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Co-evolution of galaxies and black holes

* There is a strong correlation between the mass of SMBH and the bulge.
—But... different spatial scales (~6 to 8 orders)
—A complex relationship between the two?

T r—T—TTTTTT
® Classico

E e Ellipticals

* Understanding this correlation is a challenge _
- What ties the two together?— 10k

- When has this relationship existed?— |

p Mg/Mg |
—Necessity to consider the issue from these "
two perspectives

The importance of investigating both
objects from the past to the present.

Mouige/
Kormendy & Ho 2013 auige




~ Negative AGN feedback

 Galaxy evolution through mergers of gas-rich galaxies

* Negative AGN feedback (e.g. Hopkins et al. 2006)

Accretion onto SMBH- —blowing away gas & dust—Quenching SF§
(Analytically, determined that outflows suppress star formation.(e.g. Di Matteo et al. 2005))

* It's crucial to verify whether there is a host scale outflow in the galaxy (quasar)

In this study, we validate this phase

Merging

galaxies

Early-type
galaxy

dormant galaxy

Starburst Red quasar Blue quasar
, _ dust-obscured young jets evolved jets
gas-rich galaxies

collide

star formation strong winds weak winds

Credits: Gemini Observatory, GMOS-South, NSF/; Adapted by S. Munro.



‘Red Quasar

* Red quasars are considered as an

= The surrounding gas and dust are blown away,
exposing the core region slightly.

In galaxy evolution.

Red quasar

—Appearing as low-luminosity, but

Early-type
s Starburst aly
& g dust-obscured young jets evolved jets lg”" % Y s
o A 2 % T 0T galaxy
gas-rich -%7”[(““" star formation strong winds weak winds GRS SN
collide
Credits: 8 : compact,
redits: Gemini Observatory, GMOS-South, NSF/; Adapted by S. Munro. young jets

Munro.
portionyin this figure has been truncated.

YT &




High-z red quasars

> J1205-0000

The selection process for
identifying red quasars at high z

* Narrowing down red quasar
candidate objects to 4 based on

(9

NS

w

N

,-I'._'
o
™~
|
=
O
~
|
v
)
| .
v
(e 0]
T
e
—
W

[

o

J1205-0000 &+ observed flux
quasar+extinction | HSC SSP survey data
quasar template
SHELLQs quasar 93 objects
E(B —V) = 0.115+:92° oo
L L
IEGUESEAS=IR0 WISE All-Sky Release Catalog

|+ Selecting the two objects as
red quasar with SED fitting

Kato et al. 2020

(E(B - V) > 0.1)
(J1205-0000, J0238-0318)

A(observed) [um]



Our target J1205-0000 @ 2y, 4;; = 6. 699+ggg;

Luminous

o
1Y)
=
o
un
o)
I
<

! o
JOZ?',—0318 . X

£

a?‘mj

;?‘ x{:‘xx.
X
x

x
x

E(B-V) > 0. ‘

© E(B-V) 0.05~0.1
e E(B-V) <0.05

?146-0154 E
Lluncertain WISE
*flux decomposmon’?‘ x

Low-
lufminosity
quasars

56 5.8 6.0

Kato et al. 2020

6.8 7.0

Considering the dust attenuation, J1205-
0000 is positioned within the luminous
quasar regime.

Dust attenuation correction (E(B-V) = 0.12)

No
Correction

After
Correction

Mj 450 (Mag)

Mgy (Mgll)
(1079 Msun)

Lyor / Lgaa




. Our target J1205-0000 @ zy;,;; = 6.6997 0001

« J1205-0000 hosts N V, C IV BALs (Broad Absorption
Lines)
—nuclear outflow exist
(Outflows are blowing near the center of the galaxy)

r—

o
————

. 4 P— P———

:6‘
oy
N
o
=
.
O
c
L:

* Observing [CII] 158 um to confirm outflows at the
scale of the host galaxy

—

-

P
el Sl S

* Checking SF activity 10000 5000

Outflow velocity [km s™!]
Onoue et al. 2019
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* ALMA cycle 7 Band 6 (211 — 275 GHz) Observing
[CII] 158 um and rest-FIR continuu
(ID : 2019.1.00074.S, PI : T.Izumi)

Using 41 12m antennas with a field of view of 24", a
total ovservational time of 71 minutes

S Vé‘ » Data analysis with CASA version 5.6

Beam size = 4.2 kpc X 2.6 kpc (0".79 x 0".49).

