Observing the Formation of Dense Stellar
Nuclei at Low and High Redshift (?)
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g% Extreme Starbursts - .
2 1n the Local Universe'. * How are extreme starbursts triggered ?

Instituto de Astrofisica
""‘“‘"““s';f‘:;.““’ * How efficiently are stars formed in extreme starbursts ?
TR * How important is the role of extreme starbursts in the
hierarchical assembly of galaxies?
el * How are extreme starbursts related to the triggering of
e ;“bggmz AGN in the nuclei of galaxies?
"‘*“%?ﬁ“'ﬁ * What can we learn about starbursts in the distant Universe

Clive Tadhunter
ean Turner
Svivan Vellleux |

through studies of their local counterparts?

Some Important Issues:

® Starbursts take place behmd a thick screen of
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Colliding Galaxies NGC 4038 and NGC 4039
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. s An ESO Workshop :
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S Central Massive Objects | e CMOs as end-products of starbursts
W | Lhe Stellakhucier — e What is the evolutionary connection
'Ck Hf)le Connectln between host galaxy, bulge, (nuclear) SCs
and BH ?
e Do we understand the formation of SCs ?
e Do intermediate mass black holes form in
SCs ?
e How do we feed the BH in the central pc ?
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Discovery of a GALEX/SDSS sample of local UV-bright galaxies

ALEX UV survey + SDSS spectroscopic survey (now 70
us to search for‘high'ly rare outliers <0.
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Blue Supercompact
Compact UV-luminous Galaxies
Dwarfs o8 (This Talk)
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UV Starburst Sample Characteristics

* UV-selected Starburst galaxies
*x0.1<z2<03

* no QSOs

% UV half-light radius of 1 - 2 kpc
% FUV - R colour < 2

* metallicity 0.2Z_- Z,

* attenuation E(B-V) =0 - 0.3 mag
* stellar masses of 10°° -10'1 M,

* SFRs of 10-100 M, yr-!

% gas velocity disp. of 6
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HST Imaging Program in UV/optical

080844
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not Type |
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e VLT spectra: no detectable BLR characteristic of Type 1 Seyfert

e Blue-asymmetric Hx,[NIl] lines: dusty outflows at few hundred km/s
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High SN rates in very compact regions lead to high pressures/densities that drive

large-scale Galactic winds
(common in low and high-z SBs; Lehnert & Heckman 1996, Lehnert et al. 2009)

Mittwoch, 30. Juni 2010



Stellar “Dominant Compact Objects” (DCOs)

e * Radius <100-200 pc
' * Stellar Mass ~10° M,
* Ages ~10-50 Myr

X tdyn <5 Myr

Mass vs. Age
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Witnessing the Forming Nuclei of Galaxies (?)

Nuclear
Clusters

X
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" G IOb, Globular Clusters

);< X 7 Nuclear Star Clusters [Comparison data:
% Clusters Hopkins et al. 08/09,
Lauer et al. 1995,
Kormendy et al. 2008,
Van Dokkum et al. 2008]
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The Forming nuclei of low-mass early-type galaxies (?)

P\GC 448':‘
El
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High mass ellipticals have core = Low mass ellipticals have core
“deficiencies” > dry mergers “excess” or “cusps” > wet mergers

Consistent with Wet Merger Formation Scenario:
v’ Galaxy mass <10'! M,

v High Core Stellar Mass Densities
v" Core/Total Mass ratio ~2-20%

v" Gaseous merger-driven nuclear SBs
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“Down-sizing” of CMO formation since z=2

Distant Compact Galaxies Hubble Space Telescope « NICMOS
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Mass density profiles
of local ellipticals
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THE FORMATION OF SUPERMASSIVE
BLACK HOLES ?

The Dominant Compact Objects




FI )

SFR [Jha, Ptak et al., in prep.]

® The DCOs are over-luminous in the 2-10 keV band compared
to starbursts by factors ~2 to 10

® Spectra are harder than typical SBs: (L2-10/Lo52) ~ 2 vs. ~|
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|) Low-Luminosity AGN?

® If these are Compton-thin, the implied Lgolagn ~ 107 to 10'9 Lyn
® A few % of Lgoltor (consistent with optical and mid-IR spectroscopy)

® For L/Lgdd ~ 0.3, the implied BH masses would be one to a few 10° My,

2) Powerful Compton-Thick AGN?

® Heavily absorbed in the hard X-ray band and are more powerful AGN?
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3) Exotic Starbursts!?

® Simple analytic arguments imply that hard X-ray emission from ~108 K gas
can be boosted for sufficiently compact starbursts

® A “smoking gun” would be strong Fe K-alpha emission-line with E ~ 6.7 keV
(He-like) or 6.9 keV (H-like) iron

This hot gas is observed in the central starburst of M82...

ST Chandra ACIS-S

0.3-1.1 keV
1.1-2.8 keV
3.0-8.0 keV

Spitzer
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Do we see any Direct Evidence of low luminosity black holes?
Looking for “compact cores” at 18 cm with the European VLBI (EVN)

|Ox more luminous then central region of Arp 220

Compact source detected! containing ~10 Radio-SN and SN Remnants:

Deeper and multi-band observations allocated...
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Summary: Triggered CMO formation and
Delayed Central Black hole feeding (?)

® Young, triggered starburst galaxies in the nearby universe
® Massive, dense stellar nuclei
consistent with being proto-bulges
® No radiatively dominant AGN

® <50 Myr: central gas flow
dominated by massive stars & SNlIs

¢ -100 Myr: dominated by low-velocity outflows from post-AGB stars
® [ow-velocity gas will not be able to escape a central black hole
® delay time between onset of starburst and BH growth

(~100 Myr, e.g. Davies et al. 2007)
® next phase is perhaps a dusty SB + luminous AGN

Consistent with high redshift:
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