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!
Baugh, Lacey, Frenk et al. 2005	


Gonzalez et al. 2011	

 SMGs are mostly major and minor 

mergers with a flat IMF

!
Fardal et al. 2003	

Dekel et al. 2009	

Davé et al. 2010	


 SMGs are mostly discs fed 
by cold-flows (i.e very 

minor mergers)
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Carilli et al. (2009)	

Hodge et al. (2012)	


GN20 has a huge gas disk
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Simulations provide spatial distribution and temporal evolution of 	
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3. Stellar Ages	

4. Metallicities	

5. Gas density distribution
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CO

CO

CO

CI/CII PDR

SUNRISE; Jonsson et al. 2006,2010	


Narayanan et al. 2009
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Stellar Mass functions at z~2-3 	


SFR-M* relation (Main Sequence)	


S850 ~ SFR0.4



SMG Number Counts: Isolated and Mergers only 

Hayward, Narayanan et al. 2013	




Hayward+2012

JCMTSMA
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The Evolution of a Galaxy Merger



Wang et al. 2009 (with SMA)



SMG Number Counts: Full Model (Isolated, Pairs and Mergers) 

Hayward, Narayanan et al. 2013	




Chapman et al. (2003)

Redshift Distribution 
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Weiss, De Breuck, Marrone et al. 2013	


!
Yun et al. (2012)

Redshift Distribution 
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FIRE = Feedback in Realistic Environments +Powderday (Ultra-flexible/fast	

dust and nebular line RT)

The Way Forward: Parsec Scale Cosmological Simulations 

Powderday = community driven (soon to be integrated with yt):  
GADGET; ART;ENZO; RAMSES; GASOLINE; FLASH; ATHENA + Stellar Pops + 	


Monte Carlo Dust RT + Line RT + Visualization 



Summary: SMGs are complicated beasts 
!1. SMGs can be accounted for in cosmological simulations if they 	


are heterogeneous:	

!
a. The brightest ones are galaxy mergers	

b. The least bright ones are typically gas-rich disks	

c. Contaminating, throughout, are pairs of unassociated galaxies

!
2. The SMA has made critical discoveries to this end:

!
a. Provided the first clues of SMG multiplicity	

b. Provided the first evidence of very high-z SMGs (z>4)

!
3.	
 Exciting Possibilities:

!
a. Identification and analysis of  

Giant Molecular Associations 	

     in high-z lensed galaxies



Desika Narayanan

Halo Merger Rates (Millenium Simulation) abundance matching (and observed SMF) galaxy merger rates+ =

+ =

+

+ lightcurves (LIR; S850 etc.)	

(where we could resolve GMCs) gives luminosity functions

Cosmological Statistics
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Near-IR

Mid-IR
FIR

“Submm”

Radio



ALMA Tests of the Model 

Karim et al. 2012

Hodge et al. 2012



submillimeter galaxies	

(SMGs)

the milky way

L 10 2x10

M 10 3x10

SFR >1000 M 2-3 M

Age (z) z~2-4 z=0

the freakish nature of submillimeter galaxies


