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Magnetic View of the Galaxy
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Global B in Disk Galaxyy

(1) B ~ 3μG (1) B ~ 3μG 
(2) B2/8π ~ 1/2 ρvσ2 ~1 eV/cc( ) ρ σ

(10-12erg/cc) << 1/2 ρVrot
2

(3) If cosmic origin,
B ~ 10-10 G x (1 Mpc/10 kpc)2B ~ 10 10 G x (1 Mpc/10 kpc)2

(4) Topology :( ) p gy
BSS + ASS + GP Rev + Ring + Vert.



Global B in Disk GalaxyGlobal B in Disk Galaxy
Composite Topology :Composite Topology :

BSS + BSS + 
ASS + GP Reversal+ASS + GP Reversal+
Ri  + Ring + 
V ti l (GC)Vertical (GC)



銀河磁場の測定
Synchrotron Radio Emission

1. Energy Equipartition→ B total
2  Polarized degree  B ordered2. Polarized degree → B ordered
3. Faraday RM → B para3. Faraday RM B para
4. Faraday De-rotation → B perp
5. Star Light Pol. → B perp
6  Zeeman effect → B (low temp)6. Zeeman effect → B (low temp)

→ 3D B Vectors→ 3D B Vectors
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Star Light Polarizatio
D<1 kpc, > 1kpc



Synchrotron Radio Emission
Equipartition : B2/8π =U(ISM therm)=U(ISM turb)

B=a few micro G



RM distribution and  BSS field 
(Sofue, Fujimoto 1983)



Faraday Rotation
Rotation measureRotation measure



Milky Way : RM distribution and 
Bi t i  B fi ld (Bisymmetric B field (Sofue, Fujimoto 1983)



Milky Way : RM distribution and 
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Milky Way : RM distribution and 
Bi t i  B fi ld (Bisymmetric B field (Sofue, Fujimoto 1983)



Milky Way : RM distribution and 
Bi t i  B fi ld (Bisymmetric B field (Sofue, Fujimoto 1983)



Milky Way : RM+Pulsar distributiony y
Bisymmetric B field (Han 2000)



RM (Taylor 2009)RM (Taylor 2009)



RM Sky (Taylor 2009)



3D Gas (HI+CO) x B Model = RM sky3D Gas (HI+CO) x B Model = RM sky

ⓍⓍ

＝
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Variaton of 
RMRM





M81 B  RM(azimuth)M81 B, RM(azimuth)
(Krause et al. 1989)



 M51 Radio 6cm I+B-Vector (Fletcher et al. 2010)



 NGC4736 3.6cm B + Halpha 
 (Chyzy and Buta 2008)





IC 342 20cm  (Krause et al. 1989)



B in Halos of 
NGC 891NGC 891

(Radio Sukumar & Allen 1991, Krause 2007)



Vertical B (optical) in NGC 891 ( p )
(Scarrot, Draper 1996; Fendt 1996)



33 銀河中心銀河中心33．．銀河中心銀河中心
直直垂直磁場垂直磁場垂直磁場垂直磁場







Vertical B in Halo & GC NGC4631Vertical B in Halo & GC NGC4631
(Krause et al 2009)



The Galactic Center e Ga ac c Ce e
NRO 10GHz Sofue et al. 1980’



90cm laRosa et al. 2000)



The Galactic Center 
(T b i l 1980’ S f l 1980’)(Tsuboi et al. 1980’s Sofue et al. 1980’)



1.4 GHz VLA Y-Zadeh, Morris et al. 1980’





Morris et al. 2005



50 pc



44．．磁場の起源磁場の起源44．．磁場の起源磁場の起源
ダイナモダイナモ ororダイナモダイナモ oror

宇宙磁場起源宇宙磁場起源宇宙磁場起源宇宙磁場起源



B2 vs Gas B vs Gas 

S f + 1986 S  I t +2004Sofue+ 1986 Sano, Inutsua+2004





Bisymmetric B configuration by 
l l thlocal theory

(Sawa Fujimoto 1986)





Matsumoto 2005



Matsumoto+2005
Ri  B  Di kRing B + Disk



Nishikori, et al. 2006



Wang&Abel 2009
1nG Uniform B Galaxy formation



Origin of BSS etc.Origin of BSS etc.Origin of BSS etc.Origin of BSS etc.



Cosmological Origin of Cosmological Origin of BSSBSSg gg g



Cosmological Origin of Cosmological Origin of Ring BRing BCosmological Origin of Cosmological Origin of Ring BRing B



Ring BRing B by by ““RRA”RRA”Ring BRing B by by RRARRA
RingRing--Reconnection Amplification      Reconnection Amplification      

★★ ★★



Vertical B



ASS, GPR(reversal) B



Composite B Cosmological OriginComposite B Cosmological Origin



Composite BComposite B



Composite Spiral + GC VComposite Spiral + GC V--fieldfield
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MHDMHDシミュレーションシミュレーション

Sofue, Machida,  & Kudoh
2010 PASJ



MHD Simulation （Sofue, Machida, Kudoh 2010)





MHD Simulation （Sofue, Machida, Kudoh 2010)



MHD Simulation （Sofue, Machida, Kudoh 2010)



MHD Simulation



MHD Simulation



MHD Simulation



ASS creation from V



ASS +G-Plane Reversal



Gas                                      B2

Θ＝0 deg

ΘΘ＝＝45 deg45 deg

ΘΘ＝＝90 deg90 deg



Magnetic Energy Density



Magnetic Energy Density



Accretion Rate



Plasma BetaPlasma Beta



BB

MHD can simulate
BB

BB22



Cosmological origin model of Cosmological origin model of 
Galactic BGalactic B
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SKASKASKASKA



SKA（Square km Array）とは:SKA（Square km Array）とは:

開口面積 1 k 2開口面積＝1 km2

100 電波望遠鏡 100台~ 100m 電波望遠鏡 ｘ100台
電波望遠鏡 台~ 10m 電波望遠鏡 ｘ 1万台

D ~ 3000km~ 大陸VLBI陸

Θ ~ 21cm/3000 km ~ 0.02”



宇宙生命1. 宇宙生命

2. 宇宙暗黒時代

3. 宇宙磁場の進化場

4. 重力理論の検証4. 重力理論の検証

 5  銀河進化 5. 銀河進化



所要経費（全体額）
建設費2000億円（初期投資 2000億円 運営費等 年間200億円）建設費2000億円（初期投資：2000億円、運営費等：年間200億円）

欧・米・その他で3分の1ずつ拠出されることが想定される

建設計画
2007－12 望遠鏡のデザイン コスト見積もり2007 12 望遠鏡のデザイン、コスト見積もり

2012－13 サイト決定。10％SKAの建設費採択

2012－13 SKA組織の設立

2013－18 詳細なデザイン研究。SKA-mid, lowの10％建設。

2013－22 SKA-highの技術開発

初期運用2017－ 初期運用

100％SKA建設費の採択。

2017－22 SKA-low  midの完成2017 22 SKA-low, midの完成

2023－ SKA-low, midの本格運用。

SKAに


