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Global Schmidt law
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Star formation law in galaxies

Bigiel et al 2009 H, forms stars at a constant efficiency (n=1)
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High-resolution CO clouds in M51

PdBI Arcsecond Whirlpool Survey

Schinnerer et al. (in mme-interferometer (~ 40pc
A Prep.)




Influence of density waves

Meidt et al (2012)

The efficiency of SF 1s not
constant over arms and rings

Also found in barred galaxies (Reynaud & Downes 1999) 5



Lower SF rate in outer parts of galaxies
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SF efficiency in outer parts
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But essentially HI, H2 is difficult to observe there
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SF efficiency in stripped gas

NGC4294
T T |
. R{RO
L eR,<R<1.5 R, /
I — -2 7
[ s__.
2 =
X .
hﬁﬂHL .
@%F &
g =
#o o .
j L lE‘O
b ata - -4
— T &
__._i_‘_.'*i._“.._*_x_"‘urm .Jm__| “U'-E
-‘--u-ﬂ-- S ST %ﬂ
o ~
6
-1 0 1 2

log (Z,) M, pc2

Galaxies in with GALEX and HI
Different regions according to distance from center

Boissier et al 2012



FUV (mag aresec2)

Lower SFE in tails and outer gas
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SFR Surface Density [My yr™! kpe™]
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Dynamical triggers: starburst in rings
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SF feedback regulation: outflows

NW expand 1n a free flow.
SW still in a bow shock phase

SF outflow 1n
dwal‘f galaXIeS MB2 [OIII @ 88 micron]| peak wavelength 400.000
like M2

69° 40' 00"

13

Contursi et al 2010 OIII 88w, DV



10g1 (Leel/L'co [Lo/K km 87 pc])

SMGs: Submillimeter Galaxies
Star formation efficiency SFE ~Lg/L’ o Vs 2

Greve et al 2005
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ULIRGs are perturbed systems

All galaxies are detected in CO

10 arcsec 0.2<z2<0.6 16
Combes et al 2011, 2012
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SFE versus z

Follows the SF history in
relative magnitude

Hopkins & Beacom (2006),

log (z)
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IRAS 11582+3020

1.2 109 Mo with 30m sovon s - =
6 10° Mo with PdB '
Half of the flux lost
=>» Extended structure
At7-15" ~ 35 kpc
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400

200

> 2 components

1.5kpc radius nuclear disk
=¥ nuclear starburst

+ extended disk up to 20-30kpc
» diameter, would correspond

to the merger optically




G12 with high resolution: PdBI

G12: HST-NICMOS 1mage
/7=0.2417
17~3.7kpc

Extended ~20kpc
=>» Some of these objects could have
a large XCO

Combes et al 2012

Excitation: some of the objects
have a low H2 density

CO(1-0) V-field with
HST contours superposed

Velocity gradient resolved
20



Depletion time, stellar mass

Assuming ULIRG conversion factor
MH2=0.8 CO
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log Fgas

Gas fraction vs LCO, and vs Ms

Fgas= MH2/(MH2+M
'g'a S —— .(. ——— .S). Curves expected from
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Gas fraction vs z: sharper evolution
than SFE
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Key factors to explain SFRD
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Both contribute, may be the gas fraction is dominant

But the SFE should also be increased due to more violent dynamics
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Intermediate z galaxy clusters
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Field-Cluster
comparison

The LIRG fraction falls
exponentially (Finn et al 2010)
At some z, galaxies are not yet
quenched
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Low efficiency of star formation

In BzK galaxies, much more CO emission detected than expected
Massive galaxies, CO sizes 10kpc? L(FIR) ~10'? Lo

Normal SFR, M(H2) ~ 2 10 ' Mo 1 ~2 Gyr
=» Much larger population of gas rich galaxies at high z

Daddi et al 2008
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Flux [mJy]

Low excitation, MW-like

In BzK-21000, z=1.52, weak CO(3-2)
=>» CO conversion factor 4.5 x that of ULIRGS (MH2/LCO)
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Resolving GMC at z=2.33 ?

Size of SF regions
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Resolved Kennicutt-Schmidt law
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Discovery of high-z galaxies with
Herschel (z=5.243)

| IRedshift determined ;
y CO lines
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An amplification by a factor ~11

Still an hyperLIRG L ~10"3 L_, and M, ~6 101°M_,
after amplification has been taken into account

Continuum at 300GHz ~1mm, or 160U in the rest-frame, with SMA
and PdBI (IRAM) =» Einstein ring
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Neutral and lonised gas
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Flux Density [mly]

[NII}/[CII] metallicity diagnostic

LESS J033229.4-275619

/=476

Difficult to have optical diagnostics
in dust-enshrouded objects at z>3
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ALMA papers

=»Herrera et al 2012 A&A: The Antennae (Science Verification)
ALMA CO and VLT/SINFONI H, observations of the Antennae
overlap region: mass and energy dissipation

=>»Nagao et al 2012 A&A : [NII]/[CII] ratio z=4.76
Diagnostic of metallicity, in dust-enshrouded starburst galaxies

=> Wagg et al 2012 ApJ: (SVerif) [C II] Line Emission in Massive
Star-forming Galaxies at z = 4.7: BR1202-0725, a QSO/SMG pair
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CO(3-2) contours from ALMA, on H2 1-0 S(1) from SINFONI
The Antennae overlap regions (0.9  and 0.7 ’=60pc)
H?2/CO varies by more than 10
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BR1202-0725, a QSO/SMG pair at z=4.7
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Perspectives with ALMA

The CO lines will be intensively observed at all z with ALMA

and determined for « normal » systems
=>» efficiency of star formation (z), and the kinematics, Mdyn

1 1 1 |

- ® SFRD Function (integrated, SSFR-limit)
-~ @ VLA-COSMOS Stacking

. ® Rodighiero et al. (2010b)

¢ Gruppioni et al. (2010)

0.10

=> SFH + MH2 = SFE

SFRD [M,, /yr/Mpc’]

0.014%

142

Karim et al 2011
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