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SHELLQs-ALMA: submm
properties of galaxies hosting
less-luminous quasars atz > 6

RIBE (NAOJ7 = O0—)
& SHELLQs-collaboration
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Mm/submm Follow-up of
HSC-detected z > 6 Quasars
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[CII] & FIR properties of z > 6 luminous QSOs
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Wang et al. 2013, ApJ 773, 44 w/ ALMA

ULIRG/SMG-class!! SER ~100 - 1000 Msun/yr
Question: Do all (z > 6) quasars reside in Mgas ~a few X E10 Msun
such vigorously star forming monsters?? Vldust ~a few X E8 Masun
- characterize their surrounding environ.

V BH ~a feW X E9 Msun

e.g., Wang et al. 2010, ApJ, 714, 699



Primordial co-evolution at z > 6 quasars?
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* MgH of luminous z > 6 quasars are overmassive
— SMBH earlier, galaxies later? No synchronisation with the hosts?
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Selection blas to probe high-z objects?
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e High-z quasars could be biased to luminous (= massive) objects

e No evolution in co-evolutionary relations once we account for the bias?
(e.g., Schulze et al. 2014; Lauer et al. 2007)

We need high-z less-luminous quasars - HSCxALMA!




Submm follow-up observations toward
HSC-detected high-z quasars with ALMA

Izumi et al. in prep.
Based on: ALMA Cycle 4 (#2016.1.01423.S; I1zumi+)
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Targets@Cycle 4

Quasar

62086.1 3.9E+12

Feb 15

J0859+0022

J1152+0055 6.37 -24.91 Feb 14 | 61860.8 5.52 1.4E+13 N

J2216-0016 6.10 -23.56 Feb 11 58827.4 5.66 3.9E+12 Y

J1202-0057 5.93 -22.44 May 12 | 56925.2 5.75 1.4E+12 N

HSC 2,4 (apparent mag) From SHELLQs quasars (Matsuoka et al. 2016, ApdJ, 828, 26)

20 22 24 26 28
_2 — H — H — L e H T — H
<z~6> ;
mmmma Quosars (Kashikawa'+ 15)
_4 | e Quosors (Willatt+10) /" . -

——— LBGs (Bouwens+15)
—— LBGs (Bowler+15) )

To detect [Cll] and FIR continuum

1 — higher resolution, other lines@future ALMA cycles

log [N (mag™' Mpc™3)]
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Spatial distribution (color: [C
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Band 6 spectrum
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[Cll] spectrum (J2216)

z = 6.0962 +/- 0.0003

- (Gaussian fit

I - Data
1.5” aperture
N 1L
| L
267.4 267.6 267.8 268.2 268.4

Observed frequency [GHz]

Peak = 2.79 +/- 0.22 mJy/beam
Centroid: 267.8259 +/- 0.0124 GHz
FWHM: 355.57 +/- 32.72 km/s
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DEC offset (arcsec)
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|Cll]: Red contour = 3,5,70; 10 = 0.183 mJy/beam@dV~50 km/s
Band 6 continuum: Black contour = 3,4,5,6,70; 10 = 13.2pJy/beam
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DEC offset (arcsec)
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[Cll] spectrum (J2216)
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Spatially more extended than
the continuum emission.

Every channel has the same
centroid at the AGN position
— indication of outflows??
— recall this is a BAL quasar

* Or a signature of a past merger?
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Spatially more extended than
the continuum emission.

Every channel has the same
centroid at the AGN position
— indication of outflows??
— recall this is a BAL quasar

* Or a signature of a past merger?




FIR properties of the HSC-quasars

Sicig Licig B6 continuum LFR Mudust SFRcij

(Jy km/S) (1 ES Lsun) (”Jy) (1 E11 Lsun) (1 E7 Msun) (Msun/yr)

Joesie) 0.45+/-0.09 4.6+/-0.9 157 +/- 23 3.4+/-0.5 2.4 +/-0.4 31

a2 0.37 +/-0.12 3.8+/-1.2 189 +/- 32 41 +/-0.7 2.9 +/-0.5 26

el 1.06 +/-013  10.2+/-1.3 136 +/- 27 2.7 +/-0.6 2.0+/-04 68

Jhiz22 0.67 +/-0.06 7.3+/-0.6 246 +/- 12 4.8 +/-0.2 3.4 +/-0.2 49

Tqa =47 K, B =1.6; integrated over FIR = 42.5 - 122.5 ym
SFR (Msun/yr) = 1.0E-7 * (Liciy/Lsun)?-8; De Looze et al. (2011) for Lrir < 1E12 Lsun (Kroupa IMF)

e LIRG to weak ULIRG-class objects even @z > 6!
- ¢.f., SFR = 100-1000 Msun/yr for luminous SDSS quasars @ z > 6

e These FIR values could be still upper limits (recall these are low-luminosity quasars)
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What kind of galaxies are they? (1/2)
ey [Cll]-defiCit?
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What kind of galaxies are they? (1/2)
[ClI]-deficit?
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What kind of galaxies are they? (1/2)

[ClI]-deficit?
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radiation field, etc.as well?



