


Overview of the lecture

e Measuring black hole masses at high-z and studying the evolution
of the black hole vs galaxy mass relation

o Strong lensing diagnostics

» Masses of clusters of galaxies

o Stellar masses from near-IR photometry
 Correlation masses

« Dynamical information from imaging studies



Measuring black hole masses at high-z

With few exceptions black hole masses in local quiescent galaxies
have been measured starting from gaseous or stellar kinematics.
These measurements require extreme angular resolution and, even

with the Hubble Space Telescope, they are practical only for the
nearest galaxies.

For black holes in active galaxies one can use other techniques such
as reverberation mapping which relies on the variability of emission
lines. One measures the time delay t of a variable line with a given
velocity width ov. The black hole mass is given by:

M = A ct ov2/G






Measuring black hole masses at high-z

Luckily for us the availability of a large set of blackhole masses
derived from reverberation mapping (e.g. Peterson et al. 2004) has
allowed us to discover correlations between H mass and UV

luminosity and line widths.
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This 1s an example of the
accuracy In measuring a black
hole mass using a calibrated
relation based on Hf3
(Vestergaard 2006).



Measuring black hole masses at high-z

At low redshift there is a relation between black hole mass and mass
or velocity dispersion of the spheroid hosting the black hole.

101 £/ A4 1o

Correlation between

L AR,

4" 1. Dblack hole mass and host

109

102

3w £ .o sizeasgiven by its
§ ol .« absolute magnitude,
106 .= 31 VE|OCItY diSpersion, or
g I o z mass. (Vestergaard
100 gy A ) AI £33 s < 109 2006)
-15 —-20 ba 100 boo  14® 10“‘ 101 1018
M, (meg) ¢ (km s 1) M =aR, % /G (U,)

How was this relation established? How did i1t evolve?
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Stronq lensing diagnostics

Lensing is called strong when it produces rings or arc-like images
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Note: lensing conserves surface brightness. Lensed objects
are brighter because they appear larger in area.
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Stronq lensing diagnostics

Lensing can also be used to begin constraining the properties of the
dark halo. This is done from a combined model including lensing and
Kinematics. So far only 5 lenses have been studied in detail.
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Clusters of galaxies

Multiple mass indicators are available for clusters of galaxies:

« X-ray emitting gas can be used to derive information on the mass of
galaxies and clusters. Detecting clusters in X-rays becomes very hard
at z=1.2 (but some clusters have been discovered with this method).
 \Weak lensing can give us a mass distribution (both visible and dark)
 VVelocity dispersions can be obtained by computlng the dlspersmn
of the radial velocities of cluster members. 7 = - AN

Smail et al. 1987, ApJ, 479,70 found that |, - .
weak lensing mass and velocity & =
dispersion often disagree (by 50%). This
may be due to structures or membership
errors in deriving the velocity dispersion.
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Clusters of galaxies

Gravitational vs X-ray mass comparison can be done in great detail
and occasionally shows disagreement which might be due to either a
prolate shape of the gas distribution or to the fact that the cluster hot
gas Is not in equilibrium.
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Ettori & Lombardi 2002, AA, 398,
L5 do this comparison for
MS1008.1-1224 at z=0.3. They
find good agreement between the
two mass profiles. In the figure the
X-ray profile is given by the solid
steps while the symbols give the , ]
weak-lensing mass. O o) 1000
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Stellar masses from IR photometry

The M/L of stellar populations in the H or K bands is relatively
Insensitive to changes in stellar population properties like age,
metallicity, star formation history. This allow us to derive
photometrically stellar masses. The accuracy is about a factor of 3.

The availability of the Spitzer Space Telescope with good sensitivity
to 8um allows us to derive stellar masses for galaxies up to z=4.
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Within the GOODS survey the
stellar mass is derived from a
complete SED fit at
wavelengths ranging from 0.36
to 8 um.
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Stellar masses from IR photometry

- Ki}nhlm at z=2.B

140 1.6 20 25 30 35 4.0

00 T The availability of stellar masses
o] % *r %% | allowsusto correlate M/L with
-0.5¢ . - . :
: ¢§% | properties like age and stellar
of 488 1 mass. Distant red galaxies (fixed
e .1 symbols), Lyman break galaxies
o ] SOOI rid (diamonds). Labbe’ et al. 2005.
-086 0.0 08 10 15 20 2.5
(U~ Virou
0Oy T She T T
: M SR ] [ T hp e ®
05 _-i:'DRGB : %i 1 o5l g I *0 ‘% . ]
[ Aeg e L ] [ _—
¢¢Q§,""¢ P ,;}'
-1.0f 98568 {-10f PR .
A ) o
Y- R ] PR 20 .
—-1.0 —-05 Q.0 0.5 1.0 8.6 109 1048 11.0 11.&

lag age [Gyr]

log(M,)



Stellar masses from IR photometry
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Correlation masses

CDM theory tells us how the two-point correlation function at various
mass scales varies with redshift. The correlation functions gives us the
probability of finding an object at distance r from another:

p(r)=n (1+E(r))

By measuring the correlation function of a class of objects we can
determine the mass scale of their dark halos assumlng that CDM
applies. 2

Till recently data sets where not large enough
to reach firm conclusions (Giavalisco et al
2000, Porciani & Giavalisco 2001). This may
change with GOODS and COSMOS
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Dvnamical information from imaqging

Deep imaging can provide us with details about faint structures
around galaxies like shells, tidal tails etc. This structures can be
modeled by using numerical simulations. This type of study can lead
to constraints on the structural or dynamical properties of the objects.

0

Quinn (1984) was the
first to suggest that
shells could be used to
derive information on
dark halos, but it’s
harder than it looks...
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Dvnamical information from imaqging

Zibetti and Ferguson (2004):
the UDF is deep enough to
study faint halo structure
(n~29) in galaxies at z=0.3
with comparable sensitivity
to what we have on M31, a
thousand time closer.
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