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Slack hole demographics:

current status and open guestions

e Below 107 Mo, still very few

detections, and large but
poorly determined scatter.

e Demographics still very
uncertain for the very highest
masses, >10° Mo.

e Decoupled scaling relations
for ellipticals and spirals?

e Recent evidence for extreme
outliers, e.g., NGC 1277
(van den Bosch et al 2012)
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Example of an AO-based stellar-dynamical BH detection:
the SO galaxy NGC 3998  (J. Walsh et al, 2012)
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TMT & IRIS: the next giant leap in

angular resolution for SM

e Dynamical detection requires
resolving the gravitational sphere
of influence of the BH:
rg = GM/0?

e Assume the scaling relationship
from McConnell & Ma (2013):
log Men = 8.32 + 5.64 log(c/200)

e \With K-band observations, TMT
can potentially detect M-
equivalent BHs out to 20 Mpc,
and the highest-mass BHs to
Gpc distances
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Redshift windows and available spectral features

Z-band 860 nm CaT

Y-band 860 nm CaT

Filter

H-band | 1.66 pm CO

K-band
um GO 1.66 um CO
oLy Lo Lot Lo
0.0 0.1 0.2 0.3 0.4

Redshift ﬁange (z)
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Redshift windows and available spectral features
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The |l

RIS simulator

(Tuan Do, Shelley Wright, & the IRIS science team)

gt

[ source model

~

J

[PSF convolution
z band

~

J

4 .
noise model:
sky background,
telescope, AO system,
detector readnoise and
dark current

.

~

S/N maps

/L

options:
Imaging/spectroscopy,
slicer/lenslet,
spatial sampling,
grating & filter

simulated
images and
IFU spectra
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S/N predictions for IFU observations
of extended sources

e S/N estimates shown here for total integration time of 5 hours in the K band

¢ |[RIS sensitivity in the 9 mas scale will be better than Keck/OSIRIS in the 50 mas scale
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Simulations for nearby early-type galaxies

NGC 3377 11.7 Mpc

Distance from Center (")

-0.4 -0.2 0.0 0.2 04
Distance from Center (")

ESO 378-20 47.7 Mpc

Distance from Center (")

-0.4 -0.2 0.0 0.2 04
Distance from Center (")

e Simulation parameters:

SNR 0.4
175.

148.

120.
92.
65.

38.
10.
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175.

148.
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92.
65.

38.
10.

NGC 4621 17.9 Mpc

0.2
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o
o

-0.4 -0.2 0.0 0.2
Distance from Center (")

ESO 507-27 50.1 Mpc

Distance from Center (")

-0.4 -0.2 0.0 0.2
Distance from Center (")
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SNR
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92.
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-0.4
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NGC 7332 24.3 Mpc
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120.
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65.
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10.
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ESO 462-15 80.3 Mpc

SNR
175.

148.
120.
92.
65.

38.
10.

-0.2 0.0 0.2 04
Distance from Center (")

K band, 9 mas scale, R=4000, 1 hour exposures
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Simulating an observation of the MW core at the
distance of the Virgo Cluster (16 Mpc)
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e Parameters: K band, 9 mas scale, R=4000, 10x900 sec exposure
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A unigue IRIS feature: R=8000 for observing
Kinematics of low-mass galaxies and clusters

Predicted errors in V, 0, hz, and hs, for an object with actual velocity dispersion
30 km/sec, as observed at R=4000 or R=8000
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IRIS’s ability to detect an IMBH
N the M31 globular cluster G1
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Nuclear clusters in low-mass galaxies:
do they contain IMBH?

NGC 4395 (D=4 Mpc)

e NGC 4395: a bulgeless Sd galaxy with a
Seyfert 1 nucleus inside a nuclear cluster

e BH mass from reverberation mapping:
3.6x10° Mo (Peterson et al 2005), or
4.9x10* Mo (Edri et al 2012)

¢ The nuclear cluster has ref = 0.15 arcsec
(3 pc). Inthe R=8000 mode, IRIS can
resolve the spatial and kinematic structure
of the cluster for the first time.

Tuesday, July 23, 13



Nuclear clusters In low-mass galaxies:
do they contain IMBH?

e NGC 4395: a bulgeless Sd galaxy with a
Seyfert 1 nucleus inside a nuclear cluster

NGC 4395 (D=4 Mpc)

e BH mass from reverberation mapping:
3.6x10° Mo (Peterson et al 2005), or

4.9x10* Mo (Edri et al 2012)

¢ The nuclear cluster has ref = 0.15 arcsec
(3 pc). Inthe R=8000 mode, IRIS can
resolve the spatial and kinematic structure
of the cluster for the first time.
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Pushing the limits: very high mass BHs

NGC 1016 75.9 Mpc

Distance from Center (")

-04 -02 00 02 04
Distance from Center (")

SNR
50.

43.

37.

30.

23.

17.

10.

Distance from Center (")

~0.4

A1631-M1 176.7 Mpc

-0.2 0.0 0.2 0.4
Distance from Center (")

e Galaxies with estimated Mgn > 10° Mo

SNR
50.

43.

37.

30.

23.

17.

10.

Distance from Center (")

~0.4

e Parameters: K band, 9 mas scale, R=4000, 5 hour exposures

IC 1695 192.0 Mpc
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Going from data to discovery

For TMT to be the world’s greatest BH discovery engine,
stel ar—dynammal modelmg expertise Is Crmcally important.
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M32: Constraints on triaxial shape parameters, Mg, and stellar M/L
(van den Bosch & de Zeeuw 2010)
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Many other BH science cases to pursue:

e BH masses and host galaxies of high-z quasars

e Followup of stellar tidal disruptions

e Anatomy of emission-line regions in nearby AGN/S"//'
e AGN outflows and feedback
e SMBH in merging galaxies

e Dynamical masses of BH In
reverberation-mapped AGNs
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