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Dust-Obscured Galaxies
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Classification of galaxies based on Lir
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¥ Hyper Luminous InfRared Galaxies
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Extremely Luminous InfRared Galaxies

name log (Lir/Le®) HyLIRGs

Normal < ||

ﬁ
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In this work, we focus on ELIRGs with Lir> 10 Le
ULIRGSs 12 -13

1010 Normal

HyLIRGs | 13-14

S e Rest wavelength [pm]
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Why are ELIRGs important?
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Why are ELIRGs important?
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Star Formation

Importance of ELIRGs
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Star Fornjation

Importance of ELIRGs 100f \\Rat
~ BH accrétion

rate
Lummé:sﬂv

ELIRGs could constitute a key population
for understanding
the co-evolution of galaxies and SMBHs

9, @ ©)
Narayanan+10




Search for extreme-luminous IR galaxies

Star Formjation
Importance of ELIRGs \Rat

| | | BH a:ccrétion

Purpose of this work

Search for extremely-luminous
infrared galaxies (ELIRGsS)

based on wide area surveys !




How do we discover ELIRGS?

Dust-Obscured Galaxies
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Dust-Obscured Galaxies

R - [24] = 7.5 (AB mag)

e An optically faint but IR bright

objects.
~ ULIRGs/HyLIRGs at z ~2 F(R) > 1000 x F(optical)
® Most DOGs are ultra-luminous IR z =1.99 + 0.45

galaxies (ULIRGs: Lir = 102 Lsun).
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o A few DOGs are even hyper-
luminous IR galaxies (HyLIRGs:
Lr > 103 Lsun).
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Basic idea of ELIRGs survey using DOGs

10-100 deg? All-Sky

Survey region

MIR flux ~3 mdy
LR ] > 101314 L
Population HyLIRGs/ELIRGs



Search for extreme-luminous IR galaxies Introduction

Basic idea of ELIRGs survey using DOGs

DOGs selection with WISE
would be useful to search for ELIRGs

P0G survey I W

Survey region 10-100 deg? All-Sky

MIR flux ~3 mdy
LR ] > 101314 L
Population HyLIRGs/ELIRGs
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Data and Analysis

Survey strategy (3 steps!)
Data set
SED fitting method

Selection of candidates
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Survey Strategy

Selection of candidate

Collect multi-wavelength
data set.

SED fitting and estimate 0.1 1.0 10.0 100.0 1000.0
IR luminosity (Lir)
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Selection of candidate

Collect multi-wavelength

data set. ’-IR

SED fitting and estimate oW 1.0 10.0 100.0 1000.0
IR luminosity (Lir)

9

rest-wavelength [pm]
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Data set

optical mid-IR submm mm

Instrument SDSS WISE SCUBA-2 SMA

Wavelength | u, g, r, 1, z 3.4, 4.0,

[um] (0.3-09) | 12,22 450,850 | 870, 1300

tracer star hot dust cold dust
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Search for extreme-luminous IR galaxies

Data and Analysis

Data set
optical mid-IR submm mm
Instrument SDSS WISE SCUBA-2 SMA
Wavelength | u, g, r, 1, z 3.4, 4.0,
] 0.3 - 0.9) 12 29 450, 850 870, 1300
tracer star hot dust cold dust

10

Selection of

candidates

Follow-up
observations
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SED fitting code

SED Analysis using Bayesian Statistics

Data and Analysis

Rovilos et al. 2014

AGN component Users can choose the SED templates

flexibility [e.g., SWIRE (Polletta +07),
SF component Silva+04), Mullaney+11]

Stellar component Bruzual & Charlot+03 with Calzetti+00
dust extinction law = 1500 templates

S — 65

Best fit SED

Mstellar, SFR, Lir etc.




Search for extreme-luminous IR galaxies Data and Analysis

m Selection of candidates

® /-[22] > 8.0 (AB mag)

® SED fitting with SDSS
and WISE data

SDSS WISE
I-band (0.7pm) 22 um

19 Toba & Nagao (2016)
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m Selection of candidates

® /-[22] > 8.0 (AB mag)
® SED fitting with SDSS

3Nq V)

A candidate of ELIRGs (WISE1013) is left.

