  Quarterly-report of progress in CMSO reconnection research [10-27-04]

M. Yamada and E. Zweibel

On October 21, there was a mini-workshop at PPPL to discuss the recent progress in CMSO reconnection as shown in the attached program.  After the meeting, the following summary was made. 

1. A new development in experimental study of two-fluid MHD physics;


Much of experimental research efforts of MRX and SSX have been devoted to the understanding of 2-fluid MHD physics for the neutral sheet plasma. In this “E-MHD” region electrons but not ions are considered to be magnetized. The recent 2-dimensional numerical simulations based on 2-fluid MHD or kinetic codes identified the importance of the Hall term [veB] which creates a large electric field in the direction of neutral sheet current through a steady cross-field current patterns of electrons, thus creating fast reconnection or apparent resistivity. It was also demonstrated that magnetized electrons flow differently from ions in a diffusion regions of the ion skin depth and pulling magnetic field lines towards the direction of electron sheet current.  As a result, a quadru-pole out-of-plane guide field is created, and this effect has been regarded as a signature of Hall MHD effects.   Although this effect has been observed sometimes in the magnetosphere plasma, it has not been verified in laboratory plasmas.  

Both MRX and SSX experiments have recently found the Hall term (j x B) plays an important role in the neutral sheet. Very recently  evidence of a quadrupole magnetic field has been seen for the first time inside the MRX neutral sheath of the ion skin depth (c/pi). Although it is yet to be conclusively confirmed, this observation, if verified, would be the first identification of the quadrupole magnetic field in the neutral sheet of a laboratory plasma. The next series of research will be devoted to quantitative evaluation of this field and its effects. 

2. Magnetic fluctuations in the neutral sheet

A theoretical study is being carried out for the electromagnetic fluctuations in the lower-hybrid frequency range observed in the MRX neutral sheet. By comparing the  observed wave characteristics with a theoretical dispersion relation,  the observed waves have been identified as right-hand polarized Whistler waves propagating obliquely to the magnetic field. This linear theory for the fluctuations also suggests that they are excited by cross-field electron current with a similar mechanism to that of a modified two-stream instability. Non-linear effects of these fluctuations are being assessed.

3. Numerical study of Kulsrud Model

Malyshkin and Linde explored the model of fast two-dimensional magnetic reconnection with anomalous resistivity suggested by R. Kulsrud in 2000 through numerical simulations of two-dimensional merging of two cylindrical magnetic flux tubes. It was found that for modest Lundquist numbers the Kulsrud model does indeed hold. However, it was also found, in agreement with earlier work,  that for large Lundquist numbers there are fast growing tearing-mode instabilities that destroy the reconnection layer before any considerable reconnection takes place, resulting in  slow reconnection. This means that  the assumption of a quasi-stationary reconnection, which is one of the key assumptions of the model, is not valid in the limit of large Lundquist numbers. More analysis is needed at this point to understand the numerical results, but recent progress is encouraging. Their results will be compared with the other recent theoretical studies as well as the experimental data.
4. Recent progress in the theory of reconnection in line tied systems:


Huang (postdoc), Hegna, Sovinec, and Zweibel are investigating the structure of the ideal kink mode in line tied geometry. In a periodic system, it is known that the plasma displacement associated with the most unstable mode has step function-like behavior at the rational surface. The corresponding magnetic field perturbation has a current sheet,  which evolves resistively on a rapid timescale. Numerical models of the line tied kink suggest a tapered current sheet which vanishes at the ends of the domain, as it must to obey infinite conductivity boundary conditions. They have reproduced some existing work in the literature of stability of a particular model, and are solving the eignevalue problem to determine the nature of the eigenfunctions.  It is hoped that this work will lead to a theory of plasma heating near marginal stability by forcing from the boundary; numerical simulations are planned.

5. Progress not reported at the Workshop:


S. Prager reported on MST observations by Choi (student) of nonlinear driving of the m=0 tearing mode by unstable m=1 tearing modes. In MST there are two types of reconnection classified: spontaneous reconnection in the core (m = 1 modes) and nonlinearly driven reconnection in the edge (m = 0 modes, driven by coupling between two m = 1 modes). This verifies the theoretical prediction that the m=0 mode is linearly stable and nonlinearly unstable, and provides explicit measurement of the nonlinear  terms which transport energy in and out of the modes. These measurements might provide an interesting test of theories of driven magnetic reconnection, and might lead

to laboratory tests of turbulence theory.


Linde has introduced the Hall term (J x B)/en_e into FLASH and run some test cases. He reproduced 2-D Hall MHD phenomena seen by others. 
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9.50-10.30; M. Yamada; "The recent thoughts on 2-fluid effects and the present status of MRX data"
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