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dwarf galaxies |
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Characteristics of

,2Ultra-Compact Dwarf galaxies*
(UCDs)

Dr. Michael Hilker (ESO, Garching)



Ultra-compact dwarf galaxies™

Luminosities: -13.5<M,,<-11.0 (although w Centauri (M,=-10.4)
might be a small UCD)

Half-light radii: 9<R; ,<30 pc  (afew have LSB envelopes with
80<R.,<120 pc)

Velocity dispersion: 25<c,<45 km/s (extrapolated from the observed
velocity dispersion)

Mass range: >2x106-108 M, (dynamical mass)

M/ Ldyn: 2-10 (different from the expected M/L
of canonical stellar populations)

Occurence: In cores of galaxy clusters or close to
major galaxies (also in groups and field)

*First discoveries: Hilker et al. (1999), Drinkwater et al. (2000); name ‘UCD’: Phillipps et al. (2001)
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Colour-magnitude diagram of ,hot’ stellar systems in galaxy clusters
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Stellar mass-size relation of ,hot" stellar systems
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UCDs have

an elevated
M/L,,.!

Hasegan et al. (2005)
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;  The ACS Virgo
e — . cluster survey

Dwarf-Globular
Transition Objects
(DGTOs)

V-band image
(KPNO 4m)
ACS footprint

mass-to-light ratio M/L,,

half-mass radius r;,

H
-

Hasegan et al. 2005
(Apd 627, 203)

Dr. Michael Hilker (AIfA, University Bonn)




The M/L,,, values of UCDs cannot be explained by SSP models
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Global velocity dispersions
and dynamical masses —
some cautionary tales




Measurement of the velocity dispersion of UCDs
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Full spectral fitting of UCD spectra and background subtraction
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~-rom observed velocity dispersions to dynamical masses
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“Stars’ distributed according to de-projected
surface brightness profiles from HST imaging
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Examples for modelled 3-dim density profiles, cumulative mass
distributions and velocity dispersion profiles for two UCDs
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Masses and M/L values from the virial mass estimator
71— ——— 11— (without corrections)
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What if the object is not centred in the slit/aperture?
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The top 4 formation scenarios
for UCDs




“Remnant nuclei of disrupted galaxies” - NCs s
(Bekki et al. 2001, 2003, Bassino et al. 1994, Zinnecker et al. 1988) .

VS.

Antennde M(V)=-14 mag " e

“Merged supercluster complexes” - MSCs
(Fellhauer & Kroupa 2002, 2005, Kroupa 1998)

VS.

“Most massive globular clusters” - GGCs
(Mieske et al. 2002, 2004, Norris & Kannappan 2011)

VS.

“Genuine compact dwarf galaxies” - BCDs
(Phillipps et al. 2001, Drinkwater et al. 2004, Richtler et al. 2005)

NGC 1705 M(V)~-16 mag
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Surface density-mass relation of hot stellar systems
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Formation of UCDs by the amalgation of stellar superclusters (SSCs)

Creation of dwarf galaxies by SSCs
first predicted by Kroupa (1998)

Setup of models: super-cluster orbits in

. . Fellhauer & Kroupa (2002, 2005)
an analytic galactic
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The origin of GCs and UCDs in the
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Spatially resolved internal
kinematics of UCDs




What can we learn from the internal dynamics of UCDs?

The shape of the spatially resolved velocity dispersion profile might
support/disprove the one or other formation scenario.

Questions one might ask:

1) Is the velocity dispersion in the outskirts of UCDs influenced
by dark matter?

2) Is the velocity dispersion in the centre of UCDs influenced by
a massive black hole?

3) Are there signs for orbital anisotropy, rotation or tidal features?

Dr. Michael Hilker (ESO/Garching)



1) Dark matter in UCDs — yes or no?
UCDs as NCs:

* Yes, if the remnant nuclei can ‘focus’ DM in their centers (Goerdt et al. 2008)
* No, if DM is stripped efficiently (Bekki et al. 2001, 2003)

UCDs as MSCs:

* No, super star cluster complexes in merging galaxies do not contain DM

UCDs as GGCs

* Yes, if GCs formed in DM halos, the most massive GCs might retain some

DM fraction (Baumgardt & Mieske 2008)
* No, so far no evidence for DM in GCs (see o Cen, NGC 2419, ...)

UCDs as BCDs

* Yes, per definition: UCDs formed in primordial DM density peaks, thus are
cosmological sub-structures

Dr. Michael Hilker (ESO, Garching)



DM mass/Stellar mass

Average stellar mass [M]

DM dominated UCDs can retain DM after dynamical evolution
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1) Massive black holes in UCDs — yes or no?
UCDs as NCs:

* Yes, SMBHs and NCs have been shown to co-exist (Graham & Spitler 2009)

* No, most galaxies with NCs do not seem to harbour a SMBH (Neumayer’s
talk)

UCDs as MSCs:

* No, young clusters do not possess IMBHs that could grow to a SMBH

UCDs as GGCs

* No, maybe some massive GCs harbour a IMBH but not a SMBH (Anderson,
Noyola, Lutzgendorf, Jalali)

UCDs as BCDs

* Yes, if ‘bulge’ formation is related to massive BH formation one would
expect them in UCDs

Dr. Michael Hilker (ESO, Garching)
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1) Anisotropy, rotation, tidal features in UCDs — yes or no?
UCDs as NCs:

* Yes, if NC formation works via disk accretion and/or multiple SF events (?),
tidal features if stripped on eccentric orbits (Fellhauer & Kroupa 2006)
* No, if the memory of anisotropy or rotation is lost in stripped NCs (!?)

UCDs as MSCs:

* Yes, in young MSCs some rotation/anisotropies might be detectable
* No, very rapid merging in a dissipative manner (violent relaxation)

UCDs as GGCs

* No, so far not much evidence for anisotropy in Galactic GCs (except rotation
in w Cen which might be a NC-UCD)

UCDs as BCDs

* No, violent relaxation (spherical Es do not show rotation in general)
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The first observational steps:
IFU observations of UCDs




FLAMES/ARGUS observations of the most massive
and extended UCD in the Virgo cluster

Reconstructed Image

Signal/Noise Av [km/s] o [km/s]
= E. . , . . , . . . .

e
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Frank et al. (2011, MNRASL, accepted last Monday)

Next talk!
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Simulated velocity dispersion profiles for different BH masses
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First SINFONI observations of M59¢cO in March 2010
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Summary

« 'UCDs’ are defined through their mass-size relation and enhanced
dynamical mass-to-light ratios — roughly occurring at >2x10°M

« 'UCDs’ share properties of nuclear star clusters, e.g. the mass-size
relation, but also are the “tip of the iceberg” of rich globular cluster
systems - they are mostly of "star cluster origin’

 Be careful with the correction of the observed velocity dispersions
to total or central values for extended objects (r.4~10-90pc) at
distances of <20Mpc: the fraction of the light in the slit matters!!

« UCDs are mostly concentrated around major galaxies but also
are found in the intra-cluster space, they do not follow the spatial
distribution of nucleated dEs

* Resolving the internal kinematics of UCDs is very challenging,
first attempts are underway

Dr. Michael Hilker (ESO, Garching)



