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Ultra-Luminous InfraRed Galaxies

Def:
_LIRG : Ls-1000pm > 10E+11 Lo
Ultra-LIRG : Ls-1000pm > 10E+12 Lo
Hyper-LIRG : Ls-1000um > 10E+13 Lo
Extremely-LIRG : Ls-1000um > 10E+14 Lo
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NGC 4038/9 (The Antennae): An interacting starburst galaxy

Antennae

~90% radiation emitted In
infrared band by dust
heated by starburst (O/B
stars) and/or AGN.




The co-evolution path of SMBHs and spheroids in massive galaxies

(c) Interaction/*Merger” (d) Coalescence/(U)LIRG (e) “Blowout” (f) Quasar

NGC 4676
NGC 6240
IRAS Quasar Hosts
PG Quasar Hosts
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merger signatures still visible

(g) Decay/K+A

(b) “Small Group”
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- QSO luminosity fades rapidly
- tidal features visible only with

very deep observations
- remnant reddens rapidly (E+A/K+A)

_ — : - “hot halo"” from feedback
e e g . - - sets up quasi-static cooling

(h) “Dead” Elliptical

- halo accretes similar-mass
companion(s)

- can occur over a wide mass range

- Mtaio still similar to before:
dynamical friction merges
the subhalos efficiently
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Time (Relative to Merger) [GYI‘] - large BH/spheroid - efficient feedback

- halo & disk grow, most stars formed
- secular growth builds bars & pseudobulges

- “Seyfert” fueling (AGN with Mg>-23) Hopkl ns+2008 - gmﬁtirgbiﬁ?d?-:fc;ligizzﬂicient

- cannot redden to the red sequence

- halo grows to “large group” scales:




The co-evolution path of SMBHs and spheroids in massive galaxies

(c) Interaction/*Merger” (d) Coalescence/(U)LIRG (e) “Blowout” (f) Quasar

NGC 6240
PG Quasar Hosts

NGC 4676
IRAS Quasar Hosts

- now within one halo, galaxies interact & :
ga dust removed: now a “traditional” QSO
host morphology difficult to observe:

: SFREz:r:snf;liar:cTezZlemum U L I R G |S th e | m po rta nt pe rl Od tidal features fade rapidly

“E A wInCs COmmaty e characteristically blue/young spheroid
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- can occur over a wide mass rany = 45 +
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dynamical friction merges
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srmation terminated
46 47 BH/spheroid - efficient feedback
rows to “large group” scales:
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- secular growth builds bars & pse: Iog LbOI (AG N) [e rg/S] ergers become inefficient

42 —= .
- halo & disk grow, most stars forn 42 43

- “Seyfert” fueling (AGN with Mg>

- cannot redden to the red sequen.. - growth by “dry” mergers




Two main topics

1) the process to push the evolution: outflow; |
2) '

the result of the evolution: luminous AGN and
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[Oll] dispersion (wgo) (kms™1)

‘Outflow velocity

Outflow study in the literature

Arribas et al. 2014

U/LIRGs at 0.01 0.18
Toba+2017 (DOGs, 0.28<2z<1.03) 47 - vélocit;s/:chx, IurrizH;
Perna+2015 (QSOs, 1.27 <z<1.59) ’ Soto et al. 2012

3, ULIRGs at 0.04 <z<0.15

W Vvelocity: multi, lum: Ha

% Harrison et al. 2014

% QSOs at 0.08<z<0.20

f velocity: [OlI], lum: HPB
Liu et al. 2013

2 QSOs at 0.31<z<0.65

velocity: [OlI], lum: HPB

Toba et al. 2017

DOGs at 0.28 <z<1.03

velocity: [OlI], lum: HPB

Brusa et al. 2015

QSOs at1.27<z<1.60

velocity: [Oll], lum: [OlII]
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[ ULIRGs at 1.40 <z < 3.35
velocity: [OllI], lum: [OlII]
Carniani et al. 2015
QSOs at 2.35<2z<2.48
velocity: [OlI], lum: HPB
Zakamska et al. 2016
QSOs at 2.36<z<2.59
velocity: [Oll], lum: [OlII]

Bischetti et al. 2017
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‘ Outflow kinetic energy

1024

Chen et al. 2019

: In the view of outflow LLIRGS Iocate at the
L transition position between local AGN / star-forming}
|__galaxies, and the very luminous high-z QSOs. |




Quenched or Not quenched

' Although the merger scenario provide a history of !
i the phase transition of ULIRGs, the detailed |
|__measurement of evolution time is challenging. |
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directly.
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Quenched or Not quenched

