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1.1. Observations:Observations:1.1. Observations:Observations:
S, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxies



Milk WaMilk WaMilky WayMilky Way : RM : RM 
distribution and distribution and 

Bisymmetric B field Bisymmetric B field 
((Sofue, Fujimoto 1983)Sofue, Fujimoto 1983)



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



Milky Way : RM+Pulsar distributionMilky Way : RM+Pulsar distribution
Bisymmetric B field (Bisymmetric B field (Han 2000)Han 2000)



S, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxies

M51 BSS                      M51 BSS                      



S, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxiesp gp g

M81 BSS+VM31 Ring+VM81 BSS+VM31 Ring+V



S, A, R, V fields in spiral galaxiesS, A, R, V fields in spiral galaxiesp gp g

M31 Ring+VM31 Ring+V



M51, M81, M3M51, M81, M3１１, , 
//Spiral/Ring Spiral/Ring 

⊥⊥ GC V fieldGC V fieldGC V fieldGC V field



Galaxies: Polarization Angle, RM Galaxies: Polarization Angle, RM 
VariationsVariations



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







NGC 253, NGC 2903NGC 253, NGC 2903
Central Helical JetsCentral Helical Jets



Vertical B, NGC 253Vertical B, NGC 253
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NGC253 NGC253 (Helical dust jets, HST )(Helical dust jets, HST )



NGC253NGC253
Jets LoopsJets LoopsJets, LoopsJets, Loops
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Galactic CenterGalactic Center

GC (Radio Arc)                   GC (Radio Arc)                   



Galactic Center Vertical B: Helical B, Jets, LoopsGalactic Center Vertical B: Helical B, Jets, LoopsG c c Ce e Ve c : e c , Je s, oopsG c c Ce e Ve c : e c , Je s, oops



⊥⊥Galactic Center Vertical BGalactic Center Vertical B
NRO 45m, Bonn 100mNRO 45m, Bonn 100m TsuboiTsuboi et alet al, 1986,, 1986, Sofue,etSofue,et al. 1987al. 1987NRO 45m, Bonn 100mNRO 45m, Bonn 100m TsuboiTsuboi et alet al,  1986, ,  1986, Sofue,etSofue,et al. 1987al. 1987



1.1. Vertical B in GC  Vertical B in GC  vsvs
S i l/ i / i ld i h Di kS i l/ i / i ld i h Di kSpiral/Ring/Loop Fields in the DisksSpiral/Ring/Loop Fields in the Disks

NGC 253NGC 253M51 M81 M33M51 M81 M33
NGC 2903NGC 2903, , 

Helical jetsHelical jets

NGC 253NGC 253
Helical B, Loops,Helical B, Loops, Jets, Jets, SpiculesSpicules

M51, M81, M33, M51, M81, M33, 
Spiral/Ring + GC V fieldSpiral/Ring + GC V field



Galactic Shells, Loops, Jets, HelixGalactic Shells, Loops, Jets, Helixp Jp J
1970’s~ HI, Dust, cold gas1970’s~ HI, Dust, cold gas

HI shells, wormsHI shells, worms
((HeilesHeiles 2004)2004)

G40 1G40 1--kpc HI jetskpc HI jets
((SofueSofue 2004)2004)((HeilesHeiles 2004)2004) ((SofueSofue 2004)2004)



2 PRIMO2 PRIMO2. PRIMO2. PRIMO
Primordial Magnetic Primordial Magnetic gg

Origin ModelOrigin ModelOrigin ModelOrigin Model



The GalaxyThe Galaxy



BSS &  R fieldsBSS &  R fields



V & ASS fieldsV & ASS fields
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3. PRIMO3. PRIMO
MHD SimulationMHD SimulationMHD SimulationMHD Simulation



Matsumoto 2005
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Bisymmetric B configuration by local theoryBisymmetric B configuration by local theoryy g y yy g y y
(Sawa Fujimoto 1986)(Sawa Fujimoto 1986)





S+V SimulationS+V SimulationS V S ulat onS V S ulat on
S+A+R+VS+A+R+V
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BB22/8π, /8π, i i = = 90 deg, 10 kpc disk90 deg, 10 kpc disk
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G D n it M n ti Pr rG D n it M n ti Pr rGas Density  vs  Magnetic PressureGas Density  vs  Magnetic Pressure



Inclination Inclination ii
BBφφ∽∽ BBz0z0 cos cos ii

iiii



Higher accretion, Stronger braking, Higher accretion, Stronger braking, 
by More Vertical Fieldby More Vertical Field



Stronger Vertical B => Stronger  BφStronger Vertical B => Stronger  Bφg g φg g φ



Plasma β, BφPlasma β, Bφβ, φβ, φ



ThTh D MHDD MHDThreeThree--D MHD D MHD 
SimulationSimulation

MoviesMovies



5. FUTURE5. FUTURE

(1)(1) PRIMO: analysis of  SimulationPRIMO: analysis of  Simulation

(2)(2) Comparison with ObservationsComparison with Observations

(3)(3) GMHD = SelfGMHD = Self Gravitating MHDGravitating MHD(3)(3) GMHD = SelfGMHD = Self--Gravitating MHDGravitating MHD
Galaxy FormationGalaxy Formationyy
Massive BHMassive BH

(4) SKA M i(4) SKA M i(4) SKA Magnetism(4) SKA Magnetism



Toward SKA MagnetismToward SKA Magnetism：：
GMHD Project from JapanGMHD Project from JapanGMHD Project from JapanGMHD Project from Japan

MHD + MHD + GravGrav
MHDMHDMHDMHD

+ Poisson eq.+ Poisson eq.
+ St f ti+ St f ti+ Star formation+ Star formation

GravGrav. + MHD. + MHD
GalaxyGalaxy formationformationGalaxy Galaxy formationformation
(=SF Accretion disk in DM)(=SF Accretion disk in DM)
MHDMHD+MHD+MHD



SKASKAで狙うサイエンスで狙うサイエンス狙う狙う

Dark AgeDark Age

((ii)) 宇宙最初の星の誕生宇宙最初の星の誕生 (ii)(ii)その宇宙進化に与える影響その宇宙進化に与える影響((ii) ) 宇宙最初の星の誕生、宇宙最初の星の誕生、(ii)(ii)その宇宙進化に与える影響その宇宙進化に与える影響

銀河進化と宇宙論銀河進化と宇宙論

((ii))銀河サーベイ、銀河サーベイ、(ii)dark energy(ii)dark energyととdark matterdark matter、、(iii) (iii) ガス分布宇宙進化ガス分布宇宙進化

宇宙磁場：宇宙磁場：宙宙

((ii) ) 宇宙磁場の起源、宇宙磁場の起源、(ii) (ii) 構造形成における磁場の役割構造形成における磁場の役割

重力理論の検証重力理論の検証重力理論の検証重力理論の検証

((ii) ) 重力波の検出、重力波の検出、(ii) (ii) 強重力場での相対論検証強重力場での相対論検証

宇宙生命宇宙生命

((ii) ) 地球型惑星の探査、地球型惑星の探査、(ii) (ii) 生命に繫がる高有機分子の探査、生命に繫がる高有機分子の探査、 (iii) SETI,(iii) SETI,(( )) ( )( ) ( )( )

○○ 銀河文明探査銀河文明探査


