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Overview

Instabilities are inherent
to the dynamics of
fully non equilibrium
systems such as plas-
mas, and magnetic
field line reconnection
is ubiquitous both in
space and laboratory
plasmas and in plasma
literature1.

1and even outside plasma physics literature: Reconnection of Non-Abelian Cosmic Strings, Koji Hashimoto,
David Tong, JCAP 0509 (2005) 004
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This field of plasma physics investigation is so wide that what can be done
sensibly here is simply to recall

• some of the different subjects of competence that are available in Italy2,

• how they are made to play in the already existing Italian collaborations between
space and laboratory physicists,

• which are the problems of our present interest,

• discuss how they could complement within the scope of the Ignitor project, and,
most important, within an Italian-Russian3 collaboration on Ignitor.

2based on the one-day workshop PLASMI IN ASTROFISICA E IN LABORATORIO held at CNR in Rome
on May 18th 2011

3Most of us have a long experience of extremely fruitful collaborations with Russian scientists
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As noted in the subtitle, the framework within which plasma dynamics can be
investigated in space and in the laboratory can be quite different
• in terms of spatial and temporal scales that can be resolved and in the degree
of detail of the information available, both locally and globally,
• and, most important, in terms of boundary conditions: in the laboratory
magnetic configurations tend to be strongly constrained by the external world4.
Therefore physical mechanisms in space and in the laboratory may be similar, but
the experimental questions posed and the investigation methods are different.
This has made the two lines of research diverge somewhat from their initial close
relationship, but represents a unique opportunity of viewing a given problem more
deeply using different perspectives. Moreover, in recent years the study of
relativistic plasmas in ultra-intense laser plasma interactions has opened up a new
field of collaboration between plasma physics and high energy astrophysics.

4For example magnetic field lines Hamiltonians that are, in a loose sense, quasi integrable for laboratory
configurations, which is rarely the case in space.
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Burning plasmas

From a plasma physics point of view probably the most important and novel
feature of a “burning plasma” is the presence of a fully non thermal population
of magnetically confined fusion products with energies two orders of magnitude
higher than that of the rest of the plasma.

The effect of these particles is twofold:
on one side they feed their energy to the plasma thus taking the place of the

external heating sources or even allowing for ignition,
on the other side they can feed new instabilities5, or even stabilize old ones6

and in general can affect the plasma MHD behaviour, reconnection processes in
particular, and the plasma particle, energy and momentum transport.

5fishbones, Toroidal Alfvèn Modes
6monster sawteeth
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Figure 1: Courtesy of P Buratti Frascati Enea
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Figure 2: Courtesy of P Buratti Frascati Enea
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Figure 3: Courtesy of P Buratti Frascati Enea
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Figure 4: Turin Polytechnic, Pisa
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,

Figure 5: Lagrangian structures and ridges
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Figure 6: Cosenza group
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Figure 7: Milan group Nonneutral plasmas
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Figure 8: Pisa, Phys. Plasmas 17, 062102 (2010)
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Figure 9: Cosenza group Reconnection in 2d turbulence
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Figure 10: Cosenza group Reconnection in 3d current layers
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Figure 11: Palermo group
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Figure 12: Catania group Reconnection in 2d turbulence
Physics Department University of Pisa pegoraro@df.unipi.it



In space and in the laboratory: similarities and differences [19]

Physics Department University of Pisa pegoraro@df.unipi.it



In space and in the laboratory: similarities and differences [20]

Physics Department University of Pisa pegoraro@df.unipi.it



In space and in the laboratory: similarities and differences [21]

Pisa group. Kelvin-Helmholtz, secondary instabilities and reconnection
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The Crab Nebula flaring up. Left: The region 20 days before the flare. Right: April 14, 2011. (NASA/DOE/Fermi LAT/R. Buehler)
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THANKS FOR YOUR ATTENTION

Secondary shocks and
instabilities on Kelvin
Helmholtz vortices.
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