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How about the MW?

Galactic Big Bang?g g



The North Polar Spur:

SNR 説SNR 説
Prof. Oort’ suggestion, gg ,

Spoelstra,    
B kh ij  Berkhuijsen, 
ROSAT PhD Thesis (SNR)….. et al.ROSAT PhD Thesis (SNR)….. et al.

Even in Japan, 
Oda, Hayakawa, ...... et al



Hayakawa et al  1977
Galactic Radio Loops I, II, III, IV

Hayakawa et al. 1977



St b tSt b tStarburstStarburst
S / O fS / O fShell / Outflow Shell / Outflow 



M82M82



NGC 253
ROSAT 0.75 
keV

Pietsch et al 
19991999





NGC 253NGC 253
NGC 3079 NGC 3079 

NGC 891NGC 891NGC 891NGC 891
NGC 4258 NGC 4258 NGC 4258 NGC 4258 



NGC 3079

0.75 keV



2  Galactic 2. Galactic 
CenterC



Gas, Mag. Fields, Cosmic rays 
outflows.

3x3 deg (400 x 400 pc) at 3 cm NRO 45m3x3 deg (400 x 400 pc) at 3 cm NRO 45m
(Sofue, Handa et al.)



Cold gases are quiet: ring, clouds 
2 0 5 d  (300  60 ) (BTL 7  B ll  t l )2x0.5 deg (300 x 60 pc) (BTL 7m Bally et al.)



North Polar SpurNorth Polar Spur 408 MHz408 MHzNorth Polar SpurNorth Polar Spur 408 MHz408 MHz

408MHz Radio

Haslam et al 1982



 408 MHz  ROSAT 0 75 keV 408 MHz  ROSAT  0.75 keV









2  Bipolar 2  Bipolar 2. Bipolar 2. Bipolar 
Hyper Shell Hyper Shell ypyp

Model for NPSModel for NPSModel for NPSModel for NPS



Sofue 1977

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



Sofue 1977



Sofue 1977



Sofue 1977



EE ~~ 10105555--5656 ergsergs ~~ 101044--5 5 SNSNEE ~~ 10105555--5656 ergsergs ~~ 101044--5 5 SNSN
 t t ~ 10~ 1066--77 yryr t t  10 10 yryr
 Shock wavesShock waves

 E E ~ 1/2 ~ 1/2 MvMv22 ~~ 4π/3 ρ4π/3 ρrr33vv22

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

 vv ~~ 200200--300 km/300 km/ss
101077 KK   S ft X S ft X  Ｔ～Ｔ～ 101077 KK→ → Soft X raysSoft X rays



Radial-ray
adiabatic 
Shock
SakashitaSakashita,
Moellenhoff 
methodmethod



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

cf Tomiska, Ikeuchi 1988, Suchkov et al 1994





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





3 Simulation3. Simulation
ofof

ObservationsObservationsObservationsObservations



Radio synchrotronRadio synchrotron

RRadioadio emissivityemissivityRRadioadio emissivityemissivity
BB--CR equipartitionCR equipartitionq pq p

εε∝∝ BBγγ∝∝ ρραα



 HI Disk 
& Arms



Radio Radio
No arm

Radio

ArmsArms

ObsObs.

 408 MHz 
ObsObs.



408MHz Radio

Haslam et al 1982



X-raysy
 0.25, 0.75, 1.5 keV Soft X-rays

XX  i i it i i it  TransferTransfer:: Ab ti  Ab ti  bb    XX--ray emissivityray emissivity
 BrehmsungBrehmsung

 TransferTransfer:: Absorption Absorption bby y 
metals in metals in HI DiskHI Disk

 dI/ds=εdI/ds=ε--κIκI
 εε∝∝ρρ22TT0.50.5

 dI/ds=εdI/ds=ε--κIκI
 κds=dτ=nκds=dτ=nHHds/Nds/NH,0 H,0 



 XX--ray Absorption ray Absorption κκ
 atat 0.25, 0.75, 1.50.25, 0.75, 1.5 keVkeV

 0.75 keV:0.75 keV:
 TauTau=1=1 forfor

 NNH 0H 0=3x10=3x1021 21 H cmH cm--2 2  NNH,0H,0 3x103x10 H cmH cm
 ==1 kpc x1 kpc x 1 H c1 H cmm--33



Snowden et al. 
1993

Sofue 1994 ApJL



1.5 keV Soft X
No arm

 0.75 keV

No arm

0 75 keV0.75 keV

No arm

Cylinder/
Cone



 0.25 kev

 Arms

0 75 k 0.75 kev

 1.5 kev





Galactic Big Bang
15 Myr ago,15 Myr ago,
1056 ergs.



Galxies: NGC 253Galxies: NGC 253









4  I li ti4  I li ti4. Implications4. Implications



MW Big BangMW Big Bang
15 Myr ago,
1055-56 ergs.10 ergs.



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



Galactic big bang in an 
intergalactic wind



5  Th  E d5. The End
of 40 yrs Debatey

vs SNR hypothesis!yp

Fermi BubbleFermi Bubble



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







MW big bang model: 15 Myr ago, 1056 ergs.
Sofue since 1970’



BHS Model

Radio X RaysRadio X Rays

Gamma Ray



Radio+Gamma

X  + Gamma

Gamma Ray



Further models to Further models to 
appearpp


