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what don’t we understand ??

a little indulgence please, (ALMA in future) 

Arp 220 @ 10 mas res. è 40 pc 
what are conditions in late stage merger

ISM evolution in 300 galaxies at z > 1
ISM is critical fuel for SF (& AGN)

è nature of starbursts in mergers

is SF different at high z ??



1 arcsec è 361 pc         
Arp 220 @ 77 Mpc     2μm

LIR = 2.5x1012 L¤

West
East

AV > 2000 mag towards nuclei !!



ALMA 0.1’’ res               integrated CO line and <V>              
      Arp 220 East  CO (1-0)!

total flux !

 <V> !

      Arp 220 West  CO (1-0)!
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1 arcsec è 361 pc         
Arp 220 @ 77 Mpc 2μm

LIR = 2.5x1012 L¤

West
East

AV ~ 2000 mag towards nuclei !!



      Arp 220 East !
continuum 2.6 mm!

      Arp 220 West !
continuum 2.6 mm!

at 2.6 mm dust emission West   TB = 120 K ~ TD
==> optically thick 

40 pc



at 2.6 mm dust emission West   TB = 120 K
(expect ~170 K for 1012 L¤ R ~ 15 pc)

è τ ~ 1 at 2.6 mm !!

è NH2 = 2x1026 cm-2 , AV = 105 mags !!

MISM (west compact nucleus) ~ 2x109 M¤ R < 16 pc

nH2 ~ 106 cm-3

dust column è AV = 106 mags !!!!!!!!

= 600 gr cm-2

~ 2 m thick concrete wall !!
~ 1 ft of gold can you suppress

AGN feedback ? 



using long λ dust emission to estimate ISM masses

FRJ α Mgas (dust/gas)  opacityνTD /D2

calibrate from local galaxies

ISM masses are critical to understanding galaxy evolution
& SF and AGN activity 



6.7x1019 erg/s/Hz/M�

w/ less than factor 
2 dispersion

Planck: Milky Way
è

6.2x1019 erg/s/Hz/M�

β = 1.8 +- 0.1

using long wavelength dust emission to get ISM masses

empirical basis :



gas masses from RJ dust emission 

!!!



analytic fit :
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ISM masses increase above the main sequence !!

è increase in SFRs above the MS 
largely due to larger ISM masses



gas depletion times

è high accretion rates !!!



our work è

single, linear SF law
at z = 1 to 6  and on MS and above MS

huge accretion rates
replace entire ISM w/i 3-7x108 yrs

why is SF more rapid per unit gas mass at z > 1 ??
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⇒ τ ISM→ stars =
MISM

SFR
≈ 2 − 6x108 yrs  2 − 5x faster than z = 0( )





for ALMA Bands 3 - 7 predict :

3 σ in ~2 min
for MISM = 1x1010

20-50 x faster 
than CO !

avoid CO conv. fac.



dynamical mass from rotation curve

central point mass
BH ??



Arp 220 nuclei 9

      Arp 220 East PA = 50o!  Arp 220 West PA = 265o !

Figure 5. Spatial-velocity strip maps along the major axes of Arp 220 West (PA = 265� ) and East (PA=50� ). The coordinate o↵sets
are measured relative to the 2.6 mm continuum peaks (see Figure 1). Positive o↵set coordinate corresponds to the receding (redshifted)
side on the major axis; i.e. for the West nucleus, positive o↵set is to the west and for the East nucleus, positive o↵set is northeast. Thus,
on the West strip map (left panel) , the emission at o↵sett = -0.400and 5250 km s�1is emission from the East nucleus coming in and on the
East strip map (right panel), the emission at o↵set < -0.500and 5200 km s�1is the West nucleus coming in. (NOTE – the right figure has
a funny o↵set between the contours and the color image which i need to track down.) The contours are labelled with mJy beam�1.

Table 4
Nuclear Disk Emissivity and Kinematic Models

West Nucleus

systemic velocity V
sys

5434 km s�1

gas turbulence FWHM �v 250 km s�1

disk inclination i 30�

major axis PA 265�

rotation curve:
point mass 8⇥ 108 M�
mass at < 80 pc ⇠ 1.5⇥ 109M�

CO emissivity:
peak at R< 5 pc
flat and 10⇥ lower at R = 10 - 50 pc
axisymmetric

East Nucleus

systemic velocity V
sys

5528 km s�1

gas turbulence FWHM �v 120 km s�1

disk inclination i 45�

major axis PA 50�

rotation curve:
point mass < 108 M�
mass at < 130 pc ⇠ 1.5⇥ 109M�

CO emissivity:
0 at R< 5 pc
peak at R⇠ 10 pc .
falls a factor 2 out to 100 pc.
receding side 2⇥
brighter.

size, thickness, central concentration

6.3. Timscales

This paper makes use of the following ALMA data:
ADS/JAO.ALMA# 2015.1.00113.S. ALMA is a part-
nership of ESO (representing its member states), NSF

(USA) and NINS (Japan), together with NRC (Canada)
and NSC and ASIAA (Taiwan), in cooperation with the
Republic of Chile. The Joint ALMA Observatory is op-
erated by ESO, AUI/NRAO and NAOJ
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