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O The most massive SMBHs (M ~ 101 M, or more) at 2 <z < 6

O ~10° My BHs at z ~ 7.0 (t,,< 1 Gyr, Mortlock et al. 2011)
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== BHs were being made at z > 4

« Universe age: ~1 Gyr or less

e BHs must be very young



OMass — Reliable?

OScaling relation — Universal?

OSpin — Fast or slow?
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Mpg = (2.01075 Green & Ho (2005)
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v Use of CIV, Mgll reliable? large scatter, metallicity evolution, extinction....

v’ Better if we can use optical spectral lines such as Ho or Hf3
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High Mgy, low spin = Cold accretion disk L(ion) ~ L(5100) or not?
= Deviation in L(ion) vs Li(5100) relation
(Wang et al. 2014; Laor & Davis 2011; Trakhtenbrot 2014)

Low spin ~=esssssssm——) High spin Mg,~10"" M, @ ™ = 0.01
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Quasar Spectroscopic Observation with NIR Grism [Open Time
Program (PI: M Im) + Mission Program (Pl: HM Lee)]

NIR Spectroscopic StudY of high-z and low-z AGNs at 2.5 - 5.0 um
with NIR grism of AKARI (R ~ 120, FWHM ~ 2500 km/sec)

High-z study: 155 QSOs at 3.4 < z < 6.42 (Jun, Im et al. 2015)
Low-z study: 83 nearby AGNs + red AGNs (Kim, Im, et al. 2015)
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High-z QSONG
... (H. Jun, M. Im, et al. 2015, ApJ)

e 155 Type-1QS0Os at 3.4 <z < 6.42
(mostly SDSS QSOs)

« 7-band magnitude limit:
ZAB < N19 ]COI” / < 55
ZAB < NZO ]COI" Z > 55

o L limit ~ 104 erg s’
¢ MBH ||m|t ~ 109 M@
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FWHM(CIV) = 11,000 km/sec vs. ?

Log[Mgy(CIV)] = 10.48 +- 0.24 vs. ?
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SDSS J144542.75+490248.9
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FWHM(CIV) = 3,100 km/sec vs. ?

Log[Mgy(CIV)] = 9.52 +- 0.20 vs. ?

East-Asia AGN Workshop, Seoul, Korea
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Spectral Fitting

e Line luminosities, line widths are derived
for 72 Quasars
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- Large Scatter
- Some Quasars: MBH(HO( HB) > MBH(CIV)
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BR 0006-6208 (z=4.49)

NP NG

FWHM(CIV) = 11,000 km/sec vs. FWHM(Ha)= 2,900 km/sec

Log[Mgy(CIV)] = 10.48 +- 0.24 vs. Log[Mg,,(Ha)]=9.46 +-0.31
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Log[Mgy(CIV)] = 9.52 +- 0.20 vs. Log[Mg,(Ha)]=10.44 +-0.21
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Conter for the
Exploration of the

Y

S
Y
2o
).

g

NS

k\" T

NN
&

Origin of the

Universe
Astronomy

Seoul National University

100 M, SMBH exist at z < 5
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OAKARI'NIR (2.5-5 micron) Spectroscopy of 72/155 high
redshit QSOs (3.4 <z < 6.4)

ORest-frame optical spectra for high redshift QSOs

First detection of Ha lines at QSOs z > 4.5 (before
JWST)

OExistence of ~10° Mg, SMBHs out to z ~ 6, confirmed

OL(Ha) — L(5100) valid out at 0 < z < 6 and 10%
< L(5100)/[erg/sec] < 10#/

OFast spin of SMBHs formed in the first Gyr
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