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A What are they?
- Black Holes with masses ~ 10°1 10190 M

AWhere are they ?
- Centers of massive spheroids/bulges or quasars

Elliptical galaxy Bulges of Spirals Quasars/AGNs
2010 November 4-6 KIAS Workshop 2010
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SMBH mass
mass, velocity dispersion, and luminosity of the host galaxy

(e.g., Gebhardt et al. 2000; Ferrarese & Merritt 2000; Marconi & Hunt
2003)

But why?

Which was born first?

When did the massive SMBHs
appear?

t Marconi & Hunt (2003)



A Quasars = QUASI-stellAR radio sources

A 1012 L in a sphere with d < 2.5 x 107cm
(3 light-months) C powered by SMBHS!

. 4
L & Im, Lee, et al. 2007,
‘. e . Lee, Im, et al. 2008

LR *
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S Broad Black Hole Mass: M = f*R*v 2/G
. _ Line Clouds

gy
Emission line
* « ~ Accretion Continuum
Al Rad‘i;f Disc Wavelenth

Variability in the Central Light Source

Time Lag = Distance to BL Clouds

Variability in the Line Flux

Width of the Emission Line Due to Doppler Motion
2010 Novembe = Velocity of BL Clouds



Single Epoch Measurement

A Reverberation mapping C Long-term monitoring
needed (months T decades)

A Rg r L(Continuum) or Line Flux

C BH measurement with a single-epoch spectrum
IS possible ! (Kaspi et al. 2000; Vestergaard et al.
2005; Greene & Ho 2005; Kim, Im, & Kim 2010)

Mam = (2.079%)
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A The most massive SMBHs (M ~ 101 M or more) at 2
<72<45,10°M BHsatz~6.42 (t,..,<1 Gyr)

univ

A few more

al points here from

%] ground-based
RINIR spectroscopy

El (Jiang et al.;
Shen et al. (2007), Also see Vestergaard et al. (2008) 1 Kurk et al. 2007)

Redshift
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A Quasars have been discovered out to z ~ 6.43 (Fan
et al. 2003; Willott et al. 2007).

Luminous quasars exist
outtoz~06.4A

Flux F,(10™ W m™ &™)

10° M SMBHSs in place
at tuniv — 1 Gyl’

QSO at z=6.43 (Willott et al. 2007)
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Sijacki, Springel,
& Haehnelt (2009)

A M(t)=M(0) exp[(1-U/U(t/tzyy)]=M(0) exp(t/J, with U~ 4.5 x 107 (U0.1) yrs
A Not enough time (only ~0.64 Gyr between z= 6 and 15)

A Previous measurements with CIV and Mgll C Prone to errors, Better if we can
use HUor Hb
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Netzer et al. (2007) Shen et al. (2008)

V Reliability of CIV measurement has been in question (or even Mgll 1
outflow contribution, asymmetric profile, etc)

V At higher z, metal abundance may decrease + extinction

V Need for a well-calibrated, independent measure of Mg, using optical
spectra such as HU or Hb (e.g., Greene & Ho 2005).
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BrU(4.05) Brb(2.62) PaU(1.87)

Poorly studied

No
Spitzer

Difficult from
the ground

Observed Wavelength (micron)

- —
AKARI is the only facility in the world capable of
.~ detecting Balmer lines of QSOs at 3.4 <z <6.5!
‘ | ohen et al. ZUUo) |

Redshift
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A Quasar Spectroscopic Observation with NIR Grism (AKARI
Mission Program)

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

A High-z study (HQSONG): 200+ QSOs at 3.4 <z < 6.42

A Low-z study (LQSONG): 102 nearby AGNs + red AGNs

2010 November 4-6 KIAS Workshop 2010



High -z QSONG Sample v
(HOSONG)

A 200+ Type-1 QSOs at 3.4 < z < 6.4 (mostly SDSS QSOs)

A z-band magnitude limit:
Zyg <~19 forz<5.5
Zyg <~20 forz>5.5

A L, limit ~ 1047 erg s
A Mg, limit ~ 10° M

A BH mass from well-calibrated HU line (Greene & Ho
2005; McGilll et al. 2008; versus CIV/Mgll) A evolution of
the most massive QSOs at high-z
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