BRIz &
T DR

INIT 2
*H i IFEBA
2010.9.27-28
Dynamo Conference @ Nagoya Univ




Magnetic View of the Galaxy

Poloidal B

Disk: Spiral (BSS)




Global B in Disk Galaxy

(1) B ~ 3uG
(2) B%/8m ~ 1/2 pv,2 ~1 eV/cc
(10-'2ergi/cc) << 1/2 pV, .2

(3) If cosmic origin,

B~101G x (1 Mpc/10 kpc)?
(4) Topology :
BSS + ASS + GP Rev + Ring + Vert.




Global B in Disk Galaxy
Composite Topology :
BSS +

ASS + GP Reversal+
Ring +
Vertical (GC)
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Synchrotron Radio Emission
1. Energy Equipartition— B total
2. Polarized degree — B ordered

3. Faraday RM — B para

4. Faraday De-rotation — B perp

5. Star Light Pol. —» B perp
6. Zeeman effect — B (low temp)

— 3D B Vectors
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Galactic Latitude (Deg)

Star Light Polarizatio
D<1 kpc, > 1kpc

Starlight Polarization (5500 Stars)
Nearby Stars (d < 1 Kpc)

Distant Stars (d > 1 Kpc) = 2 % polarization

(Fosalba et al. 2001)
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Synchrotron Radio Emission
Equipartition : B%/8m =U(ISM therm)=U(ISM turb)
B=a few micro G
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(sofue, Fujimoto 1983)
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Faraday Rotation
Rotation measure ¢ = RMA’ [rad],

RM = 0.81 fnﬁﬂf,
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RM Sky (Taylor 2009)
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3D Gas (HI+CO) x B Model = RM sky







Variaton of §




M31 6cm Total Intensity + Magnetic Field (Effelsberg)

M31 2700MHz
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(Krause et al. 1989)
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Copyright: MPIR Bonn (M. Krause & 5.5chootfs)
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NGC4736 3.6cm B + Halpha

(Chyzy and Buta 2008)
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. NGC69L6 RM 6.3/2.8CM
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B in Halos of

DECLINATION (B1950)




in NGC 891

(Scarrot, Draper 1996; Fendt 1996)
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M31 6cm Total Intensity 4+ Magnetic Field (Effelsberg)

Copyright: MPIR Bonn (B.Beck, E.M.Berkhuijsen & P.Hoernes)
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(Krause et al 2009)




The GalacticCente

Sofue et al. 1980’

NRO 10GHz




¢90cm laRosa et al. 2000)




The Galactic Center

suboi et al. 1980’s Sofue et al. 198C




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




Radio Arc I
GCL East

galactic
-

Faraday |
Window
RM-<Z0

I | I

10° 0 —10°
Synchrotron tube RM (rad m-?
(Arc+Polarized feature)
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0.128 0.064 0.000 359.936 359.871
Galactic Longitude (1)

Morris et al. 2005







4. HIEDEEIR
F A5 FE or
F B IG IR




B (uG) :ameﬁ;/

1C342
NG946
Jog Ieo
(K-kms=") M51
N253
0 -
MW

log (6 B2 /8)

Sofue+ 1986 Sano, Inutsua+2004
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Star
Turbulence “ ™ Formation

| - J

———> Enhancement

———> Suppression

Cyclic process in a disk galaxy controlled by a BSS field. (@) Increase in B
suppresses turbulence. (b) Increase in p leads to a decrease in V', the local Alfvén velocity,




Bisymmetric B configuration by

ocal theory
(Sawa Fujimoto 1986)

rotation

2=0 : - NS ~.__shear field
galactic ' - =

plane i wave vector

- X GC.
~—" wave plane

Fig. 4. A bird’s-eye view of the magnetic field configuration for the first mode in the
trailing sense in panel (a) of figures 2 and 3.




BSS magnetic field (Fujimoto & Sawa 1986).




Distancs from the Bun: ¥ (kpa)

Distance from the Sun: X (kpe)

Galactic magnetic field
obtained by Rotation Measure

Azimuthal field at t=3.8Gyr at z=0.25Kpc 50
Han et al. 2001

Matsumoto 2005




Matsumoto+2005
Ring B + Disk
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Wang&Abel 2009
1nG Uniform B Galaxy formation

log(beta)
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Ring-Reconnection Amplification




Vertical B
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ASS, GPR(reversal)
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Composite Spiral + GC V-field




5. FHMIGER

MHD>/=alb—33y

Sofue, Machida, & Kudoh
2010 PASJ




MHD Simulation (Sofue, Machida, Kudoh 2010)

log(density)

a

radius

The Galaxy

' o1z 3 2)1;2}2'1;2'-

1/

0
R kpc
" Rotation Curve Component ¢ . (kpc' : ) M(Mg)

Bulge
Disk

Vrot km per s




Table 2. Units adopted in this paper.

Physical quantity Symbol Numerical unit

Length - 1 kpc

Velocity v 207 km s !

Time 4.7 % 108 yr
Density 1.6 <107 g em ™2

Magnetic field = /pov: 26 uG




MHD Simulation (Sofue, Machida, Kudoh 2010)

Time evolution :
(a)- i




MHD Simulation (Sofue, Machida, Kudoh 2010)
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MHD Simulation




MHD Simulation
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ASS +G-Plane Reversal







Magnetic Energy Density
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Magnetic Energy Density
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MHD can simulate

R

g7
P! = i k
A % S

theto = 80




Cosmological origin model of
Galactic B
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FEHEAmmiE=1 km?2
~100m £ FERiE x1005

~10m BEREEE x 158

D ~ 3000km~ X[EVLBI
O ~21cm/3000 km ~ 0.02”
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