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Electron Magnetohydrodynamics Magnetic Reconnection Experiment on Keda
Linear Magnetized Plasma Device ∗
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We conduct an electron magnetohydrodynamics magnetic reconnection experiment with guide-field in our Keda
linear magnetized plasma device, in which two pulsed currents with the same direction are conducted in parallel
with the axial direction of the main chamber of the device using two long aluminum sticks. After approximately
5𝜇s, an X-type magnetic field line topology is formed at the center of the chamber. With the formation of
the X-type topology of magnetic field lines, we can also find the rapid increase of the current and ratio of the
common flux to the private flux in this area. Additionally, a reduction in the plasma density and the plasma
density concentration along one pair of separatrices can also be found.
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The source energy for explosive phenomena that
occur in astrophysical and space plasmas, including
stellar flares and substorms in the Earth’s magne-
tosphere, is considered to come from the magnetic
field.[1,2] However, a physical mechanism for rapid con-
version of magnetic energy into plasma kinetic en-
ergy is required to explain these explosive phenom-
ena. Magnetic reconnection, which is accompanied
by reorganization of the magnetic field lines, provides
this type of physical mechanism.[3,4] The two main
tools used to study magnetic reconnection are satel-
lites and theoretical analyses (including simulations),
and great progress has been made in this field. It has
been found that the reconnection rate in a collisionless
magnetic reconnection process is high enough to ac-
count for the fast energy conversion that occurs during
these explosive phenomena.[5,6] Collisionless magnetic
reconnection is characterized by the quadrupole struc-
ture of the out-of-plane magnetic field,[5,7−13] along
with the secondary islands that occur in the diffusion
region.[14−17] Recently, electron-scale magnetic recon-
nection has also been observed by the magnetospheric
multiscale mission.[18,19] Laboratory experiments pro-
vide another important way to study magnetic recon-
nection. When compared with satellite observation,
laboratory experiments offer several advantages, in-
cluding adjustable plasma parameters, repeatability
and the availability of comprehensive diagnostics.[20]

With the continuing development of plasma tech-
nology, magnetic reconnection has been success-
fully performed in several well-designed laboratory
experiments,[21] such as LCD, TS-3, the magnetic
reconnection experiment (MRX) and the versatile
toroidal facility (VTF). The LCD device has observed
the existence of a current sheet and the heating of the
electrons.[22,23] Experiments performed in TS-3 found

that the reconnection rate decreased as the guide field
became stronger.[24] A series of systematic magnetic
reconnection experiments have been performed in the
MRX device at Princeton University. These experi-
ments verified the existence of the Hall effect in mag-
netic reconnection based on the quadrupolar structure
of the out-of-plane magnetic field for the first time and
they also indicated that the Hall effect plays an im-
portant role in fast reconnection.[25] Ion acceleration
and heating during collisionless magnetic reconnec-
tion have also been observed and the influence of the
boundary conditions has been studied.[26] It should
be noted that in these laboratory experiments, the re-
connections are all made in a controlled manner with
external driving. Magnetic reconnection has also been
realized in laser-driven plasma and electron accelera-
tion has been observed.[27,28]

We have performed magnetic reconnection experi-
ments on the Keda linear magnetized plasma (KLMP)
device. First, we describe the experimental setup, and
the results are then presented. A summary of the work
and a discussion are then provided.

The scheme of the KLMP device is shown in Fig. 1,
where the total length of the device is 280 cm. The
vacuum chamber is 200 cm long, and it has a diam-
eter of 25 cm. There are 12 sets of magnetic coils
located around the vacuum chamber that work in a
steady state and produce an axial magnetic field of
180–300G to confine the plasma. The plasma source
at the right end of the device is a 15-cm-diameter
oxide-coated cathode with a 10-cm-diameter mesh an-
ode. The working gas is argon at an operating pres-
sure of 𝑝0 ≈ 4 × 10−2 Pa. The plasma source is op-
erated in pulse mode at frequency of 1Hz, and the
pulse length is 12ms. The typical plasma parameters
are the electron number density 𝑛e ≈ 2 × 1012 cm−3
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and the plasma temperature 𝑇e ≈ 10𝑇i ≈ 4 eV (where
the subscripts i and e represent ion and electron, re-
spectively). The electron mean free path is approxi-
mately 𝜆e ≈ 30 cm longer than the characteristic de-
vice length 𝐿 ≈ 10 cm, which means that the electron
collisions are negligible. The ion and electron iner-
tial lengths are 𝑑i ≈ 1.5m and 𝑑e ≈ 5mm, respec-
tively, which means that the experiment is performed
in the ion diffusion region. Therefore, during our ex-
periment, the electrons are magnetized (𝑑e ≪ 𝐿) while
the ions are not magnetized (𝑑i ≫ 𝐿). The electrons in
our experiment are thus collisionless and magnetized
and can be treated as a magnetofluid, while the ions
are not magnetized. This means that the reconnection
occurring in our experiment is electron magnetohydro-
dynamics (EMHD) reconnection.
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Fig. 1. A schematic view of the Keda linear magnetized
plasma device.

