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Magnetic field in beam-plasma interaction: The field begins at the beam
boundary and is larger than that in the bulk. Credit: Ratan Bera

A team of Indian and Japanese physicists have overturned the six-decade
old notion that the giant magnetic field in a high intensity laser produced
plasma evolves from the small, nanometre scale in the bulk plasma. They
show that instead the field actually originates at macroscopic scales
defined by the boundaries of the electron beam that is propagating in the
plasma. The new mechanism seeks to alter our understanding of
magnetic fields in astrophysical scenarios and laser fusion and may help
in the design of the next generation high energy particle sources for
imaging and therapies.
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Giant magnetic fields billion times that of the earth, exist in the hot,
dense plasma in astrophysical systems like neutron stars. Basic
electromagnetism established from the times of Oersted and Faraday
tells us that it is the current in a system that causes magnetic fields. In a
plasma there are two currents, one a forward propagating one and an
opposite, mitigating current induced by the forward one itself. If the
currents are equal and overlapped in space, there is no net magnetic
field. However, small fluctuations in the plasma can separate them and
lead to an instability that grows with time. Indeed, for decades it has
been believed that the giant fields arise from the interaction of opposing
currents inside the bulk plasma via the famous Weibel instability, at
scales much smaller than the beams themselves. The magnetic field is
then said to spread out to macroscopic space via what is called an inverse
cascade, in a 'bottom up' fashion.

In contrast, the India-Japan team shows that the field actually originates
at the boundary of the current beam that is at macroscopic length scales
and moves inwards to smaller scales (top down). And the magnitude of
this field is much larger than that caused by Weibel and other
instabilities. The team christens the mechanism leading to this magnetic
field 'finite beam mechanism' to indicate the crucial role of the finite
size of the current beam in this mode. They show that radiation leaks out
of the edges of the current destabilizing the beam and causing the 
magnetic field. There is clear evidence for this mode in their laser
experiments and computer simulations.

Why has this new mode been missed in all the computer simulations
over the past many decades? The authors point out that this is due to the
assumptions of homogeneity and infinite extent typical of all
simulations. However, real physical system have boundaries and the
physics there leads to several interesting effects—examples are the
focusing of charged particles by the fringe fields at the end of capacitor
plates, the famous Casimir effect that leads to attraction between the
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plates due to quantum effects, and the surface propagating
electromagnetic modes known as surface plasmons, quite popular in
nano-optics and near field microscopies.

Caution! Tread carefully at the edge...

  More information: Amita Das et al, Boundary driven unconventional
mechanism of macroscopic magnetic field generation in beam-plasma
interaction, Physical Review Research (2020). DOI:
10.1103/PhysRevResearch.2.033405
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