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UGC 8490




outline

* Interpreting and modelling HI 21cm data cubes
(signatures of bars, warps, streaming motions,
lopsidedness)

* benefits & limitations of optical & near-IR
Integral Field Units

e complementarity of HI and optical IFU data
(2 examples)
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Interpreting HI velocity fields

Bosma (1981)
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kinematic effect of bars

NGC 5383 UGC 6840

Sancisi et al (1979) Verheijen & Sancisi (2001)

* streaming motions can mimic solid body rotation
* rotation curves based on velocity fields are meaningless inside bar region
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NGC 1365 Hl ma HI velocity field

Zanmar-Sanchez et al (2007)
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NGC 1365 Hl ma HI velocity field
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Kinematic modelling yields bar pattern speed, corotation radius and M/L.

In this case:a fast bar, R .= 1.2 Rp,,., M/L|=2.0 £1.0, nearly maximum disk.

university of Kapteyn

groningen Astronomical Institute Gas & Stars in Galaxies - Garching, 10-13 June 2008



signature of warps

tidally excited? non-coplanar accretion!?
lifetime? structural properties of DM halo?

NGC 4013
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NGC 2656 position-velocity diagrams
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Line-of-sight may 12 35
cross gas disk
multiple times:

velocity field may
be meaningless!

Full 3D modelling
required to account
for double profiles
T and velocity crowding. 5% s arosec)
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streaming motions ~ Né%6

Up to 80 km/s in - b
outer plane of disk! | '

Boomsma (2007)

velocity field velocity field residual
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lopsided galaxies
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kinematic lopsidedness
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inflow/outflow
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NGC 4321
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outflow
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Wong, Blitz & Bosma (2004)
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harmonic expansion of VF:

n
Vs =co+ »_[gcos () +s;sinGOIN oo™ ovoror ] ° — ,

I 67| -0.28940.127 |
j=1 | Rmm=1:—) 4 | Rmin_40” |
R~ 180" |

(based on Schoenmakers et al 1997)

sl/cl = 0.35,ds3/ds| = -0.05
— 60 km/s radial outflow

but: elliptical streaming
due to strong bar?
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Anomalous gas in NGC 2403
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limitations of Hl 21 cm radio data

* relatively poor spatial resolutions

e often no HI in central regions

* limited to nearby universe

e only gas kinematics

e expensive to obtain with few telescopes

e steep learning curve (think in Fourier space)
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Integral Field Unit spectroscopy

Advantages:

* multiple emission lines at once
* access to stellar kinematics
* probing all scales,

from seeing/spaxel/diffraction limit up to FoV
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Integral Field Unit spectroscopy

Advantages:
* multiple emission lines at once
* access to stellar kinematics
* probing all scales,
from seeing/spaxel/diffraction limit up to FoV

But:

e small field-of-view compared to radio telescopes
* limited spectral resolution

* limited filling factor may require dithering

* night-time & good weather required

e cumbersome data handling (eg Fabry-Perot)
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no DM halo cusps in LSB galaxies!?

LSB galaxies are assumed to be dark matter dominated at all radii
but a central cusp in the rotation curve is not observed.

arguments brought forward include:
* beam-smearing

* long-slit misalignment
* bars and non-axisymmetry de Blok & Bosma (2002)
* ‘baryon physics’

cusps are
seemingly
impossible to
detect

offset 10"

4 6 81002 4681002 46 81002 46 810
R (kpc)
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DDO 39 - Quest for the Holy Cusp
HI WSRT Ho (10”) ACHCEY
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DDO 39 - Quest for the Holy Cusp
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improved VLA-B HI observations
R-band image HI density map HI velocity field
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Fiber bundles for the Disk-Mass Survey

Bershady Verheijen Westfall Martinsson Swaters Andersen

goal : obtain a direct kinematic measure of mass surface density
of the stellar disks via vertical stellar velocity dispersion O,

university of Kapteyn

groningen Astrononical Institute Gas & Stars in Galaxies - Garching, 10-13 June 2008



Fiber bundles for the Disk-Mass Survey

Bershady Verheijen Westfall Martinsson Swaters Andersen

goal : obtain a direct kinematic measure of mass surface density
of the stellar disks via vertical stellar velocity dispersion O,

maximum disk maximum halo

Radius (kpc) Radius (kpc)
UGC 128 (LSB) - Hernquist halo
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Fiber bundles for the Disk-Mass Survey

Bershady Verheijen Westfall Martinsson Swaters Andersen

goal : obtain a direct kinematic measure of mass surface density
of the stellar disks via vertical stellar velocity dispersion O,
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Fiber bundles for the Disk-Mass Survey

Bershady Verheijen Westfall Martinsson Swaters Andersen

goal : obtain a direct kinematic measure of mass surface density
of the stellar disks via vertical stellar velocity dispersion O,

— R=10.000 spectroscopy of ~40 nearly face-on (incl=25°-35°)
spirals at 3 disk scale lengths, or U(B)=24.5 mag/arcsec?
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Fiber bundles for the Disk-Mass Survey

Bershady Verheijen Westfall Martinsson Swaters Andersen

goal : obtain a direct kinematic measure of mass surface density
of the stellar disks via vertical stellar velocity dispersion O,

— R=10.000 spectroscopy of ~40 nearly face-on (incl=25°-35°)
spirals at 3 disk scale lengths, or U(B)=24.5 mag/arcsec?

3D data products:
* Hx velocity fields for pre-selection and high-resolution gas kinematics
* stellar Mglb and Call velocity fields and radial velocity dispersion profiles

* Hl velocity fields for extended rotation curves (VLA, WSRT, GMRT)

* low resolution IFU spectroscopy to characterize stellar populations
and the ISM (future)
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azimuthal averaging to gain S/N
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azimuthal averaging to gain S/N

NGC 3982
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azimuthal averaging to gain S/N

NGC 3982
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azimuthal averaging to gain S/N

NGC 3982
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azimuthal averaging to gain S/N

NGC 3982
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azimuthal averaging to gain S/N

NGC 3982
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SparsePak data

18 fiber azimuthal average at

u(B)=23.0 and R =3.5 hy,,

—-500 0
Velocity (km/s)

50

university of Kapteyn
groningen Astronomical Institute

Detection of asymmetric drift
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Galaxy spectra in radial bins

HD 107328
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UGC 463 UGC 1635

0
5150 5200 5150 5200
Wavelength (A) Wavelength (A)

university of Kapteyn

groningen Asironomicat nstitute Gas & Stars in Galaxies - Garching, 10-13 June 2008




photometry H velocity field stellar VF & LOSVD

5150
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HI column density map
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NGC 3982

From g, to M/L

0-2 o2

p— 4 M/L) = z
™ G 7 L m G pzo

“»
™~
&
<
%
Q
O
o)

e : (hy/z,) = 4.0
. 2:5¢(h,/2,)<5.5

2.5Log(Z) (Mg pc2?)

Maximum —disk

university of Kapteyn

groningen Asironomicat nstitute Gas & Stars in Galaxies - Garching, 10-13 June 2008




NGC 3982
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Summary

Decades of spectral line aperture synthesis imaging provides
a strong basis for modelling and interpreting IFU data.

Combining 3D data from radio, mm, NIR and optical can be
scientifically highly rewarding given their complementarity.
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