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Stars Form in GMCs
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FiG. 1.—Infrared luminosity (1 = 1-500 um) and integrated CO (v = 10-40 km s~ ") distributions are shown for a 2° x 2° area of the galactic plane including the
H 1 regions M16, M17, and W33. The image clearly demonstrates that the bulk of the far-infrared luminosity in this region originates from the molecular clouds and

Scoville & Good 1989

ScoviLLE AND GOOD (see 339, 150)



The star formation rate
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FIG. 9.—The luminosity-to-mass ratio Lyz/M g is shown as a function of virial mass for both cloud samples. No correlation is found between the luminosity-
mass ratio and cloud masses.

FIG. 2.—The ratio of far-infrared luminosity to cloud mass as a function of cloud mass. The solid and open circles are the same as in Fig. 1. The star formation
rate per unit of available molecular mass as measured by Ly/M . is independent of the mass of the cloud.

Mooney & Solomon 1988 Scovillsfe & Good 1989

THE ASTROPHYSICAL JOURNAL, 833:229 (15pp), 2016 December 20

10°

Kendall:
7 = -1.54e-01

p = 1.51e-03
€pr X M0

101
_ 1072
=
W
103
104

Lol g

10~—°
104 10° 105 107 108

Moy = (Mg + M, ) (M)

35
30
25
20
15
10

LEE, MIVILLE-DESCHENES, & MURRAY

— (€br) peq = 0.011
oL = 0.79 dex
 (€pr) = 0.033

O ‘
10°%107°10"410%10"210!

10°
e =M,/(My+ M,)

|ls dMx/dt constant?



Tg [K]
O - N W BO = N W HAO — N W A

Ts [K]

Ts [K]

Introducing a new Milky Way

GMC catalog
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Most of the molecular gas is
iINn about 500 massive clouds
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Haltf the molecular mass is in clouds with M>8.4x10°5 Me

There are about 500 such clouds, out of ~9000 total
'he catalog recovers 98% of the CO flux in the map
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The GMC virial parameter decreases with increasing GMC
mass. Many of the 1086 Me GMCs are gravitationally bound



Variations with Rgal
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Figure 9. Top left: Surface density of H, mass as a function of galacto-centric radius (black points). The blue, red and green points correspond respectively to
the estimate of Bronfman et al. (1988), Nakanishi & Sofue (2006) and Wouterloot et al. (1990). The dotted line is the exponential fit over the range 4 < Ry, <
17kpe: £ = 83 exp(—Rga1/2.0). The yellow points correponds to the HI surface density of Nakanishi & Sofue (2016). Top right: Total mass of clouds in
Galacto-centric rings (thickness 0.5kpc), as a function of Rg, . Bottom left: Molecular fraction fio = Zp2/(Znr + Zy2) built using our estimate of Xy and Xy
from Nakanishi & Sofue (2016). Bottom right: Variation of the median cloud mass surface density X as a function of Galactocentric radius.



Mean line width versus Rga
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Figure 13. Variation of o, (top), o,/R'/? (middle) and o, /(ZR)**3 (bottom)
as a function of Galactocentric radius. In all panels each dot and its associate
error bar indicate respectively the median and 1o dispersion of the values in
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Turbulent Luminosity
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The average energy dissipation rate in annuli. In the outer Galaxy, the dissipation rate
Lturb=2Le can be supplied by the flows that create the GMCs. The inner Galaxy is another story,

since Lturb=100Le; assembly of GMCs does not supply enough power.



What powers the turbulence
N individual GMCs”

Accretion through the Galactic disk (its an
accretion disk!) driven by the MRI, or by
gravitational torques due to spiral arms

Accretion onto GMCs
Contraction of GMCs

Stellar feedback: protostellar jets, radiation
poressure, HIl region, stellar winds, supernovae




Virial Parameter vs Rga
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Contraction powers the turbulence in the molecular ring GMCs,
Accretion through the disk Rga<3kpc



If massive GMCs are bound or
collapsing, why don't they all
show star formation”



If massive GMCs are bound or
collapsing, why don't they all
show star formation”

They are collapsing, but the star formation
rate starts small, then increases with time



The mass accretion rate
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FIG. 2.—The ratio of far-infrared luminosity to cloud mass as a function of cloud mass. The solid and open circles are the same as in Fig. 1. The star formation
rate per unit of available molecular mass as measured by L/M . is independent of the mass of the cloud.
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Spherical Collapse Model

Murray & Chang (2015) Ap] 804 44
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Robertson & GGoldreich
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Spherical Collapse Model
Feedback Loop

Murray & Chang (2015) Ap) 804 44
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Spherical Collapse Model: Stellar sphere of
influence

» Star or Star cluster sphere of influence: breaks simple self-
similarrty
T+ (1)

M,(r.(t),t) = 47T/ r?p(r, t)dr = M, (t)

0+

» Solutions for rdisk < r < r«(t) differ from those for r«(t) < r < R



Spherical Collapse Model

Murray & Chang (2015) Ap] 804 44
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Uy | ~ r1/2

for r << r,.



Spherical Collapse Model:
the density attractor.

p(r,t) ~ =" p(t)

ur(r,t) ~ rPu(t)
op(t) -
ot

since p < 0, at small r the second term grows much faster than the first, so
k, =2+ p, and

6'2—5;5) =0, i.e., p(r,t) — p(r).

o+ pt)a(t)rPr T 24+ p — kp) =0,

Murray & Chang (2015) Ap) 804 44



Simulations of Turbulent
Collapse
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Infall, turbulent, & rotational velocity
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Ihe density attractor
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The mass accretion rate
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Moving to Larger Scales:
1KPC disk, reso\ved Sedov -Taylor phase
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Moving to Larger Scales:
isolated galaxies, mostly resolved Sedov-Taylor phase

HiZ  No Heating (SNe/Wind/HIl) No Radiation Pressure

resolution 3pc
100-1000Me

Hopkins, Quataert, & Murray (2012)



isolated galaxies, mostly resolved Sedov-Taylor phase
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Moving to Larger Scales:
cosmological zoom galaxies (FIRE

F1G. 4.— Simulated star formation histories compared to the Behroozi et al. (2013) data for My;(z = 0) = 1012 M. Dark and light gray shaded areas
one-and two-sigma confidence regions respectively. We adopt bins of size Atgg = 100 Myr for the simulated SFHs. Without feedback, SFRs are overpredic
by at least one order of magnitude at z > 1. Efficient feedback in conjunction with eg 2 10% (ALL_Efb_e010) renders a star formation history in agreen
with the Behroozi et al. data. In simulations with low star formation efficiency of e = 1%, the effectiveness of feedback diminishes and SFRs is ~ 1 dex hig
than expecled Boosting the available SNe feedback (ALL_Efb_e001_5ESN) alleviates this, but leads to a significantly stronger suppression of star forma
at z < 2.5. Both radiation pressure and efficient SN feedback appear crucial, as removing any of these feedback sources offsets the SFH by up to ~ 1 dex
discussed in the text.
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Moving to Larger Scales:

Ca\ zoom galaxies (FIRE)
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Moving to Larger Scales:
cosmological zoom galaxies (FIRE)
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cosmological zoom galaxies (FIRE
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Moving to Larger Scales:
cosmological zoom galaxies (FIRE)
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Moving to Larger Scales:
cosmological zoom galaxies (FIRE)

Galaxies with log(sSFR) < —9.25
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Moving to Larger Scales:
cosmological zoom galaxies (FIRE)
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CO Luminosity vs z
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