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Radio Sky Bonn/Parkes 408 MHz

NPS



Radio Polarization WMAP 23 GHz





North Polar Spur =p

SNR?SNR?
(S  R t)(Supernova Remnant)

GER?GER?
(Galactic Explosion Remnant)(Galactic Explosion Remnant)

or

Else?



SNR 説SNR 説
Oort’ suggestion, 

Spoelstra, Berkhuijsen, Salter, 
ROSAT Thesis, ....ROSAT Thesis, ....

Japan
Hayakawa, Oda (Local helix), et al.Hayakawa, Oda (Local helix), et al.



Radio Loops I, II, III, IV

Hayakawa
1977





GER 説GER 説

Sofue 1970’ ,…
Bland-Hawthorn 2000’  Bland-Hawthorn 2000 , …
Kataoka et al (2013), + Suzaku sympathy



NGC 253NGC 253



M82M82



GER ModelGER Model

Radio X Rays



Bland-Hawthorn and Cohen 2003
Galactic Wind modelGalactic Wind model



2. Distance to2. Distance to
NPSNPS



Snowden et al 1997





HI
(Kalbera )

DustDust
(COBE)

CO
(Dame)(Dame)



ROSAT
R2 (0 2 k V)  R5 (0 9 k V)  R7(1 6 k V) R2 (0.2 keV), R5 (0.9 keV), R7(1.6 keV) 



R2/R5/R7 RGB (l,b +-50d)



HIHI

CO(H2)CO(H2)



 Tau=1 @Tau=1 @

 00 88 keV:keV: 0.0.88 keV:keV:
 NNH,0H,0=3x10=3x1021 21 H cmH cm--2 2 

,,

 ==1 kpc x 1 H c1 kpc x 1 H cmm--33

 1.51.5 keV:keV:
 NNH,0H,0==99x10x1021 21 H cmH cm--2 2 

33
 ==33 kpc x 1 H ckpc x 1 H cmm--33



Sofue 1994 ApJLSnowden et al. 1993



R2, R5, R7, Radio vs N(H)+2N(H2) 
Intensities along NPS norm  at b=45 Intensities along NPS norm. at b=45 
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Absorption by Absorption by 
Gal  Gas Layer Gal. Gas Layer 

R5 N>3 E21 H cm-2

r > 1 kpc (for n=1 H cm-3)

R7 N>9 E 21 H cm-2

> 3 k  (f  1 H 3)r> 3 kpc (for n=1 H cm-3)



Kinematic DistanceKinematic Distance
V=7 ± 3 km/s
(Vmax~20 km/s)

r = V / A sin (2l） cos br = V / A sin (2l） cos b
r=0.63 ±0.27 kpc
(rmax~1.8 kpc )



Kinematic Distance
CO V l it  CO-Velocity Channel maps (Dame et al. 2001)



CO-Long-Velocity



r = V / A sin (2l） cos b b r = V / A sin (2l） cos b b 

r=1 kpc

0.5 kpc

0 kpc0 kpc



r>0.63 ±0.27 kpc (rmax  >1.8 kpc) p ( p )

10         8kpc              5 kpc                        GC



Extinction corrected NPS  

R5 (0.89 keV)
Obs. IR5

I 0 = I /eーN/NR5IR5
0 = IR5/e N/NR5

(NR5=2.7x 1021 H cm-2)



Extinction corrected NPS  

R7 (1.55 keV)
Obs. IR7

I 0 = I /eーN/NR7IR7
0 = IR7/e N/NR7

(NR7=9.0x 1021 H cm-2)



Other Distances
Radio polarization
Optical polarization 



Radio Ridge 
1420 MHz, Bonn 100m (Sofue et al. 1979)1420 MHz, Bonn 100m (Sofue et al. 1979)



Small Faraday screening indicates 
r > 2-3 kpc (Sun et al. 2014)r > 2 3 kpc (Sun et al. 2014)



 Star Pol. Mag. Field (Mathewson 1970)