"+ 10 =0.28 mJy/beam (Velocity resolution = 75 km/s)

et

Credit: ALMA (ESO/NAOJ/NRAO



* FIR continuum luminosity
- Lppr = (2.3 £ 0.2)x10** L

- Lig = (3.3 £ 0.3)x10% L
Deriving with assumption of
optically thin modified black body
- dust temperature T, = 47 K
- emissivity index f = 1.6

-D=1.44 + 0.32 kpc

(beam deconvolved major

axis of 2D Gaussian fit )

ICES Declination

= B = B :
— FRV] & TN n A
o 01X (ureeq /L)

a

—0°00'29".5
12M0s™055 2

ICRS Right Ascension
contours overlaid at 30, 50, 90, 150, and 230 (10 = 0.19 pwy beam™1)




Star Formation Activit

e Assuming that all of the IR
continuum comes from SF activities.

 SFR= 486 Msun/yr

J1205-0000 positions at Starburst
Sequence

—>my target has the active star forming

Z2=> 6 Low- Ium|n05|ty quasar
: ’ Z2 > 6 luminous quasar
O »?GC Model
== Salmon+15 (MS)

J0859+0022

1010
Stellar Mass (M .., )

>< | overlaid my results onto Izumi et al. 2018
><¢ Dynamical mass is used as Stellar mass




ICES Declination

c
(10= 0.44 Jy / beamigfken.s=t)

20,0 F Ekpc -
W@?Mﬁd _9¢-and 15

12"05™05%.2 051 7 05°.0

FIR
mag

Z8".5

29".0

continuum -

K

—0°00'29" 5
1205

9 5 kpc

=
~
0.4 >
1
o
03 B
~
8
02 o
0.1

(ureeq /4pr)

g 0T

0.3

|
| 1 1 1
o582

1 1
05°.1 05°.0
ICRE Right Ascensicon

-L
-D =5.46 + 0.64 kpc

27

27

28’

28'

29

12Pp5™p55 2

[

s

0

*5

"0 9 5 kpc
I
—Q°pp'ee” 5 ! 1 ! L 1 ! ! L

05%.1
ICRS Right Ascension

05°%.0

[CIi]*158um moment1 fhap

"0

150

—-50

ICRS Declination

cip = (1.5 % 0.2)x10° L

29".0 9 5 kpc
|
—Q°ppeet s L | ! L ! ! L 1

:5|8|1m moméﬁtﬁ

05°.1
ICRS Right Ascension

12bps™psS 2

(beam deconvolved major axis of 2D Gaussian fit)
- Integration over a velocity range of +750 km/s

|

180
140
120%

1002

80




' ‘Whether there is an outflow or not

— .. The results of the Single and Double Gaussian fits to the [ClI] line
Single Gaussian fit — [BESTHT 25

0.0020 ¢ Z[CII] = 6.7224 + 0.0003 JJO

0.0015 (ZMgII — 6699t888; (Onoue et al. 2019))

Flux Density (Jy/beam)

0.0010 FWHM . E 10;
ﬂﬂ 47£268km/s  ° Reduced chi square :
wnﬂ

5_

0.0000 U U : bk :
wuu w u oF ... compornent

—0.0005

L1
2440 2445 2450 2455 2460 2465 247.0 2475 2480 _2000 —1000 1000 2000
0.0030 — Data

0.918 0.917 Maiolino ef al. s 551
Double Gaussian fit — Best fit

mp%b While the Double Gaussian fit allowed us to
0.0020 Céfewﬁgé‘?ﬁ(’ﬁ nent .
WHM = 328.1 +133.1 km/s) separat.e the core and wing c?mponent.s, a
comparison of the reduced chi-square did not
1ent e epe .
1 +407.0 km/s) r;veal any significant difference.

—0.0005

0.0015

0.0010

Flux Density (Jy/beam)

244.0 2445 2450 2455 246.0 2465 247.0 2475 248.0
Frequency (GHz)
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Interpretation A : Too young outflow

- Starforming activity of J1205 is
not quenched.

