
Formation and Evolution ofFormation and Evolution of
GalaxiesGalaxies

The Topic: High The Topic: High RedshiftRedshift Galaxies Galaxies

  ElifElif  KutdemirKutdemir



Understanding Galaxy EvolutionUnderstanding Galaxy Evolution
The comparison of high-The comparison of high-redshiftredshift and present-day galaxies and present-day galaxies
The investigation of the relationships between differentThe investigation of the relationships between different
classes of high-classes of high-redshiftredshift galaxies galaxies

Methods of Selecting High-Methods of Selecting High-RedshiftRedshift Galaxies Galaxies
Galaxies from different classes Galaxies from different classes →→ different methods different methods

Color selection criteria which are sensitive to theColor selection criteria which are sensitive to the
presence of 912presence of 912ÅÅ or 4000 or 4000ÅÅ breaks breaks
SubmillimeterSubmillimeter observations observations



Spectrum of a Lyman-break galaxy compared to the starburst galaxy NGC 4214.





Lyman Break Galaxies: Starburst galaxies at high Lyman Break Galaxies: Starburst galaxies at high redshiftsredshifts

MadauMadau et. al. (1996); et. al. (1996);
The metal ejection rate (MER) per unit volume:The metal ejection rate (MER) per unit volume:

φ(m): Initial mass function which indicates the number of stars of mass m born
per unit mass
ψ(t): The star formation rate that gives the amount of mass transformed into
stars per unit time according to φ(m)
Pzm: The mass fraction of a star of mass that is converted to metals and ejected

At short wavelengths, the luminosity density radiated per unit
frequency during the main sequence phase:

fHe(m): mass fraction of hydrogen burned into helium
fν(m):normalized spectrum of stars of mass m on the main sequence



Fiducial metal ejection density:
 present-day metal density / current age of the universe

Wm = 1, H0 = 50 km/s/Mpc







Red, Near Infrared (J-K) Selected High-Red, Near Infrared (J-K) Selected High-RedshiftRedshift Galaxies: Galaxies:
    High-    High-redshiftredshift galaxies with rest-frame optical colors similar to galaxies with rest-frame optical colors similar to

those of nearby galaxiesthose of nearby galaxies

Those galaxies can be detected by using Balmer break

Franx et al. (2003):
These galaxies are among the oldest ones at z≈2

The volume density to Ks=22.5 is half that of Lyman break
galaxies at z≈3

Stellar mass density is comparable to that of Lyman break 
galaxies





How are the red galaxies related to the classical Lyman Break Galaxies?



Are the red galaxies found here descendents of thoseAre the red galaxies found here descendents of those
galaxies that started to form stars at very high galaxies that started to form stars at very high redshiftredshift??

The J-K selected galaxies have much redder The J-K selected galaxies have much redder colourscolours than than
most Lyman Break Galaxies; is it the result of older ages,most Lyman Break Galaxies; is it the result of older ages,
more reddening, or a combination of these effects?more reddening, or a combination of these effects?



SubmillimeterSubmillimeter Galaxies: Dusty, very luminous, star forming Galaxies: Dusty, very luminous, star forming
galaxies at high galaxies at high redshiftredshift

Synchrotron radio emission from cosmic ray electrons acceleratedSynchrotron radio emission from cosmic ray electrons accelerated
in the supernovae explosions of high-mass stars heat the dust andin the supernovae explosions of high-mass stars heat the dust and
generate the far-infrared/generate the far-infrared/submmsubmm emission emission

Surveys of the local universe have shown that one third of theSurveys of the local universe have shown that one third of the
total bolometric luminosity is emitted at total bolometric luminosity is emitted at submillimetersubmillimeter and far- and far-
infrared wavelengthsinfrared wavelengths

By using By using redshiftsredshifts derived from radio spectrum of these galaxies, derived from radio spectrum of these galaxies,
submmsubmm and radio-flux densities, Chapman et al. (2003) and radio-flux densities, Chapman et al. (2003)
determined the dust temperatures and bolometric luminosities.determined the dust temperatures and bolometric luminosities.
Typical values are of order 35K and 10Typical values are of order 35K and 101212LL  respectivelyrespectively



The space density of The space density of submmsubmm
galaxies at galaxies at redshiftredshift over 2 is over 2 is
about 1000 times greaterabout 1000 times greater
than that of similarlythan that of similarly
luminous galaxies in theluminous galaxies in the
present universepresent universe

The majority of The majority of submillimetersubmillimeter
galaxies lie at z>1galaxies lie at z>1

Chapman et al. (2003) foundChapman et al. (2003) found
that the that the submillimetersubmillimeter and and
Lyman break populationsLyman break populations
encompass all of the starencompass all of the star
formation activity needed toformation activity needed to
reproduce the star formationreproduce the star formation
history inferred from modelshistory inferred from models
of the background radiationof the background radiation
and and submmsubmm counts. counts.



SmailSmail 2004: 2004:
Comparison of the photometric and morphologicalComparison of the photometric and morphological
properties of distant (<z>=2.2) properties of distant (<z>=2.2) ultraluminousultraluminous galaxies to galaxies to
local samples of dusty luminous galaxieslocal samples of dusty luminous galaxies

Just over half of the sample are multi-component orJust over half of the sample are multi-component or
distributed systems, suggestive of mergers of interactionsdistributed systems, suggestive of mergers of interactions

The presence of highly structured dust within theseThe presence of highly structured dust within these
galaxies might mimic such structural peculiaritiesgalaxies might mimic such structural peculiarities

25% of the remaining SMG/OFRG are peculiar, including25% of the remaining SMG/OFRG are peculiar, including
two face on spirals, one of which has a ring, and only 15%two face on spirals, one of which has a ring, and only 15%
are regularare regular




