Galaxy observations at radio wavelengths
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Link it to : galaxy formation problem
detailed structure of our Galaxy
problem of dark matter in galaxies

part I : some discussion about galaxy formation
part I : SKA and 21-cm HI rotation curves
part III: LOFAR and radio continuum in galaxies

- resolution is important

- SKA is fundamental for galaxies and cosmology
- LOFAR is a good pathway to SKA



Millenium Simulation

Springel et
al. 2005

De Blok
Bosma &

McGaugh
(2001 - 2003)

has problems on galaxy scales

cuspy halos
lots of satellites

New 2-D data confirm the problem
Kuzio de Naray et al. 2006



Galaxy formation in

Feedback helps:

TF-relation zero point OK, but
halos still too concentrated...

in fact there is a resolution
problem

Governato et al. 2006



Star formation history and feedback

Abadi et al. 2003 Governato et al. 2006



Bar — Halo interaction

Athanassoula 2002, 2003

Mechanism is the exchange of angular
momentum via the resonances

As a result, the mass concentration of
the galaxy increases with time



Schematic evolution

One expects thus :

rapid evolution with a lot of merging at z > 1.5 - 2
slow evolution thereafter

in DM only simulations not much change of shape of RC
but in slow evolution simulations the galaxy concentrates

One way to test this is to use correlation of spiral arm pitch
angle with shear rate (Segar et al. 2006), i.e.
morphology vs. redshift

Another is to collect rotation curves at larger z



Morphology vs. z

Bar fraction out to 8 Gyr lookback
time Jogee et al. (2004)

Spiral arm pitch angle vs. shear rate
Seigar et al. (20006)




Fuchs et al. 2004, use a variation of Athanassoula et al. 1987

Strong spiral => Massive disk



Resolution problem again

Pixel 0.049 arcsec Pixel 1.2 arcsec

Bosma (1978)

For a good rotation curve better have
radius/beamsize large (>7 at least, better 15)

Giraffe — VLT : 0.52 arcsec/pixel; typically 8hrs/exposure  Flores et al. 2006



Tully - Fisher results at z = 0.6

Bohm et al. 2004 Flores et al. 2006
use FORS use GIRAFFE

the 2-D data allow
sorting out the rotators



SKA - 100x more sensitive as VLA
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SKA - 100x more sensitive as VLA

But at a small ratio
Radius/Beamsize !

Van der
Hulst et
al. 2004




SKA - 100x more sensitive as VLA

Verheijen &
Dwarakanath

EVLA can already do some of it at lower z
JWST will have IFU with resolution 3000



SKA is also a redshift machine

Baryonic acoustic oscillations :
predicted in simulations,

found in SDSS Eisenstein et al.
can be done with SKA to
constrain dark energy parameters



Radio-FIR correlation and redshift ?
Carilli & Yun 1999

synchotron emission of
relativistic electrons
accelerated in supernovae
remnant shocks

thermal dust
emission



Radio-FIR correlation and redshift ?

Photometric redshifts

Klein et al. 1988 T
by SED fitting

At LOFAR frequencies,
spectral index has changed



Radio-FIR correlation inside galaxies

Murphy et al. 2006
using Spitzer (SINGS)

Low g-values could mean

early phase starburst
Roussel et al. 2004



Radiocontinuum in galaxies
Israel & Maloney 1990 57.5 MHz

increasing free-free absorption

of non-thermal emission with

increasing tilt but complications if central
component is strong



Radiocontinuum in galaxies

Beck et al.

- dynamos
- shocks
- outflows
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Indirectly back to dark matter ??
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Galaxies with LOFAR

. Resolution matters

. SKA will have fundamental impact
on galaxies and cosmology studies

. LOFAR explores little studied
frequency range

. Complex physics

. LOFAR science could lead to better SKA
participation (better technical understanding;
ask how you will train those who will be the
SKA users 10 years from now)



Lensing surveys

Koopmans & Treu (2003)
Koopmans — astro-ph/0511121;
Bolton + K + T (3 papers)