Flux Density (Jy/beam)

* Taking the [CIl] spectrum into

consideration, no host galaxy scale
outflow is identified.

[

* Outflows
from near the
core have been
confirmed.

o
T

F; [normalized)
b

o

10000 5000
Onoue et al. 2019 Outflow velocity [km s™1]

0.0030 — Data

Single.Gaussian/ffit — st

0.002%+

0.0020

0.0015

0.0010

0.0005

0.0000

—0.0005

Frequency (GHz)

2440 2445 2450 2455 2460 2465 2470 2475 2480 =

HSC quasar (T = 35 and 47 K)
Z 2 6 Low-luminosity quasar

Z > 6 luminous quasar
12GC MOdPl
Salmon+15 (MS)

J0859+0022;

1010

Stellar Mass (M .,

)

ioll

>< | overlaid my results onto Izumi et al. 2018




Interpretation A : Too young outflow i

The outflow

Just at the
beginning of reaching the Quasar
blowout host scale

Dusty
starburst

©Noboriguchi et al. 2023




Interpretation B : [CI] is not a good tracer of outflows "

* J2054-0005 : While not visible in [CII], this shows outflows as OH absorption.

Velocity (km s71)

Observed frequency [GHZz]
358 357 356

-- Qutflow
Systemic
— Total

~

w
-
N

~

o
[
[

o
&)

OH absorptiq‘h

e
o

Normalized continuum

>
-
S
>
=
n
C
Q
o
X
=2
L

w

wn
o
©

Flux density [m)y]
(9] (@)]
(@) o
S
(0]

o
~

Residual
i
(9]

4.0r
—1500 —-1000 -500 0 500 1000 1500

Frequency (GHz) : -1
Novak et al. 2020 Salak et al. 2024 Offset velocity [km s™*]




Supportive evidence : IR is mainly from AGN

J1205 has almost point source nature, Since only the IR from the AGN is
and can't extract the extended structure visible, the SFR could be much smaller

[—
N

p—
o

(=
=
)
)
o
£
=
g
<

0.5

— Best fit

Gaussian component

-- Point Source component
-+ Visibility Data

20(.) ) s A : HSC quasar (T = 35 and 47 K)
Uyidistanze (kA) Z 2 6 Low-luminosity quasar |t's

s possible th
Z > 6 luminous quasar 11 285 mlght bgb%59
»2GC Model o

Salmon+15 (MS) guiescent.

+0022 I

10 10

Stellar Mass (M )
results onto Izumi et al. 2018




~Interpretation B : [ClI] is not a good tracer of autflows TR

&P

Merging

Just at the The outflow
beginning of reaching the Quasar
blowout host scale

Dusty
starburst

©Noboriguchi et al. 2023




Future Work

We will observe another line emission (e.g. OH, [Ol]),
we can validate the Interpretation B.

* OH absorption line

As Salak et al. 2024, there is a possibility that it is seen in OH absorption line rather than
in [CIl] 158 um.

- [Ol] 63, 145 um line

If the outflow is dense and collisional de-
excitation dominates, resulting in no
appearance of the [Cll] wing component,
there is a possibility of tracing dense
outflows by observing the line with higher
critical densities.

2.8x103 4.7%10° 9.4%10*
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~ Summery

We succussed to observe FIR continuum and [CII] 158um

J1205-0000, positioned in a starburst sequence, suggests an intermediate phase of evolution as long as|
we assume that all the FIR flux originates from star-forming activities.

Z|ci) = 6.72 was determined from the [ClI] spectrum. Furthermore, these results don't strongly
support the presence of an AGN-driven outflow at the scale of the host galaxy.

From these results, There could be the two interpretations.
> Interpretation A : Nuclear outflow and active starforming indicate that

> Interpretation B : The possibility that [CIl] 158um is unsuitable as an outflow tracer (Salak et al.

2024). And my uv-amplitude analysis reveals that IR from my target is observed as a point
source.—

To validate these interpretations
« Observing another line emission (e.g. OH, [Ol]), we can validate the Interpretation B.







- Supportive evidence : IR is mainly from AGN ‘

Point source components « For a conservative estimate of SFR, it's
are brighter than extended necessary to adopt the flux obtained
components. from the extended component.

