ABSTRACT:

Magnetic flux ropes (MFR) on the solar surface are thought to be the precursors of coronal mass
ejections (CMEs). In some cases where an MFR is torus-unstable, magnetic self-organization
events may reduce the energy and prevent an eruption. These self-organization events conserve
helicity over their timescales, and for toroidal plasmas Taylor showed that the profile of u =
J.B/B”2 is constant for the minimum-energy state.> The Magnetic Reconnection Experiment
(MRX) was outfitted with electrodes in order to create MFR. An array of over 300 in-situ
magnetic probes was used to capture a 2D cross-section of the magnetic field.? In this poster, the
dynamics of p = J.B/B”2 is more closely examined for correlations with the behavior of the
MFR and for signals of Taylor relaxation.

1. Taylor, Rev. Mod. Phys. 58, 741-763 (1986)
2. Myers, et. al. Nature 528, 526-529 (2015)



GOALS

« Explore the ramifications of Taylor
Relaxation in solar flux ropes.

 Discover predictive indicators of
eruption in solar flux ropes.

BACKGROUND:

Flux Rope Experiment (Myers?)

* The surface of the sun emits bursts of plasma called
Coronal Mass Ejections (CME’s). These are caused by a
release of magnetic energy in the corona?

Magnetic fields (blue) store and
release energy, leading to an
ejection of plasma (yellow).

—

+ Clayton Myers modeled this solar phenomenon in the

Magnetic Reconnection Experiment (MRX), featuring over

300 in-situ magnetic probes.

Plasma Flux Rope

Electrodes (2 kV)

Probes directly measure the
magnetic field and capture 2D
cross-section every 0.4 us over
the course of 450 us.

Myer’s conclusion:
helicity
conservation

leads to magnetic
tension force which
restrains eruption.
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External magnetic field coils

advised by Andrew Alt and Professor Hantao Ji (Princeton Plasma Physics Laboratory)
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PEAKEDNESS OF U

* 11 describes the twistiness of the magnetic field.

* According to Taylor, when the plasma falls to lower energy state, helicity is conserved?
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1. The lowest energy state has u constant over all space (FLAT)

2. Peaked 1 (high at center) is not the relaxed state.
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Laboratory Experiment for Exploring Solar Flux Rope Stability

Joshua Latham (Princeton University),
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CONCLUSIONS

The behavior of u for the failed torus cases
behaves as predicted by Taylor Relaxation
hypothesis.

Solar flux ropes that fail to erupt may undergo
magnetic relaxation processes such as Taylor
Relaxation.

For eruptions, u profile is not that of Taylor
Relaxation. Perhaps a helicity-conserving energy
transfer is happening to the eruptive plasma.

NEXT STEPS

» Redo experiment with 3D magnetic
probe array to more accurately
compute flux surfaces

 Compare magnetic results to solar
CME data

* Perform statistical analysis of u
profile
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