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Why are we looking for them?

Globular Clusters

Massive Galaxies

1.Relation at lower 
Masses?

2.Growth of 
Supermassive 
Black Holes?

➡ Seeds: IMBHs
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Observing - Spectroscopy
OZPOZ ARGUS
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Observing - Spectroscopy
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Observing - Spectroscopy
HST VLT/ARGUS VELOCITY
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Dynamical Models

NGC 6266, Lützgendorf et al., 2012,  submitted

M• = 8⇥ 103M�

M• = 0

M• = (3± 2)⇥ 103M�
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Our Sample
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N - Body Simulations

FACTS

• NBODY6 (Aarseth 1999) on GPUs
• N = 32k - 128k

Stellar Evolution
External Tidal Field

We vary:
‣ Black-Hole Retention Fraction
‣ Intermediate-Mass Black Hole
‣ Primordial Binary Fraction

Goals:
1. Reproduce Observations
2. Test Analysis
3. Deeper Understanding
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Test Analysis
PHOTOMETRY

• CMD
• Completeness
• Center
• SB-Profile

SPECTROSCOPY

• Velocity Map
• Templates
• Shotnoise
•     - Profile�
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Whats next? - SINFONI

R = �/�� = 4000

Galactic, d=10 kpcExtragalactic, d=50 kpc

!
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Whats next? - MUSE

MUSE

ARGUS
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Whats next? - GRAVITY

1036 ANDERSON & VAN DER MAREL Vol. 710

Figure 3. CMD of all the stars found in the automated search of the F435W and
F625W exposures of GO-9442. The level where saturation sets in for the deep
exposures is indicated, as well as the number of stars that are saturated. Most of
the stars above the deep-image saturation line were measured well in the short
exposures. Saturation in the short exposures sets in at about 4 mag brighter than
this. These particularly bright stars were measured by fitting the PSF to the
unsaturated part of the star’s profile. Note the multiple MS turnoffs, which have
been well discussed in the literature (i.e., Ferraro et al. 2004; Villanova et al.
2007).

3.5. Artificial-star Tests

The GO-9442 images are not terribly crowded. There are
about 1.2 million stars in 14K × 14K pixels, thus the typical
separation is about 10 pixels. Nevertheless, the fact that there
are quite a few extremely bright stars makes it impossible to
find all the faint stars. And even though the density changes
by less than a factor of 4 from the center to the corners of the
field, it is still important to have an idea of the completeness

for each brightness level of star at different places within the
field. Therefore, we decided to run AS tests in order to gauge
the incompleteness and measurement quality.

The mechanism for AS tests is described thoroughly in A08.
Briefly, since our finding software operates on one small patch
of the field at a time, we can afford to do AS tests in serial, one
at a time, rather than doing them in parallel in many batches.
One great benefit of this is that artificial stars never interfere
with each other, so by throwing many stars in successively we
can simulate throwing in a high density of them. This makes it
easy to do a detailed study of the completeness in the vicinity
of the center.

We performed 500,000 individual AS tests. For each, we
chose a random F435W instrumental magnitude between −14
(saturation) and −5, and chose the F625W magnitude that
placed the star along the fiducial MS. The artificial stars were
inserted with a flat distribution in radius, so that we would probe
the central regions more than the outer regions. For example, we
ended up inserting over 700 stars within the central arcsecond
in radius, and over 51,000 stars within the central 10 arcsec.

As a demonstration of how the AS tests worked, in Figure 4
we show the same central field as in Figure 2, and the locations
where the artificial stars were and were not recovered. In this
region, we observed 261 real stars between −10.5 and −11.5
in F435W instrumental magnitudes. We ran 3847 AS tests in
this magnitude range over this 225 square arcsecond region, and
recovered 3402 of them, resulting in a completeness of 88%.

Figure 5 shows the results of the AS tests for different radial
bins as a function of instrumental magnitude. It is clear that the
completeness at the center is well over 90% for the brightest
stars, and is over 75% throughout the cluster for stars with
instrumental magnitudes brighter than −10, which corresponds
to stars about 4 mag below the upper sub-giant branch (SGB).

3.6. Measuring the Proper Motions

Figure 1 shows that proper motions can be measured in two
fields: one field that is largely centered on the cluster and another
that is east SE of the center by about 4 arcmin. Table 1 lists the
observations we have available for each field.

Figure 4. Central swath of the stacked image (15′′ × 15′′ in each panel). On the left, the yellow circles indicate stars that were found between −10.5 and −11.5 (in
F435W instrumental magnitudes). On the right, we show where stars in the same brightness range were successfully recovered from our AS tests (green), and where
they were not recovered (red). The center (determined in Section 4) is shown in both panels with a blue 1′′ radius circle around it.
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Conclusions

• IFU - KINEMATICS FROM CROWDED FIELDS
‣ Black Hole Hunting in Globular Clusters
‣ Sample of 10 Globular Clusters

• N - BODY SIMULATIONS:
1. Reproduce Observations
2. Test Analysis
3. Deeper Understanding

• FUTURE OBSERVATIONS:
‣ SINFONI
‣ MUSE
‣ GRAVITY



THANK YOU!


