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Laboratory Experiments of Magnetic Reconnection
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Abstract

Toroidal plasma merging experiments using closed sheet current hasreceivedincreased attention asameans
to solve magnetic reconnection under the conditions of fully isolated boundary and reasonably high tempera-
tures / densities. The observed fast reconnection was caused by the anomalous resistivity of the current sheet
triggered by sheet compression shorter than ion gyroradius. A new fast reconnection mechanism, current
sheet (plasmoid) ejection, was documented together with its effective mass ejection from the current sheet.
Direct ion heating by reconnection outflow was found to be much larger than electron heating by current sheet
dissipation, revealing the efficient energy conversion effect of reconnection.
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Fig. 1 (a)2-Dslabmodelof magnetic reconnection and (b) whole
configuration of reconnecting field lines.
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Fig.2 Family of magnetic reconnection experiments under
operation.
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Table 1 Laboratory experiments of magnetic reconnection.
Device CS-3D TS-3 MRX SSX TS4 VTF Swift-FRC SPIRIT
Institute G. Phys. Inst. U.Tokyo FPPPL SwarthmoreC. U.Tokyo MIT NASA PPPL
Construction 1975 1985 1995 1996 2000 2000 Under const. proposal
Method Open Merging Merging Merging Merging Merging Merging Merging
Tokamak/ Spherator/ | Spheromak, Tokamak/ multi-Pole Spheromak, | Spheromak,
Spheromak/ | Spheromak, Spheromak/
RFP RFP
Major Radius 20 cm 35cm 20 cm 50 cm 100 cm 20 cm 40 cm
Boundary | Open Current | Closed Current | Closed Current Open (or Closed Current | Closed Current | Closed Current | Closed Current
Conditions Open Flux Closed Flux | Closed Flux | Closed)Current | Closed Flux Open Flux Closed Flux Closed Flux
Closed Flux
Tel[eV] 5-150 10-40 3-20 20 ? 15-25 ? ?
T;[eV] 5—300 10—200 3-20 20 ? 02-10 ? ?
ne [m ™3] 1-10x10%2 | 1-50x101¥ | 1-50x101¢ 101? 05—-10%x10¥ | 0-2x107 ? ?
Rm 5-10 300 — 1000 300 — 1000 300 - 1000 ? - 1000 ? ?
R/0; 1-10 5-100 5-50 5—-50 ? -100 ? ?
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(a) Counterhelicity Merging

(©) Applic_altion of Bey: to Co-helicity Merging
CO1ls

Fig.3 2.5-D structures of reconnection regions with third field
component By: (a) counterhelicity merging spheromaks
with Bx==0, (b) cohelicity merging spheromaks with By
=B , (c) cohelicity mergings of RFPs, spheromaks and
tokamaks with varied By and (d) null-helicity merging of
spherators with Bx=0.
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Fig. 4 2-D contours of poloidal flux surfaces and toroidal current
densities for merging spheromaks with By/B, =1 (a) and
those for merging tokamaks with By/8, =3 (TS-3)[12].
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Fig.6 Time evolutions of effective current-sheet resistivities 7x
as a function of current sheet thickness 6 normalized by
ion Larmor radius o; when four different acceleration-coil
currents L (a) and six different By fields (b) are applied
to the merging toroids (TS-3) [12,13]. (c) dependence of
current sheet thickness & on ion skin-length ¢/wpi and (d)
time evolutions of sheet current density and electrostatic
fluctuation signal at neutral sheet (MRX) [14].
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Fig. 8 Current sheet ejection observed in 2-D contours of toroi-
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