Case study
J1243+0100

mJy beam ™!
— Best Fit : Y 0.6 0.8
-=== Circular Gaussian '
Point Source
Visibility Data

Amplitude (mJy)

S
N

Declination (ICRS)

- _
-
- - -
- —————
- T — — — — — —. —— — — — —

200 250 300 350 400 450 =
4 y . 54.05s 54.00s 53.95s 53.90s 53.85s 12h43m53.80s
UV distance (kA) Izumi et al. 2021 Sighi Ascension (iCHE)




Two interpretations of my results

From these results, two interpretations can be made based on the difference in phases of this
evolutional proses

Just at the
beginning of reaching the Quasar
blowout host scale

. The outflow

Dusty
starburst

©Noboriguchi et al. 2023




 Deriving SER

Star forming activity

N
-

PR 115240055

’

== Salmon+15 (MS)

Yir HSC quasar (T, = 35 and 47 K) "

Y z > 6 Low-luminosity quasar
‘ Z > 6 luminous quasar
O #?GC Model

¥
t

J0859+0022

1010
Stellar Mass (M .., )

Fig.7

the My -SFR relationship
forz>6.

> | overlaid my results
onto lzumi et al. 2018




' J1205-0000 :‘ Spectra

Mgll: J1205-0000
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© J2054-0005 [OlII]

Dust continuum at 87 um [OlIlI] 88 um Redshift

-0:05:13.0 r » " NF O\ I '\/.(I\ a L] -.r . . . o l 6-06 6-I05 6-I04 6.IO3 6.I02
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> Atmospheric transmission fraction at the ALMA site

5 6 7
‘ 1: ¥ ;;r”’ '
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1.5mm

l
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Transmission fraction

0'00 200

https://almaost.jb.man.ac.uk/hel




Critical density for fine structure line

i iE  BRSREE WL

1 5 = ' 3
HR Ef (K) (cm °) (um)

X10°  370.42

X10°  609.14
X10°  157.74

Ci1 °P,~°P 63
C1] °P—=P 24
C II] 21)3,'3 )21)1,.'3

Q1] °P,—°P,

O1] Py—>°P,

(O] °P,—°P

O] °P,—°P,

(Nu] °P,—°P;

N1 °P,—°P, 70

~ N

~ OO0
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N
» »
g Y -/ \-/ \-"
\ Pa Pa Pat

https://www.asj.or.jp/geppou/archive_open/2017_110_03/110_185.



Co-evolution of galaxies and black holes

« There is a strong correlation between the mass of SMBH and the bulge.
—However, both objects operate on different spatial scales (3 to 6 orders)
—A complex relationship between the two? o

® Classical bulges

N ® Ellipticals

c ISM

" Galactic ISM

| Outer Accretion Disk

" Accretion Dis

106 11111
10°

Kormendy & Ho 2013




~ Negative AGN feedback

 Galaxy evolution through mergers of gas-rich galaxies

* Negative AGN feedback (e.g. Hopkins et al. 2006)

Accretion onto SMBH- —blowing away gas & dust—Quenching SF§
(Analytically, determined that outflows suppress star formation.(e.g. Di Matteo et al. 2005))

* It's crucial to verify whether there is a host scale outflow in the galaxy (quasar)

s e
‘ _

Merging

galaxies

Early-type
galaxy

dormant galaxy

Starburst Red quasar Blue quasar
, _ dust-obscured young jets evolved jets
gas-rich galaxies

collide

star formation strong winds weak winds

Credits: Gemini Observatory, GMOS-South, NSF/; Adapted by S. Munro.



_ Co-evolution of galaxies and black holes

The importance of investigating both objects from the past to the present.

« The evolution through mergers of gas-rich galaxies is considered a plausible scenario

B T
- —

Merging

galaxies

gas-rich galaxies

collide

Early-type
galaxy

dormant galaxy

Starburst Red quasar Blue quasar
dust-obscured young jets evolved jets

star formation strong winds weak winds

Credits: Gemini Observatory, GMOS-South, NSF/; Adapted by S. Munro.



