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Co-Bvélution ofsSMBHs and Host Galaxies?

ol * Clossicalbuiges + | e Msn is tightly correlated with Mpuige
- @ Ellipticals : i <
: e ] and o- = Co-evolution(?)
. | o |NVhy do they know each other despite
: ' their orders of magnitude difference in
s spatial scale...?
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o When, where, and how the relation o
has arisen? ’
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e U
 These quiescent galaxies will require rapid star formation, = I f
also likely rapid BH growth, and then associated | .
feedback, at even higher redshift. oo , |
— now JWST routinely discover this kind of objects. |
S i
e Strong motivation for us to explore z > 6 universe! A e YN .
Straatman et al. 2014
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Massive, quieseenf}.and old 'galaxies already-dtz = 7.3 . -

Weibel et al. 2025 RUBIES-UDS-QG-z7 Redshift r
Aobs [:unl] ” ? ) 1|1 ll‘)
1 2 3 1 D 150.0f —— SFH, Z =0.11Z e  (COS-zZ8MI
. SFH, Z = 1.19 Z, + JADES-GS-z14-0 —-24
T ¢ R-B+24 B GHZ2/GLASS-z12 17
sl A R-B+24b (BoRG) ®  GNll %
© ® B-+2022 (REBELS) o
=, £,
Ty |
- 10T PRISM spectrum g K -235
l<]: 2.0 |—— best-fitting SED " ;;‘Q | - &
o 1| & NIRCam photometry K P — i ro———— -1
Im 3 0.5 0.4 0.3 (.2
i 1.6 Age of the Universe |Gyr]
=
o012 o .
S e Star formation history modeling suggests
T 0.8 a rapid quenching at z~9.
- ]
L . . .
0.4~ e Hydrodynamic simulation supports the
LH |
presence of AGN feedback, which

overwhelms mass accretion (Turner et al.
20295).

log (Mstar/Msun) ~ 10.2, SFR ~ 1 Msun/yr
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- Prediolis Sub/mm ;ap.ser‘\’laiiaihfs. at High-z'(Lum. quasars) g

: Kormendv & Ho 2013. ARA&A. 51. 511
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Wang et al. 2013, ApJ, 773, 44 w/ ALMA I A / _
e @z > 6, sub/mm obs are vital 7 N —
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e ULIRG/SMG-class star formation Typical value [ ; el 1'01 B 1'1 SR 1'21 -
 Rapid and vigorous galaxy SFR ~100 - 1000 Msun/yr loa M M
: : og *,bulge O,
evolution coeval with SMBH A ~a few E10 Msun
growth . f 3 M
— How Mgn-Mstar relation looks st aTew sun
like in these most active MegH ~a few E9 Msun

systems? e.g., Wang+10; Venemans+16
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Subaru Hyper Suprime-
Cam (HSC)

First 1000 deg? class
survey with an 8m class

telescope
g,hi,z,y bands

>~2 mag deeper than
previous surveys (e.g.,

ras < 27.1 mag in the
Deep 27 deg? layer)



Color: [CII], Contour = FIR contlnuum

0.50 .
'IMS What we’re doing:
49.0" -10.40
|0 e Study HSC quasars
s " (LLQSOs) to:
= | 0.25
8 .. Q.20 * Characterize basic star
| 0.15] " - formation (SFR)
J22l1_6-0016 o e Constrain the host galaxy
',' _pgm 3 kpc O:OO Mass (Mdyn)
;  RA (2000 * Discuss less-biased early
- N O 10 SO U S O BH-host mass relation
Y IR 0 N U N N » Search for the key physical
f - processes of co-evolution
—— . """ ' .“ ( , Outflow,
00 ‘J]]” At environment, etc?)
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1. Shape of the Early Mgya-MgH relation
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JWST/NIRCam hog.fgalaxy d\ecomposmon S Sy
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F356W map (X. Dlng et aI 2025; see also Dlng et al. 2023)

J2255+0251 J2236+0032 J0844-0132 J091140152 J0918+0139 J1425-0015 J1512+4422 J152544303 J1146-0005 J114640124 J0217-0208  J0844-0052
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Ratio ~ 9.5%.41 Ratio'~31 7% JRatro ~4.2% Ratio~ 7.7% Ratio~5.1% Ratio ~ 14 2% - Ratio..=43.5% JRatib ~25.1% - JRatio~1.9% Ratio ~ 21 .6% "|Ralio ~64 4%

Observed image = Host galaxy + QSO (PSF). In total 12 LLQSOs have been observed.
F150W + F356W straddles the 4000A break, allowing us to estimate the stellar mass.