Two 120-cm-long aluminum sticks are set parallel
to the chamber at a distance of 10 cm, as shown in
Fig. 2(a). Identical pulsed currents are conducted in
these two sticks, and the induced magnetic fields have
opposite directions in the middle of the chamber. The
time evolution of the current is illustrated in Fig. 2(b).
In this experiment, we focus only on the current rising
phase. During the rising phase, the magnetic field in-
creases and the magnetic field lines are ‘pushed’ from
the two sticks towards the center as shown in Fig. 2(a),
which drives the magnetic reconnection. With the ex-
istence of the axial magnetic field described above, the
magnetic reconnection in our experiment is a driven

guide-field reconnection. For the case presented in this
work, the guide magnetic field is fixed at 180G.
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Fig. 2. (a) A cross-section view of the device showing the
setup of the experiment and the geometry of the magnetic
field. (b) The time evolution of the current in the sticks.

A two-dimensional continuously moving probe is
used to scan the 𝑥–𝑧 section of the device. At the
top of the probe shaft, two perpendicular magnetic
coils are installed to diagnose the magnetic fields in
the 𝑥 and 𝑧 directions, while a Langmuir probe is
used to measure the ion saturation currents, which
provide a good estimate of the plasma density. The
scanning ranges are 𝑥=[−5 cm, 5 cm] and 𝑧=[−3 cm,
3 cm] (where the center of the two aluminum sticks is
set to be (0, 0)), as shown in Fig. 2(a), and the data
are collected at 21 × 13 grid points that are spaced
0.5 cm apart in both the 𝑥 and 𝑧 directions. Data
from 10 pulses are collected at each grid point and
are then averaged to reduce the overall noise. In this
way, the magnetic field profile and the ion saturation
current in the 𝑥–𝑧 section can be obtained.
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Fig. 3. The time evolution of the magnetic flux contours (black lines) and magnetic field in the 𝑥–𝑧 plane at (a)
𝑡 = 5µs, (b) 𝑡 = 8µs, (c) 𝑡 = 12 µs, and (d) 𝑡 = 40µs.
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In our experiment, we can estimate the compo-
nents of magnetic flux in the 𝑥–𝑧 plane by integrat-
ing the magnetic field over the 𝑥–𝑧 sector, and the
magnetic flux contours are then used to represent the
magnetic field lines. In Fig. 3, we show the magnetic
field lines and the magnetic field in the 𝑥–𝑧 plane at
four different instants. Around the time of 5µs, an
X-type topology begins to form for the magnetic field
lines, and this topology can be identified clearly from
approximately 8µs onwards. A structure of this type
is a typical reconnection structure.
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Fig. 4. (a) Integration path of (b) and (c). (b) The solid
line represents the current near the 𝑋 point that was ob-
tained by integrating the magnetic field along the path
indicated in (a), and the error bar was obtained by inte-
grating the magnetic field along the same path that was
used in the experiment performed in the vacuum. (c) The
black solid line represents the ratio of the common flux to
the private flux versus time, while the red solid line indi-
cates the obtained common flux/private flux ratio versus
time when no plasma is present in the device. The dashed
lines shown in (b) and (c) represent the currents in the
sticks for reference.

To determine whether or not a current sheet
is formed in the region with the X-type mag-
netic field line topology, we calculate the cur-
rent crossing the rectangle (3 cm×2 cm) indicated
by the red lines shown in Fig. 4(a), and this cur-
rent can be expressed as 𝐼 =

∫︀∫︀
𝐽𝑦𝑑𝑥𝑑𝑧 =∫︀∫︀

(∇×𝐵)𝑦/𝜇0𝑑𝑥𝑑𝑧 =
∮︀
1/𝜇0𝐵 · 𝛿𝑙. Therefore, the

current that crosses the rectangle can be calculated
using the path integral along the rectangle’s border.
Figure 4(b) shows the time evolution of the current as
it crosses the rectangle and the currents in the sticks
are also plotted for reference. The current begins to in-
crease at approximately 5µs, when the X-type topol-
ogy of the magnetic field lines was formed. At approx-
imately 24µs, the current reaches its maximum value
of about 20A before gradually being reduced to nearly
zero at around 55µs. At that stage, the rising phase
of the current in the two sticks is almost complete. It
is clearly shown that the current sheet appears simul-

taneously with formation of the X-type magnetic field
line topology in the same region.

