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Simulations

|. I pc res. GADGET

2.T <100 K cooling

3. H2-HI breakdown (KMT)
4. GMCs ID’d with FOF

Star Formation
5. psrr ~€ x PH2(n>1000)/t5
6.P = Ps, + Py + Prag

7.Prag ~ (1+2*%)L/c

Galaxy

8. Mhaio = 1.6e12
9.Mbar= 7.Ie|0




Psrr ~& x PH2(n>1000)/tx
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Hopkins, Narayanan, Murray & Quataert (201 3)




Psrr ~& x PH2(n>1000)/tx
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Hopkins+ 201 |
Narayanan, Hopkins & Murray (in progress)
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M51 (Kennicutt et al. 2007) - Apertures

® M5 (Schuster et al. 2007), NGC 4736 and NGC 505
NGC 6946 (Crosthwaite & Turner 2007) - Radial prohiles

Non-starburst spirals (Kennicutt 1598b) - Global

Starburst galaxies (Kennicutt 1998b) - Global

LSB galaxies (Wyder e1 al. 2009) - Globa

R
v
=3

x
-
o
<
>

o

-
-l

o
2

log [y, y, (M, pc?)]

\) Kennicutt RC Jr, Evans NJ 11, 2012.
I\ Annu. Rev. Astron. Astrophys. 50:531-608

data by many people; plot by Kennicutt & Evans (2012)
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Narayanan, Hopkins & Murray in prep.
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Narayanan, Hopkins & Murray in prep.
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Radiative Feedback Dominated ISM in Starbursts

Ostriker & Shetty 2011
Shetty & Ostriker 2012
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How do we get the X-axis!?
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Bolatto, Wolfire, Leroy ARA&A 2013

|.Assume GMC is viralized and use CO
line width as mass measurement

ll. Assume a DTG ratio and get dust
masses

lIl.CR + Hj --> y-ray




“Disk Value”

Xco ~ few x10!'? cm2/K km s-! Xco~ 2x102° cm2/K km s

“Merger Value”

Downes & Solomon 1998 Typical Milky Way o,

Normalised

1.0
dco Mg pc'2 (K-km s")")

Narayanan (201 I)
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Wolfire, Hollenbach & McKee (2010)
Glover & Mac Low (2011)
Goldsmith (2001)
Krumholz, McKee & Leroy (2011)
Desika Narayanan Narayanan, Krumholz, Ostriker & Hernquist (201 1)




TURTLEBEACH; Narayanan et al. 2006,2008
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The Physics Controlling X |:
Gas Kinematics and Thermal Structure

Xco = NH2/Wco ~ Nwo/(T*0)

velocity

Desika Narayanan




Xco = NH2/Wco ~ N2/ (T*0)

N ~ 1022 cm™
T~ | O K } Xco~ 2x1022 cm2/K km s’/

g~ 5 km/s

Narayanan, Krumholz, Ostriker & Hernquist 2011,2012
Narayanan & Hopkins (2012)
Shetty, Glover+ 2011,2012




offset (kpc) i

Xco = Nn2/Wceo ~ Nno/ (T*0)

N|-|2 od 023 Cm'2
T~ 50 K
O ~ 50 km/s

Virialized GMCs unaffected
by galactic environment

Xco~ 2x102° cm2/K km s!

non-virialized GMCs strongly
affected by galactic environment

Xco ~ few x10!'? em-2/K km s

Narayanan, Krumholz, Ostriker & Hernquist 2011,2012

Narayanan & Hopkins (2012)




This results in a relation between Xco, Z’, and (Weco):

_ Surface Brightness
6.75 x 107 (Weo) %2 —=", | 70

Xco =
27965 —> (units of Ze)

“merger"Xco”
“disk Xco”




Narayanan, Krumholz, Ostriker & Hernquist 2011,2012
. . . /
This results in a relation between Xco, Z', and (Wco):

6.75 x 10°°(Wco) 232

Xco = 1710.65
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This results in a relation between Xco, Z', and (Weo):

6.75 x 10**(Wco) 07

Xco = 710.65
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This results in a relation between Xco, Z', and (Weo):

~6.75 x 102 (Weo) 0%
o 710.65
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Ways Forward: CO Excitation Modeling

Il Thermal Populations
B M82
l MW
Antenna
o—e SMGs
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Ways Forward: CO Excitation Modeling

CO (J= 6-5) line ratio vs. > srr

T T 15 - @ ° L ]
I Thermal Populations 9 o © o "o\’ ° o ° °
. V82 8 0 . ° .
102>- MW 1.0 o 'o'.'...o.o L
. I~ )
Antenna ° V\:
*—e SMGs ° o . ®
B-E QSOs § 05F ° oo.
=) § f
- 2 o0} e °
S 10! = o
— z °
o 8 -os5
_\./ .
-1.0} °
10°+ -1.5} ®e
Se eee Galaxy Simulations
‘ ‘ = : - -2.0 k ' . : : : 1 '
0 2 4 J 6 8 ’ -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
upper |Og:;, (S\E-‘]\' (M yr 1 kpC _’))




Ways Forward: CO Excitation Modeling

Example CO SLED: Eyelash (Lensed SMG at z~2)
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Summary

|. Dense gas tail of density PDF strongly dependent
on feedback strength - sets the SFE of galaxies

log( Mass dm/dlogn )

2. GMCs dominated by radiative feedback have a natural
life cycle that limits the D12 ~ 1000 Mo pc
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2, /ty Mgpc? Myr ™) . . .
e This results in a relation between Xco, Z’, and (Weo):

e . 6.75 X 1020<Wco>_0'32
CO — 1710.65

With a smoothly varying model for Xco, at face value,
KS relation has index ~2 (modulo excitation effects)