Together with ALMA (SFR, gas), we can measure sSFR, SFE, etc (in relation with the quasar propert
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Al et al. 2025

8 9 10
log M. /M 4

e Selection bias (preferring luminous objects) + observational

11 12

g8 9 10
log M. /M g

1I1 12 EIB ] 9 1IO
log M. /M 4

errors = We only pick-up most massive BHs.

11

Iog MBH/M 0,

e Once the above items are accounted for, we don’t see a redshift
evolution of the Mga-Mgn relation toward high-z.

e Same argument for the SHELLQs quasars at z~6 (w/ JWST).
But the dispersion (~0.8 dex) is higher than the local (~0.4 dex).
— Growth in tandem + cosmic averaging with mergers.
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Silverman et al. 2025
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- Sedrch for BHsiin galakies™

- = (Greene+20 i
10k Li+24 quasars — .
Li et al. 2025 f
or |
© nn * Deep spectroscopy of massive “galaxies”
- 46.5 :
EI O revealed the presence of broad Balmer lines
Em ol 260 2 originating from AGN’s BLR.
RS
= i $ ¢ Fully consistent Mgn/Mgal ratio with the local
— x - 45.5 ~
g’ value (~0.1%).
T 1 | 45.0 e Need a more statistical survey toward a
& 1 complete sample.
— “Measure” the shape of the relation.
o :
. : e Note: we also need to consider how to

log M. /M ¢ make the overmassive BHSs.
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models

.'. : . & x "0 3 : .'- | .‘-.' |
Constraint on galaxyg€yolution

From TI's ALMA Cycle 12 proposal

< l0g10Men/Mo > 6 | Normal AGN LLQSOs Luminous |Don’t reflect the bulk
1 2 lllustris 1 -1 QSO S BH mass distribution™|
0 TNG100 (bulk of the SMBH Similar to the normal AGN distribution
= population) — LLQSO reflects the bulk distribution °

©

&S EAGLE
O 1 sivBA I I
2 l o 7 o

S ' == !
= II II ﬁ # ) .
3 IT II '
Em (Mias50 2 —22) T (—22 2 Miy450 2 —25) (Mias0 S —25)
= 1 l0og10 Lboi/(€rg/s) = 44-45 | logioLuo/(erg/s) = 45-46 | logioLuo/(erg/s) = 46-48 j
8) | I I I I I I I I I I I I I I I I I I I |
b 0 1 2 3 4 5 6 0 1 2 3 4 5 3 0 1 2 3 4 5 3
redshift redshift redshift

e | ess-luminous, less-biased population is the key to reveal the genuine shape of the co-evolution.



2. AGN Feedback (Outflow)
+ Levels of star-formation
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-The nghest-z Low-lqghposi‘ty ’Quasar (z 7 07) wl [CIL] outflow v

\_0 TV N . B
Matsuoka et al. 2019 Jy beam ™! km s™1
SO e 1500 2000 2500 3000 _ | ~ | ' ‘
— | | | T Velocity offset (km/s)
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erved ' 8 | i i i i
el total NV Si IV .
| (b) Double Gaussian — Bastiit
il C mj vdof =16.525 =\ 77 Narrow component
\ 1.5 §6- x*/d.o.t. = 16.5/25 ---- Broad component
~ — —— Dat
S }ﬂ £ || [CII] spectrum At
g 1.0 % B‘4
s I .
NG - =
{1 ©
S ) | ] 5
e OO i | EP
o [ Ml
& &
= opf o o o e pote pii N W i
\ L d T T T T T T T T
E . 23450 23475  235.00 23525 23550 235775  236.00  236.25 54055  54.00s  53.95s  53.90s  53.85s 12h43m5:

oor ‘ J | Vw | Observed trequency (GHz) Right Ascension (ICRS)
[~ ——— Error (left oxis) L4
: Sky tronsmission (right oxis) 1 II. : N ' :
08 ) e W e S LA AN L INO.O

0.8 1.0 | 1.4 1.6 1.8 2.0 2.2 2.4

OB HEUBISHEHS () | e Wing is very compact: < 2.7 kpc,
which is even inside the host galaxy.