The ratio of the common flux to the private flux
is generally used to describe magnetic reconnection
quantitatively.[23] We also calculate this type of ratio
during our experiment. The common flux is repre-
sented by integration of the magnetic flux along the
line 𝑧 = 0, from the 𝑋 point to the edge of the diag-
nostic region; the private flux is given by integration
of the magnetic flux along the line 𝑥 = 0 from the 𝑋
point to the edge of the diagnostic region and is shown
as dashed lines in Fig. 4(a). The common flux is the
magnetic flux after reconnection, while the private flux
is the corresponding flux before reconnection, and the
slope of the ratio of these two fluxes can partly rep-
resent the reconnection rate. Figure 4(c) depicts the
evolution of the common flux/private flux ratio. The
figure shows that from 5µs, when the current in the
region of interest (see Fig. 4(a)) begins to increase, the
ratio of the common flux to the private flux also in-
creases rapidly and then slows down again at approxi-
mately 12µs. The ratio then gradually increases until
it saturates at approximately 40µs. This means that
the reconnection is comparatively fast in the initial
stages before it slows down and remains steady until
40µs.
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Fig. 5. Time evolution of ion saturation currents in the
𝑥–𝑧 plane at (a) 𝑡 = 3µs, (b) 𝑡 = 9µs, (c) 𝑡 = 20µs and
(d) 𝑡 = 40µs. (e) The solid line represents the integration
of the ion saturation currents over the entire diagnostic
region and the black dashed line represents the current
in the sticks for reference, while red dashed lines plot the
times selected for 𝑎–𝑑.

Figures 5(a)–5(d) show the time evolution of the
ion saturation current profile, where the ion satura-
tion current is proportional to the plasma density and
its distribution can represent the plasma density con-
tour. Initially, the plasma density distribution has a
relatively uniform shape that is consistent with the
emission from the cathode. At approximately 40µs,
the plasma density becomes concentrated along one
pair of the separatrices. This type of distribution has
also been observed by Frank et al.[29] and may be
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caused by electric drift of ions in the guide-field re-
connection and deviation of the plasma emitted from
the cathode caused by the magnetic field. Figure 5(e)
shows the evolution of the total ion saturation cur-
rent, which is used to describe the total plasma density
within the diagnostic region shown in Fig. 4(a). We see
that the plasma density increases rapidly and reaches
a peak at approximately 9µs, when the X-type mag-
netic topology begins to form (5(a) and 5(b)). This
is caused by squeezing of the plasma by the magnetic
field that is generated by the current in the sticks.
The total plasma density suddenly decreases in the
time period between 9µs and 15µs (the shaded re-
gion in Fig. 4), which is possibly caused by ion out-
flow of the magnetic reconnection. In previous simi-
lar experiments,[21] it was reported that the ion out-
flow speed is around 0.1 of the Alfven speed because
of the effects of the device boundaries. In our case,
the Alfven speed in the reconnection region is about
35000 m/s (reconnection field 𝐵 ≈ 100G and plasma
density 𝑛 ≈ 1×1018/m3) which represents an ion out-
flow speed of approximately 3500m/s. This means
that the plasma may need a few µs to leave the region,
which is consistent with the observed time period of
the total plasma density reduction. After 20µs, the
X-type magnetic topology is formed and the plasma
leaves the region along one pair of separatrices, which
then leads to a reduction in the plasma density.

In conclusion, we have realized an EMHD mag-
netic reconnection experiment in our KLMP device.
In this experiment, magnetic reconnection was driven
using two parallel currents conducted by the two long
aluminum sticks that were set parallel to the device
chamber. With the appearance of the X-type mag-
netic field line topology at the center of the chamber,
we also observed a rapid increase in the current. This
means that the X-type magnetic field line topology is
formed in an intense current sheet. Simultaneously, we
also observed a rapid increase in the ratio of the com-
mon flux to the private flux and the concentration of
the plasma along one pair of separatrices as the total
plasma density decreases. All of the observed prop-
erties are consistent with those of magnetic reconnec-
tion, and we thus conclude that we observe magnetic
reconnection in our KLMP device.

In this work, although we have realized magnetic
reconnection in our KLMP device, we cannot measure
the reconnection electric field and the electron and ion
flows, which are highly important parameters in mag-
netic reconnection, because of the limited range of di-

agnostic tools that are currently available. We will
continue our reconnection experiment to investigate
these parameters in detail in our future work.
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