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Virial Mass Estimates
Mgy = V2 Ry /6

* Variability Studies: Ry p=c7

Radius - Luminosity Relation:

(Kaspi et al. 2005;

0.50 Bentz et al. 2006, 2009,
Ry r ¢ Ly (nuclear) MV et al., in prep.)

| See Peterson talk! |

* For individual spectra:
Mgy, <« FWHMZLP ;: B = 0.5

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




Virial Mass Estimates: My, =7 v? Ry /G

Scaling Relationships:
(calibrated to 2004 Reverberation Myy)
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lo absolute uncertainty: factor ~3.5 — 4
(Vestergaard 2002; Vestergaard & Peterson 2006)

(MgII: MV & Osmer 2009; cf. McLure & Jarvis 2002; Kollmeier et al. 2006)




Mass Scaling Relationships
Note:

- Several relations exist in the
literature - also for lines such as Ha
and for line luminosities

- Not all relations are calibrated well -

or to other lines

- So choose the relations with carel

Recent (inter-)calibrated relations:
MV & Peterson 2006/MV & Osmer 2009: McGill et al. 2008;

Wang et al. 2009 (empirical/physics limited)




Masses of Distant Quasars
» Ceilings at
Mgy = 1000 M
Lo, < 1048
ergs/s

o ~ 109 ? .' O BQS (z=0.025—0.5) 1 =
MBH = 10 M@ A 1LBQS (z=0.2-3.0) }

- even beyond : @ SDSS (2=3.6-5.0)

space density r 7| ke 2007;
lang+

dr'op at z = 3 Willot + 2010
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(Vestergaard & Osmer 2009)

(Ho=70 km/s/Mpc; @, = 0.7)




Masses of Distant Quasars
» Ceilings at
Mgy = 1000 M
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- even beyond
space density
drop at z = 3

Redshift

(DR3 Qcat: Schneider et al. 2005) (MV + 2008, MV+ in prep)




Masses of Distant Quasars
‘SDSS DR7 Shen+ 2010

Kurk+ 2007;

S Jiang+ 2010
SDSS DR7: Willot + 2010

~106,000 QSOs
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(DR3 Qcat: Schneider et al. 2005) | (MV + 2008, MV~ in prep)




Eddington Luminosity Ratios
= Lgor/Leqd

+ Lgo, = BC1 ALA(1350A) = BC2 ALA(4400A)
° LEdd - 126X 1038 MBH [M@]

+ Laoy/Legg L / LY2 FWHM?

< [2/ FWHM?

» Beware of this approximation
* The only estimate we currently have at high z.




° L/LEdd

(Vasudevan & Fabian
2007, Young + 2010)

- Black hole mass
(Kelly + 2008)
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SEDs of quasars: Mean SED and observed range
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SDSS DRS3:
~41,000 QSOs

l—BOL
= BC, AL,(13504) = BC, AL,(44004)
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Redshift



log[L(bol)/L{Edd)]

1
0
-1 ‘l
_3 Jiong et ol. 2010; SOSS
Willot at ol. 2010; CHFT
—d SDSS DR7:
~106,000 QSOs
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lnvalz= 15_40_80. 150.270.400.500.800. 700
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(Kollmeler' e’r al 2006)
<L/LEdd> ~ 0.25
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Relative Fraction

Relative Fraction

Relative Fraction

Relative Fraction
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Mass Functions: Bayesian Approach
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2010, in press)
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Bayes Stats: Eddington Ratio Distribution

Peak ~0.05
o: ~0.4 dex
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Bayes Stats: Eddington Ratio Distribution

Peak ~0.05
o: ~0.4 dex

/it ot z-1
Including completeness limits and mass estimate

errors: Distribution is shifted to lower values and
has higher dispersion.

0.001 0.010 0.100 1.000 10.00(
L/ Ly,

Consistent with deeper samples of BLQs

[Gavighaud + 2008; Trump + 2009]



o SV DR [Shen+2010] vs. DR3 Mv+2008
5 tasr 503 S/N Matters!

Medion[S/N>20)= 162.0
Stddev[S/N>20]= 978.7] Hbeto: DR7 [Shen+2010] Vs, DR3 MV+2008
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Qv: OR7 [Shen+2010] vs, ORS MY+2008

Mgdlon= (.087 -
Sddev= 0,192
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S/N Mattersl!

Hbeta: DR? [Sren+2010] vs. OR3 Mv+2008

Median= 0,115
Siddev= 0.203

Megion a0]= 0.1
E:;::N = 0.210
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Radiation Pressure Effects?

w/o radiation pressure

10.0
9.5

9.0

8.5

8.0

7.5

7.0

6.5

o

1

-
s

1

|

._]

L+t
et |

' I
JII\IIII\|:IIII

I\IIElIIII\IIII

-1.5-1.0-05 0.0 05 1.0 156
log[Mgy(SE;HB,L,) /Mgy(RM) ]

10.0
9.5

9.0

8.5

8.0

7.5

7.0
6.5

w/ radiation pressure

&

' 1
JII\IIII\|II:II

I\EIIlIIIIiIIII

-1.5-1.0-05 0.0 05 1.0 156
log[Mgy(SE;HB,L,) /Mgy(RM) ]

(Data from MV & Peterson 2006, Marconi et al. 2008)




Main Points to Take Away

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

* Apparent Eddington Ratios: L /Lggq ~ 0.3
* Intrinsic ratios: LboI/LEdd ~ 0.05

- Edd. Ratio increases with black hole mass
- Caution 1: Ratio is ONLY a crude

approximation at present.
* Caution 2: S/N of data mattersl!

* Mass function is not simple scaling of the LF




