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In this thesis. we investigate a new possibility of the generation mechanisms of magnetic fields and apply to
clusters of galaxies.

The electron velocity distribution function must be deviated from the equilibrium shape. the Maxwell-Boltzmann.
when there is a temperature gradient. since the system is in non-equilibrium due to a finite heat flux. It has been
known that magnetic waves are excited by the microscopic plasma instability seeded by this non-equilibrium
velocity distribution function. We successfully determined that the physical mechanism of the excitations is due to
the effective temperature anisotropy fed by the temperature gradient. which is identical to the Weibel instability The
Weibel instability is well known as one of the generation mechanism of magnetic fields. The physical reasons of the
differences between this case and the pure Weibel instability are also able to be explained.

We carried out the plasma particles simulations specialized to the Weibel-type instability driven by the
temperature gradient. The numerical simulations focus on the local plasma in the global temperature gradient. We
confirm that the saturation level of this instability is determined by the Alfren ctirrent. This instability is the weak
plasma instability which requires a large number of commutated particles to realize the deviation from the Maxwell-
Boltzmann. which gives so many time steps before the satlration levels. A Targe number of time steps lead the
breakdown of the energy conservation comparable to the excited energy. It limits us to investigate the evolutions
after the saturation by numerical simulations. The evolution after the saturation could be speculated from the results
performed for the Weibel instability with relatively strong temperature anisotropy. The excited electric beams merge
with each other and become larger beam. That is the inverse-cascade process. However. it has not yet been clear that
final structures and coherent lengths of magnetic fields generated by the Weibel-like instability.

The thermal plasmas in clusters of galaxies have various types of spatial temperature variations that are global
gradient, discontinuity and fluctuation. Based on the Weibel-type instability, magnetic fields are “in-situ” generated

in the plasma because the growth time scale is much faster than the dynamical time. We obtained the projected
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intensity and temperature maps of A665 from the Chandra X-ray data. We derived the map of magnetic fields
strength under the assumption that the projected map has the cylindrical structure. Those maps show that magnetic
fields are strongly correlated with the temperate variations.

We estimated the magnetic strengths in cold front of A3667. The generated magnetic fields are one order of
magnitude weaker than that required to suppress the KH instability by an order. The directions of generated fields
are parallel to the cold fronts. The generated fields would suppress the heat conductivity in cold fronts and keeps the
temperature jumps because they exist all over the cold front.

We plotted the radio halo powers (P, ) at a frequency 1.4GHZ versus the X-ray temperature (T) from literatures.
There appears to be a steep relation between Py, and T, though it has a large scatter. We examined the theoretical
predictions of two different models of the origin of the magnetic fields using the P, -T relation, under the
assumption that the relativistic electrons are created by cluster merger. We showed that the dynamo model is
difficult to reproduce the observed steep P.,-T relation but the Weibel-type instability fed by temperature gradient
can realize more successfully.

We summarize the predictions of Weibel-type instability driven by the temperature gradient .

+ Magnetic fields are "in-situ” generated and don’t deptnd on the redshift because the evolution timescale of
magnetic fields is short.

* Magnetic fields are  ‘ubiquitous in ziny space plasma with telnperature inhomo geneities.

- The generated magnetic fi9ld strengths are determined by the plasma environment

- The generated magnetic field are strongly correlated with the temperature structures.

- The predicted field strength of 0.1-1 x« G is consistent with values derived by the minimum energy arguments and
the combination between the radio and IC hard X-ray emissions, without the assumption.

- The magnetic fields along cold fronts in A3667 exist all over fronts.

» The heat conduction could be selfregulated, since magnetic fields are generated by the plasma itself.
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