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    Title of Doctoral Dissertation: 

  An observational study of the galactic magnetic field structure based on magnetic field vector maps. 
 
    Name: KURAHARA Kohei 
 

      This thesis comprised discussions about the galactic magnetic field structure, using the magnetic 
field vector reconstruction method. We developed a new magnetic field vector information extraction 
method called "Magnetic Field Vector Reconstruction Method (MFVRM)", and applied it to some nearby 
galaxies. In particular, the number of modes of the magnetic field structure along galactic spiral arms was 
determined. 
  Chapter 1 is introduction. I explained the general knowledge about the galactic magnetic field, focusing on 
the "structure" of the magnetic field. Magnetic field strengths of the order of µG are observed in many spiral 
galaxies including the Milky Way, and it is known that reversals between spiral arms exist in the magnetic 
field of the Milky Way based on the observations of pulsars (Han 2006). However no such reversal has been 
confirmed in other galaxies. In this chapter, the purpose of this research based on this background was 
described, and finally the outline of this paper was described. 
Chapter 2 described the specific method. This description focuses on the explanation of the MFVRM that 
determines the geometric structure of galaxies and extracts magnetic field vector ambiguity by combining 
Rotation Measure (RM) and synchrotron polarization plane. In order to use MFVRM, it is necessary to 
derive the polarization angle from the observation data. Therefore, we also described the basic polarization 
analysis method. We also discuss not only the structure of magnetic field but also strength, a specific 
method for calculating the magnetic field strength based on an assumption of energy equipartition with 
cosmic ray electrons described in Beck & Krause (2005) is also described. 
  Chapter 3 gave the information of data to which MFVRM is applied. In this paper, 3 sources are the target 
galaxies, so basic information is summarized. The data used is continuum in the wavelength 4.8 GHz and 
8.4 GHz. For NGC6946 and NGC3627 of our study, the collaborators provided analyzed data that combined 
the data of the interferometer and the single dish. For the other objects, the data of interferometer from the 
NRAO Science Data Archive were used. 
  In Chapter 4, the magnetic field vector maps were shown as a result. The polarization maps, RM map 
without foreground, RM histogram, velocity field map, and magnetic field intensity radial distribution are 
also shown. 
  Chapter 5 is discussion session. We made a quantitative evaluation of the large-scale magnetic field 
structure of the 3 sources. First, we discussed whether there is a global magnetic field reversal in these 
galaxies. Next, we also estimated the number of modes of structure along galactic spiral arms by counting 
the reversals of the magnetic field vector in the azimuth direction at each radius. The estimated magnetic 
field modes vary depending on the radius even in the same galaxy, confirming a mixture of multiple 
magnetic field modes, which is in good agreement with previous studies not based on magnetic field vectors. 
Finally, we evaluated and summarized the possible errors in MFVRM. 
  Chapter 6 summarized this paper. In this paper, we investigated the magnetic field structure of galaxies 
based on the magnetic field vector, and found that there is a large-scale magnetic field reversal in 
extragalactic galaxies, and the number of modes is not monotonous. The results suggest that the magnetic 
field structure is related to morphological type of the galaxy. 


