
  

Observing quasars at high redshifts

  distances of several Gpc
 Look-back times of many billions of years 

 Universe was only a few billion years old!



  
BIG-
BANG

http://www.astr.ua.edu/keel/galaxies/qsoevolve.html
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   The Highest
Redshift Quasars Today

• z>4: ~700 
known 

• z>5: ~30    
• z>6: 7 
• SDSS i-dropout 

Survey:
– By Spring 2004: 

6000 deg2  at  
zAB<20 

– Fourteen 
luminous 
quasars at z>5.7

• 20 – 40 at z~6 
expected in the 
whole survey

– Quasars now seen to 0.5 Gyr 
after beginning, 

– very common 10 Gyr ago (z=2)



  

Redshift versus lookback time
WMAP cosmology:
        Hubble constant 71 km/s/Mpc
        Flat spacetime
        Ω(matter)=0.27



  

A brief cosmic 
history



  

Quasar Host Galaxies
Elliptical galaxies; often merging / interacting galaxies
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Galactic Collisions
• The typical size of galaxies is usually not much smaller than 

the typical distance between galaxies – For example, the 
distance of   Andromeda  is about  30 times  that of the size 
of the Milky Way. 

• While  the distance between stars is 10 Millionen fach  the 
size of the stars.

⇒Collision between stars are much rarer…



  www.ess.sunysb.edu/aevans/talks-pdf/hayden022403.pdf

http://www.ess.sunysb.edu/aevans/talks-pdf/hayden022403.pdf


  

tidal forces induced by interactions 
cause the gas in the galaxies to 
lose its angular momentum, and to 
fall to the centres of the galaxies, 
where it may ignite a firestorm of 
star birth. Finally, some of this gas 
may be accreted onto the central 
supermassive black hole, and this 
will trigger activity in the nucleus of 
the galaxy.



  

Local Universe

Big-Bang

As the universe expanded, galaxies became more 
separated and merger  rarer.

After the initial phase of galaxy formation,galaxies 
collided and merged
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Sgr A*
The case of Sgr A* is unique.
Thanks to direct measurements of
several stellar orbits it is possible
to get a very precise value for
the mass of the central object.

Also, there are very strict limits
on the size of the central object.
This is very important taking into
account alternatives to a BH.

The star SO-2 has the orbital
period 15.2 yrs and the semimajor
axis about 0.005 pc.

See astro-ph/0309716 for some details

Supermassive Black Hole at the center of the Milky Way 
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Stellar dynamics around Sgr A*

(APOD A. Eckart & R. Genzel )

With high precision we know 
stellar dynamics inside 
the central arcsecond
(astro-ph/0306214)

The BH mass estimate is
 (2-4) 106 М0

mailto:%20eckart%20at%20eckart.ph1.uni-koeln.de
mailto:%20genzel%20at%20mpe.mpg.de


  

 www.mpa-garching.mpg.de/.../hl2004-7-en.html
Kauffmann et al.2004
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