. An alternative method is to evaluate the mass |

{ Since the ULIRG evolution .,
- starts from a starburst, if the

guenching process really

{ occurs, the young fraction §
{ should decreases f.
 significantly when compared ¢
¢ to its early stage. \

,- fraction of Young Stellar Population (< ~ 100 I\/Iyr) 4
B vvlth a Iarge sample
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Quenched or Not quenched

10

Hll-like

—

(star-forming
dominated)

quenching
happened
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Hou et al. 2011 :
160 ULIRGs from 1Jy IRAS catalog:
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K 7 HII-like ULIRGs

Composite ULIRGs f

Seyfert 2 ULIRGs

0.0 0.5 1.0

Su et al. 2013

419 ULIRGs from WISE catalog,
no FIR confirmed. biased?
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Searching ULIRG in the AKARI FIS
Bright Source Catalog

N60 (65 um): 59,443 sources WIDE-S (90 ym): 461,842 sources
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Yamamuraetal. | AKARI-FIS Bright Source Catalogue Ver.2 Release Note (preliminary version 1.1; 201604/26)



Searching ULIRG in the AKARI FIS

Bright Source Catalog,

and the Herschel PACS/SPIRE

point source catalogs.
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2-band SED estimation to select ULIRG

—— SB dust SED
—— AGN torus SED
A W312pum
A A/FIS90 um

Magdis+2012

—" Wavelength (um)

_AGN

_AGN i

band transmission

. We can quickly estimate the IR AGN

and starburst luminosity just with 2-
¢ band observation, when the SED are !
fixed to some typical choices.

UX12
UX90




2-band SED estimation to select ULIRG
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2-band SED estimation to select ULIRG
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Spectral identification
typel QSO? SF galaxy?

XMC-wMwF-160-NCU- Broad Line Re|on

B-V)p, =0.00, E(B'V)HII=8:2%23
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Flux (mJy)

Joint Opt.Spec + SED fitting
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Flux (mJy)

Joint Opt.Spec + SED fitting
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VMWF-09C,CCCU-J082445.64+153944.1-{10], 2=0.22, E(B-V)gtar=o.42(5 E(B-V)i=1 23(n
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\ From opt.spec:
************ ' \ WYL 1)  galaxy population;
| SER 1) extinction;

3) outflow velocity.

’
Yawa Y I\’:
\

Vi " main stellar
1|\ : ; population: starburst:
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P Y |
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>
birth of start of time
galaxy/ merger/
main stellar starburst
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Flux (mJy)

Joint Opt.Spec + SED fitting
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Joint Ont.Spec + SED fitting
Two dust emitter:

1. ISM dust - o ':F' ,

diffuse ISM dust; A - _
Birth clouds pbrikey 4 3 :
2. AGN dusty torus 3 3 \
%% 10° ?‘ ””””””” e /8 \Ns N ?

107" |
Spectral
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Joint Opt.Spec + SED fitting
Two dust emitter:

1. ISM dust “THEMIS
diffuse ISM dust; ‘oo
BI rth ClOUdS (PDR-Iike) IT:tc;rksiteetﬁ;cr)t_;SeoTi%(;us dust Evolution Model for
| diffused ISM | Calculated from THEMIS dust model
* .
* * — Dllffused ISM
* ——— Birth Clouds

*
w 102
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102 103
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Joint Ont.Spec + SED fitting
Two dust emitter:

1. ISM dust - o ':F' ,

diffuse ISM dust; A - _
Birth clouds pbrikey 4 3 :
2. AGN dusty torus 3 3 \
%% 10° ?‘ ””””””” e /8 \Ns N ?

107" |
Spectral
Aperture

Correction

0.1 1 10 100 1000

Observed Wavelength (um)



Joint Opt.Spec + SED fitting
Two dust emitter:

1. ISM dust - L

SKIRTOR 2.0

Stalevski et al. (2012,2016)

This website is home of SKIRTOR -- a library of emission models of the AGN dusty torus, calculated with SKIRT, state-of-the-art radiative
transfer code based on Monte Carlo technique.

Emission models are originally presented in Stalevski et al. (2012a), with an update in Stalevski et al. (2016).

Torus model images at different wavelengths.



Flux (mdy)
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Joint Opt.Spec + SED fitting

From opt.spec:
galaxy population;
extinction;
outflow velocity.

From SED decomp.:

AGN luminosity;
Starburst lum., SFR

What about the results?
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General properties of Spec+SED fitting

469 / 514 galaxies have
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log Olll / HB

General properties of Spec+SED fitting

1.5

® Sy2I[67]
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144 / 514 galaxies have
[NII] flux SNR > 5
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AGN IR contribution
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AGN IR Luminosity (Lsurg

AGN dominates the ionization

as It becomes luminous.




