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 INTRODUCTION 

 Although the magnetohydrodynamics (MHD) of a high-
energy-density plasma (HEDP) in an external magnetic 
field involve fundamental physics relevant to the fields of 
astronomy and solar physics and to inertial confinement 
fusion, few fundamental experiments in this research area 
have been performed, mainly due to the lack of a strong 
magnetic field source. 
Recent significant progress of generation in laboratory of 
a strong(> 100 T) magnetic field enables us to investigate 
experimentally unexplored MHD phenomena of a HEDP. 
 Especially in the magnetic field assisted fast ignition 
scheme, laser-driven implosion under several hundreds 
Tesla magnetic field is necessary to apply this guiding 
scheme to the actual fast ignition experiment. Nagatomo 
et al. found that the significant perturbation growth of an 
imploding shell under 100 T of the external magnetic field. 
[1] Well characterized basic experiments are required to 
validate such complex HEDP-MHD phenomena related to 
the magnetically assisted laser fusion research. 
Experiment 
 A well-characterized basic experiment in a simple 
geometry can be performed with a spatially uniform 
strong magnetic field generated by using a pair of laser-
driven capacitor coil targets. [2] For simplicity, the 
experiments were performed with a planar target in two 
magnetic field geometries: B‖ or B⊥ are the external 
magnetic fields with directions parallel or perpendicular 
to the plasma motion, respectively, as shown in Fig. 1.  
 The magnetic flux density was characterized using a 
three-axis B-dot probe and Faraday rotation with a 
terbium gallium garnet (TGG) crystal as the magneto-
optical material. The B-dot probe and TGG crystal were 
placed 70 mm and 4 mm away from the coil center, 
respectively. The magnetic flux densities were 
reconstructed using the RADIA code to evaluate the 
current inside the coil and the magnetic field structure 
around the target position. The average flux density of  B
‖  and B ⊥  at the midpoint between the coils were   
215+/-21 T and 350+/-19 T, respectively. 

 A 25-µm-thick polystyrene (C8H8) foil was irradiated by 
the laser beams midway between the two coils. Three 351-
nm beams of the GEKKO-XII laser were used to drive the 
foil with an intensity of 4.0 +/- 0.1 × 1013 W/cm2.  
 The flying velocity of the rear surface accelerated in the 
B‖ and B⊥ fields are 1.5 times faster than in the absence 
of an external magnetic field. We performed two-
dimensional radiation-hydrodynamic simulations 
(PINOCO-MHD) with and without an external magnetic 
field. The thermal conductivity becomes anisotropic in 
both the B‖ and B⊥ cases in the simulation. Because 
anisotropic thermal diffusion reduces the thermal energy 

loss from the ablated plasma to its cold peripheral region 

Fig.1 Experimental configurations for studying the 

hydrodynamics of HEDPs in an external magnetic field. 

(a) Experimental setup for the B‖ geometry, for which 

the magnetic field lines are parallel to the ablated plasma 

motion. (b) Experimental setup for the B⊥ geometry, for 

which the magnetic field lines are perpendicular to the 

ablated plasma motion. Magnetic field structures 

computed using the RADIA code for the (c) B‖ and (d) 

B⊥ geometries. 



that is transverse to the B‖ field lines, the temperature 
and pressure of the ablated plasma increase significantly, 
resulting in acceleration of the polystyrene foil by the 
larger pressure gradient. 
 The hydrodynamic perturbation growth is also affected 
by the external magnetic field as a result of the anisotropic 
thermal conductivity in the ablated plasma. A 50 µm 
wavelength sinusoidal perturbation with initial amplitude 
a0 = 1.6 or 3.2 µm was imposed on polystyrene planar foils, 
whose initial thickness l0 = 16 or 25-µm. Two capacitor-
coil targets were arranged in the B‖ geometry, and the 
corrugated polystyrene foil was located at the midpoint 
between the two coils. Face-on X-ray backlighting 
coupled with an X-ray streak camera was used to measure 
the temporal evolution of the areal density modulations. 
Laser-produced Zn plasmas were used as the X-ray 
backlighting sources, which emit relatively broad L-shell 
X rays centered at 1.5 keV. A 5.5 µm-thick Al (K 
absorption edge at 1.56 keV) and 25 µm-thick Be foils 
were put in the front of the X-ray streak camera for X-ray 
filtering. We did not perform this experiment using the B
⊥ geometry due to a shortage of facility time. 
 The magnetic field lines move together with the ablated 
plasma due to its large magnetic Reynolds number. The 
direction of the ablated plasma flow is normal to the target 
surface, and ablated plasma accumulates at the valley of 
the sinusoidal perturbation. Therefore, the external 
magnetic field is compressed (decompressed) at the valley 
(peak) of the sinusoidal perturbation. The thermal 
conductivity across the magnetic field lines is reduced at 
the valley compared to that at the peak. The temperature 
increases at the valley due to the anisotropic thermal 
conduction in the perturbed magnetic field structure. The 
pressure distribution becomes spatially non-uniform, and 
lead to enhancement of the perturbation growth. 
 The PINOCO-MHD code was used to reproduce the 
temporal evolution of the experimentally observed 
perturbation growth. In one of our previous studies [3], 
growth of a 50-µm perturbation was found to be 
significantly reduced compared to the simulation and 
theoretical predictions. We artificially reduced the laser 
intensity by ×0.25 to fit the computed growth to the 
experimental ones for the case of no external magnetic 
field, and the same reduction factor was used to compute 
the perturbation growth for the B‖ geometry. The spatial 
and temporal resolutions of the imaging system were 13 
µm and 150 ps, respectively. The modulation transfer 
function (MTF) of the imaging system was measured in 
separate shots, and the MTF was used to obtain the actual 
amplitude of the areal density modulations from the 
measured one. The PINOCO-MHD code reproduces the 
experimental trend with the reduced laser intensity, as 
shown in Fig. 2. 

SUMMARY 

 Recent progress of generation in laboratory of strong  
(> 100 T) magnetic field enables us to investigate 
experimentally unexplored magnetohydrodynamics 
phenomena of a high energy density plasma, which an 

external magnetic field of 200--300 T notably affects due 
to anisotropic thermal conduction, even when the 
magnetic field pressure is much lower than the plasma 
pressure. 
 The external magnetic field reduces the electron thermal 
conduction across the external magnetic field lines 
because the Larmor radius of the thermal electrons in the 
external magnetic field is much shorter than mean-free-
path of the thermal electrons. The velocity of a thin 
polystyrene foil driven by intense laser beams in the 
strong external magnetic field is faster than that in the 
absence of the external magnetic field.  
 Growth of sinusoidal corrugation imposed initially on 
the laser-driven polystyrene surface is enhanced by the 
external magnetic field because the plasma pressure 
distribution becomes non-uniform due to the external 
magnetic field structure modulated by the perturbed 
plasma flow ablated from the corrugated surface. 
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Fig.2 (a) A face-on X-ray backlight image and its line-out at 

the laser peak timing. The origin of the axis is defined as the 

laser peak timing. (b) Comparison of temporal evolution of 

areal density modulations measured in the experiment and 

calculated by the PINOCO-MHD code. 