What kind of galaxies are they? (1/2)
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similar gas density,
radiation field, etc.as well?



log(SFR) (M,/yr)

What kind of gaIaX|es are they? (2/2)

| | | | | | | | | | | | | | | | | | | | | |
VUDS d)ur work
: *Watson et al. 2015 (z = 75‘)51‘b
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/// Tasca et al. 2015, A&A, 581, A54
(Values from SED fittings)
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Main sequence?

HSC z,s (apparent magq)

20 22 24 26 28

-2 T T
: <z~6> ‘ ; 1 |
— QuaSQrsS (Koshukowo+15) ‘ o
—4 _— Quasaoars. (Wlllot1+10),,,,, ,,,,,,,,,, _

——— LBGs (Bduwens+15)
—— LBGs (Bowler+15) | p

log [N (mag™" Mpc™)]

—-28

-26 -24 -22

Mis50 (absolute mag)

Not above the MS at z ~ 5: clear contrast to luminous quasars
— Almost “on” or “slightly below” the MS@z=5
— Interesting targets to study primordial co-evolution?
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Early co-evolution for low-luminosity QSOs

FWHM Veirc Size inclination Mayn MgH

(km/s) (km/s) (“, PA), (kpc) (°) (107° Msun) (108 Msun)
0iste) | 345.9 +/- 45.1 354.7 +/- 46.2 (0'?5_(;‘40)'(45_’ 4;36)'0)’ 47 43 +/-08 1.2
Rklsd | 1921 +/- 45.4 173.8 +/- 41.1 (0'7(2.’1‘ f;(4§j36§'8)’ 56 1.1 4/-0.3 4.3
\poa (o) 355.6 +/- 32.8 302.1 +/- 27.9 (1'025_’5‘92'5%’_;3;"7)’ 62 4.3 +/-0.6 1.2
plod | 3351 +/- 24.0 296.4 +/- 21.1 (0'5(:73_’2‘70;(3%761‘;'4)’ 58 2.4 +/-0.2 0.43

To keep a consistency with previous works (e.g., Wang et al. 2013; Venemans et al. 2016)
- Veire = 0.75* FWHM / sin(i) (Ho 2007, Apd, 669, 821)

- Disk diameter = 1.5 * deconvolved diameter

- i = cos ' (amin/amaj)

- Mgn: Eddington limit (assumption for the lower limit = Onoue et al. in prep.)

- Mdyn/Msun =230" (I’/pC) * (Vcirc/krn/S)2

Mgh is unknown! (and really hard to meaure; Onoue-san’s talk)
— JWST!!
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Early co-evolution for low-luminosity QSOs
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(believe your MgH)

In stark contrast to the most
massive/luminous quasars (e.g.,
SDSS), low-luminosity quasars
lie close to the local relation!

— (quasi-)synchronized evolution?

Demonstrate the importance of
probing low-luminosity quasars to

reduce the selection bias (e.g.,
Lauer et al. 2007)

| support an idea that previously-
detected quasars are indeed
biased to massive-end



Correlation Between Black Hole Mass
and Bulge Mass
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Note: Nearby Overmassive SMBH...?
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] evolutionary relations...??




Summary

ALMA follow-up of HSC-detected low-luminosity quasars at z > 6.

FIR properties of the hosts are being studied.
- Cold dust mass, dynamical mass, (and will gas mass?)

SHELLQs quasars basically have LIRG-like FIR properties in their hosts.
- Lrr, Liciny, Mdust

- Level of [Cll] deficit

- Likely to be on/below a MS at z ~ 6

- No companion within Rproj < 75 kpc...?

These are clear contrasts to those of the previously discovered quasar-hosts
(~ULIRG/SMG)

Low-luminosity quasars lie roughly on the local MgH-Mayn (Mouige) relation!
- Less-biased, low-mass SMBHSs will synchronically evolve with their hosts?
- This would be the reference for galaxy evolution
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