 // HI Ridge ⊥ Radio Mag.Field // HI Ridge ⊥ Radio Mag.Field

HI

 Radio 2.3 GHz (Jonas)  HI (Kalbera)  Diff. Pol. (Sofue)



3  GC Explosion 3. GC Explosion 
M d lModel



Sofue 1977

Fast MHD (compression) wave Fast MHD (compression) wave



Sofue 1977



Radial 
adiabatic adiabatic 
ShockShock
S k hitSakashita-
Moellenhoff method
(Generalized Sedof)(Generalized Sedof)



Bipolar Hyper Shell ModelBipolar Hyper Shell Model
Sofue 1977 1984Sofue 1977, 1984



Sofue 1977



Numerical Hydrodynamics:
Sofue & Habe 2013 (in prepa)Sofue & Habe 2013 (in prepa)



EE 10105555--5656 ergsergs((101044 -- 5 5 SNSN))EE ~10~105555--5656 ergsergs((101044 -- 5 5 SNSN))
t ~10t ~1066--77 yryrt ~10t ~1066 77 yryr

 E ~ 1/2 MvE ~ 1/2 Mv22 ~~ 4π/3 ρr4π/3 ρr33vv22

33 ρρ～～1010--33 H/ccH/cc (Halo)(Halo)
 rr ~~ 5 kpc5 kpc, , MM ~~ 101077MM◎◎ rr 5 kpc5 kpc, , MM 1010 MM◎◎

 vv ~~ 200200--300 km/300 km/ss
 TT～～ 101077 KK→ → Soft X raysSoft X rays



4. Simulation of imulation of 4. Simulation of imulation of 
Observed NPS Observed NPS Observed NPS Observed NPS 

Feat resFeat resFeaturesFeatures



Radio synchrotronRadio synchrotron

RRadioadio emissivityemissivityRRadioadio emissivityemissivity
BB--CR equipartitionCR equipartitionq pq p
εε∝∝ BBγγ∝∝ ρραα



Radio + X-Ray Emission and 
Absorption

By Disk + ArmsBy Disk + Arms

+ GC Hyper Shell (Bubble)



408MHz Radio

Haslam et al 1982



X-rays @ E=0.2 ～1.5 keVy

E i i itE i i itEmissivityEmissivity
εε∝∝ρρ22TT0.50.5εε ρρ TT

TransferTransfer::
Ab ti  Ab ti  bb  t l  i   t l  i  HI Di kHI Di kAbsorption Absorption bby metals in y metals in HI DiskHI Disk

dI/ds=εdI/ds=ε -- κI κI 
κds=κds=dτdτ==nnHHds/Nds/NH,0 H,0 



 0.25 kev

 Arms

0 75 k 0.75 kev

 1.5 kev





NGC 253NGC 253



5  X vs Gamm5. X vs Gamm

Fermi BubbleFermi Bubble



Fermi Gamma rays
1, 2, 5, 10 GeV1, 2, 5, 10 GeV





Radio+Gamma

X  + Gamma

Gamma Ray



MW Explosion model: 15 Myr ago, 1056 ergs



Kataoka et al. 2013



4. Implications,4. Implications,4. Implications,4. Implications,
if NPS=GERif NPS=GERif NPS=GERif NPS=GER



Galactic Center Explosion 
(Starburst)? 



If GC If GC 
E l i /St b tExplosion/Starburst,

t = 15 Myr ago,
E = 1055-56 ergs.g



Implication Implication Implication Implication 

Probing StarburstProbing Starburst
Probing HI diskProbing HI disk
Probing Gas HaloProbing Gas Halo

P bi  H lP bi  H l IIGG I t fI t fProbing HaloProbing Halo--IIGG InterfaceInterface
Probing Probing IICM  IGMCM  IGMProbing Probing IICM, IGMCM, IGM
PProbing Halo Windowrobing Halo WindowPProbing Halo Windowrobing Halo Window





HI(red)+H2(green)HI(red)+H2(green)
Nakanishi & SofueNakanishi & Sofue
2006200620062006






