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A Survey of CO (3-2) Line 
Emission in Massive z~1.2 and 

2.2 Star Forming Galaxies
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First z~1.2 CO Rotation Curve

Tacconi et al. 2010
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CO in z=1.5 BzK Galaxies in GOODS-N

Daddi et al. 2008, 2010a, b 
Dannerbauer et al. 2009

CO (2-1)
ACS – RGB Imaging

•6 massive BzK galaxies
•Clumpy, unstable disks
•Spatially resolved emission in 4
•CO sizes (FWHM) 6-11 kpc
•Mgas = 0.4-1.2x1010 M



A First Census of Cold Gas Fractions in z~1-3 
Star Forming Galaxies
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Gas-Star Formation Relation

-4

-3

-2

-1

0

1

2

3

0 1 2 3 4 5

y=1.17*x-3.48
y=1.17*x -2.44 (0.12)
SFGs

α=1 merger
α=3.2 SFG

typical uncertainty

log (Σ
mol gas

 (M
sun

pc-2) )

lo
g 

( 
Σ st

a
r 

fo
rm

 (
M

su
n
yr

-1
kp

c-2
) 

)

G enzel et a l. 2010 
A ls o Daddi et a l. 2010

B ig iel et a l. 2008
K ennic utt et a l. 2007

z>1 SFG

Hubble

 0.5-1 Gyrs at z~1-3

                        =  1.5 Gyrs at z~0

                        <  T

requires semi-continuous replenishment

gas
depletion

M

SFR
τ = =

-4

-3

-2

-1

0

1

2

3

0 1 2 3 4 5

y=1.17*x-3.48
SFGs

α=1 merger
α=3.2 SFG

typical uncertainty

log (Σ
mol gas

 (M
sun

pc
-2

) )

lo
g

 (
 Σ

st
a

r 
fo

rm
 (

M
su

n
yr

-1
kp

c-2
) 

)



‘Elmegreen-Silk’ Star Formation Relation 
Accounting for Global Galaxy Dynamical 

Timescale

Genzel et al 2010

S F relation likely 
driven by global 
dynamical 
processes
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Summary

• S ta r forming  g a laxies  from z=1-3 are g as -ric h 
w ith 
<fg a s> ~ 0.4-0.5 (s till lim ited s ta tis tic s ); s lig ht 
dec reas ing  trend w ith from z=2 to z=1.

•E videnc e for molec ula r g as  in rota ting  dis ks  in 
s ome z~1 “normal” S F g a laxies , probably a ls o a t 
z~2.

• The molec ular g as – s tar formation rela tion does  
not depend muc h on reds hift.  Low - and hig h-z 
S FG  g a laxy popula tions  follow  a  rela tion w ith 
s lope 1.1 to 1.2, over three orders  of mag nitude 
in g a s  mas s  or s urfac e dens ity.

•S F-molec ular g a s  rela tion likely driven by g loba l 
dynamic a l effec ts .
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