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Large amplitude magnetic fluctuation with the ion cyclotron frequency range was observed inside the cur-
rent sheet region during magnetic reconnection in the plasma merging experiment with a guide field. The 
fluctuation exhibited the amplitude of 10-20% of the reconnecting field and the propagating to the down-
stream region. The fluctuation strongly damped at current sheet edge and the reconnection electric field in-
creased. These results indicate that the enhancement of reconnection rate and prospect of ion heating due to 
the fluctuation.  

 
 
1. Introduction 

Magnetic reconnection has the deep relation-
ship to a variety of magnetized plasmas, such as 
solar flares[1,2], the earth’s magnetosphere[3] 
and laboratory plasmas[4,5]. One of the major 
questions on magnetic reconnection is “How does 
fast magnetic reconnection happened?”. In the 
resistive magnetohydrodynamics (MHD) regime, 
the reconnection rate remains very small as com-
pared that of real reconnection events observed in 
the universe. 

The TS-3 device has been investigated the phys-
ical properties of magnetic reconnection by using a 
torus plasma merging method. Previous experiment 
results reported that fast magnetic reconnection is 
achieved when the current sheet half width is com-
pressed shorter than ion gyroradius in conjunction 
with the anomalous resistivity and significant ion 
heating[4]. However, the direct mechanism that 
enhances the reconnection speed still remains un-
clear. 
 
2. Experimental setup 

In the TS-3 device, two torus plasmas, with both 
poloidal and toroidal magnetic fields, are produced 
and their poloidal magnetic fields reconnect during 
the plasma merging process under a guide field. 
Two torus plasmas approach to the center of TS-3 
and collide. During the plasma merging, magnetic 
field lines reconnect, and the magnetic energy is 
converted to plasma kinetic and thermal energy. 

 

 
 
Fig. 1 Schematic of TS-3 plasma merging device 

with a magnetic fluctuation probe. The reconnect-
ing field component is in the R direction and cur-
rent sheet flows in theθdirection. Inflow and out-
flow are in the Z (axial) and R (radial) directions, 

respectively. 
 
The toroidal (out-of-plane) magnetic field Bθ, 

which serves as a guide field in the reconnection 
framework, is applied in this experiment by a center 
conductor current. The guide field at the X-point Bx 
of 40 mT is comparable to the reconnecting mag-
netic field B// = Br, that is approximately 50 mT. 
Typical ion and electron temperatures Ti and Te are 
approximately 10 eV, and electron density ne is 1×
1020 m-3.  

The magnetic fluctuation measurement was car-
ried out by using a magnetic probe array. The probe 
has 16 pickup coils and is located the mid-plane 
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(z=0 mm) to measure reconnected magnetic fluctu-
ations Bz at the various radial positions. (Fig. 1) 
 
3. Experimental results 

Figure 2 shows time evolution of reconnected 
magnetic fluctuation signals at 16 radial positions. 
Magnetic reconnection period is 187-197 μ s. 
Large magnetic fluctuations are observed during the 
magnetic reconnection inside the current sheet re-
gion (r=130-240 mm). The frequency spectrum of 
the fluctuation signal has clear peak at 2 MHz, 
which is slightly larger than ion cyclotron frequen-
cy (1 MHz). The amplitude of the fluctuation is 
about 10-20 % of the reconnecting field. The fluc-
tuation propagates to the downstream region with 
about 50 km/s. 

Figure 3 shows time evolution of reconnection 
electric field Eθ at the X-point, which is calculated 
by using equations (1,2) and assuming axial sym-
metry. In the large fluctuation case, the reconnec-
tion electric field increases and is a several times 
large as compared with small fluctuation case.  
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Fig. 2 Time evolution of reconnected magnetic 
fluctuation signals at various radial positions. Re-

connection period and sheet length are 187-197 μs 
and 100 mm, respectively. 

 
 

 
 

Fig. 3 Time evolution of reconnection electric 
field Eθ at the X-point: the large and small fluctua-

tion cases. 
 
4. Conclusion 

We have detected magnetic fluctuations during   
magnetic reconnection under a guide field. The am-
plitude of fluctuations is about 10-20 % of the re-
connecting magnetic field. The fluctuation propa-
gates to the downstream region and strongly dumps 
at the current sheet edge. The reconnection electric 
field at the X-point increases when fluctuations ap-
pear. These results indicate that the prospect of ion 
heating and enhancement reconnection rate due to 
the fluctuations. 
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