® |go=1.4x 104 erg/s (~10% of the other z > 7 quasars) e Fast outflow (>450 Msun/yr).

e MsH = 3.3 x 108 Msun (Eddington ratio = 0.3) — Total outflow rate (incl. mol) > 1400 Msun/yr ?7?

e Quasar-driven...? (--Narrow [Cll]-based SFRci; =
165 Msun/yr)

e With a CIV BAL(?) = Fast (~2400 km/s) nuclear outflow
— Intriguing target to study host-galaxy scale feedback.
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® |go=1.4x 104 erg/s (~10% of the other z > 7 quasars)
e MpH = 3.3 x 108 Msun (Eddington ratio = 0.3)

e With a CIV BAL(?) = Fast (~2400 km/s) nuclear outflow
— Intriguing target to study host-galaxy scale feedback.

Velocity [km s ]

e Fast outflow (>450 Msun/yr).
— Total outflow rate (incl. mol) > 1400 Msun/yr ?°?

e Quasar-driven...? (--Narrow [Cll]-based SFRci; =
165 Msun/yr)
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Are®quasar-drivendé’cool” outflows prevalent??’ .

. é [CII] Outflow (Stack): NO! lzumi et al. 20210 )ity offset (ks
[Cll] Outflow (Stack): YES : : 1000 500 ol (km/s) 500 1000
48 sources zj_ E 8t e ; 8 | | ' | |
gl L= 8.62 Al - ‘; (b) Double Gaussian — Best it
Z Bischetti o i : E6; = - 2dof =165725  [[=\ SRR SompRme
§3_ SCAICLLY Y _oo | | l > T ] —~ 0" X74.0.1. i -=-=- Broad component
> 2019 ~1000 0 1000 : 4(_;_; 4l — Mean spectrum Novak+2020 %" C“ t — Data
éz_ FWHM~1 700 km/S E qc) —— Single Gaussian fit E [ ] SpeC rum
x |19 =0.06 mJy |/ 2ol |10=0.06 mJy -
El \ . = 8
1 L =
0= e = "" “" — = ] E O rHJL‘T] W—'ll_nu”wmﬁ E 2-
0.25F mﬂm s 1 B v
-8 gg'—%&-ﬁw o | . - :5 N nﬂ';ﬂr‘t""ﬂ;ﬁ‘“::f"”}"ﬂ{"ﬂ"ﬂ;a:";l;jr“% ........ I - § =
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el el el ' : : ' l ! , : :
v | | ~ P M_'S — 10 23450 23475 23500 23525 23550 23575 236.00 236.25
e . 0 o Same Velocity / o Observed frequency (GHz)
Velocity [km/s] S vt Y 1 Oline
0 04 06 08 1o 12 14 Loy oiHVILY ho wing L (momento) e Some works claim the detections of

BN e (1E8 Lsun) ;G

L [V| > 400 km/s [Cll] outflows, whereas others do not.

e Maybe due to surface sensitivity issue
(for the case of luminous quasars)...??
— Extended outflow?

e Our “detected” [CII] outflow in the HSC
quasar is indeed compact (< 3 kpc)

A arcsec
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- Quasar-driven Sde@$e” molecular outflow - - -

[ [ [ -]
34
_1a00 F T T T j ) T T T 5 T T T T T T T i
33 | <> z > 6 IR-Luminous Quasars <> z > 6 IR-Luminous Quasars
@ z ~ 5 Dusty Galaxies @ z ~ 5 Dusty Galaxies :
S 1sgol ® 2<03ULIRGS&QSOs | < zZosuiresaasos - OPilker et al. 2025
= ) = Nearby AGN = Nearby AGN
= ~ | <>
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S 30 | | Q>
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- = = l‘
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e Blue-shifted OH 119 ym absorption in ~70% quasars — Outflow

e Positive correlation of AGN luminosity vs Outflow Velocity
- — Suggestive of being AGN-driven?