SDSS WISE
I-band (0.7pm) 22 um

19 Toba & Nagao (2016)
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m Selection of candidates

WISE1013
Z=3.70
[r=1.1x10" L@

c.t.

most luminous galaxy:
Z=4.69
Lr=3.7x10" Le

13 Toba & Nagao (2016)
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m Selection of candidates

WISE1013

Z=3.70
[r=1.1x10" L@

We need rest-frame FIR data!

c.t. ‘

most luminous galaxy:
Z=4.69
Lr=3.7x10" Le

13 Toba & Nagao (2016)
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m Follow-up observations of WISE1013

Submillimetre Common-User Bolometer Array 2
The SubMillimeter Array Pl-Y. Toba

Instrument SCUBA-2/JCMT SMA
450, 850 pm 870 um, 1.3 mm
Observing May 8, 18 December 28
date (2017) (2016)
Integratlon 2 hours 2 hours
time

1 4
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m Follow-up observations of WISE1013

Submillimetre Common-User Bolometer Array 2
The SubMillimeter Array Pl-Y. Toba

Instrument SCUBA-2/JCMT SMA
450, 850 pm 870 um, 1.3 mm
Observing May 8, 18 December 28
date (2017) (2016)
Integratlon 2 hours 2 hours
time

14 Chen-Fatt Lim (NTU/ASIAA) Junko Ueda (NAOJ)
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Results and Discussions

Multi-wavelength images
Result of the SED fitting

Hot dust vs. cold dust

Stellar mass and SFR relation
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Multi-wavelength images of WISE1013
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Multi-wavelength images of WISE1013

WISE1013 was clearly detected
at 450, 850, 870 pm and 1.3 mm
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SED fitting
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SED fitting

™ rrrri T T r—rrrri T T | p— q

= [ SDSS WISE1013

= LI WISE o z=23.70
- O AKARI (30 upper limit)
E | SCUBA-2

= [ SMA

(I\j_l

-

O

N
PP
S 10
9,

S

1.0 10.0 100.0 1000.0
rest wavelength [um]




Search for extreme-luminous IR galaxies

Results and Discussions

SED fitting
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SED fitting
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SED fitting
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flux ratio of 850 ym and 22 ym

Colder dust

Arp220 Torus (Silva+04)
M82 — Best fit SED (This work)
Mrk231
--- QS0
QSO2

O
O
O

WWISE1013 (This work)>l<

WISE2246

SMGs (Magnelli+12)

W1W?2 dropouts (Wu+14)
W1W?2 dropouts (Jones+14)
W1W?2 dropouts (Jones+15)
W1W?2 dropouts (Fan+17)
luminous quasar (Wang+16)
luminous quasar (Leipski+10)
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flux ratio of 850 ym and 22 ym

Colder dust

O
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Arp220 Torus (Silva+04)

M82  — Best fit SED (This work)
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WISE1013 has hotter dust compared to SMGs
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Stellar mass vs. SFR

< WISE1013 at z = 3.7 (This work)

-+ MS (3 <z < 4) (Tomczak et al. 2016)

10.5 11.0 11.5
log Mx[Mg ]
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Stellar mass vs. SFR

WISE1013 can be considered as a starburst galaxy

-+ MS (3 <z < 4) (Tomczak et al. 2016)

10.5 11.0 11.5
log Mx[Mg ]
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Stellar mass vs. SFR

WISE1013 can be considered as a starburst galaxy

‘ -+ MS (3 <z < 4) (Tomczak et al. 2016) ‘

23 —X
O, <
= —s— ¢ ,

WISE1013 shows significant AGN and SF activity that
provides us an important laboratory to probe the maximum
phase of the galaxy-SMBH co-evolution

RO
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Summary

ELIRGs are important population to understand
co-evolution of galaxies and SMBHs

Step: 1 Selection of candidates (DOGs selection)

Step 2: Follow-up observations
Step 3: Estimate Lir based on the SED fitting







