
�

·ƊĮüšƿÌƻƽ                                                                           

 

æ ¢ Ƒ Ę [ ƃ Ĝ�

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
�

 

   Ķ� � � Ï�

�

ķƠ� @Ua�

 
 

  æ¢ƑĘƴŐ 

�

�

�

�%)#'!� %-$�+*'�,%(!.,2�/-%)#���-*".1�,!���-! �+*'�,%3�.%*)�

-+!�.,*(!.!,�

�  

� ĦƑĘ\ƺŚæŐį��ĞþĊ[ĴŴW?hµäƮum[ŘÜk���µä[|���µżDfƉ

ĿMh�kƚĊMhQbZƥŎKQ}��opmªļµ¬Ɖ���*'�,%���XªļƒıčĻk`X

bQc[W?h:�

�

���šƽŠW\9ĞþĊƳÙZCHhŘÜƉĿ[ƟƃĆZT@V`Xb9ċ;[ŖŞĈŰkƗ^

Q:ĞþĊZC@VŘÜ\Ɵ½ÇŮZíďMhę½XKV«GXűBfiVCg9ĞþĊEè

�[~n�zt��dŅň��{zkňƈMh�WÚĦŏYŅňơW?hXJiV@h:KD

K9êƫ[ĞþĊW[ŘÜ[ÿ¼\ƇĿŏZž HfiVCfN9P[Ƌ¥Z\9ĞþĊ[Ĵ

ŴXYhµäƮum[¶ĥŘÜ[ƉĿEƟƃW?h:�!!(�)�µż[ƉĿZegŘÜýû[Ɔŭ

ĊµEƉĿWFh:KQESVƁė[µäƮum[ŘÜkƉĿMhIXWūƉŏZŘÜ[ýû

kƄŝchIXEWFh:���µä\¶ĥ[µäƮumWå×ơEàG9ĵƒŏ|���µżø

EáF@Qb9ŘÜ[ÿ¼[Ƌ¥ZĤŋY����XűBfiVFQ:KDK9�!0!)ŢZeS

V���µä[ƉĿ\ƌafiQE9ƉĿĎźŏÕƭJDfĤŃZŘÜ\ī´JiVCfN9��ğ

Ʀ[ƇĿkŋ@Vc9ŘÜ[ƆŭĚÐĊµ[�Ʃ©[aKDƉĿJiV@Y@:ňƑŏZ�ć

JiV@hŘÜýû����4�W\���µäƔŭZ�	��3[|���µżKQė(�[±ªļ��.*&!-�

���z�r��EŊLhX�ćJiV@h:eSVċ;\9���µäƔŭ[�	��3[|���µż

k
5[ŦûWī´MhQbZ9�!!(�)�¾ĩk¾ŇŏZī´ËŵYªļƉĿŽůkĭŤKQ:�

�

� šƾŠW\ªļ[éŰk`XbQ:�!!(�)¾ĩ\ªļƇĿZeSVƉĿMh:ªļX\ƯŘ

ļ[đ¿ưEªSV@hIXW?h:ªļ\�.*&!-�+�,�(!.!,������������kŋ@VŻM:Ư

Řļ[ĚśükřK9É§MhƯŘļX�.*&!-�+�,�(!.!,[Ƨ¦křKQ:�

�

� �

� �



�

·ƊĮüšƿÌƻƾ�
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
    �

� šƿŠW\ƺªļƇĿZŽůEÆ_MŧūƎõk`Xb9Stokes V[¾ŇŏYƉĿčĻkř

KQ:ªļƉĿW\ő�MhƾªļkņşZ³ňK9P[ŶöŒƧXŒ�ŒƧkÈĂMh:e

SV 9ƿT[ŧūƎõ9( [1]2ªļƦ[t���ƤõŢZehŒ�ŒƧZCHh¢Œ[ŧūƎ

õ [2]2ªļƦW[�õªļ [3]ƾªļZCHhņş[¸Ăß¿) EŊLh: É§Mhő�ƾª

ļZ\9±ªļXőŭªļ[ƾŜƵE?h:Stokes V[ƉĿW\9±ªļÉ§[ÜÍ(3)EáF

YŧūƎõkcQfK9P[ƒı\ÕƭW?hQb9őŭªļÉ§EƜKV@h: 

 

� šǀŠW\ƺªļµ¬ƉPolariS[ƥŎXĆŵƋ¥[Ūĩk`XbQ:PolariS\�y~nw 

K5VSSP/32, Z GPU (graphics processing unit)kũaƖlRĹŋPCWĭŤK9��s��W

§Ì¹ăMh:K5VSSP/32WơäÀKQ§Ì\GPUWFFTłţXŒƧŝ[ƉţEŹji9Ŷö

ŒƧXŒ�ŒƧkţ´Mh:Ĺŋ[ŽůWĭŤKV@hQb9ç¥WĭŤMhIXEWFQ:

P[Qb9µ¬Ɖ[�Į[ßĠd9�����zkëĝZŹAIXEWFh:¹ă��s��

\GitHubW¯ƥKV@h:Òļėµƈŵ\9vnq�zƃĸW?h<64Hz¡�[ƶÒļėµ

ƈŵ=kƚĊMhQb961 Hz XKQ:µ¬Ɖ[ÚĦĆŵkƉĿKV�ĮXƃĸkŀQMIX

kŗƍKQ: 

 

