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Virial Mass Estimates
MBH = f VZ RBLR/G

Reverberation Mapping:

T
Line width in variable spectrum




Reverberation Mapping Results
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NGC 5548, the most closely monitored active galaxy
(Peterson et al. 2002)
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® Filled circles: 1989 data from IUE and ground-based telescopes.
O Open circles: 1993 data from AHSTand IUE.
Dotted line corresponds to virial relationship with M= 6 x 107 M,

Peterson and Wandel 1999



Virial Mass Estimates:
Mgy = v Ry r/6
* Variability Studies: Rgg=cT, vgp

RBLR oC L}L(HU,CIGaI')O'SO (Kaspi et al. 2005;
Bentz et al. 2006, 2009)

» For individual spectra:
Mg, = k(line) FWHMZLb ; B ~ 0.5
Lines: Hp, MgIT 2800, CIV 1549

(see e.g. MV 2002, McLure & Jarvis 2002, MV & Peterson 2006; MV & Osmer 2009)




Virial Mass Estimates:
Mgy = v Ry r/6

- Variability Studies: Rgr=€T, Vgp

RBLR oC L}L(HU,CIGaI')O'SO (Kaspi et al. 2005;
Bentz et al. 2006, 2009)

» For individual spectra:
Mg, = k(line) FWHMZLb ; B ~ 0.5
Lines: Hp, MgIT 2800, CIV 1549

lc absolute uncertainty: factor ~3.5 - 4,

(se




Masses of Distant Quasars
» Ceilings at
MBH ~ 1010 M@
LgoL < 10%
ergs/s

* MBH ~ 109 M@

even beyond
space density
dropat z = 3

log [Mass/Mg]

Redshift

(DR3 Qcat: Schneider et al. 2005) (MV + 2008, MV+ in prep)
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Masses of Distant Quasars
» Ceilings at
Mgy = 1000 M
Lo, < 1048
ergs/s
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(Vestergaard & Osmer 2009)

(Ho=70 km/s/Mpc; @, = 0.7)
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Main Points to Take Away

- Reliable masses of active black holes can be

obtained; uncertainties similar to quiescent black
holes (~0.3dex)

» Single-epoch mass estimates: accurate to within a
factor of 3.5-4

Distant quasar black holes are massive: 10 - 1010 M
and build up quickly after birth of universe.

Demographics:
- BHs at z~4 are much rarer

- we see strong build-up of massive active black holes at
redshifts 4 to 2.

- Evidence of Cosmic Downsizing in black hole growth




