, play a critical role in the energy, bandwidth, and statistical properties of the
amplified signal. The images on the cover show the evolution of the probability density function (pdf) of signal photon flux (®)
as a function of the temporal walk-off between the signal and pump normalized to the signal’s coherence time. In the absence of
pump depletion (upper figure), the pdf remains a negative exponential function, as expected for an incoherent source. When the
signal is sufficiently high to deplete the pump (lower figure), the pdf depends strongly on the pump-signal walk-off: the signal’s
photon flux is limited by the pump’s photon flux at low temporal walk-off, but the signal can be amplified to much higher values

if temporal walk-off allows it to deplete the pump over a range of times.
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This report was prepared as an account of work conducted
by the Laboratory for Laser Energetics and sponsored by
New York State Energy Research and Development Authority,
the University of Rochester, the U.S. Department of Energy, and
other agencies. Neither the above-named sponsors nor any of
their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name,
mark, manufacturer, or otherwise, does not necessarily con-
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by the United States Government or any agency thereof or any
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be taken as necessarily final results as they represent active
research. The views and opinions of authors expressed herein
do not necessarily state or reflect those of any of the above
sponsoring entities.

The work described in this volume includes current research
at the Laboratory for Laser Energetics, which is supported by
New York State Energy Research and Development Authority,
the University of Rochester, the U.S. Department of Energy
Office of Inertial Confinement Fusion under Cooperative
Agreement No. DE-NA0003856, and other agencies.

For questions or comments, contact Jessica Shaw, Editor,
Laboratory for Laser Energetics, 250 East River Road,
Rochester, NY 14623-1299, (585) 276-5618.

www.lle.rochester.edu



