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爆発的星形成 

高密度巨大星団 

暴走的合体 

超大質量ＢＨ 

Ebisuzaki et al. 2001
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Mass!of!Black!Hole!Candidates!

102! 104! 106! 108! 1010!1!
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Central!Molecular!Zone�
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100!pc!

Composite!CO!image!of!the!CMZ!(Oka+ 1998, 2012)!

CO!J=1–0!!
CO!J=3–2!
R3–2/1–0!>!1.5!
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L=+1.3° L=0.0°L=–0.4°L=–1.2°

(7�Tk>50 K �(8-�n(H2)>104 cm–3 �
!何かが起きている… 
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L=1.3°!complex!
•  Ekin!=!2×1052!erg!
•  texp!=!6×104!yr!
•  a)P�SiO����!
•  �Di -�	~{!
•  _89p)=!1–3×10–3!yr!

���|�]g9�(�)�

100!pc!	
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Tanaka+2007�

!星団質量~105–6 Msun 

銀河系内で最も巨大な星団?! 
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爆発的星形成 

高密度巨大星団 

暴走的合体 

超大質量ＢＨ 

Ebisuzaki et al. 2001
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•  a)&xX{y(v!
•  Oj@bx�{v!
•   -�	~{!

!!
•  hAT	
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High!Velocity!Compact!Cloud!(HVCC)�

100!pc!

L=–1.2°

これは一体何？？ 
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Kinema+cs�
•  Size ~ 2 pc
•  Velocity gradient shift
•  Eastern hump　

2!pc!2!pc!2!pc!2!pc!

2!pc�

Oka+2016�
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Gravita+onal#Kick#Model�

•  M = 105 Msun

•  V0 = 10 km s–1, D = 10 pc

b = 1.0 pc, 1.8 pc
t ~ 7x105 yr

中質量ブラックホール?! 

Oka+2016�
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•  CO J=2–1 : 230.538001 GHz
•  HCN J=3–2 : 265.886432 GHz

•  12m array + 7m array
•  HPBW = 1.7’’×1.0’’@231 GHz 

HPBW = 1.3’’×0.5’’@266 GHz 

•  Progress
–  Nov. 2012: Approved Cycle 1 obs.
–  Oct. 2013: Transfer to Cycle 2
–  Dec. 2014: 7m data delivery
–  Apr. 2015: 12m data delivery

ALMA!Band!6!observa^ons�
���������h	_~∼�gcuxs/rqrd�

Oka et al., submitted to Nature Astron.



• 高密度ガス: compact clumps
• 低密度ガス: 空間的に広く分布

ALMA!Band!6!observa^ons�
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Oka et al., submitted to Nature Astron.



ALMA!Band!6!observa^ons�
• クランプ近傍に点状電波源
サイズ<HPBW266 (=0.06×0.02 pc2)

���������h	_~∼�gcuxs/rqrd�

Oka et al., submitted to Nature Astron.
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Point_like!Con^nuum!Source�
•  Flux density

F231G = 8.2±0.4 mJy
F266G = 9.7±0.4 mJy   (α = 1.18±0.65 )
 

FX < 0.95 nJy

•  Protoplanetary disk?  
Td ~ 9 K

•  Submillimeter Galaxy?  
Pch < 0.028 % 1�8�.�=	�)���

BH近傍からの放射 ?

Oka et al., submitted to Nature Astron.
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Gravita^onal!Kick!Model!Revisited�

• 点状電波源の位置に105 Msunの点状重力源
φ = 45°, P.A. = 41.6°, i = 70°
Minor mergerの名残?

Oka et al., submitted to Nature Astron.
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hAT��BH
Y�	!
BH!Candidates!in!the!Galaxy!

H\[S:#108–9��BH#
(e.g.,#Caputo+2017)#
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無数の野良BH
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^o03B�p�
Candidates for Isolated BHs 
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W44超新星残骸中の「弾丸」 

Sashida et al. 2013, ApJ, 774, 10
Yamada et al. 2017, ApJ, 834, L3

•  {E<vwa@u\Kk�
– �tkeA�e@S�
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Nomura et al., in prep.

磁気流体シミュレーション

0-BB>I�
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~∼�|tizj�B^o03B�p�
Takekawa et al., submitted to ApJL
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~∼�|tizj�B^o03B�p�
Takekawa et al., submitted to ApJL
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