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From Mihos, Hernquist, et al.

Mergers

From Dekel et al.

Cold Flows / Steady Accretion
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The SINS/ZC SurveyThe SINS/ZC Survey

Near-IR
integral field spectroscopy

with SINFONI (AO/no-AO)
at the VLT

Complemented with
near-IR imaging

with HST/NICMOS-NIC2
and VLT/NACO+AO

Förster Schreiber et al. 06/9; Genzel et al. 06/8; Bouché et al. 07; Shapiro et al. 08/09; Cresci et al. 09; Mancini et al. 10

Bournaud et al. 08; van Starkenburg et al. 08; Épinat et al. 09; Mannucci et al. 09; Jones et al. 09; Lemoine-Busserolle et al. 10
Other IFU studies: e.g., Swinbank et al. 06/7; Nesvadba et al. 06-08; Wright et al. 07/9; Law et al. 07/9; Stark et al. 08;

Emission line survey of  ~100  z ~ 1 – 3 galaxies (Hα, ...)
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The SINS SurveyThe SINS Survey

Kinemetry: Shapiro et al. (2008);    Kinematic modeling: Genzel et al. (2008); Cresci et al. (2009)
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Clumps in High z StarClumps in High z Star--forming Galaxiesforming Galaxies

Förster Schreiber, Shapley, et al. (2010); Genzel et al. (2008) 

Also, e.g., Cowie et al. 1995; van den Bergh et al. 1996;
Giavalisco et al. 1996; Conselice et al. 2004; Lotz et al. 2004; 
Papovich et al. 2005; Elmegreen, Elmegreen, et al. 2004-2009



Clumps in High z StarClumps in High z Star--forming Galaxiesforming Galaxies

Förster Schreiber, Shapley, et al. (2010); Genzel et al. (2008) 

LJ ∝ (σ0/vc)Rd  ~ 1 – 2  kpc
Mcl ∝ (Lcl vc)2/Rd ~ 107.5 – 109.5 M

For Q ≈ 1:

Also, e.g., Cowie et al. 1995; van den Bergh et al. 1996;
Giavalisco et al. 1996; Conselice et al. 2004; Lotz et al. 2004; 
Papovich et al. 2005; Elmegreen, Elmegreen, et al. 2004-2009



Large Velocity Dispersion in HighLarge Velocity Dispersion in High--z Disksz Disks

z

v d
/ σ

0

Also: Nesvadba et al. (2006);  Puech et al. (2006); Stark et al. (2008); Law et al. (2007,2009); Wright et al. (2007,2009);
Epinat et al. (2009); Dib et al. (2006); Jones et al. (2009);  Khochfar & Silk (2009); Burkert et al. (2009)

For disks with Q ≈ 1,   vc/σ0 ∝ 1/fgas 

Förster Schreiber et al. (2006, 2009); Cresci et al. (2009); Genzel et al. (2006,2008); 



Bulge Formation in GasBulge Formation in Gas--rich High z Disksrich High z Disks
In-situ Observations Numerical Simulations

Genzel et al. (2008); Förster Schreiber et al. (2010) Bournaud et al. (2007-2009)
Also, e.g., Noguchi 99; Immeli et al. 04; Governato et al. 06/07; Dekel et al. 2007-2009; Carollo et al. 07; Burkert et al. 09



Förster Schreiber et al. (2009); Cresci et al. (2009)
Cf. also Erb et al. (2006b)

SFR(Hα) + S-K relation

SFR(Hα) + S-K relation

High Gas Fractions in High Gas Fractions in 
HighHigh--z Starz Star--forming Galaxies?forming Galaxies?
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CO survey of  ~30  z ~ 1 – 2.5 Galaxies with IRAM/PdBI
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SINS: Förster Schreiber et al. 2006,2009; Genzel et al. 2006,2008; Bouché et al. 2007, Shapiro et al. 2008, Cresci et al. 2009 

Mapping Molecular Gas in High z Mapping Molecular Gas in High z 
““Main SequenceMain Sequence”” StarStar--forming Galaxiesforming Galaxies

Tacconi et al. (2010)
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Stellar age = 2.75 Gyr
SFR ~ 100 – 200 M /yr
Rd = 5 kpc
vc(Hα) = 324 km/s
vc/σ0 (Hα) = 5
vc (CO) = 290 km/s
Mstars = 1.1 × 1011 M
Mdyn = 1.9 × 1011 M
Mgas(CO) ≈ 1.0 × 1011 M
Mgas(Hα) ≈ 0.96 × 1011 M
fgas ≈ 0.5

SINS: Förster Schreiber et al. 2006,2009; Genzel et al. 2006,2008; Bouché et al. 2007, Shapiro et al. 2008, Cresci et al. 2009 
Tacconi et al. (2010)

Mapping Molecular Gas in High z Mapping Molecular Gas in High z 
““Main SequenceMain Sequence”” StarStar--forming Galaxiesforming Galaxies



High z Galaxies are very GasHigh z Galaxies are very Gas--richrich
Gas mass fractions ~40% from CO measurements

Tacconi et al. (2010)

A universal Schmidt-Kennicutt law

Also: Baker et al. (2004); Coppin et al. (2007); Daddi, Dannerbauer, et al. (2007,2008,2009)
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High z Galaxies are very GasHigh z Galaxies are very Gas--richrich
Gas mass fractions ~40% from CO measurements

Tacconi et al. (2010)

SMGs

Rest-UV/optically
selected galaxies

Also: Baker et al. (2004); Coppin et al. (2007); Daddi, Dannerbauer, et al. (2007,2008,2009)

A universal Schmidt-Kennicutt law
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Star Formation ActivityStar Formation Activity

Förster Schreiber et al. (2009); Bouché et al. (2010)
See also, e.g., Daddi et al. (2007); Noeske et al. (2007); Elbaz et al. (2007); Davé (2008); Genzel et al. (2008)

Kennicutt et al. (1994); Davé (2008); Chen et al. (2009); Damen et al. (2009)
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Dekel et al. (2009)

Disks can survive --- clumps form through instabilities in gas-rich disks

“Cold flows/streams” regime of smooth gas accretion and minor mergers

Steady Accretion and Internal EvolutionSteady Accretion and Internal Evolution

Also, e.g., Ocvirk et al 08, Genel et al 08; Agertz et al 09; Ma & Fakhouri 09; Kereš et al 09; Governato et al 09

Star formation is more continuous than strongly bursty



Star Formation at High Star Formation at High RedshiftRedshift

Prime tracers (Hα, CO) can now be resolved in 3D at z ~ 1 – 3 

Smooth & continuous accretion modes are important in driving
star formation activity / mass assembly at high z

Schmidt-Kennicutt law appears to hold at z ~ 1 – 3


