
 

Next-gen laser facilities look to usher in new
era of relativistic plasmas research
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Quantum electrodynamics phenomena in plasmas. Credit: Stephen Alvey/Alec
Thomas

The subject of the 2018 Nobel Prize in physics, chirped pulse
amplification is a technique that increases the strength of laser pulses in
many of today's highest-powered research lasers. As next-generation
laser facilities look to push beam power up to 10 petawatts, physicists
expect a new era for studying plasmas, whose behavior is affected by
features typically seen in black holes and the winds from pulsars.

Researchers released a study taking stock of what upcoming high-power
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laser capabilities are poised to teach us about relativistic plasmas
subjected to strong-field quantum electrodynamics (QED) processes. In
addition, the proposed new study designs for further exploring these new
phenomena.

Appearing in Physics of Plasmas, the article introduces the physics of
relativistic plasma in supercritical fields, discusses the current state of
the field and provides an overview of recent developments. It also
highlights open questions and topics that are likely to dominate the
attention of people working in the field over the next several years.

Strong-field QED is a lesser-studied corner of the standard model of
particle physics that has not been explored at big collider facilities, such
as SLAC National Accelerator Laboratory or CERN, the European
Organization for Nuclear Research, due to the lack of strong
electromagnetic fields in accelerator settings. With high-intensity lasers,
researchers can use strong fields, which have been observed in
phenomena such as gamma ray emission and electron-positron pair
production.

The group explores how the findings could potentially lead to advances
in studies of fundamental physics and in the development of high-energy
ion, electron, positron and photon sources. Such findings would be
crucial for expanding on many types of scanning technology present
today, ranging from materials science studies to medical radiotherapy to
next-generation radiography for homeland security and industry.

The QED processes will result in dramatically new plasma physics
phenomena, such as the generation of dense electron-positron pair
plasma from near vacuum, complete laser energy absorption by QED
processes, or the stopping of an ultrarelativistic electron beam, which
could penetrate a centimeter of lead by a hair's breadth of laser light.
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"What kind of new technology these new plasma physics phenomena
might translate is largely unknown, especially because the field of QED
plasmas itself is a kind of uncharted territory in physics," author Peng
Zhang said. "At the current stage, even adequate theoretical
understanding is significantly lacking."

The group hopes the paper will help bring the attention of more
researchers to the exciting new fields of QED plasmas.

  More information: "Relativistic plasma physics in supercritical
fields," Physics of Plasmas (2020).
aip.scitation.org/doi/10.1063/1.5144449
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