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ÛÕÙòÍêîÍóéæÍæâñì÷Íôîêõæñòæ

Marziani et	al.	(2012)

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

MBH ~	109 Msun@	z	=	7

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

• BHĝĘĴĺ¿�ŝ¸�ĲńŖĵś => ®FŞ

• BHĝĘ§¹¿�yÀ~



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

Æ�c®F�ĔĘÕÙĘ[°_¼

~	1000	Edd.	rate
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ex)	Venemans et	al.	(2017)

• [CII]	line	and	dust	continuum	 from	QSO	(MBH = 8ú108 Msun)	at	z	=	7.54

• Mdust ~	(0.6-4.3)ú108 MsunýMdyn <	1.5	ú 1011 Msun

• ĽĺŁ§¹ę��Ę1000�Ę1�Q

¸��ŚĽĺŁī,Ĭď5)ĔģÆ�c®

F�Ĕęª�~¿�ĄBzċħăŢ
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Inayoshi et	al.	(2016)
• Condition	for	the	super-Edington	accretion (rBondi >		rHII) rBondi

rHII

ËDQ�ĔĘÕÙĘ[°_¼

UV®F1 ŕŏ1

↓ super-Eddington!!

MBH =	105 Msun
nH =	105 cm-3

DQŊŘňĭİŖ§¹¿�yĘd½²!



↑
Edd.	rate	for	Fd,IR

Condition	for	super-Edd.	accretion

Toyouchi et	al.,	arXiv:1811.01368	 (accepted in	MNRAS)

IR®F1�¸�

rBondi

rHII

Fd,UV

Fd,IR

Eddington	luminosity	for	IR	radiative	force

MBH =	105 Msun,	nH =	105 cm-3

↓Bondi	rate
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ex)	Venemans et	al.	(2017)

• [CII]	line	and	dust	continuum	 from	QSO	(MBH = 8ú108 Msun)	at	z	=	7.54

• Mdust ~	(0.6-4.3)ú108 MsunýMdyn <	1.5	ú 1011 Msun

• ĽĺŁ§¹ę��Ę1000�Ę1�Q

¸��ŚĽĺŁī,Ĭď5)ĔģÆ�c®

F�Ĕęª�~¿�ĄBzċħăŢ

�	/ę Rbondi >	RHIIĕĖĥĖĀ�DQĘ5)ė��



ÚîêóêâìÍäïîåêóêïî

ü MBH =	103 Msun

ü ngas =	104 cm-3 ŝ�n�cý¡³ ¹ĖĊŞ

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

ü Z	=	0,	10-2 Zsun

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

ü UĘ¡Q(Θsh)ĄŇŕŐśļ

rbondi

¢�É4š0.1	<	r/rbondi <	100

slim	disk	(Watarai+2000)

��6~ĔpĢĎ¿�yà�WBH�Q

Θsh



�nDQĘ�fię9SŢ

metal	coolingĘUÈĔsQĄ�ĆĖħĕýRbondi ↑↑

à8ąĖ¢�É4ĄX�

à R	~	107-8 AU	~	0.1-1	kpcė n	~	104	cm-3	ĘĴĺĄ�nė�M

àÆzB�ŝ�;ÄŚ»r����Ą�;ÄķĮ�SĘDQīaĒĤāĖģĘŞ

Š�ÊĘ�fDQ�Mī£ċ

1. �nDQ

ü Sugimura+2017ĕĘ$�Ėo¬

2. �kx�M

ü &:»r��ė3ģĨĎ�BHĝĘ¿�ŝĴĺBH½Ę�E°Qęv Ş

ü �L¸���ý%ġ ~	105 AU	~	1	pc,	ĴĺbDQ ~	104 cm-3,	sQ ~	100	K
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:&ĴĺĘ5)

THI
P nHθsh =	45ù

super-Eddington!

:&ĴĺĔęU��ėĴĺĄ�Mþ

MBH =	103 Msun,nH =	104 cm-3



Θsh =	45ù Θsh =	22.5ù

áÍÔÍÒÑÏÓ áòôî Ę5)

< 0.1	x	Edd.	rate

MBH =	103 Msun, nH =	104 cm-3

¸��ĄBH_¼ė��ė�ĀēĀħŚŚŚ
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THI

P nH

Θsh =	45ù

:&ĴĺĔęU��ėĴĺĄ�MĊēĀĎĘėEĊýĴĺę¨´Çė�2þ



Z	=	0

Z	=	10-2 Zsun

T	� 104 K

T	~	102 K

THII	� 105 K
1�KG

1�K8

�\É4ăĥ?AĊē¿�

®FęÆ�cĔģĴĺ1Ę�lĔĴĺę�c�ėPĄĩāĕċħþ

¨´ÇėĴĺĄ1�þ
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THI

P nH

Disk↑super	Eddington	!!

↓ bondi rate

θsh =	45ù

θsh =	22ù

Θsh =	22ù

ü �kx�MĔę��Ę1�ĄGĉĀĘĔýHIIÉ4Ą�ė+ăđē

PĄĦý¨´Çc+ė`ċ�ĄRĀ

Ø :&Ĵĺĕ*nėUĘ¶�ăĥ¿�Ĕąħþ



ÕÙÍíâòòÍåæðæîåæîäæû

MBH =	103 Msun MBH =	104 Msun

RHII >	zdiskĘĖĥĲŀįřŁřoęBH§¹ėĤĥĖĀ



THI

P nH

Disk

à�n�cĘ5)ėEY

RHII <	Zdisk

Θsh =	22ù

ÕÙÍíâòòÍåæðæîåæîäæü

MBH =	10	Msun

↑ sub-Eddington...



ĠĕĢĕ�¤

• �n�cÿħĀę RHII <	zdiskĘ5)ŝBH	massĄGĉĀdėEYŞ

ü ®FĄÆ�cĔģĴĺ1Ę�lĔĴĺę�c�ėPĄĩāĕċħþ�lýsub-Eddington¿�þ

• RHII >	zdiskĘ5)ŝBH	massĄ8ąĀdėEYŞ

ü HIIÉ4Ą����ėPĄĦý¨´Çc+ėĴĺĄ`ĉĨĖĀþ�lĕĊēUăĥŌřŀį�ė¿�þ

ü ¿�yę��%ġĕŌřŀį#VĘ8ąĉĔqĠħþ

Æ�c®F�ĔĘBH_¼

ËDQ�ĔĘBH_¼ŝToyouchi+2018Ş
• ĽĺŁĝĘIR®F1ĘČĀĔBH_¼Ą¾CĉĨħþ

• ª�~¿�ĘľŒřĺę>@�fėÀAĉĨħþ

BH	massĄGĉĀdęĖăĖă¿�ĔąĖĀĄýěĕĎĜHIIņŉŖ

Ą&:»r��Ę%ġīªĂħĕýčĘÿĕę�y�Ć_¼Ĕąħþ

(¸��ĄBH_¼īµÌċħ)

(¸��Ąe�ė�Ā
ēĀħĪćĔęĖĀ)