Flux Density (mdJy)

e Qutflow’s kinetic power is ~0.5% AGN power. (~30% of SNe power)

~1500-1000 -500 0 500 1000 1500 — AGN can easily drive this outflow.
Velocity (km/s)
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Is .thei’e AGN-deet{cool and ‘Fden‘Se}j oi’ltfldw?'.‘

Salak et aI 2024 (J2054 -0005 at z = 6) Velocity offset (km/s)
| 1000 500 O —500 —1000
15— OH 119 um | R _
_ - —— [CI] 158 um Sawamura, Tl, et al.
T 1.0p - ! [Ol] 146 pm in prep.
% !
8 0.5 - 23
> E)
E 0.0 = thT = ?2
: l l
£ 051 1 2
o . | = =8
2 —1.0r i i — = ﬁu
_1.5-_ - qu#”ﬁ%m' LT e ﬁl | .L.||||I+Iﬁ|| N i
30001000 0 1000 2000 TlfT“HJ f : LMJT WW%
Offset velocity [km s71]

292.0 292.5 293.0 293.5
Frequency (GHz)

e Note: the line critical density of [CllI] 158 pm is low. It can be collisionally de-excited in dense gas.
e \We then performed deep [Ol] 146 um observation toward a luminous quasar at z~6.

e But still we don’t see any wing feature...
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Yang et al.
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Marshall et al. 2023 (JWST IFU)

28.65° 28.60° 28.55°

e Carry bulk wind mass???
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Levels of star fornfation *° °

e [Cll] and FIR cont = SFR estimator

3.0 46.0

* We can constrain the fractions of d)z =55 I
quasar hosts on, above, and below 2.5 (close to z~6) ® 1 1 e
the z~6 main sequence. _ ~

e Current cosmological simulations 34 e 61,,
managed to produce a number § P
galaxies with < 10710.5 Msun. i o7 5
— Low-luminosity QSOs will be a 51 olessmess: m:ﬁ (Ab(;?\lct doisi e 1454 &
gOOd Comparison Sample' = | MBA quasalk’);I L_bol > 10" 2:3/2

e We can also estimate sSFR, and look 0.5 [ g | ALPINE (open circle |0
at correlations with AGN power. L ALPINE it (fine, Khusanova+20)
— negative correlation = AGN 0.0 B 45.0

9.5 10.5 11.5
feedback? log1o M. /Mg
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- Wide spread insStaf Formation Activity "=~ - "»

Sawamura et al. in prep
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Stellar Mass (M )
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e \Very wide (x100) variation in SFR
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e J2236+0032 (example): log Mstar = 10.6, with little
star formation (at most a few Msun/yr).

e [Cll] is barely detected (30), continuum is not
detected — Quiescent host galaxy at z~6.



3. Mergers of galaxies
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e \We discovered a pair system (separation ~ 2”) by using the Subaru/HSC-SSP survey data.
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— ~100x fainter than SDSS quasars
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the prevalence of mergers in high-z quasars.
. e ...and for a proper comparison with normal galaxies!
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- Sumary

N,

4 Exploration of lower-luminosity, less-biased quasars is on-going.

4 No redshift-evolution of the co-evolution relation is suggested (although there are some non-
trivial assumptions).

4 AGN-driven outflows are NOT so frequently detected in cold gas emission, except for OH
absorption. But ionized outflows are prevalent. More advanced assessment of physical
properties will be required.

4 There is a wide spread in SFR. Some are starburst, some are normal, and some are
quiescent already at z > 6.

4 Mergers of galaxies are re-assessed. We need careful design of observations. Statistical
comparison with normal galaxies will be a next step.

4 Other topic: dust obscured, earlier phase AGN should be studied in detail.