'Negative AGN feedback

 Galaxy evolution through mergers of gas-rich galaxies

* Negative feedback (e.g, Hopkins et al. 2006)
Accretion onto SMBH- —blowing away gas & dust—Quenching SF
(Analytically, determined that outflows suppress star formation.(e.g. Di Matteo et al. 2005))

* It's crucial to verify whether there is an host scale outflow in the galaxy (quasar)

In this study, we validate this phase

~®

Mer. 8 Starburst Red quasar Blue quasar
galaxies o { - S
dust-obscured young jets evolved jets

7 - y v 0 . ..| - . . .
gas-rich galaxies star formation strong winds weak winds

collide

Early-type
galaxy

dormant galaxy

Credits: Gemini Observatory, GMOS-South, NSF/; Adapted by S. Munro.




Negafive faalliiiele

DISC + BULGE Merger
R

T T T T T T

 Galaxy evolution through
mergers of gas-rich galaxies

e
. T \ ith BH
* Negative feedback (e.g, Hopkins et al. 2006) 2 UL, o soae g o g \/ (o

Accretion onto SMBH T L0 ——

& .
>~1Q‘1 L
© 1072}

+ -
' T T T T

—

—

§ 1073
-6
o 10

Analytically, determined that outflows suppress star @"’8; :
formation (e.g. Di Matteo et al. 2005) Vuz 160 kmgp

el da- g g g g N -2 3 _)
-———r-r——t—t—t—Ttttt

9 -

—blowing away gas & dust = ww\ i
—Quenching SF % w"_ m&wf
!

o R VA el A Y Yl I LR L —

0.5 1.0

Di Matteo et al. 2005 f (GYI’)




" Outflows

* Outflows have been observed from the present into the past.

_ @z=17.07
?02(5f4;'59 - |1 [ClI] 158um  J1243+0100
XID2028 075 (lonized outflow)

(m0|eCU|ar OUIﬂOW) 1 1000 500 Velocity 0'!;1-_\cl1km O - -
81 ;
(m0|eCU|ar OUtﬂOW) Z 0or (b) Double Gaussian : Best it

* Narrow component

y¥d.o.f. = 16.5/25
X Broad component

- Data

[ COo(5-4)
outflow

Flux density (m

)
~
=
P
‘@
I~
(7]
-
=
»
= |
(TS

-1000  -500 0 500 v
velocity (km/s) 234.75 23500 23525 23550 23575  236.00 23625

Observed frequency (GHz)

continuum subtracted 'blue tail' flux’ map continuum subtracted 'red tail' flux map

(b) Wing

W)~
N
v

(s/un'woeq/Ar)

Relative J2000 Declination (arcsec)
(s/unrwiooq/Ar)

Relative J2000 Declination (arcsec)
|

Veilleux et al. 2009b

Relative J2000 Right Ascension (arcsec)

Brusa et al. 2018 et al. 2021




Brusa et al. 2018

T T T
[0111]5007 (Xshooter, 1%)

Arbitrary units
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‘The importance of the High z Quasar observation

* |It's known that the massive and
quiescent galaxies already existed S

LS |

S ——
<420

atz = 3~4. [ log[M/M_[Z 10.6
(e.g. Straatman et al. 2014) Con %j»
=

U

g#’.’ *& _

U-V)

-—h
6]

* e
—In an era preceding this, there were ¢
significant SF, and the quenching

within the process

$ = dusty star—forming:
® 5 . i
e ~

a

rest-frame (
o

star-forming

O far-IR> 3¢
A l A e A l e l e A A l A A

0.0 0.5 1.0 1.5
rest-frame (V-J)

Straatman et al. 2014




High z Quasar @

» BH is over massive (~10 times) in the FURIMATMPARGNG e YT
De Nicola et al¢(2019) X locos GMs (RV+15)

relation between dynamical mass - Reines & yyGntert (2019
and BH mass |

(e.g. Pensabene et al. 2020, Lamastra
et al. 2010)

* However, this presents a biased
representation, with a majority of
luminous quasars dominating the
Image.

VHS J2101-5943 3
SDSS J1328-0224 13
SDSS J0923+0247 ]
SDSS J1044-0125 4
SDSS J1306+0356
SDSS J2310+41855 3
SDSS J2054-0005 3
PSO J167-13
SDSS J0129-0035 4
ULAS J1319+0950 |
A aaaal

Co0000099 09

A A AL A T A A b 4 b bl

al il al " i A i
1010 1011 1012 10!
Mdyn (Me)

aaatal Al
10°

Pensabene et al. 2020




* Another tendency between Low
luminosity quasar and luminous

quasar

|
()
-

Luminous quasar — BH mass is over massive

Low-luminosity quasar — Similar to the local

(Sew) (133 W

J124310100 (bulge)
J1243+0100 (total dynamic)
J134210928
J1120+0641
Literature Data
*  Marshall+2020
+ Kormendy & Ho 2013

©
=
7]
<
>
L
/M
>
7!

