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Co-evolution of SMBH and galaxy
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Mg is tightly correlated with Mpuige
and o- = Co-evolution
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Favoured scenario: Merger-induced
starburst & AGN, and subsequent

“AGN feedback” to regulate the star

formation (e.g., Hopkins et al. 2008; Fabian 2012,
ARA&A, 50, 455)
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e 80% gas When, how, and where the relation

T A gas has arisen?
- Di Matteo et aill. 2005~ 20% gas
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Reveal (i) SMBH feeding/

‘°f‘ \ -
| Man/Mbuge ~ 1/1000-1/100 ; feedback and (ii) galaxy growth

H#4 over the cosmic time
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Host galaxy properties of high-z quasars
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* Luminous quasars at z >~ 6 Typical value

L 1e14 L
(Leo > sur) ~100 - 1000 Msun/yr
e ULIRG/SMG-class star formation!
~a feW E1O Msun

* Rapid, vigorous, and coeval SMBH ~a few E8 Msun

and galaxy growths oM
(SF time scale < 100 Myr) a few sun
e.g., Wang et al. 2010, ApJ, 714, 699




(c) Interaction/"Merger”

iH

N

- now within one halo, galaxies interact &

lose angular momentum
- SFR starts to increase
« stellar winds dominate feedback

- rarely excite Q50s (only special orbis)

(b) “Small Group”

M 66 Grow ap

« halo accretes similaro-mass
companion(s)

- CaNn occur over a wide mass range

« Mawo still similar to before
dynamical friction merges
the subhalos efficiently

(a) Isolated Disk

MK

« halo & disk grow, most stars formed

- secular growth builds bars & pseudobulges

« “Seyfert” fueling (AGN with My >.23)
- cannot redden to the red sequence

SFR [Ms yr')

(d) Coalescence/(U)LIRG

NGO 62

- galaxies coalesce: wiolent relaxation in core
- gas inflows to center
starburst & buried (X-ray) AGN
- starburst dominates luminosity/feedback
but, total stellar mass formed is smal

(e) “Blowout”

IRAS Ows

- BH grows rapidly: briefly
domunates lumunosity/feedback
- remaning dust/gas expelled
- get reddened (but not Type ) QSO
recent/ongoing SF in host
high Eddington ratios
merger signatures soll visible
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Hopkins et al. 2008, ApdS, 175, 356

() Quasar

vdal features fade rapedly

- characteristcally blue/young spheroid

(2) Decay/K+A

QSO luminosity fades rapidly
- tdal features visible only with
very deep observatons

- remnant reddens rapddly (E*A/K+A)
« “hot halo™ from feedback

- 3ot Up Quasi-static cooling

(h) “Dead” Elliptical

YRL

- star formation terminated

PG Quasas

« dust removed: now a2 “tradional” QSO
- host morphology dificul to observe

N

- large BH/spherodd - efficient feedback

« RAIO grows O arge group scales
mergers become meffioent
« growth by “dry mergers



Early co-evolution: likely a biased one
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% (Gas-o is used instead of stellar o in quasars

o
7z~ 6 Quasars, o based on Ho (2007a) O _
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Wang et al. 2010, ApdJ, 714, 699
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Local galaxies, Tremaine02 @ :
Quasars at 1.4 z= 5
z~ 6 Quasars, c=FWHM/2.35 B -
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| ® Mgn of some optically-luminous

Z > 6 quasars are over-massive
— SMBH eatrlier, galaxies later?

But we should care about a
selection bias to prefer
luminous (~ massive) objects




.‘ uminosity objects
&/ mass distribution!

