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Current State of the Art: Circumnuclear Gas
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Properties of pc-Scale Gas and Dust: Case

Study NGC 1068

VLBA H,0 Masers:
Greenhill et al. 1997

VLBA Continuum:
Gallimore et al. 1997
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Central BH Mass Estimates: H,O
Maser Disks
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Properties of
Luminous Mergers
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NGC 6240: A Large Scale Shock
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Investigating Maximum Star Formation: PDBI CO Survey of
SCUBA sources with optical redshifts

= - 1 | | T | 1 | I
4 | - 4 | 0443140210(2.50) o 4 L 0943144700 (3.35)
s . *PdBI program of
P - - -4 2F - . .
: submm galaxies with
2 - .
ol A 1ot Jof 1 | reliable Keck
023960134 .
O (los i (480 . L . redshifts (2-3 tracks
) 2 1 ] )
T I I + _LSL’ZIO+4242 I{34L) k& I I I each: 20 hOIlI’S)
4 L2358+I52|.5 (2. 20] - L237146214{2.49) - L5 FL401 1+0252 (2.560) - . .
L i * High resolution A/B
2F - L - .
2 - s configuration follow-
0F - .
ol i oF 1°T 71 | up to spatially resolve
2| 1.,L | of 1 | CO dynamics/sizes
_ 1 ] ] 1 ] ] ] ] ] .
j T — ., * so far 12 detections
_ LE370+4105 (2.45) LE371+4053 (2.37) [ 2207640015 (3.10) | between z~1 and 3.5
= ’
2T 1 2 1% 12F 1 | bringing total number
3 of 1 L 1.l 1oL LFH 1 | of CO confirmed
= submm galaxies to 14
2 F L6|368+4ﬁi? (Z.SS)I 1 2F | | L 2 | | L 12k | | s

- L1000 Q LO00 - 000 Q LOOO - L1000 a LoD - 000 0 LOO0

velocity offset (kemfs)

Neri et al. 2003, ApJ 597, L113, Greve et al. 2004, ApJ submitted



Compact Molecular Gas in 7~2.5 Submm Galaxies
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Submm Galaxies at 7~2.5 May Be Today’s Massive
Ellipticals in Formation....

*Submm galaxies are compact: <R,,>~1.6 kpc for 4 SMGs.

*They are massive:
Av ~700-800 km/s, implying circular velocities <V > ~400 km/s,
and gas velocity dispersions 6, ~100 km/s.

This implies <M, > = 7x10'° My within this compact region

dyn
*They are gas rich: <M, >=2.4x10""Mg,

and gas fraction M, /M, ,~0.4

dynN

*They are rapidly forming stars: SFR~1000 M/yr (from FIR luminosities)

*They have matter densities comparable to ellipticals and massive bulges.

2 4yn~7000 Mg/pc?




Maximum Star Formation in Submm Galaxies

Criterion for global
gravitational instability

Maximum star
formation rate

Criterion for
starburst to
continue in the
presence of
negative feedback
(SN, rad. pressure,
winds)

M 82 (NGC 3034) FOCAS (B, V, Ha)

Subaru Telescope, National Astronomical Observatory of Japan March 24, 2000
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Summary of Some ALMA Possibilities

Nearby Nuclei: For galaxy nuclei in the local universe, the key issue will be getting
to the highest possible spatial resolution - <1-5 pc scales!

* AGN and Nuclear Starburst Fueling

* Direct detection and properties of AGN “Tor1”

* Measuring masses of supermassive black holes

Ultraluminous Nuclei: Investigations of merger induced star formation on 5-10 pc
scales. Observing starburst/black hole feeding at rates similar to what is expected
in the early Universe.

High Redshift Nuclei: Spatially and spectrally resolved maps of gas and dust, to
probe star formation in galaxies making up the peak of the FIR/submm background
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Molecular Gas in Nearby AGN: NUGA

* Sub-arcsec resolution CO study of 12 AGN hosts (50-100 pc res.)
with IRAM interferometer

e Sey 1, Sey 2, and LINERs all represented

* Combined with HST/ground based optical/NIR imaging

* Combined with other CO data: “supersample” of 25-30 objects

* Measure high dynamic range gas & velocity distributions in
central kpc regions

 Investigate gravitational instabilities necessary for fueling AGN
 Comparing with numerical simulations of stellar potentals

S Garcia-Burillo & F.Combes: plus A. Baker, F. Boone, A.Eckart, P.
Englmaier, L.Hunt, S.Leon(3), R. Neri, E.Schinnerer, L. Tacconi



Properties of Tori: Large Scale
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Molecular Gas in
Nearby AGN: NUGA

S Garcia-Burillo & F.Combes: plus A. Baker,
F. Boone, A.Eckart, P. Englmaier, L.Hunt,
S.Leon, R. Neri, E.Schinnerer, L. Tacconi

Variety of structures:
‘unresolved compact sources
*rings

lopsided disks

*other asymmetric features

Details in Garcia-Burillo
Talk!




NGC 7217: Feeding Star Formation
HST V.l and CO(1-0) con

tours
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Masses of SMBHs in Nearby Nuclei

Why ALMA?

e Obscured central regions

* Presence of luminous AGN: AGN/host contrast
e spatial resolution

* molecular gas in rotating disks
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