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Observables for ensemble properties of extragalactic GCSs

Photometry

Numbers - total numbers, specific
frequency

Spatial distribution > GCS effective
radius, gradients

Luminosity distribution = luminosity
function, mass function (via M/L),
GCS total mass

Color distribution - bimodality,
color gradients, (metallicity/age
distribution/gradients)

Size distribution - compact vs.
extended GCs, UCDs

- for blue and red GCs

Spectroscopy

LOS velocity distribution - higher
order moments: dispersion,
anisotropies (radial/tangential orbits)

Line strengths distribution -
metallicity distribution/gradients,
[Fe/H], [a/Fe], other elements, age
distribution/gradients

Internal velocity dispersions -
dynamical mass distribution, unseen
mass (SMBHs, DM)

Scaling relations: compare GCS properties as function of galaxy
mass, halo mass, galaxy type, environment, etc.
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The star cluster — galaxy context (2010)

T [Mg pc?]
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Misgeld & Hilker (2011), see also Dabringhausen et al. 2008
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The star cluster — galaxy context — the ‘special’ star clusters
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The star cluster — galaxy context — divided by environment
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The star cluster — galaxy context (‘everything plot’, 2014)
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Pfeffer & Baumgardt 2013:
> 1 disruption of nucleated

~e s galaxies with box orbits
L¥e° 3 around host galaxy (to
iy 1 mimic complex cluster

A3 ,‘?;g“;';. 1 potential)

Pfeffer et al. 2014
stripping of nucleated
galaxies in a cosmological
context (Millenium 2 + Guo
semi-analytical model)

Pfeffer et al. 2016:
comparison of stripping
simulations to observed
UCDs in the Fornax and
L .3 Virgo clusters
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Mass function of stripped nuclei and GCs/UCDs:
observations vs. simulations
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Observed nucleation fraction and nuclei mass fraction
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Star cluster occupation fractions od Virgo galaxies
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Super-massive black holes in UCDs
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Super-massive black holes in UCDs
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Specific frequencies/mass of (mainly) early-type galaxies
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Specific frequencies/mass of early- and late-type galaxies
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Color distributions of GCs

Brightest cluster
galaxies have
bimodal color
distribution for
GCs less massive
than o Centauri
(My>10.5 mag)

Harris et al. (2006)
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ACS Virgo Cluster Survey: GC colors vs. galaxy’s magnitude

Globular Clusters (g—z)
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ACS Virgo Cluster Survey: GC color bimodality vs. galaxy luminosity
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CMD for massive GCs, UCDs,

| Fornax+Virgo+M32 K 5 i

I color-luminosity / _ an
relation ! o4 from the Fornax and
L ' = 7 Virgo ACS surveys

(Jordan, Coté)

dE nuclei and NCs of spirals

[
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| Radial velcocity confirmed
UCDs and GCs in Fornax
and Virgo (Hilker, Drinkwater,
Mieske, Richtler, ...)
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| Nuclear star clusters

| from Virgo ACS survey

- (Coété et al. 2006) and
Lotz et al. (2004) sample

Dr. Michael Hilker (ESO/Garching)



NSCs, UCDs and
GCs of the Fornax
cluster in the 2-color
diagram

- uiKs plane is
promising to
disentangle age
and metallicity
distribution
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From color to metallicity distributions
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Metallicity difference of GCs and their host galaxies
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Spectroscopic survey of ~700 globulars around NGC 1399
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Number density profiles of red and blue GCs around NGC 1399
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Power-law slope of the deprojected GC density profile
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GCS size - halo size relation
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Spatial distribution of GCs in the Fornax cluster
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Phase space veIOC|ty and velocity dispersion vs. color
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Blue and red GCs trace the same potential: Jeans analysis reveals that the orbits of red
GCs are consistent with isotropy (maybe slightly radial), while those of blue GCs show a

tangetial bias. Schuberth et al. (2010)
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SLUGGS: kinema_tic;s of ~2500 GCs around 12 early-type galaxies
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SLUGGS: GCS kinematic properties vs. galaxy kinematics
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Inner (<3 R ¢) kinematics of GCSs and their host galaxies in Fornax
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Orbital anisotropies of blue and red GCs: -profiles
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Galaxy assembly traced by GC kinematic sub-structure around M87
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Galaxy assembly traced by GC kinematic sub-structure around M87

T T T T T 1 T T T T T T I T

200

100

T? i
Q.

g |

DN oL

—100

] | | | (a>
—-200 —100 0 100
x [kpc]

Romanowsky et al. (2012)

1000 :

500

v [km s71]
o

-500

—1000

LI I R

—~~
o
~

R [kpc]
Simulations of galaxies falling into an idealized central cluster potential

150

2

00

Dr. Michael Hilker (ESO/Garching)



Abundances and ages of GCs/UCDs in the Fornax cluster
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Abundances and ages of GCs/UCDs in the Fornax cluster
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Sub-group is located in narrow ring around NGC 1399
- coherent sub-structure from accretion event?
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Discussion points

« What is the best color combination for conversion to
metallicity/age distributions? — including infrared/UV?

« ‘SLUGGS’ survey for nearby (<10 Mpc) spirals — which (future)
spectrographs to use?

« Chemo-dynamical modelling — using multi-dimensional phase-
space: RA, DEC, dg,, v|os, massgc, color, [Fe/H], [a/Fe], age

e NSC contribution to UCDs/GCs in state-of-the-art simulations —
E-MOSAICS 35 Mpc volume?

« GCS database — supaHarris facility?

« Simulations database — providing ‘observables’ to compare with

Dr. Michael Hilker (ESO/Garching)



