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Å gas & star formation in local disk galaxies 

Å discourse on observational capabilities, from UV to radio 
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Å starbursts, mergers & ULIRGs 

Å star forming galaxies at the peak of  the galaxy formation epoch 
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Å galaxy kinematics: disks and mergers 

Å gas at the peak of  the galaxy formation epoch 

Å feedback  

Å disk evolution 



kinematics: disks vs. mergers 



High -z SFGs are clumpy: evidence 

for major mergers ? 

Cowie, Hu, Giavalisco, van den Bergh, Elmegreen & Elmegreen, Labbé, Stockton 1995-2007, 
Lotz, Conselice 2000-2008, Kriek et al. 2009, Guo et al. 2011 

0.5ò=4kpc 

HST UDF  

8kpc 

Q2343-BX610 
Q2346-BX482  

Q2343-BX389  

SSA22-MD41 

BX: NICMOS H160 

Foerster Schreiber  et al. 2011 a,b 

Elmegreen et al. 2005, 2007 



analyses based on galaxy morphologies 

Lotz et al. 2005, Conselice+ 2003, 2005, 2007 

GALEX FUV images of z~0 
galaxies 

HST restframe UV images of high-z LBGs 

quantitative analysis based on Gini/concentration parameter study of 82 LBGs:  
20% major mergers, 30% spheroids, 50% disks/disturbed/minor merger 



spatially resolved kinematics  

of z>1 galaxies 
mass 

angular momentum 

connection to halo 

mass assembly 

disk vs. bulge formation 

 outflows & feedback 
Daigle et al. (2006) NGC5055 

Ha flux Ha velocity 

nearby disk galaxy 

Simulation 

Ha flux 

FWHM 

0.5± 

(4 kpc) 

Ha velocity 

disk galaxy at z ~ 2: seeing-limited long-slit spectroscopy 

Simulation 

Ha flux 

FWHM 

Ha velocity 

0.5± 

(4 kpc) 

disk galaxy at z ~ 2: integral field spectroscopy + AO 

Tecza et al. 2004; Förster Schreiber et al. 2006, 

2009; Genzel et al. 2006, 2008; Swinbank et al. 

2006; Nesvadba et al. 2006, 2007, 2008; Bouché 

et al. 2007; Stark et al. 2008; van Starkenburg 

et al. 2008, Epinat et al. 2009, Law et al. 2009, 

Wright et al. 2009, Hammer, Puech et al. 2009 

 



how does one determine rotation? 

6 

dispersion velocity flux  

model rotating 

exponential disk 

in increasing challenge: 

 

Å maximum, smooth velocity gradient along morphogical 

 major axis 

Å velocity dispersion peaks at center of velocity gradient  

 (and continuum peak if present) 

Å ôspiderõ diagram of iso-velocity contours (~cosine

 variation of velocities as a function of disk angle)  

Å kinematic inclination = morphological inclination  
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2d Hǟ kinematics:  BzK 15504 (z=2.38) is  a large, 

clumpy & globally unstable disk 

Mdyn(<10 kpc) ~1011 M
8

 
vc=230 km/s, Rd=4 kpc 
SFR = 150 M

8
yr-1 

ʅgas~ 300 M
8

 pc-2
, fgas~0.3 

Genzel et al. 2006 
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SINFONI +AO (VLT):  
лΦнέ όмΦс ƪǇŎύ ǊŜǎƻƭǳǘƛƻƴ 

H  h+ J/H (Candels 
HST) 



quantitative comparison to z~0 galaxies 

disk 

galaxies 

mergers 

Shapiro et al. 2008 

é 

kinemetry analysis of  first and second 

velocity moment for highest quality 

SINS data  

YǊŀƧƴƻǾƛŏ et al. 2006 

application of  quantitative morphological estimators 

to UV/optical images of  dusty high-z SFGs is highly 

questionable. Kinemetry of  hires H /hCO maps is 

preferable and indicates that to first order rotation 

can plausibly explain the velocity fields of  most 

massive SFGs; however, perturbations and large 

dispersion muddy this interpretation in higher orders. 
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 ~120 galaxies z~1.5-2.5 
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z~2 kinematics in the M*-SFR plane 

32 SINF/zC SFGs with AO: Förster Schreiber et al. 2013 



cold gas at the peak of the galaxy 

formation epoch 
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EGS13035123:  spatially resolved CO in a z=1.12 disk 

IRAM PdBI CO(3-2) @2mm 

Mgas~1.3x1011 M
¼

; , M*~ 3x1011 M
¼,, fgas ~0.3, vrot/  ̀= 8Ñ2 Tacconi et al.2010 
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molecular clumps in lensed eye-lash galaxy 

Swinbank et al. 2010, 2011, Danielson et al. 2011  

850ɛm continuum 

3ò 

SMA IRAM PdBI 

ócosmic eyelashô 

       z=2.3 

Å confirmation of rotation & large vel. 

 dispersion to ~102 pc 

Å large star forming clumps 

 diameter ~a few 102 pc 

Å n(H2)~103é4  cm-3 


