
�

  �     

�ŗþÎķƇ�Ƃƅ                                                                           

 

µ t Ŝ è ( ŏ ë�

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
�

   ą� � � �� ÁĔāâ�

 

  µtŜèŻĥ 

�

MbOĊzĊœĐ'¦"�ŰĈ¢ĭ©(īĲ�

� � ôŜè)ŰĈ¢ĭ©(ýŨ;zĊœĐĿø'¦"�zĊŕČ\Q_�+U=]Q

dR\G]U?d;w #ì6�'�8�%;ĥĤ%�#8� 
 

    ķƅĶ$)ŰĈ¢(Ì� �ŷĊä¿, ŰĈ¢ĭ©(Đ¸éĉ, ŰĈ¢ĭ©(Ěė'
!#ť.8�ŰĈ¢ĭ©)ŰĈ¢k(¶·ŁĻ³%ŰĈ¢�DK%;Ŀ+!�#�7, 
ŰĈ¢ŊĴ(BS_Ed;¶·ŁĻ³-��ď�Ð�;ø��#8��ŧ�9�¶·Ł

ŷ³)ŷĊTad3ŷĊ`^PF%�*98æMpcőĀ'Ì� �IbFaRabä¿
;ŰĈ¢'ģĝ��8�4�'ŰĈ¢ŊĴ(ĕěŪİ;ěŕ�8f$ŰĈ¢ĭ©)ü1#

ůŏ$�8�ŰĈ¢ĭ©(Đ¸')ŰĈ¢(�ŭcņÒ'�8zĊĒ(zĊ�ŰĈ¢k$

��8U=]Qd¡Š;�Ğ�8éĉ�òĞ$�8�/�zĊŕČ\Q_%U=]QdR

\G]U?d)ŒŁf(ĭ©�È;àĐ�8�%;�Ň'�8�Ù�)U=]Qd¡ŠĐ

ÍſRMƀ�6ŰĈ¢�ĭ©(ÏÍ;Ć18%%2', zĊŕČ\Q_%U=]QdR\
G]U?d;w #ŊĴŰĈ¢Abell 2256(ŷĊ`^PFé�(ŒŁf(ĭ©ýŨ;à¸
���     
                                                
� � ķƆĶ$)ŊĴŰĈ¢Abell 2256(ĖÔ, Ū�(œĐĸ'!#ť.8�Abell 2256)
ŰĈ¢;ýØ�8ŰĈ�Ƈ!(ŧÍŶ¢;Ø��%�6ŊĴk(ŰĈ¢$�8%Ń�6

9#8ſBerrington + 2002ƀ�VLAĸ(ŷĊœĐ�6ſClarke & Ensslin 2006ƀōæ(ŷ
ĊŰĈ%ŷĊTad, ŷĊ`^PF(´£�ĬŘ�9#8��96ŷĊŰĈ, ŷĊ`^
PF)zĊ;ä¿�#�7ŰĈ¢(U=]Qd¡ŠĐÍ;Đ¸, zĊŕČ\Q_(ŬĞ, 
U=]QdR\G]U?d(¹ŉ��Ň$�8� 

� � ķƇĶ$)ƁAbell 2256(œĐ×¨%QdNçľcŕ÷éĉ'!#ť.8�Ù�)
the Karl G. Jansky Very Large Array, C>`@Ůł(SÉſ2051-3947 MHzƀ%XÉſ8051-9947 
MHzƀ$Abell 2256(jzĊœĐ;ŉ ��ôœĐ)1É¥'!�128 MHz'��69�16
(spectral windows��7,  SÉ%XÉ%;�:�#32�Ċæ(®�ĊzĊœĐ$�8�/
�RM(ć¸ļÍ;Ž18�1'VLA C, D>`@Ůł(LÉ (1369-1703 MHz)(>dC@
VQdN(çľ2ŉ ��çľ')CASA%AIPS;w�Stokes I, Q, U(@[dJ;Ó��
Ó69�@[dJ�6RM, zĊĘĸ(ŖĹ;ŉ �� 



�

 

