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Monoenergetic-proton radiographs of laser-generated, high-Mach-number plasma jets colliding at

various angles shed light on the structures and dynamics of these collisions. The observations compare

favorably with results from 2D hydrodynamic simulations of multistream plasma jets, and also with

results from an analytic treatment of electron flow and magnetic field advection. In collisions of two

noncollinear jets, the observed flow structure is similar to the analytic model’s prediction of a character-

istic feature with a narrow structure pointing in one direction and a much thicker one pointing in the

opposite direction. Spontaneous magnetic fields, largely azimuthal around the colliding jets and generated

by the well-known rTe � rne Biermann battery effect near the periphery of the laser spots, are

demonstrated to be ‘‘frozen in’’ the plasma (due to high magnetic Reynolds number ReM � 5� 104)

and advected along the jet streamlines of the electron flow. These studies provide novel insight into the

interactions and dynamics of colliding plasma jets.
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We report on recent experiments for studying the colli-
sions of two identical plasma jets generated by high-power
lasers. The observations have, for the first time, shown key
aspects of jet collisions at various angles. In particular, it
was seen that plasma flowing into the collision from
the two jets forms a stagnation surface along which incom-
ing electrons flow away from the collision. This surface
is a plane that bisects the angle formed by the two jets
(the ‘‘bisector plane’’). This and other observations are
combined with numerical simulations and analytic models,
reinforcing our insight into the interactions of colliding
plasma jets.

The collision of high-Mach-number plasma jets in the
laboratory is attracting increasing attention since such
interactions can be used as a test bed for studying many
astrophysical phenomena and basic physics problems in
self-organization [1–4]. Exploring the spatial structure and
temporal evolution of these colliding jets, as well as their
relationship with self-generated electromagnetic fields
[5–8], is of essential importance for understanding the
underlying physics of plasma jet interactions [9,10].

Although they have very different spatial, temporal, tem-
perature and density scales, laboratory-generated plasma
jets and astrophysical jets share a large variety of hydro-
dynamic similarities [11–18]. As indicated by numerous
dimensionless parameters, these similarities suggest com-
mon physical processes that govern jet dynamics and allow

us to scale laboratory jets to astrophysical conditions under
some circumstances [9–18]. For example, recent experi-
ments [2,3,19] and numerical simulations [20] indicate that
the collisions of two counterstreaming plasma flows with
sufficiently large spatial overlap lead to collisionless shocks
mediated by the development of plasma microturbulence
[21,22]. Such shocks can be scaled to mimic and explain
many astrophysical phenomena [2–4,9–22]. To simulate
aspects of accretion disks and outflows in astrophysics, an
array of properly directed plasma jets has been proposed
[23,24] to drive and form a differentially rotating, quasi-
planar disc in which an azimuthal magnetic field, seeded
with a cusp magnetic configuration, will be enhanced. The
interactions among these jets in such a specially configured
plasma will play a critical role in reproducing this particular
astrophysical phenomenon [23,24]. In inertial confinement
fusion (ICF) [25], the relevance of plasma jet interactions
is evident in the plasma stagnation on a hohlraum axis,
which is critical to hohlraum x-ray drive symmetry and ICF
capsule implosions [25,26].
Laser-produced colliding jets can be supersonic

[11–13,27,28], with sufficiently high kinetic energies that
collisions of ions in one jet with ions in another jet are
negligible. In this case, the ion streams interpenetrate each
other freely [1,29]. The electrons, whose thermal velocity
is much higher than the flow velocity, form a background
common to both streams. Since the electrons have a
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