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Submillimeter galaxies in context of galaxy evolution
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Dusty star-forming galaxies (DSFGs) contribute 
significantly to rapid stellar mass assembly at z � 1

DSFGs at these redshifts also are submm-bright 
galaxies (SMGs), as the dust reprocesses star formation 
emission to the IR (and seen redshifted to submm)

Many have extremely high SFRs ~ 100 – 1000 M� / yr

A negative k-correction means they have similar 
apparent intensity from z ~ 1 – 10
◦ Allows for redshift-independent studies

Blain+2002



An intense dusty starburst phase 
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The understanding of the physics behind what 
triggers and fuels a dusty starburst is poorly 
understood
◦ This, along with what quenches this phase 

At a basic level, need high gas content and 
and/or a high star formation efficiency (SFR / Mgas)

Gas mass fraction is seen to rise with redshift

Are major mergers involved in the accumulation of 
gas? Scoville+2017

~40-90%



What are the necessary ingredients to better 
understand dusty starbursts?
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Negative k-correction observed at sub-mm wavelengths
◦ Minimizes dependence on redshift

A large sample of very luminous IR high-z objects

High-resolution imaging, which can be improved with the 
magnification from serendipitous gravitational lensing by a 
foreground source



What are the necessary ingredients to better 
understand dusty starbursts?
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Stellar light à Our completed HST Cy24 program

Locate recent SF activity
and detect any AGN contribution    à Goal of our ongoing JVLA 18A program
◦ Can be done using radio-FIR correlation

Molecular gas ( + kinematics)
and dust à ALMA CO(3-2) imaging + 1.3mm continuum



Sample selection from Planck all-sky survey
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Planck Catalog of Compact Sources (PCCS)
◦ All-sky coverage
◦ High sensitivity for finding the most luminous point-like sources

◦ Planck 350μm sources cross-identified with Herschel, SDSS, WISE 

◦ Very large beam for Planck (~ 5 arcminutes), hence the need for cross-
correlation and follow-up

◦ Filtered by S350μm � 100 mJy

◦ Sample (currently) consists of 28 targets

Kevin	
Harrington

Derek	Berman
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• Our	sample	comprises	the	crème	
de	la	crème	of	apparent	ultra-
luminous	high-z sources

• Compare	with	alternative	
selection	methods:	
• We’ve	gathered	sample	

members	that	are	
complementary	to	previous	
samples

• A	significant	addition	to	the	
existing	known	LIR>1014 L�
SMGs

Sample selection from Planck all-sky survey



HST follow-up
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Given their extreme apparent luminosity, we predicted at least some 
members of our sample would be boosted by gravitational lensing

Goals of our HST Cycle 24 program:
◦ Characterize the foreground (i.e. lens)
◦ Detect signs of gravitational lensing

Images of our targets taken with HST using WFC3 / F160W filter (1.6 μm)



HST follow-up
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Goals of our HST Cycle 24 program:
◦ Characterize the foreground (i.e. lens)
◦ Detect signs of gravitational lensing

Images of our targets taken with HST using WFC3 / F160W filter (1.6 μm)
◦ Rest-frame at z~1 is 800 nm, while at z~4, it’s 320 nm

Selected	highlights	
from	our	HST	
program



Takeaways from our HST program

5 April 2018 19

Almost every member of our sample showed 
signs of strong gravitational lensing

Also, they were predominately lensed by single 
galaxies or small groups (instead of clusters)

One band of HST would not suffice to solve this 
problem.



PJ020941 (aka “9io9 ”) at z = 2.5536
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Discovered through a citizens science project, Space 
Warps and reported in Geach+2015
◦ Also detected independently in our sample

Redshifts are known for:
◦ Source galaxy 
◦ Primary lensing galaxy (z = 0.2)
◦ And companion to primary

Shows signs of a diffuse full Einstein ring, with a brighter 
partial ring



Optimization of SIE model
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Modeling performed with common lens modeling software LENSTOOL (Jullo+2007)

Free parameters (ellipticity, PA, velocity dispersion) optimized with a Bayesian Markov 
Chain Monte Carlo algorithm



Reconstructed source-plane
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Reconstructed source-plane
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Reconstructed source-plane
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Reconstructed source-plane
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Very,	very,	VERY	preliminary…

But	ALMA	sees	similar	resolved	structure	
(to	be	confirmed)

Moment-1	Velocity	Map	of	
Reconstructed	Source,	ALMA	CO	



More very recent ALMA Cy5 observations…
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CO(3-2);
PI:	M.	Yun



Summary
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We found that the luminous submillimeter galaxies selected in our sample using Planck 
were nearly all strongly gravitationally lensed
◦ In most cases, the lens potentials are relatively simple

Also, this sample complements previously selected lensed SMGs

We’ve derived a preliminary lens model for PJ020941 (“9io9”) and compared resolved 
structure from HST and ALMA
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