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We constructed a faraday rotation diagnostic system to measure the magnetic field in laser–
produced plasmas. This system is widely applicable to laser-astrophysics experiment such as astro-
physical jets, collisionelss shocks, hydrodynamic turbulence, self-generated magnetic fields, magnetic
field amplification. A Nd:YAG laser with the wavelength of 1064 nm was used as a probe laser,
and the light intensity measured at ±45 degrees relative to the incident light polarization angle are
observed. The calibration of the rotation angle measurement and the example of the obtained data
are presented.

I. INTRODUCTION

We have performed experimental study with large-
scale laser systems to understand astrophysical phenom-
ena such as cosmic-ray acceleration, astrophysical jet
formation and its collimation, magnetic reconnection.
To date, we have studied experimentally on collision-
less shocks[1–6], hydrodynamic turbulence (Richtmyer-
Meshkov, Kelvn-Helmholtz instabilities), Magnetic field
generation and amplification, and magnetic reconnection.
Also, recent results show that self-generated magnetic
fields play important roles: a magnetic field generation by
Bieman battery effects accompanied with a shock wave[7]
and a magnetic field amplification by Richtmyer-Meshkov
instability[8]. Our previous results have suggested that a
magnetic field affects the shock formation and propaga-
tion in relatively strong field (∼10 T, β < 50)[9], however,
it is not clear in a weak field (∼0.1 T).
In these experiments, the measurement of a local mag-

netic field is indispensable, and therefore, we focus on
the development of the diagnostic system in relatively
low density (ne = 1017−19 cm−3) plasmas, which is nor-
mally used in laboratory astrophysics with high-power
laser systems.

II. EXPERIMENT

High-speed plasma flows were generated with Gekko-
XII (GXII) laser system, and shocks and jets structures
formed in these plasmas were observed with optical di-
agnostics such as interferometry and shadowgraphy. In
addition, in this research, we developed the diagnostic
system of Faraday rotation to measure the magnetic field
in the plasmas.
Figure 1 shows the experimental setup of the plasma

and magnetic field measurements. The HIPER laser

FIG. 1. Experimental setup. Interferometry (wavelength of
532 nm) and Faraday rotation measurement (wavelength of
1064 nm) are shown.

beams irradiated the plane target (CH or Al) to generate
a high-speed plasma flows. Shock waves can be formed
in counter-propagating plasma flows which can be gener-
ated with double-plane targets as shown in Refs. [2, 3].
The magnetic field was diagnosed by measuring a Fara-
day rotation angle as a light intensity difference with a
polarizer and a streak camera as shown in Fig. 1.

III. RESULTS AND SUMMARY

The rotation angle with a Wollaston prism (Polarizer)
was measured using a λ/2 waveplate to simulate the Fara-
day rotation effects before the high-power laser experi-
ments. The polarization angle of the Wollaston was 45
degrees relative to the incident laser polarization. Two
images (±45 degrees) were recorded with a streak cam-
era simultaneously. Therefore, when the incident polar-
ization angle changes, the intensity of one of the images
decreases while the other increases. Figure 2 shows the
intensity of two images as a function of incident laser
polarization angle. The black and red markers show the
intensities measuring ±45 degrees relative to the incident
polarization angle. The black and red curves show the
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FIG. 2. Calibration results with a λ/2 waveplate and a Wol-
laston prism.
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FIG. 3. The probe laser intensities in the same region mea-
sured at ±45 degrees relative to the incident laser polarization
angle.

fitting results.
Figure 3 shows the example of the obtained intensity

at different polarization angles. The black dots shows
larger intensity than red squares because of small dif-
ference from ±45 degrees. It is difficult to find the
small Faraday rotation angle, the normalized ratio R =
(I1 − I2)/(I1 + I2) is estimated, where I1 and I2 are the

probe laser intensities measured at −45 and +45 degrees,
respectively, and shown in Fig. 4. In the time range of
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FIG. 4. Intensity ratio obtained from the data shown in Fig.
3.

30 < t < 37 ns, the radio keeps constant and it gradu-
ally decreases at t > 37 ns. It indicates that the rotation
angle might change in a small angle. However, as shown
in Fig. 2, the intensity obtained from the detector shows
relatively large fluctuations and it makes difficult to find
the small angle rotation from a single shot data. In this
experiment, we measured the Faraday rotation effect at
t > 30 ns because the delay time relative to the drive
laser is larger than 30 ns minimum. Therefore, the mag-
netic field should be smaller than that formed at laser
timing due to the Bieman effects. We need to measure
the Faraday rotation effect with larger magnetic field: the
measurement at the laser timing should be performed to
verify the diagnostic system for further study.
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