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‘"The Star Formation Rate Across Cosmic History

¢ N

3 What are the physical
v ., 4 . processes that set the SFR
and control galaxy evolution?




Schmidt's Conjecture:

“It would seem most probable that the rate
of star formation depends on the gas
density and we shall assume that the
number formed per unit interval of time
varies with a power of the gas density ...”
Schmidt (1959)
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“It is rather tempting to try to estimate the effects
of star formation...in galaxies as a whole”.









Galaxies (z~0)

'

P
)
2.

k"

I .~

-
2
-

S
E
w

(A
[T
)

-

) ST ST T




Galaxies (z~0)

Log Ep (Mg pe™)



Galaxies (z~0)

Non-starburst Spiro

& N

A Storburst Gols

¢ LS8 golaxies (

Bigiel et al. 2008 -

PR R B ST

A
“




Galaxies (z~0)

chuster et ol O
6 (Crosthwoite

A Storburst Gols

¢ LSB galoxies (




Galaxies (z~0)

Non-starburst Spiro

& N

A Storburst Gols

¢ LS8 golaxies (

Bigiel et al. 2008 -

PR R B ST

A
“




Galaxies (z~0)

Non-starburst Spiro

& N

A Storburst Gols

¢ LS8 golaxies (

Bigiel et al. 2008 -

PR R B ST

A
“




Galaxies (z~0)

chuster et ol O
6 (Crosthwoite

A Storburst Gols

¢ LSB galoxies (




Galaxies (z~0)

Non-starburst Spiro

&

A Storburst Gols

¢ LS8 golaxies (

Bigiel et al. 2008 -

B B -

A
“




Galaxies (z~0)

JES ST

* M51 (Kenmicult ot ¢

chusier et ©

# Non-starburst Spiro

Bigiel et al. 2008 -

JAV,L,,-,,;,, DU USES VS WS TS Ui TS U v - L-,,‘., e

A
“




Giant Molecular Clouds







SFRs: Direct Counting of YSOs and
measured ages.




SFRs: Direct Counting of YSOs and
measured ages.

Masses: Resolved measurements of dust
column densities and an
asssumed gas-to-dust ratio
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Dust Column Densities
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Local molecular clouds (same size scale)
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Giant Molecular Clouds
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(Giant Molecular Clouds
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A Schmidt Law does NOT exist between GMCs




(Giant Molecular Clouds

Ori A

Ori B
California
Pipe

rho Oph

Taurus
Perseus
Lupus |
Lupus 3
Lupus 4
Corona

10
Radius (pc) Lombardi et al.




(Giant Molecular Clouds

Ori A

Ori B
California
Pipe

rho Oph

Taurus
Perseus
Lupus |
Lupus 3
Lupus 4
Corona

10’ 107
Radius (pc) Lombardi et al. 2010




(Giant Molecular Clouds
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Giant Molecular Clouds
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Schmidt Law 1n Giant Molecular Clouds
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Schmidt Law 1n Giant Molecular Clouds

California
: Results:
N LR Y (AR = kAP
}t\ w2 Ax) = rAg

A Schmidt Law Exists within GMCs

Heidermann et al. 2010, Gutermuth et al. 2011, Lombardi et al. 2013,

Lada et al. 2013, Evans et al. 2014

Gutermuth et al. 2011




Giant Molecular Clouds
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A Schmidt Law within clouds does NOT
explain variations in SFRs between clouds.




Schmidt Law and Star Formation in GMCs
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Schmidt Law and Star Formation in GMCs
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Scaling Relations for Local GMCs

Need to consider integrated quantities
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Extending the Scaling Relation to Higher Masses and SFRs:
the Nearby Galaxy NGC 300



Scaling Relations for GMCs: Nearby Galaxies

NGC 300
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A Column Density Threshold for Star Formation



Column Density “Threshold” for Star Formation
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Column Density “Threshold” for Star Formation
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Column Density “Threshold” for Star Formation
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Column Density “Threshold” for Star Formation?
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A linear scaling relation!
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Star Formation Scaling Law for Local Clouds

A linear scaling relation!
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Deconstructing the Kennicutt-Schmidt Scaling Relation



Deconstructing the Kennicutt-Schmidt Law:

Galaxies
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Deconstructing the Kennicutt-Schmidt Law:
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Deconstructing the Kennicutt-Schmidt Law:

Galaxies Starburst Galaxies:

NGC 1433
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Summary

1. There is no Schmidt Law between GMCs

2. A Schmidt Law does exist within GMCs but
it does not provide a complete description of a
cloud’s star formation activity.

3. The of a cloud plays a pivotal role in
setting its global SFR and the overall level of its
star formation activity.

4. The integrated SFR scales linearly with, and
is most reliably traced by, the
in a star forming region.

5. The amount of dense gas in
systems ranging from individual GMCs to entire
galaxies.

6. The Kennicutt-Schmidt law for galaxies is
largely the result of unresolved measurements
of GMCs and not a result of any underlying
physical law of star formation.
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Conclusion

—— The physical process of star
- formation in distant galaxies
N and through much of cosmic
history may be reasonably the
same as 1t 1s presently 1n the
nearest molecular clouds.
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