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1. There is a MBH in every galaxy
2. Around each MBH there is a nuclear cluster

3. AGN occurs when a MBH is fed by a disk
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Relevant physical parameters

Planetary systems: Galactic Center system:
1. Mass ratio: 10-¢-10-3 1. Mass ratio: 10°-10-3
2. Period: days-centuries 2. Period: yrs- millenium

3. Radius/semi major axis: 104 3. Radius/semi major axis: 10

Protostellar disks AGN and young stellar disk

1. Disk mass/star mass: 0.01-0.1 1. Disk mass/star mass: ~0.01
2. H/r=10.05-0.2 2. H/r ~0.01-0.1

3. Q>10 3. Q: ~1

4. Persistent time scale: 3-10My 4. Persistent time scale: 1-100My
Required model parameters
Accretion disks:

1. Capture rate
2. Accretion & stellar IMF
Contamination & BH formation

Nuclear star clusters:
1. Stellar density

2. Dynamical property
3. Connection to host galaxy 3.
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Dissipation & accretion rate in AGN dISkS
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A generic quantitative AGN accretion disk model

Lin/Less ~ 0.1 (BL AGN)
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Reverberation from accretion disk to dusty torus
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Capture by the disk
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Nuclear clusters
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Accretion rate and stellar rejuvenation

If Re<H, Rgz<Rj (hot) Bondi 2 9 ,
accretion (runaway growth) T, ~ Ani mxp - 202 My My
(v2 + ¢2)3/2 Q h3 M,
Bondi accretion time scale:
(independent of M,.)

B = My /My =~ 0.6(Mg/my) chl\"‘lyr

Wind loss Tw = My /T ~ (60Mg/m)°Myr
L, }
1og<M(.>’;rl> ~ 1.7/11()g<L1.)> — 1.35l0gT.g — 9.55

M ~ 120R 32 M

Main sequence evolution time:

T ~ 10(m/Mg) *°Gyr
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Stellar rejuvenation
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Super-solar metallicity in high-redshift AGNs
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Disk’s reorientation due to infall of turbulent gas

L Rejuvenation of stars onto different plane

Also in Q™1 warped disks around spinning MBHs
HPDeng, Rnaylor,XJZhang
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Recapture of neutron stars and seed black holes
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Scales of binary seed black holes in disks

1)Bound binary: Rz>a;, 2)Gap formation Rz>H (large mx)
3)Common envelope a;,>Ry(wide) 4)Accretion-enhanced drag R,>a;, (compact)
5)Prograde orbit R,>Rg (medium ms«) 6)Retrograde orbit Rx>R,, (small m«)

Gap formation by relatively massive binary with H=C//Q < Rr=(m,/3M,)3a

(thermal condition for gap formation) and Rg>a;, (bound) 20 R,
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Modest-m. binary with modified disk structure

H=C./Q > Ry (no gap) ~ R; (perturbed, prograde) ~a,, (bound, no enhancement)
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Accretion & tidal torque due to circum-binary disk
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LMXBs, X-ray Luminosity, high-V stars

Hailey et al 2018
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Common-Envelope vs stellar cluster scenarios
Cluster - Rodriguezetal., 2016

Types of Interactions 3531 -

Isolated Binary - Belczynski et al., 2016
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Turbulent circum-nuclear disk inclined disks in HK Tau

Stone 1999
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Seed black holes in hot turbulent disks

Low-m« seed black holes in hot turbulent disks with Ry <Rz <H & v, <c.

N
mmmmmm - 1.2

wwwwww E: PR Velocity Field m=10
[T prograde
el | ..-—'-'—"'""_'TT—' p g 1| |
W = ||
34
32 ZOCPARESSSRaT
B oo
33 ——
s! S= 7 ——— =
= 7 2
1 % 9 % =
— AN B o)
e ! =N —
| - ~ R ) )1 Y TR =
B, N / 2 t]‘l‘ ]
B = E??f;/ }L (§ / S
13 w{/ﬁ‘%'; : = =
u S
| = - :
3 — — e
. TR RESSNEEEN
2 ] <
3
1
0.8 .
\Phi

Eddies with A<H, can be >R,
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Merger & recoil: binaries with spin-orbit obliquity

/7~ Recoil does not lead to
»" significant disk perturbation
P ZXWang, XJZhang

- q2VH(01 — qag)
(1+q)®

Resettle into the disk if V,o./V <&

V;'ec
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Abbott et al., 2016
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Gap, dynamical friction & disk clearing

Inefficient type | migration
accretion for t5y~10 T,
IMBH with M>103 M,

Decay = Ax

Radius =r

Central Mass = M,

*, MMResonant 2, ‘ \
, captureofstars * * * E
® 005» /__M 4
- Yu et al 2007 > — : :
Orbiting Mass = M,

B D\ namical friction, decay
| of black hole’s orbit leads
to efficient angular

B Viomentum transport
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Gap formation with M> 103M,
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ICRS Declination

IMBHSs: sweeping secular resonance

28".8

29°.0

29".2

29" 4 Ocxoce
J174539.7-290029
296
29".8
30°.0
30".2
30" 4
-29 00'30".6
17"45™39°86  39°82 39°78 39°74
ICRS Right Ascension
o | Tsuboi et al 2017
H 0<0.002, r=0.13pc
¥ // /
1
i
§ i
§ -
;
17%457™30%9  39°8 39%7 % -

ICRS Right Ascension

400

20

3

-
Vo

25/30



Intermediate-m. seed black holes’ decay into MBH
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Occurrence rate of BH-MBH may be a fraction that for BH-BH merger events.
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Occurrence rate of binary black hole merger
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Mass density & M-0o relation
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Summary
AGN disks may trap nearby stars.

Trapped stars can gain mass and evolve into SNs

Supernovae lead to formation of single black holes with a few
M., and the contamination of AGN disks

Seed black holes are retained, grow, migrate, capture partners

Single & multiple seed black holes’” mass, spin and orbital
angular momenta evolve as they accrete turbulent gas

Binaries tighten by tides, drag by circum-binary disks, endure
Lidov-Kozai effect, & merge through gravitational radiation

Events occur a few times a year around metal-rich AGN
environments with wide masses and angular momenta

Intermediate-mass (>103M,,,, ) black-hole merger may be
detectable. They can undergo orbital decay, clear disk gas, and
regulate AGN duty cycle
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Thank you
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