�ŗþÎķƇ�ƂƆ�

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
    �

   ķƈĶ$)JVLAQdN(çľcŕ÷(Ŀø'!#ť.8�çľcŕ÷(Ŀø,  JVLA 
2 GHz$)ŷĊ`^PF%Ɔ!(ŰĈ¢�zĊĒſSource A, Bƀ�6zĊ;ú����Ű
Ĉ¢�zĊĒ(zĊĘ�2-4 GHz, 8-10 GHz(ų$~'e¸(y;ŀÜ�#�('½�, 
ŷĊ`^PF(zĊĘ)3.5 GHz �6 3 GHz$)35%�620%'ug, 3 GHz�61.37 
GHz $)20%;ŀÜ�#��The Westerbork Synthesis Radio Telescope (WSRT)(œĐ�
60.35 GHz$(zĊĘ)1 %rg%Őı269#�7, ��� #1.37 GHz�60.35 GHz
$)20%�61%rg'/$ug�#8�%'&8��(5�&ŵăė(zĊĘ(¬�
)zĊŕČ(ŕ÷Ĥ&Î$�8Burn�$ŋ��%)$��, Ù�)ŷĊ`^PFé�'
ōæ(zĊŕČØ���8%pĐ���ŷĊ`^PF(ä¿ź¥�(RM(ÿēzÆ)7 
rad/m2$�7, Ū�(īĲĿøſClarke & Ensslin 2006ƀ%ĩħ�#&�/�ŷĊ`^
PF$œĐ�9�ŋŸţÍ�2 GHzrf(�Ċæ$Ū�(œĐ�6Ć169�KXFR
_Ýæalpha=0.8�6Þ�98y572Á��& #8�%;ģŐ��� 
�  
    ķƉĶ$), ƅƃŷĊ`^PF$Ő!� �ZPIbGU]PFK'!#, Ɔƃŷ
Ċ`^PF(ĭ©ÏÍ'!#, ƇƃŰĈ¢�ĳų(ĭ©ÏÍ'!#, ƈƃ°(ÄŰĈ
(ĭ©(RM-(»i'!#, ƉƃzĊŕČ\Q_�+U=]QdR\G]U?d;w
 �ŷĊ`^PFé�(ĭ©ýŨà¸'!#�9�9ť.#8� 
 
� ƅƃŷĊ`^PF(ŲšŲ�1014’’$�8('½�#1.5 GHz%3.0 GHz(ð¯ŔÍKH
d_)�9�9970’’%490’’$�7, ŷĊ`^PF(Ì� �Ø�;ú�$�#&�
ŇÖ��8� 
� ƆƃŷĊ`^PF(ţÍ�6ĭ©%¶·ŁĻ³(BS_Edĸ�Ů;s¸�#ĭ©ÏÍ

;Ć1���(ĿøŷĊ`^PF(ĭ©ÏÍ)1.8~5.0 microGİÍ$�8q�:� �� 
� ƇƃœĐ�9�ŰĈ¢�zĊĒ(RM(ÿēzÆ�6ŰĈ¢�ĳų(ĭ©ÏÍ;Ć1
���(ĿøŰĈ¢�ĳų(ĭ©ÏÍ)0.1~1.2 microGİÍ$�8�%�:� �� 
� ƈƃœĐ�9�RM(Ê¤y)ŰĈ¢�zĊĒ, ŷĊ`^PF%2'-30 rad/m2İÍ$�

 ��nċĭ©�� �©�RM(Ê¤y)0 rad/m2'&8�%, Abell 2256(�Ñ3Ír�
'�828(zĊĒ(RM�-30 rad/m2 +/- 16.7 rad/m2$�8�%�6, œĐ�9�RM')
-30 rad/m2(ŰĈĽ(»i��8%Ń�698� 
� ƉƃŷĊ`^PF$œĐ�9�ŵăė(zĊĘ(¬�)zĊŕČ(ŕ÷Ĥ&Î$�8

