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ERIAIFRAD K E = E A2k TR

_Clouds: 10-100 pc; 10 K; 10° em3;
3CO, C'8Q, etc

.| pc;30 - 50 K; 10° cm3; CS,
C34S etc

:0.1 pc; 50
-100 K; 107 cm-3; CH;CN, CN, etc

Massive YSOs:signposts: compact IR
source, masers, Ultra Compact Hll
regions
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Girart et al. 2009 Science 324, 1408

See also e.g, Welch+87, Sci. 238, 1550; Beltr'an+06 Nat. 443, 427; Zapata+08 AA 479, L25
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Disks Toroids
*Mass < a few 10 M, *Mass > 100 Mgy,
*Radius ~ 1000 AU *Radius ~ 10000 AU
L>105L,,, =2 O (proto)stars
*Large i/t o1 «Small £/, o
=» Equilibrium, circumstellar = Non-equilibrium, circum-
structures cluster structures

See e.g, Cesaroni et al. 2007, Protostars & Planets V
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[ElERJ XD : 56dH L5557

05

Continuum: | High sensitivity in |- Confusion between disk and wind
IR, (sub)mm mass, esp, at submm |amission
& cm (Detectable 0.1 My, ) |- No velocity info.
CH,OH |* High angular - Derived stellar mass too low;
masers |resolution possible - H» jet parallel to CH30H masers
<+ Very Common
OH, H,0 & |* High angular - Tracing outflow as well
SiO masers |resolution possible - OH & SIO: Very few examples
< H>0:Very Common
Thermal |+ Possible to trace - Poor angular resolution
Mc:_lienc;uslar both outflow & disk |- Ambiguity in abundance

< Column density
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FIER + FiBstC K SEHBDYI

A pc-scale Clump: I.2 mm Cont. towards G19.61-0.23

Decl. (J2000)

—-11°56'00"

—11%0800"

|

- 1.2 mm

|

|

|

-
—
1 1

18"27™44%0

360

06

Clump mass = 2800 +/- 00 M_ ;T, =42 K; Size = 4.] x |.7 pc (Furuya et al. 2005a)
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Image: 1.3 cm cont. . OH maser = . H2O maser

10,000AU

—11°56'33

Dec.(J2000)
—11°56'36'0

—11°56'38'4

—11°56'40'8

18"27™3852 38°0 37°8
R.A.(J2000)

Yellow Contour: 890 pm ContinuumFumYa’ Cesaroni & Shnnaga, 2011, AA, 525,A72
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Image: 1.3 cm cont. . OH maser = : H20 maser 1 2
>
;
. 10,000AU

Dec.(J2000)
—11°56'36'0

—11°56'38'4

—11°56'40'8

18"27™3852 38°0 37°8
R.A.(J2000)

Yellow Contour: 890 pm ContinuumFumYa’ Cesaroni & Shnnaga, 2011, AA, 525,A72
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A minimum column density of 1g cm ™2 for massive

star formation

Mark R. Krumholz"? & Christopher F. McKee’

Massive stars are very rare, but their extreme luminosities make
them both the only type of young star we can observe in distant
galaxies and the dominant energy sources in the Universe today.
They form rarely because efficient radiative cooling keeps most
star-forming gas clouds close to isothermal as they collapse, and
this favours fragmentation into stars of one solar mass or lower'>.
Heating of a cloud by accreting low-mass stars within it can pre-
vent fragmentation and allow formation of massive stars*’, but the
necessary properties for a cloud to form massive stars—and there-
fore where massive stars form in a galaxy—have not yet been
determined. Here we show that only clouds with column densities
of at least 1gcm™? can avoid fragmentation and form massive
stars. This threshold, and the environmental variation of the stel-
lar initial mass function that it implies, naturally explain the char-
acteristic column densities associated with massive star clusters®”
and the difference between the radial profiles of Ho and ultraviolet
emission in galactic disks'>''. The existence of a threshold also
implies that the initial mass function should show detectable vari-
ation with environment within the Galaxy, that the characteristic

201441825+

effective adiabatic index y = 1.4 throughout its volume. As even y =
1.1-1.2 is sufficient to suppress fragmentation’, equation (1) implicitly
defines a critical light-to-mass ratio 7y, above which fragmentation
will haltin a cloud with a given 2, 0 and T;,. We describe our procedure
for solving this equation in the Supplementary Information.

We approximate the infrared dust opacity as k = 0r(4o/4)%,
where 0 is a dimensionless number that we define to be unity at
solar metallicity, 4 is the radiation wavelength, and 45 = 100 um.
Observations in the Milky Way indicate''” that, in cold regions
where dust grains are coated with ice mantles, ko=~ 0.54cm’°g .
Under Milky Way conditions the minimum temperature for inter-
stellar gas is T, = 10K, with a weak density dependence that we
ignore for simplicity. In addition to the Milky Way case, we also
consider 0 = 0.25, Ty, = 10 K, appropriate for a low-metallicity galaxy
today, and 0 = 0.25, T;, = 15K, typical of a galaxy at z= 6 that has
low metallicity but a temperature floor of 15 Kimposed by the cosmic
microwave background. Figure 1 shows the value of #;,, calculated
for the three cases. We find that #,,;; declines with 2 because at higher
2’ a cloud of fixed mass has a smaller radiating area and remains



Image: 1.3 cm cont. . OH maser = : H20 maser 15
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R.A.(J2000)

Magenta Contour: CH3B3CN (18-17) II-(LM:”gya, Cesaroni & Shnnaga, 201 [, AA, 525, A72
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Green contour - |.3cm cont. A\ ! OH maser Q H,O maser 16
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Image: 1.3 cm cont. . OH maser =~ . H2O maser
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Magenta Contour: CH33CN (18-17) II-(LM:”gya, Cesaroni & Shnnaga, 201 [, AA, 525, A72
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Interferometric Spectra towards the Hot Molecular Core 18
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See also e.qg, Liu+11 ApJ 730, 102; Klaassen+12, AA 538, A40; Xu+12 AA 540, L13
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Beltra’'n et al.(2011) DO F & & & 5ER
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Fig. 12, Free-fall imescale to rotational period ratio versus gas mass
of known rotating disks or toroids. The masses have been estimated i 2 FEho —~ ﬁ s vagl—1
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