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銀河系は爆発したか？
孤軍奮闘の３０年論争

祖父江義明

２００６．３．１７ 本郷

《王道を行くのが幸せ》

銀河の

回転回転
Sofue & Rubin 2001 ARAA

磁場
Sofue  Fujimoto  Wielebinski Sofue, Fujimoto, Wielebinski 

1987 ARAA

《王道を行くのが幸せ、でも》

《そう行かない時のストレス解消テーマ》

銀河中心

活動、爆発
モルフォロジー

太陽は爆発する
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星も爆発する 銀河は爆発する

宇宙は爆発した では、銀河系は爆発したか

Galactic Big Bang?

本題に入る前に

SNR 説
Prof. Oort’ suggestion, 

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

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

Hayakawa et al. 1977
Galactic Radio Loops I, II, III, IV
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SNR 説
ΣーＤ relation
Σ ～ Dー4

D ~ 100 pc
Θ ~ 100 deg
Distance ~ 100 pc

系外銀河系外銀河
St b tSt b tStarburstStarburst

Shell / Outflow Shell / Outflow 

M82

ＮＧＣ２５３

NGC 253

ROSAT 0.75 
keV

Pietsch et al 
1999
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NGC 253NGC 253
NGC 3079 NGC 3079 
NGC 891NGC 891
NGC 4258 NGC 4258 

NGC 3079

0.75 keV

我が銀河系で我 銀河系
は？

GC ガス、磁場、宇宙線＝沸騰、噴出

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

GC 分子雲ガスディスク、意外に静か
2x0.5 deg (300 x 60 pc) (BTL 7m Bally et al.)
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視線測度

+200km/s
CO line

L-V Diagram

銀経+-1度

0

-200 Sawada et al. 2000

 10 GHz

North Polar SpurNorth Polar Spur 408 MHz408 MHz

408MHz Radio

Haslam et al 1982

Snowden et al 1998
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 408 MHz  ROSAT  0.75 keV 1420 MHz continuum
Bonn 100 m
Sofue et al. 1977

Bipolar Hyper Bipolar Hyper 
Shell ModelShell ModelShell ModelShell Model
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PPoint Explosionoint Explosion
++

MMHD fast wave approximation HD fast wave approximation 

Sofue 1977

 Fast MHD (compression) wave

Sofue 1977

Sofue 1977

Sofue 1977

Point explosionPoint explosion
++

Adiabatic shock model Adiabatic shock model 
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エネルギーエネルギー

EE ~~ 10105555--5656 ergsergs ~~ 101044--5 5 SNSN
 t t ~ 10~ 1066--77 yryr

 衝撃波衝撃波 E E ~ 1/2 ~ 1/2 MvMv22 ~~ 4π/3 ρ4π/3 ρrr33vv22

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

 vv ~~ 200200--300 km/s300 km/s
 Ｔ～Ｔ～ 101077 KK→ → ソフトＸ線ソフトＸ線

Radial-ray
adiabatic 
Shock
Sakashita,
Moellenhoff 
methodmethod

HI Disk 
& Arms

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

cf Tomiska, Ikeuchi 1988, Suchkov et al 1994
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Emissivity, Brightness

Simulation 1. Radio

Radio synchrotron 
radiation

Compared with whole-sky 
408 MHz map

RRadio emissivityadio emissivity
BB--CR equipartitionCR equipartition

εε∝∝ BBγγ∝∝ ρραα

Radio

No arm

Radio

Arms

Radio

Arms

Obs.

 408 MHz 
Obs.

408MHz Radio

Haslam et al 1982
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Simulation 2. X-rays

0.25, 0.75, 1.5 
keV Soft X-rayskeV Soft X rays
Compare with ROSAT

 XX--ray emissivityray emissivity
BrehmsungBrehmsung
εε∝∝ρρ22TT0.50.5ρρ

Transfer:Transfer:
Absorption Absorption bby metals in y metals in 

HI DiskHI Disk
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:
 τ=1τ=1 forfor

NNH,0H,0=3x10=3x1021 21 H cmH cm--2 2 

 ==1 kpc x1 kpc x 1 H cm1 H cm--33

Snowden et al. 
1993

Sofue 1994 ApJL

1.5 keV

No arm

 0.75 keV

No arm

Soft X

0.75 keV

No arm

Cylinder/
Cone
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 0.25 kev

 0.75 kev

 Arms

 1.5 kev

NGC 253
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Conclusion Conclusion 
and and 

ImplicationsImplications

MW MW eexperiencedxperienced

Galactic big bangGalactic big bang,  ,  
maybe maybe StarburstStarburst
••1.5 1.5 xx10107 7 yyr r aagogo
••E~10E~105656 ergs~10ergs~1055 SNSN

 SSimilar to imilar to NGC 253NGC 253 Hyper Shell Hyper Shell 
 1.41.4xx101077 yr agoyr ago

•• E~10E~105555--5656 ergs ergs 

Implication Implication 

Probing StarburstProbing Starburst
Probing HI diskProbing HI disk
Probing Gas HaloProbing Gas Halo
Probing HaloProbing Halo--IIGG InterfaceInterface
Probing Probing IICM, IGMCM, IGM
PProbing Halo Windowrobing Halo Window
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HI(red)+H2(green)HI(red)+H2(green)
Nakanishi & SofueNakanishi & Sofue
20062006

Galactic big bang in an 
intergalactic wind

Galactic big bang in an 
intergalactic wind

We experienced

Galactic Big Bang
15 Myr ago,15 Myr ago,
1056 ergs.
決着、、、、と思ったけれど….

Sofue, Y. 2000 ApJ 540, 224 
Bipolar hyper shell, GC burst

Sofue, Y., Vogler, A. 2001 AA 370, 53 
Bipolar hyper shell in NGC 253, etc..po a ype s e GC 53, etc
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しかし、未だ四面超新星説

西洋人はすぐに意見を変えないので、

もうしばらくもうしばらく

つづく


