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Galaxy classification based on IR luminosity
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Hyper Luminous InfRared Galaxies (HyLIRGs)
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Galaxy classification based on IR luminosity
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What is interesting about
finding HyLIRGs?
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Introduction

A mysterious relation between galaxies and SMBHs
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Supermasswe black hole
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A mysterious relation between galaxies and SMBHs
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A mysterious relation between galaxies and SMBHs

— 109

What kind of physical mechanism
controls co-evolution?

MSMBH ~ 1/1000 Mbulge

106 % The physical scale of the two is
109 1010 1011 1012 different by an order of 10!

Bulge mass [Me Kormendy & Ho (2013)
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What is the importance of finding HyLIRGs?

HyLIRGs

Gas rich galaxies Dust-obscured AGN Quasar Elliptical galaxy

ost galaxy

@

Supermassivg black hole

See e.g., Hopkins et al. (2008), Dey et al. (20009).
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What is the importance of finding HyLIRGs?

Star formation

Elliptical galaxy
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7 Narayanan et al. (2010) (see also e.g., Yutani, Toba et al. 2022).
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What is the importance of finding HyLIRGs?

HyLIRGs .
Y Star formation
Gas rich galaxies Elliptical galaxy rate

HyLIRGs are essential for investigating the
“maximum phase” of the co-evolution
of galaxies and SMBHs.
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7 Narayanan et al. (2010) (see also e.g., Yutani, Toba et al. 2022).



The volume density of the HyLIRGs
s extremely low..@®
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A systematic search with all-sky data




The volume density of the HyLIRGs

To find HyLIRGs and confirm the BH

mass accretion rate.

A SyStematiC searcn witn all-SKy data



Discovery of super-Eddington quasar at z ~ 2

Data and analysis

« Sample selection
 Data set

* Spectral fitting method
* SED fitting method
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Sample SeleCtiOn 692 Toba+22b

SED fitting sub-mm
From 27,369 X-ray sources, 692 WISE 22 -z Is also used

um sources were studied in Toba+22.

From Toba+22, 21 sources were selected as Log (Lir/Le) > 13?
HyLIRGs candidates, and 6 objects were
targeted for KOOLS-IFU observations.

eFEDS (”1 40 degZ) H_SC S19A YES Sub-mm follow-up
[—1 KiDS-VIKING DR4 129  (Toba+25 in prep.)

e eFEDS-W4-X sample 1 H-ATLAS DR1

Follow-up obs. by
8m class telescope

Imag < 18.5

HyLIRG candidates for Seimei
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Observations and data reduction

Observations with KOOLS-IFU SDSS image
Dates Grism Exp. Time [s]
Jan. 25, 2023 7200
Jan. 27, 2023 VPH-blue 3600
(4100-8900 A)
Feb. 13, 2024 R ~ 500 600
Dec. 12, 2024 4200

Data reduction ~4.3 hours (in total)

 The data reduction tool (as of April 11, 2024) developed by lwamuro-san
IS used to produce a 1D spectrum.

10
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Multi-wavelength dataset

Data and analysis

optical near-IR mid-IR far-IR / sub-mm
Instrument | eROSITA | GALEX | SDSS UKIDSS WISE AKARI |SCUBA-2
FUV . 3.4, 4.6,
Band 2-10 keV NUV u,g,ni,zlY,d H, K 12 29 90 450, 850
tracer AGN stellar population | hot dust | warm/cold dust
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Spectral fitting
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Rest frame wavelength [A] Calderone et al. (2017)

1000 kms—1 104 ergs—1

Mpu [j\/[(\] — 1095 {W} 2 {w} 0.5

Vestergaard & Osmer (2009)

| LoSN = (5.240.2) x ALx (3000 A)

Vestergaard & Osmer (2009) Vi



Discovery of super-Eddington quasar at z ~ 2 IR

SED fitting

Code Investigating GALaxy Emission

Boquien et al. (2019)

 CIGALE performs the SED fitting by
considering the energy balance between
UV/optical and IR.

 We need to assume, e.g., star-formation
history, single stellar population, and AGN
dust model.

 CIGALE tells us e.g., stellar mass, SFR,
dust extinction of galaxies.
k

Parameter Value
Delayed SFH with recent starburst (Ciesla et al. 2017)

Tmain |GYT] 1.0, 4.0, 8.0, 12

age |Gyr] 0.5, 1.0, 1.5, 2.0

age of burst [Myr] 10, 50, 100

Rsfr 1,5, 10
SSP (Bruzual & Charlot 2003)

IMF Chabrier 2003

Metallicity 0.02
Nebular emission (Inoue 2011)

log U —-3.0, —2.0, —1.0

Dust attenuation (Calzetti et al. 2000; Leitherer et al. 2002)

E(B —V)jines 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0

AGN Emission (Stalevski et al. 2012; Stalevski et al. 2016)

T9.7 3, 7,11

P 0.5, 1.5

q 0.5, 1.5

40

Rmax /Rmin 30

0 [°] 0, 10, 20

fAGN 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
Dust Emission (Draine et al. 2014)

IPAH 2.50, 5.26, 6.63, 7.32

Ui 10.0, 50.0

o 1.0, 1.5, 2.0

~ 0.01, 0.1, 1.0
X-ray Emission (Yang et al. 2022)

AGN photon index (I') 2.0

QOX 2.0, -1.9, —1.8, —1.7

|A 20X |max 0.5
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Results and discussion

* Results of the spectral fitting
* Results of the SED fitting
 Discovery of supper-Eddington quasar
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Result of the spectral fitting
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Result of the SED fitting

Best-fit SED
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Results and discussion

Result of the SED fitting

Best-fit SED
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Discovery of the hyperluminous quasar with supper Eddington ratio

Physical
properties

M* [Me] | (3.9 +2.0) x 1011

Value

SFR [Me/yr] | (1.3 £0.5) x 103

n
)
(-
D)
O
—
O
O

Lir [Le] (6.8 + 1.8) x 1013

i% eFEDS)0828-0139 (this work) | L bol [erg/s] (2_9 + ()_1) x 1047

SDSS DR17 quasars (Wu & Shen 2022)

ERQs (Perrotta et al. 2019) |
WISSH quasars (Vietri et al. 2018) MgH (62 + 1 2) x 108

redshift . AEdd 3.6 + 0.7
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Discovery of the hyperluminous quasar with supper Eddington ratio

- Physical

Lo 3-0 X Value
o properties
2.5

_ os . ¢ . M* [Me] | (3.9 = 2.0) x 107

Discovery of the HyLIRG with SMBH growing
through supper-Eddington!
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Summary

) HyLIRGs are a significant population in understanding
the co-evolution of galaxies and SMBHs.

a KOOLS-IFU observed 4/21 HyLIRGs candidates.

) We discovered a super-luminous quasar with an
Eddington ratio of ~ 3.6!=, which supports

theoretical expectation.
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