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ØÔÖíÍåéÍîäáÍáÝìçòÍïéåðáìíá

Marziani et	al.	(2012)

MBH,seed > 104 Msun ? or	super-Eddington	accretion	?

MBH ~	109 Msun@	z	=	7

=>	MBH,seed ~ 104 Msun@	z	>	20

• BHĚĕīįÁ�ņº�ĩĸłĬŅ => ±EŇ

• BHĚĕ«»Á�}Â�



Sugimura	et	al.	(2017)
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Sugimura	et	al.	(2017)

Ç�`±E�ēþăĢ��Á�

~	1000	Edd.	rate



ÕñåíîáéßáÍêâÍàïíîÍåéÍäåãäÎóÍÚÛÙí

ex)	Venemans et	al.	(2017)

• [CII]	line	and	dust	continuum	 from	QSO	(MBH = 8õ108 Msun)	at	z	=	7.54

• Mdust ~	(0.6-4.3)õ108 MsunøMdyn <	1.5	õ 1011 Msun

• Ĳįĵ«»Ė��ĕ1000�ĕ1�P

ĲįĵĤ.ĥċīįĐĞ��Á�ĀB~ćĢÿŌ



ÛåèïçÝîåêéÍßêàá

l Non-equilibrium	Chemistry	

ü six	species:	HI,	HII,	HeI,	HeII,	HeIII,	e-,	(some	heavy	elements,	molecules)

ü photoionization,	 recombination,	 collisional	excitation	&	ionization,	 free-

free	emission,	metal	line	cooling,	dust-gas	collisional	cooling	etc.

Hydrodynamics

Radiative	transfer

Chemistry
l HD	simulation	(public	code	“PLUTO”)

l Radiative	transfer

ü photoionization	 (EUV)

ü dust	attenuation	(FUV,	EUV)

ü dust	thermal	emission	 (IR;	FLD	approximation)

ü radiation	pressure	(Thomson	 scattering,	

photoionization,	 dust	UV	&	IR	radiative	force)
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Chemistry
l HD	simulation	(public	code	“PLUTO”)

l Radiative	transfer

ü photoionization	 (EUV)

ü dust	attenuation	(FUV,	EUV)

ü dust	thermal	emission	(IR;	FLD	approximation)

ü radiation	pressure	(Thomson	 scattering,	

photoionization,	 dust	UV	&	IR	radiative	force)
Originality	!!



×éåîåÝçÍßêéàåîåêé

ü MBH =	103 Msun

ü ngas =	104 cm-3 ņ�o�`ø¤¶!»ĒĆŇ

ü Tgas =	Teq (<-- heating	rate	=	cooling	rate)	

ü Z	=	10-2 Zsun

ü dust-to-gas	mass	ratio,	D	=	0.01	(Z/Zsun)

ü Sĕ¤P(Θsh)ĀĺŁŀŅı

rbondi

¥�Ë6ŉ0.1	<	r/rbondi <	100

slim	disk	(Watarai+2000)

��8�ĐrĝĊÁ�}à�UBH�P

Θsh



�oCPĕ�dh�Ė;RŌ

metal	coolingĕSÊĐvPĀ�ĂĒĢđøRbondi ↑↑

à:āĒ¥�Ë6ĀV¡

à R	~	107-8 AU	~	0.1-1	kpcē n	~	104	cm-3	ĕīįĀ�oē�L

àÇ~B�ņ�=Åń¼t����Ā�=ÅĮĦ�RĕCPĤ^ĎğüĒĞĕŇ

ň�Ìĕ�dCP�LĤ¦ć

1. �oCP

ü Sugimura+2017đĕ%�Ēp¯

2. �j{�L

ü '<¼t��ē4ĞģĊ�BHĚĕÁ�ņīįBH¿ĕ�D³PĖy£Ň

ü ��&Ĝ ~	105 AU	~	1	pc,	īį_CP ~	104 cm-3,	vP ~	100	K



ÑÏÍ�oCPĕ7+



<'īįĕ7+

Θsh =	45ô

THI
P nH

θsh =	45ô

θsh =	11.3ô

super-Eddington!



Θsh =	45ô Θsh =	22.5ô

ÜÍÓÍÑÐÎÒ Üíïé ĕ7+

< 0.1	x	Edd.	rate



ÜÍÓÍÑÐÎÒ Üíïé ĕ7+

THI

P nH

Θsh =	45ô

<'īįĐĖS��ēīįĀ�LĆďûĊĕēDĆøīįĖ¬·Èē�2ù



Z	=	0

Z	=	10-2 Zsun

Teq� 104 K

Teq ~	102 K

THII	� 105 K
1�KF

1�K:

�YË6ÿĠ@AĆďÁ�

�Gø¾)¤Ė|ûĕĐÁ�}�ûù

¬·ÈēīįĀ1�ù



ÒÏÍ�j{�Lĕ7+



�d��ĕ�\

ü ¥�Įįĵ��ĕĊĝø��º�Ĥ97đĆď�ýĢ

ü ��n´Ā@AćĢěĐBHº�Ĥy£Ćď¥�

Ø n	~	104 cm-3,	T	~	100	K,	zd ~	105 au	Đ@A

Ø ²�¼tē>2ćĢstar-forming	circum nuclear	disk	ēDW

exp.	disk

��&Ĝ

à Σdisk,0 =	2	ρdisk,0 zdisk



¥��k

THI

P nH

disk↑super	Eddington	!!

↓ bondi rate

θsh =	45ô

θsh =	22ô

Θsh =	22ô

ü �j{�LĐĖ��ĕ1�ĀFąûĕĐøHIIË6Ā�ē-ÿčďOĀġø¬

·È`-ē]ć�ĀQû

Ø <'īįđ,oēSĕ¸�ÿĠÁ�ĐāĢù



ÔÖÍèÝííÍàáëáéàáéßáö

MBH =	103 Msun MBH =	104 Msun

RHII >	zdiskĕĒĠ }ĖBH«»ēğĠĒû



THI

P nH

diskà�o�`ĕ7+ēDW

RHII <	Zdisk

Θsh =	22ô

ÔÖÍèÝííÍàáëáéàáéßá÷

MBH =	10	Msun

↑ sub-Eddington...



ěđĝđ�¨

• Ç�`±EBHĻħŅĶĹĳĭ�ĐĕdustyīįĕÁ�Ėńńń

ü vPĀ�ûĈûĐ<'īįĕ7+đĖ:āĂīįÁ�ĕn´Ā�ĒĢù

• RHII <	zdiskĕ7+ņBH	massĀFąûcēDWŇ

ü HIIË6ÿĠ¬·È`-ēīįĀ]ąģø|û¾O¤ÿĠĕsub-EddingtonÁ�ù

• RHII >	zdiskĕ7+ņBH	massĀ:āûcēDWŇ

ü HIIË6Ā����ēOĀġø¬·È`-ēīįĀ]ąģĒûù�kđĆď�ĕRĊč

ďûĒûË6ÿĠľŃĴħ�ēÁ�ù

ü Á�}Ė��&ĜđľŃĴħ$Tĕ:āąĐsěĢù

• BH	massĀFąûcĖĒÿĒÿÁ�ĐāĒûĀøĘđĊęRHII >	zdiskēĒĢđøĉĕúđĖ 

}�Ă\½ĐāĢù


