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> black hole mass from stellar dynamics to test reverberation
masses (BLR geometry) & Mg,-0 relation

> distribution & kinematics of molecular gas, and relation to
obscuring material

» extent, intensity, & history of recent star formation and
relation to AGN
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Adaptive Optics Observations of AGN with Keck & VLT
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examples of SINFONI data
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NGC1068: fuelling in action
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CO equivalent width: stellar vs non-stellar continuum

It is possible to correct for dilution by AGN & estimate stellar continuum
without knowing anything about the stellar population
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Stellar Bolometric Luminosity

Estimating stellar bolometric luminosity is simple and robust
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Star Formation Diagnostics

NGC1068 Bry equivalent width

Bry equivalent width “'
- correct Bry for AGN contribution (e.g. NLR, jet) &
through morphology & kinematics S o

- ratio to stellar continuum Z
B T
mass-to-light ratio = £

- use spatially resolved kinematics (V... & o) to

rot
estimate dynamical mass
- correct L, for non-stellar continuum

- gives upper limit to M/L, for most recent star formation

radio continuum (supernova rate)

- resolved continuum with low T, probably star formation : .

- correct flux for unresolved point source associated with
AGN, and also for any jet contribution
- estimate supernova rate
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Star Formation Size & Age
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log (surface brightness)

Star Formation occurs in Nuclear Disks
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Are Nuclear Disks related to Nuclear Clusters?

Nuclear Clusters seen with HST in 70%-90% of all galaxies, with sizes 2-60pc
(Carollo+98, Boker+02, Graham+03, Lotz+04, Grant+05, Ferrarese+07)

ages 10Myr to 10Gyr, masses 10°-108M,, IR
(Walcher+05,06 Rossa+06)
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Stellar Bolometric Luminosity

starbursts are
close to being
Eddington limited

e.g. M51 star clusters
and Arp 220
(Scoville 03)

109 [Loo/Lsun] (integrated)

e.g. radiatively supported
starburst models
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What does it take for a starburst to be Eddington limited?
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How much higher was the stellar luminosity?

STARS illustrative stellar cluster model:
for recent star formation which is no longer active, the
luminosity was of order 10 times higher in the past
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Why should the Star Formation Rate be so High?

Nuclear starbursts lie on the
Kennicutt Schmidt law

ZSFR = 2.5)(10_4 zgas14

when SFR is time averaged
and 30% of dynamical mass
is attributed to gas.

SFR is high because the gas
surface mass density is high.
As a result the star forming
efficiency is also high.

log =, (M., pc™®)




Why should the Star Formation Rate be so High?

= Starburst Galaxies Wang et al. 2007

‘Galaxies in
Zone Il are
undergoing
suppressed
star
formation’

AGN feedback domain




A Scenario for Star Formation around AGN

» Gas accumulates in central 100pc

» Region cannot form stars due to high turbulence (Toomre
criterion, Q=o0k/mGX) [Erin Hicks, short talk]

» Eventually, the high gas density leads to a high star formation rate
» Starburst is Eddington limited, generating a huge radiation pressure
» Because the efficiency is high, the starburst is short lived

» Starburst fades and is then dormant until gas is
replenished

... but how is star formation related to the torus & the AGN?




Relation of Star Formation to Molecular Gas

(Erin Hicks, short talk)

in general, gas

- is centrally concentrated

- has high dispersion (vertically
extended)

- has high column density

these are the properties of an
obscuring torus

kinematics of stars & gas
are similar at r<0.5”

i.e. gas & stars are mixed
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Relation of Star Formation to Molecular Gas

(Erin Hicks, short talk) NGC 109_7

in general, gas

- is centrally concentrated

- has high dispersion (vertically
extended)

- has high column density
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Relation of Star Formation to Molecular Gas
(Erin Hicks, short talk)

in general, gas

- is centrally concentrated

- has high dispersion (vertically
extended)

- has high column density

100

0

—100

these are the properties of an

NGC 1097

0 100

-100

obscuring torus 1
200 -

150 |

kinematics of stars & gas

are similar at r<0.5” 100 |

i.e. gas & stars are mixed

{ .

dispersion & velocity (km/s)

H, 1-0S(1) velocity

stellar dispersion

stellar velocity

I H, 1-0S(1) dispersion
- PSF

ol P ST T

0.0 0.5 1.0 1.5

radius (arcsec)

2.0




Starburst - AGN connection

Delay of 50-100 Myr between starburst & AGN activity

1010

estimate
of Lyey

T

b
=

+ I
b

1

+
+
i)

—— '

10 100
starburst age (Myr)

\,\

10 100
starburst age (Myr)

/\/

best estimate of time since most
recent star forming episode began




Starburst - AGN connection

What role do stellar ejecta play in fuelling the black hole?

OB stars significant mass loss, but at speeds of ~1000km/s and
only for a short time;

in Galactic Centre, winds are partially responsible for
stopping accretion (Ozernoy+96,97, Cuadra+06)

supernovae ~10° SNe, each ejecting ~5M,,, at ~5000km/s;
most likely outcome is a superwind rather than accretion

SNe occur at starburst ages of 10-50Myr,
and probably play a role in delaying the
fuelling of the black hole
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Starburst - AGN connection

What role do stellar ejecta play in fuelling the black hole?

AGB stars stars of 1-8M,,,, reach AGB phase after ~50Myr;

winds have speeds of 10-30km/s and remain bound;
mass available >0.02M,,/yr over timescale of 50-200Myr;

total mass ~2x10’M, over 1Gyr

mass lost in mass available to
stellar ejecta accrete onto BH
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Summary

- adaptive optics integral field spectroscopy of AGN,
with spatial resolution to better than 10pc

- detailed morphologies & kinematics of molecular gas and stars

- star formation:
> recent, intense, short lived starbursts in central few 10s of pc
> stars & gas are mixed - starburst occurs in the molecular torus
> delay between starburst activity & AGN activity

> AGN accretion probably delayed by supernovae and fuelled by
winds from AGB stars