Outflow velocity vs. AGN intensity

Outflow can be measured from the shift and width of emission lines.
[O111]5007 is one of the widely adopted indicators.
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8 &8 2
>§ >§>;

o
0o
L] l . .

=
(o))
. ' L L)

O
H
L} ' . .

LI L e e
06,
G
86, -
|
|
|
<
|

flux density (a.u.)

O
N

Outflow velocity (|vso| + wgo / 2, km/s)

i Vout SNR > 5
PCC=0.25 Vout SNR < 5

0.0 i, i i

|

|

|
102 - ----._2 - ----._1 5 : S [ N -
10 10 10 10 -2000 -1000 0 1000 2000

AGN IR contribution . -
velocity (km s™')

t Vout = V50l + Weo/ 2}

| PCC = Pearson correlation coefficient




Outflow velocity vs. AGN intensity

Outflow can be measured from the shift and width of emission lines.

Outflow velocity (|vso| + wgo / 2, km/s)

[O111]5007 is one of the widely adopted indigeipem powerful AGN

ﬂ“

vOut SNR > 5
vOut SNR < 5
102 ! LRI ! LN ! LA L LN |
103 1072 107! 10°

AGN IR contribution

Outflow velocity (|vso| + wgo / 2, km/s)

102

drives faster outflow.

5

Vout SNR > 5
Vout SNR < 5

10°

100 10t 102 100
AGN IR luminosity

Outflow velocity is more tightly related with absolute AGN intensity (LAGN),

and less tightly related with relative intensity (fAGN).



Outflow velocity vs. AGN intensity
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Outflow velocity vs. AGN intensity

Outflow can be measured from the shift and width of emission lines.
[OI11]5007 is one of the widely adopted indiqu F ey vy
drives faster outflow.

i Vout SNR > 5
Vout SNR < 5

ow velocity (|vso| + wgo / 2, km/s)

‘ o

Does the strong outflow eally affect SF?

Outflow velocity (|vso| + wgo / 2, km/s)
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Outflow velocity is more tightly related with absolute AGN intensity (LAGN),

and less tightly related with relative intensity (fAGN).



Galaxy properties vs. AGN intensity
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Apeture corrected stellar mass (Msun)

Galaxy properties vs. AGN intensity
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Apeture corrected stellar mass (Msun)

Galaxy properties vs. AGN intensity
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The most luminous AGN locates

in the most massive galaxies.
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Apeture corrected stellar mass (Msun)

Galaxy properties vs. AGN intensity
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Star formation rate (Msun/yr)
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Star formation rate (Msun/yr)

Galaxy properties vs. AGN intensity
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Star formation rate (Msun/yr)

Galaxy properties vs. AGN intensity
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Star formation rate (Msun/yr)

Galaxy properties vs. AGN intensity
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Star formation rate (Msun/yr)

Galaxy properties vs. AGN intensity
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Apeture corrected stellar mass (Msun)

Galaxy properties vs. AGN intensity
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Galaxy properties vs. AGN intensity
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Galaxy properties vs. AGN intensity
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Specific star formation rate (1/yr)

Galaxy properties vs. AGN intensity
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Summary

In order to statistically study the co-evolution of SMBHs and
stellar components in ULIRGs, we performed a new method
combining optical spectral fitting and IR SED fitting, to ~ 500
ULIRGs selected with AKARI and Herschel FIR catalog, we

found:
1) the outflow velocity shows a clear dependence on AGN
luminosity;,

2) as AGN becomes luminous, the star-forming regions in
the host galaxy become from dusty to transparent;

1)+2):
a powerful AGN is capable to blow out the gas and dust

out of the host galaxies;



3) in this ULIRG sample
, with SFR ~ 300-1000 Msun/yr;
4) shows outflow
of the halo, those galaxies

Future step:

1) Hard X-ray follow-up observation to contirm the reliability of
the AGN luminosity from IR SED decomposition;

2) ALMA follow-up to determine the distribution of cold gas
reservoirs, and check whether the cold gas is affected by the
lonized outflow or not.



3) in this ULIRG sample
, with SFR ~ 300-1000 Msun/yr;
4) shows outflow
of the halo, those galaxies

Future step:

1) Hard X-ray follow-up observation to contirm the reliability of
the AGN luminosity from IR SED decomposition;

2) ALMA follow-up to determine the distribution of cold gas
reservoirs, and check whether the cold gas is affected by the
lonized outflow or not.

Thanks for your attention!