10"

Dynamical Mass (M ¢ )
lzumi et al. 2021




‘Quasar at high redshift ¢

 Even in SF activities, differences
in luminosity lead to variations
In trends.

—
—

—Observations of low-luminosity ';\
quasars are crucial for obtaining -
unbiased insights

(Tewr) OSPT Ly

J124340100
Other HSC quasars
Decarli+ 18

v2GC Model
Salmon+15 (MS)

ldll
Stellar Mass or Dynamical Mass (M o)

lzumi et al. 2021




Red Quasa r : |OW_Z ) A Blue Type-1 AGN
Obscured Type-2 AGN
Red Type-1 AGN

=

log10(Approx bolometric luminosity [Lg])

Low redshift

oS

« Many Red Quasar is selected
—be able to discuss analytically

o

—
—

e The observation also confirms

the presence of outflows

i 3.
Redshift ‘ G|Ikmal’)] et al. 2018

F2M0830: Bubble pair

Li'ne’ O'f_\Sﬁj ht 015

100
Pixel

1

L' em™2 arcsec™?

107 erg s

Shen et al. 2023




Red Quasar :vhih—z

High redshift

E(B-V) > 0.1

E(B-V) 0.05~0.1
Only two red quasars have been . . E(B-V) < 0.05
found : ° -

(J1205-0000, J0238-0318)

—insufficient for statistical discussions

x ]1205-0003
x * X
g X%, *" -

x

J .*
J0238-PJ18 i 1?145 0154  x

)(
~

« bt
Outflows have not been observed M

M1450 [mag]

* Intrinsically luminous

—QObservations of red L
quasars at are essential. >0 5.8

6.0

Kato et al. 2020
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© HSC-SSP and NAOQ)J
« 330 nights (Feb. 2014 ~ 2021)
* 5 broad band(g, r, i, z, y), some narrow bands

» 3 layers (2, 3 magnitude deeper than SDSS)

1400 Tse ~26 Mag
26 Tsq ~27 mag

3.5 Ts¢ ~28 mag
Aihara et al. 2014

© HSC-SSP and NAOJ
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6.5 7.0 7.5

Redshift

« SHELLQs (Matsuoka et al. 2016) :
Subaru High-z Exploration of Low-Luminosity
Quasars

« With HSC data, selecting z > 5.6 quasar
(Bayesian-based probabilistic selection method)

* A total 154 high z and low-luminosity quasars
were identified through this project.
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The definition of Red Quasar?
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Redshift Redshift

Fig. 1.— Left: Completeness for simulated red (optically steep) but unextincted quasars with

v = —1.5+£0.3. Right: Completeness for simulated dust reddened and extincted quasars with
E(B —V) = 0.1 (assuming SMC dust extinction). In both panels, contours are drawn at 10, 25,
50, 75 and 90% completeness, with the 90% completeness contour shown as a dashed line. The
shaded region is where there are no objects in the simulations; quasars more luminous than the
most luminous of our simulated quasars are clearly even more likely to be detected.

Richards et al. 2003
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Figure 15. Dereddened K-band absolute magnitude as a function of redshift.
The colors of the circles correspond to the amount of extinction, ranging from
low extinction (yellow) to heavily reddened (red). The dotted lines indicate the
survey limit (K < 16) for increasing amounts of extinction. The small dots are
FBQS-II and FBQS-III quasars, which we assume are unabsorbed. At every
redshift, red quasars are the most luminous.

Glikman et al. 2012
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HSC SSP survey data

[ SHELLQs quasar 93 objects ]

:

[ WISE All-Sky Release Catalog

Select 4 Red quasar
candidates

Determine 2 objects
as the red quasar

| =

HSC SSP survey data

Machine Learning
method like Random
Forest

L

[ WISE All-Sky Release Catalog ]

Select 4 Red quasar
candidates

Determine 2 objects
as the red quasar