Subaru/Hyper Suprime-Ca
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ALMA Cycle 4 observations

Lol 10 (mJy/b), 1o (pJdy/b):
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B ! e Four HSC quasars at z~6 (from Matsuoka+16)

| — LBGs (Bouwens+15)
|  ——— LBGs (Bowler+15) ',

* Aimed at detecting the [Cll] and underlying
rest-FIR continuum emission
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Band 6 full spectrum: J2216 (example)
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Color = [CII]

Results: Spatial distribution _ .~ "~¢-. .
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FIR properties of the HSC-quasars

; HSC quasars
t Luminous quasars 0 zz26 Maust SFRir
1071 ’ ’ (1 E7 Msun) (Msun/yr)
. ¢ & W
7 ¢
e ¢, Y,
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-22 -24 —25 —26 —57 —58 —59 —-30
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e LIRG-class objects @z >6"!

e Moderate SFR (23-40 Msun/yr; Lir-based)
- c.f., SFR ~ 100-1000 Msun/yr for optically luminous quasars @ z > 6




Size of the emitting region
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e FWHM ~ a few kpc

e Comparable to the sizes of optically-luminous quasars
(SFR ~ 100-1000 Msun/yr; Maust > 1€8 Msun)
— An order of mag. difference in Zism
— Key parameter of SMBH accretion (e.g., Hopkins & Quataert 2010)
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Star formation levels
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Star formation levels

These HSC quasars are on or below the MS@z~6:
They are transformmg to qu:escent galaX/es
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(c) Interaction/"Merger”

g

HH

NOK

- now within one halo, galaxies interact &
lose angular momentum

- SFR starts to increase

« stellar winds dominate feedback

- rarely excite Q50s (only special orbits)

(b) “Small Group™

M 66 Grow ip

« halo accretes similar-mass
companion(s)

- CaNn OCCur over a wide mass range

« Mo still similar to before
dynamical friction merges
the subhalos efficiently

(a) Isolated Disk

A

- halo & disk grow, most stars formed
- secular growth builds bars & pseudobulges
« “Seyfert” fueling (AGN with My>.23)

-« cannot redden to the red sequence

(d) Coalescence/(U)LIRG

NGO 62

- galaxies coalesce: wiolent relaxation in core
- gas inflows to center
starburst & buried (X-ray) AGN
- starburst dominates luminosity/feedback
but, total stellar mass formed is smal

(e) “Blowout”

IRAS O

- BH grows rapidiy: briefly
dominates luminosity/feedback
- remaining dust/gas expelled
- get reddened (but not Type ) QSO
recent/ongoing SF in host
high Eddington ratios
merger sgnatures soll visible
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() Quasar

PO Quas

- dust removed: now a “tradiional” QSO
- host morphology dificult to observe

udal features fade rapedly

- characterstcally blue/young spheroid

(2) Decay/K+A

NG

QSO luminosity fades rapidly
- tidal features visble only with
very deep observatons
- remnant reddens rapddly (E*A/K+A)
« “hot halo™ from feedback
- 3ot Up Quasi-static cooling

(h) “Dead” Elliptical

TRl

- star formation terminated

- large BH/spherodd - efficient feedback

- RAIO grows 1O arge group cales
mergers become meffHioent

« growth by "dry mergers



Early co-evolution in z ~6 quasars
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Early co-evolution in z ~6 quasars
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Early co-evolution in z ~6 quasars

SMBH Mass (M )
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Early co-evolution in z ~6 quasars

NGC 1277 . Group-‘]

* Roughly follow the local relation
, — merger-induced, synchronised
o1t frrrrrm—rrrrrm——e————; - OMBH-galaxy evolution model may

. Mass-luminosity
[ e Ref. 8

o Ret 30 7 1 explain (although many of them
10 ~60%% +T must live in quite massive halos)

~10% @ge i
T# 7 | * Quite hard to reproduce with the

_ 1 v2GC scheme; another scheme

qf ‘\F. i o Appear as over-massive MgH at z
| an den Bosch: -

. » et aI 2012 O as We”?
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4 ALMA follow-up of four low-luminosity HSC quasars at z > 6.

4 LIRG-like FIR properties (Lrir, Lici;, Maust) in their hosts.
- SFR ~ 20-40 Msun/yr
— Clear contrasts to those of the previously discovered quasar-
hosts (~ULIRG/SMG-class star formation)

4 The HSC quasars are on or below the MS at z ~ 6
— Rapid transition phase to quiescent galaxies?

4 Low-luminosity quasars follow the local co-evolutionary relations

4 Adding lower-luminosity (lower-mass) quasars enhances the likely

existence of two quasar populations,
(i) those roughly following the local relation « standard model :)

(i) those showing clear enhancement in Mgn < another scheme?



