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INTRODUCTION

Magnetic reconnection in collisionless plasma is con-
sidered to play a key role in global change of magnetic
field topology and rapid energy conversion from magnetic
fields to plasmas[1]. The reconnection physics could be
regarded as a combination of microscopic plasma dissipa-
tion at the reconnection region and macroscopic advec-
tion of surrounding magnetized plasmas. Previous nu-
merical studies (kinetic or fluid simulation) and observa-
tions (magnetosphere or solar corona) have approached
these two mechanisms rather separately. Laser experi-
ment with various optical measurements provides a new
approach to explore such multi-hierarchy plasma physics.
Recently, a laser experiment for magnetic reconnection
have suggested that the reconnection rate can be very
large ∼100% of the Alfvénic rate with high compression
by supersonic inflows[2].

In this fiscal year, we have performed experimental
demonstration of magnetic reconnection with Gekko-XII
laser. In the present experiment, we investigate the
reconnection process dynamically coupled with the re-
laxation of global magnetic field configurations. Global
plasma structure is measured and combined with local
measurements of plasma conditions at the reconnection
and outflow regions. A quasi-stable anti-parallel mag-
netic field of ∼0.1 T was generated by pulse-powered cir-
cuit. Two-dimensional self-emission measurement shows
laser-ablation plasma structures as inflows for typical
reconnection setting, and Thomson scattering measure-
ment shows the plasma temperature, density and flow
velocity in quasi-parallel to the outflow region. We per-
formed laser shots with anti-parallel and parallel mag-
netic field structures and without the magnetic field. We
observed velocity increase in the interaction region with
anti-parallel field structures. However, further analysis
will be required for the dependence of the field configu-
ration and strength.

FIG. 1. (a) Experimental configuration. Two alminium tar-
gets are placed to produce inflows from top and bottom. The
electromagnets are controlled separately. These coils make
parallel and anti-parallel magnetic field between two targets.
(b) The Top view of the vector relation in the experiment.
The coil axis is 30 degrees tilted from the laser axis. The
targets are 30 degrees tilted from the horizontal plane. The
probe laser passes through the mid-point between two laser
spots.

EXPERIMENT

The experiment was performed with Gekko-XII laser
beams at Institute of Laser Engineering (ILE), Osaka
University. An external magnetic field was generated by
using two coils as shown in Fig. 1(a). The magnetic field
was measured before the experiment and we successfully
generated anti-parallel magnetic field with the maximum
strength of 1 T in the time-duration of a few microsec-
onds. In this experiment, we had some troubles in the
switching system of the capacitor bank, and we operated
it with 200–400 V charging voltage to make 0.1–0.2 T in
front of each target. A double-foil target consisting of
two Al foils separated by 10 mm was placed between two
coils. Two Gekko laser beams (wavelength of 1053 nm,
pulse duration of 1.3 ns, energy of ∼600 J/beam) irradi-
ate both targets to generate counter flows as inflows for
reconnection region. The probe laser passed through the
center of two foils and Thomson scattered light was de-
tected by a high-resolution spectrometer[3], resulting in
a measurement of a density fluctuation along k = ks − ki

vector as illustrated in Figs. 1(b).
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FIG. 2. Two dimensional self-emission images at t = 15, 30,
and 45 ns.

FIG. 3. Thomson scattering spectra at (a) t = 30 ns, (b) 40
ns, and (c) 50 ns.

RESULTS AND SUMMARY

Figure 2 shows laser-produced counter flows at t = 15
ns, 30 ns, and 45 ns. Bright spots are observed at the
center at t = 45 ns, suggesting the stagnation of plasma
flows.

Figures 3(a)–3(c) show the Thomson scattering spectra
at t = 30 ns, 40 ns, and 50 ns, respectively, with large
stray light at the wavelength of 532 nm. A probe laser
passes from bottom to top, and the horizontal axis is a
wavelength. The Thomson scatteirng spectrum is not
clear early in time [Fig. 3(a)] because the plasma density
is too low and the Thomson scattering is not in collective
regime (scattering parameter α ≤ 1). At t = 40 ns, the
ion feature is clearly seen at y = -6–2 mm. This ion
feature corresponds to the plasma flow with the velocity
in k-direction. The ion-feature obtained at t = 40 ns
is always blue-shifted, meaning the plasma flows in k-
direction. On the other hand, early (t = 30 ns) and
later (t = 50 ns) in time, as shown in Figs. 3(a) and
3(c), respectively, the flow velocity is more or less zero at
y = 0 mm, and is positive and negative velocity at y < 0
mm and y > 0 mm, respectively.

This tendency is easily seen in Fig. 4. This slop as a
function of position comes from the velocity difference at
different position (faster flow should be obtained far from
the mid-point), and we can estimate the inflow velocity
from this slop as vin ∼ 130 km/s at t = 30 ns and vin ∼ 67
km/s at t = 50 ns. Considering the outflow velocity
obtained at t = 40 ns as vout ∼ 35 km/s, the reconnection

rate can be fast: R = vin/vout <1.7.
Further investigation on the inflow velocity and Alfvén

FIG. 4. Plasma flow velocity obtained from the Thomson
scattering spectra as as function of positions along the probe
laser in five different timings: t = 30 ns, 40 ns, 50 ns, and 80
ns.

velocity in this experiment are required. We are now de-
veloping the simulation model with a radiative magneto-
hydrodynamic code (FLASH). From preliminary results
in the simulation, the magnetic field can be increased
more than 1 T at the expanding edge of the alminium
plasma due to the field pile-up, meaning the outflow ve-
locity of 35 km/s can be explained by the Alfvén velocity.
Also, most of the ablation plasma is not magnetized and
only the thin layer of the expansion edge is magnetized,
resulting in the magnetic reconnection and outflow gen-
eration in a shot time-duraiton.

In a future experiment, we will investigate the out-
flow velocity and reconation rate depending on the field
strength. To understand the reconnection depending on
the field strength, an inflow plasma should be magne-
tized. We will investigate magnetic reconnection with
magnetized inflow plasmas.
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