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Inventory of Local Star Formation Activity

Extinction & Cloud Masses




Inventory of Local Star Formation Activity:
Molecular Clouds

Cloud Sample: Cloud: Mass

(104 M)

Wide-Field 2MASS Extinction Survey of
11 Local (<0.5 kpc) Clouds Orion A 6.77

Orion B 7.18
California 9.99
Perseus 1.84
Taurus 1.49
Ophiuchus 1.41
RCrA 0.11
Pipe 0.79
Lupus 3 0.22
Lupus 3 0.14
Lupus 4 0.08




Inventory of Local Star Formation Activity:
Young Stellar Objects

Cloud:
Mining the Literature; mostly IR (e.g., SPITZER)
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Large Variation in Specific Star Formation Rate




Variations in the Efficiencies & Star Formation Rates of Local GMCs

SFR = (<m.>/t) x N(YSOs) = 0.25 x 106 N(YSOs) Mg/yr
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Cloud Mass (solar masses)

Greater than an order of magnitude variation, independent of cloud mass !



What Determines the Star

Formation Rate?




Galactic Latitude

Galactic Latitude

Comparing the California and Orion Molecular Clouds

The two clouds are nearly identical velonen) = 10 velgbaiions)
in mass & size SFR(Orion) > 10 x SFR(California)
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OMC has 10 x as much material at A, >1 mag as the CMC



SFR is directly proportional to total gas mass at A,>0.8*
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Total Cloud Mass (M) above A,>0.8*

A, > 0.8 corresponds to 2, > 116 Mg pc? & Zyjp.ne > 158 Mg pc2



Star Formation Scaling Laws

for Local Clouds




N(YSOs)

Star Formation Scaling Law for Local Clouds

SFR =4.6 x 108 MO.8 (M, yr™")
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Where:
M, = T M(A,)dA,

0.8

SFR = ( tgc)_1MO.8

e = 9as
consumption time

=2.2x107 yrs




N(YSOs)

Star Formation Scaling Law for Local Clouds

SFR =4.6 x 108 MO.8 (M, yr™")

M, = j PosV)AV =< pys >V,

Volume
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SFR = ( tgc)_1MO.8

e = 9as
consumption time

=2.2x107 yrs



N(YSOs)

Star Formation Scaling Law for Local Clouds

SFR =4.6 x 108 MO.8 (M, yr™")
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SFR=4.6 x 108 <pys>V,s
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N(YSOs)
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Star Formation Scaling Law for Local Clouds

SFR =4.6 x 108 MO.8 (M, yr™")

A Linear Volumetric Scaling Law for Star Formation
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relation for GMCs
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relation for GMCs

The Nessie Nebula
(Jackson et al. 2010)

Infrared Dark Clouds




A relation for GMCs
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Star Formation Scaling Law for Local Clouds

SFR=46x108M(p >p,) forp=p,

Where: .
M(p>p,)= [ M(p)dp
Py

N(YSOs)
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N(YSOs)
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Star Formation Scaling Law for Local Clouds

SFR = 4.6 x 108 M(p >p,)

for p = p,

Psrr = 4.6 X 108 <pg ¢>

<Pog> = <p> for p > p,

n, = 10*cm™




SF Scaling Law for Low Density Gas




Galactic Latitude

California Molecular Cloud
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Star Formation Scaling Laws for Local Molecular Clouds
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From Clouds to Galaxies




SF Scaling Laws for Dense Gas

Local GMC SF Scaling Law: SFR .. = 4.6 x10® Myg (Mg yr")

Extragalactic SF Scaling Law: SFR, , = 1.8 x10® Mycy (Mg yr?)
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HCN: critical density ~ 2-3 x 104 cm-3




SF Scaling Laws for Dense Gas

Extragalactic SF Scaling Law: SFR, , = 1.8 x10® Mycy (Mg yr?)
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Comparison of SFRs for Galactic clouds
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Star Formation Scaling Laws from Local Clouds to Galaxies
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Star Formation Scaling Laws from Local Clouds to Galaxies
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Star Formation Scaling Laws from Local Clouds to Galaxies
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Star Formation Scaling Laws from Local Clouds to Galaxies
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log SFR (Mg yr') +9.28

A Linear Scaling Law for Galaxies
Young & Scoville 1991, ARAA 32, 581
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The Nature of the Schmidt-Kennicutt Scaling Relation
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Star Formation Scaling Laws from Local Clouds to Galaxies
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Implications for Modelling Star Forming Galaxies

SF threshold density: ng,s > 50 cm™

t = Constant

Input # Output

Psrr = A(pgas)1'O zSFR = B(zgas)1'4
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Schmidt-Kennicutt Law for Star Formation

Hl gas dilutes specific SFR signal!

FUV+24um
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Schmidt-Kennicutt Law for Star Formation

Hl gas dilutes specific SFR signal!

FUV+24um

Bigiel et al 2008




Schmidt - Kennicutt Law for Star Formation

Unlike Individual GMCs, for galaxies there is no
underlying relation between 2 and p, i.e., Z # f(p)

Theoretical Explanation:
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