� šǁŠW\ċ;EĭŤKQªļƉĿŽůXP[ƒı�ƉĿŪĩZT@V`XbQ:PolariSk

Ö°ĢáŨ[ÊĀkcTƠƕñ45mƣZũaƖlWƶĉû (É§İƬƱľû~50K) �őŭªļ

É§İZ45XēŬK9ªļƉĿŽůkĭŤKQ:ªļƉĿkŹAQbZ¡�[ƿT[ƀıkŹS

Q:[A]SiO��w�[ƇĿkŋ@VStokes parameter X´½[íą HkCIYSQ: [B]

Œ�ŒƧ[¢Œ[ŧūƎõkwire gridkŋ@Q�ôőŭªļŁkŋ@VƒıKQ:[C]�õªļ

[ƄŝcgkŹSQ:JfZ9ƥŎKQxz��kŋ@VêƫZµäƮum[CCSµä[|�

��µż[ƇĿkŹSQ:P[Ūĩ9ċ;[ĭŤKQŽů�čĻkŋ@V54ğƦ[ƇĿğƦW9

ċ;EŐįXMh64Hz[|���x��kǁ5Wī´WFhIXEµDSQ: 

 

� šǂŠW\PolariSkŋ@VĭŤMhªļƉĿŽů[ĤŋĆXêƫ[ªļƉĿŦûZT@V

`Xbh:I[ƑĘ[âĘæZCHhn��r�\9ƶĆŵ[ªļµ¬kç¥WDTŕ@ƇĿ

ğƦWƚĊMhIXW?h: 

 



�

·ƊĮüšǀÌ� � �  

Summary of Doctoral Dissertation 
 Title of Doctoral Dissertation:�  

Single-dish polarimetry using a software-based polarization spectrometer 
Name: Izumi Mizuno 
 
  This thesis mainly addresses the development of software Polarization Spectrometer, PolariS and the optimization of the 
polarization calibration procedure to detect the Zeeman split of CCS molecular lines for the purpose of magnetic field measurement 
in pre star-forming cores.  
 [Chapter 1] We review the basic of star formation, the role of the magnetic fields in star formation, and the method to measure the 
magnetic fields. The magnetic field is though to be a key control parameter that can mediate gravitational collapse of these cores. 
Otherwise to date the role of magnetic field haven't been examined yet. To examine the role, magnetic field measurement in 
star-forming cores in early stage is important. Magnetic field strength along line of sigh can be estimate by Zeeman shift 
measurement. Therefore a total magnetic field strength can be obtained by statistically studies of a large population of Zeeman shift 
measurement. The CCS radical is one of the best molecules for measurements of the magnetic-field strength because it is abundant 
in dark cloud cores in early stage and presents the Zeeman split with a relatively large magnitude of 0.64 Hz/µG. In earlier study, 
only upper limit of magnetic field strength along line of sight in a core had been measured by a Zeeman shit estimation in CCS 
molecule with 70 hr observation time because of technical difficulty. With the gravity-equivalent magnetic field strength of ~100 µG, 
we expect the Zeeman shift of ~ 64Hz between two orthogonal circular polarization. Hence our science goal is to detect the 64 Hz 
Zeeman split of the CCS molecular line with 5 σ level.  
 [Chapter 2] We revisit convention of polarization description. Polarization is known as a property of oscillating electric field. The 
Stokes parameters, (I, Q, U, V), are conventionally indicate Polarization. We show the relation between electric field and Stokes 
parameter. 
 [Chapter 3] We summarize the systematic effect in polarization measurement and show the method for accurate circular 
polarization (Stokes V) measurement. In polarization observation, (1) radio waves from sky are separated two orthogonal 
polarizations, (2)each polarization is processed individually and (3) cross- and auto- correlation spectra are estimated in 
spectrometer. Instrumental polarization is due to the 3 components (instrumental phase, cross-talk and gain variations) in these 
procedures. There are two kinds of separation of polarizations, orthogonal circular and linear polarizations. In case of circular 
reception, Stokes V has a large error owing to gain variations that is difficult to calibrate. Hence linear polarization reception is 
better for accurate Stokes V measurement. 
 [Chapter 4] We show design, development, and commissioning of the polarization spectrometer (PolariS) for the science goal. Full 
Stokes spectra can be measured using a polarization spectrometer which calculates auto- and cross-correlation spectra of 2 
orthogonal polarizations. PolariS consists of the VLBI digitizer, K5/VSSP32 for data acquisition, and a general-purpose personal 
computer (PC) equipped with a graphic procession unit (GPU) that proceeds FFT (fast-Fourier transform) and correlation. The 
software implementation yields some advantages. It is flexible and scalable when modification of specifications are required. The 
source codes in programming language are readable, verifiable, and can be shared or updated via a public repository. The processors 
are off-the-shelf products, which allows us to build copies or to prepare spares at a reasonable cost. PolariS achieves 61 Hz spectral 
resolution to meet the science requirement of the frequency resolution (< 61 Hz). Through engineering tests, we have verified basic 
performances of PolariS. 
[Chapter 5] We report the results of test polarization observations. We establish polarimetry device equipped with PolariS and dual 
linear receiver Z45 at Nobeyama 45m telescope. To estimate Stokes V we have 3 calibrations:(A)We had labeling obtained 
polarizations and polarizations defined in Stokes parameter equation using SiO maser observations. (B)We calibrated systematic 
phase using artificial linear polarized continuum source. (C) We estimated cross-talk effect to Stokes V measurement. In addition, 
we measured a Zeeman shit of CCS molecule toward a pre star-forming core. And we can estimate the observation time, 54 hours to 
achieve our science goal. 
 [Chapter 6] We summarize polarimetry using PolariS about utilities and accuracy. The impact of this thesis offers high-precision 
polarization spectroscopy with a reasonable cost and efficient telescope time. 


