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Estimating BH Mass

Broad Emission Lines as virial estimators

FWHM Hbeta  → virial v

Single epoch FWHM measures? rms? Composites?Single epoch FWHM measures?  rms? Composites? 
Or sigma?





The f factor?

• BLR geometry and kinematics• BLR geometry and kinematics

• Strong inclination dependence

Of d 1 2 ( 5 5 O k t l 2009• Of order ~~1-2 (or 5.5 Onken et al. 2009 
using sigma)g g )

• Same for Pop. A and B?



N t ll FWHM Hb t thNot all FWHM Hbeta are the 
samesame

Sources above and below FWHM                                      
Hbeta=4000km/s show different 
structure  (Sulentic et al. 2002)( )

Relationship bet een FWHM and sigma changesRelationship between FWHM and sigma changes --
reflecting multiple components

(Collin et al. 2006: f(A) ≈ 2.12  f(B) ≈ 0.5-1.0)







Extreme M_BH

• Pop A extremely narrow profiles lead to• Pop. A extremely narrow profiles lead to 
underestimates of MBH

l f• Most extreme MBH values came  from pop 
B sources using FWHM Hbeta uncorrected sou ces us g W be a u co ec ed
for the extra very broad component.



Above z ~ 0.7?

• Follow Hbeta into the IR to z = 3 8• Follow Hbeta into the IR to z = 3.8

• MgII2798 with suitable corrections to z > 6

CIV1549 d• CIV1549  dangerous









S h “ ” iSo we have “v” − ways to estimate 
BLR sizeBLR size 

• Directly: reverberation mappingDirectly: reverberation mapping
(Peterson & Horne 2006)

• Using r_BLR vs. Luminosity relationg _ y
(Marziani et al. 2009: Trachtenbrot et al. 2011)

• Photoionization Method
(Dibai 1984; Wandel & Yahil 1985; Padovani & Rafanelli 1989;(Dibai 1984; Wandel & Yahil 1985; Padovani & Rafanelli 1989; 
Wandel et al. 1999; Negrete et al. 2011)









(K i l 2000 2005)(Kaspi et al., 2000; 2005)