Burn�$ŋ��%�$�&�ŵăė(¬��ŒŁf(Ɔ!(zĊŕČØ�'5 #ş�
�%�sř;ĵ#, Ù�)ŒŁf'Ɔ!(zĊŕČØ���8©�(zĊĘ(¬�(
æyŖĹ;ŉ ���(ĿøƆ!(zĊŕČØ�(�, œĐń{(zĊŕČØ�(RM(
ÿēzÆ�±{(RM(ÿēzÆ572Á�©�œĐ�9�ŷĊ`^PF(ŵăė(
zĊĘ(¬�;�Ě$�8�%;ģŐ���Ɔ!(zĊŕČØ�)�9�9ŰĈ¢Ú)

ŰĈĽ%, ŷĊ`^PF(ĭ�W]LY$�8%pĐ�98� 
� /�U=]QdR\G]U?dſQU fittingƀ;ŉ �Ŀø, U=]QdKXFR_�ƅ
Ø�(\Q_572ƆØ��8\Q_(é�œĐ�9�ŷĊ`^PF(zĊÏÍ(�Ċ

æé�(¬�;5��Ě�8�%�$������ #zĊŕČ\Q_%U=]QdR\

G]U?d%�Ɔ!(Ģ&8éĉ�6ŒŁf'Ɔ!(zĊŕČØ���8�%�Į�

�9�� 
� ķƊĶ$), ôŜè(Ŀø, ŝŜ�ºĸ;/%1#8� 



�

   �ŗþÎķƈ�� � �  

 
 

Summary of Doctoral Dissertation 
 

Title of Doctoral Dissertation: Investigation of Magnetic Fields in the Cluster of Galaxies based on the 

Centimeter Wave Polarimetry 

    Name: Ozawa Takeaki 
       This thesis mainly aims at obtaining nature of cluster magnetic fields from the centimeter wave 

polarimetry. Depolarization and Faraday tomography are very useful technics, which enable us to measure 
the structure of the cluster magnetic fields along the line of sight. In order to reveal the magnetic field 
structure of merging cluster of galaxies, we carried out the multi-frequency polarization observations and 
analyses with the both technics. 

    In Chapter 1, we introduce the radio emission from a cluster of galaxies, measurement methods of 
the magnetic fields, and the magnetic fields in the cluster of galaxies. The cluster magnetic fields play an 
important role in the cluster of galaxies. They connect the cosmic-ray particles with the intracluster 
medium, and convert the gravitational energy of the merging events into the kinetic energy of the 
cosmic-ray particles. Accelerated cosmic-ray particles within the cluster magnetic fields carry out the 
synchrotron emission, called diffuse and extended radio emission, in the whole region of the cluster. 
Hence, the cluster magnetic fields are a key to understand the physical process of the cluster merger. 
 
    Chapter 2 is devoted to the details and previous observation results of Abell 2256. Abell 2256 is 
considered to be a merging cluster because member galaxies of Abell 2256 consist of three velocity 
components (Berrington+ 2002). Previous observations revealed the existence of the radio halo, radio 
relic, and individual radio sources. Since these sources are polarized, we can estimate the magnetic fields 
using the depolarization and Faraday tomography. 
 
    In Chapter 3, we describe the observations with the Karl G. Jansky Very Large Array (JVLA), and 
data reduction procedure for our JVLA data. The JVLA observations were done with multiple frequency 
polarimetry at S and X bands, which have 16 spectral windows in a band. In order to obtain the accurate 
values of the rotation measure, we also reduced the archival data obtained with the VLA. 
 
    Chapter 4 comprises our result of the data analysis for the JVLA observation. We detected the 
significant polarized radio emission from the radio relic and two polarized radio sources embedded in Abell 
2256. We found that the fractional polarization of the radio relic decreases from ~35% to ~20% as frequency 
decreases from ~3.5 GHz to ~3 GHz, and the fractional polarization is nearly constant between 3 GHz and 
1.37 GHz. Since the fractional polarization of the brightest part of the radio relic observed with WSRT at 
350 MHz is less than 1% (Brentjens 2008), the fractional polarization of the radio relic shows the step-like 
variations. 

    In Chapter 5, we mainly discuss the step-like variations of the fractional polarization in the radio relic. 
Using depolarization models, we found that there are two magneto-ionic plasma components along the line 
of sight toward the radio relic. This result can also be confirmed from Faraday tomography. We considered 
that components of two magneto-ionic plasmas correspond the magnetic fields associated with the radio relic 
and intra-cluster space.    


