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Introduction

Magneto Bernoulli eXperiment (MBX) was an experiment designed to search for
the existence of magneto fluid states [1]. These states, that can be the end result of a
relaxation process where total helicities stay roughly constant, should have distinct,
unique and interesting confinement features. The structures should be high beta, fully
diamagnetic states where the magnetic fields and flows are equally important in confining
the plasma and where the pressure is controlled by the flow speed through the Bernoulli
equation. Special symmetry is not required, avoiding the use of nested flux surfaces. In
MBX a plasma is created in an axisymmetric magnetic mirror configuration that provides
initial confinement in the parallel direction through the magnetic moment invariance.
Concentric rings located at one throat of the mirror, biased with respect to a limiter and
grounded walls set up a radial electric field that creates an azimuthal drift VE - ExB/B.
The rotational flow in combination with the mirror field, creates an inertial (centrifugal)
force parallel to B that acts mostly on the ions and pushes the plasma towards the
equatorial plane providing significant axial confinement. The centrifugal force causes the
ions to drift towards the plane of symmetry creating a diamagnetic current J, and a self
magnetic field. The weakest point in the this configuration is at the inner equator where
the total magnetic field is weakest. We expect the plasma to change the confinement
topology by using free energy in the flow with a reconnection in the magnetic field to
form a toroid, and then relax through a turbulent process to a nearby axially detached
magnetofluid state which depends only on the initial values of the two helicity invariants
set by the initial flows and currents [1]. The formation of such states is expected to be
abrupt, i.e., the plasma should “jump” from on long lived state to another. These phase
transitions are expected to reveal multiple stable states for some ranges of external
control parameters and hysterisis phenomena in the abrupt transition between them. Two
fluid theory is expected to play a critical role in explaining such transitions. The MBX
experiment was designed to test such theories.

Results

The MBX experiment was built during the grant period. A schematic of MBX is
shown in Figure 1. Details can be found in publications about the MBX experiment in
the grant period. [2, 3, 4]. We created a low density plasma and rotated it at supersonic
speeds in the theta direction. Under these conditions the plasma presents a high
asymmetry in the current, plasma potential and consequently rotation with the voltage
applied. These results are presented in reference 3. We developed a two fluid model to
describe the measurements based on the magnetofluid states ansatz. We also observed
the multiple states predicted by the two fluid model. This work [2] was published in
Physics of Plasmas. We have just completed a third publication, “Characterization of
multistability and bifurcations in the MBX device,” which we have submitted to Physics
of Plasmas. In this manuscript we report the observation of equilibria characterized by
different rotational energy confinement times and identified the external control
parameters that characterize the bifurcations and bistabilities. We also present an
approach to explain the observed bifurcations using a two fluid model.
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During the period of the grant four students were supported and worked on the
MBX experiment. There were two undergraduates, Jeremy Murphy wrote an
undergraduate thesis in physics on his work on MBX and is presently a graduate student
in astronomy at the University of Texas at Austin. Cynthia Ginestra wrote an
undergraduate thesis in physics on her spectroscopic work. She is presently a third year
grad student in engineering at Stanford University. Reiner Horlein received a MA
degree for his work on MBX experiment. He is presently a graduate student at the Max
Planck Institut for Quantum Optics. Hernan Quevedo received a PhD degree in August,
2006 for his work on MBX experiment. His dissertation [5] is attached. He is presently
a post doc at The University of Texas working with femtosec lasers.

In order to accomplish our goal of finding magneto fluid states we found that we
would need both a much higher power input to the experiment and a much larger
experiment to improve the confinement time. The costs of a larger experiment were not
something that could be considered as we were on a tightly constrained budget with this
size experiment. Hence we did not apply for renewal funding for the MBX experiment.
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