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An IFU View of Extreme Starbursts at z~2 – the Case of Submm Galaxies 

Ultra-luminous infrared galaxies (ULIRGs) are locally rare, but appear to dominate the 
co-moving energy density at z>2. Many are optically-faint, dust-obscured galaxies that 
have been identified only recently by the detection of their thermal dust emission 
redshifted into the submillimeter wavelengths. These  submm  galaxies  (SMGs)  have 
been  popular  candidates  to  be  progenitors  of  the most massive  galaxies  at  z~0. 
With  colossal  ULIRG‐like  luminosities  that  translate  into  unusually  high  SFRs 
(~100‐1000 Msun/yr),  SMGs  could  build  the  stellar  bulk  of  a massive  galaxy  in 
under a few hundred million years. However, the predominance of AGN signatures 
in these SMGs shows that star formation and AGN activity coexist in these objects, 
implying that we are witnessing the coupled growth of the stellar spheroid and a 
central SMBH.  

We have undertaken the first integral‐field spectroscopic observations aided with 
adaptive optics (AO) of SMGs. With the OSIRIS integral field unit (IFU), designed to 
be  used  with  the  Keck  Laser  Guide  Star  Adaptive  Optics  (LGS‐AO)  system,  we 
investigate  the  distribution  of  Hα  line  emission  in  3  SMGs  at  1.4<z<2.4.  LGS‐AO 
allows  us  to  probe  down  to  kpc‐scale  spatial  resolutions,  up  to  10  times  more 
resolved  than  what  prior  seeing‐limited  observations  had  been  able  to  achieve. 
The  exquisite  resolution  provided  by  LGS‐AO  allows  us  to  spatially  distinguish 
between AGN and star‐forming regions as revealed by differences  in Hα  spectral 
properties and to uncover velocity offsets (~few x 100 km/s) between individual 
galactic‐scale  sub‐components.  We  find  that,  after  an  estimated  correction  for 
extinction  based  on  typical  Balmer  decrements  for  SMGs,  their  high  SFR  surface 
densities are similar to local extremes like ULIRGs and starbursts. However, their 
spatial extensions stretch beyond >8 kpc, suggesting that SMGs may be undergoing 
such  intense  star‐forming  activity  on  significantly  larger  spatial  scales  than 
extreme local environments, which are typically concentrated in ~1‐2kpc. 
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Near-IR AGN signatures in SMGs"
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With no spatially-resolved information, it is difficult to 
disentangle AGN-contribution. 
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IFU view of SMGs  
(seeing-limited, unaided by Adaptive Optics)"
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AO-aided Integral Field Spectroscopy 
with Keck/OSIRIS "

x! /#7g7#!v!!

!y/lE#HGG+%11.,-!7g!7J*-.,-!#G%M3+'-+*GNa!

z! &%,1&%3E0*1%6!!

z! 6%1.-,%6!3'!0%!H1%6!(.3N!c*1%+!YH.6%!#3*+!?6*GC2%!
/GCM1!dcY#E?/f!

z! 1H0E*+M1%M!+%1'&HC',!!

z! $/b!v!W;A!X!r;Wa4!:;W!X!B;:a!d9;@a4!9;9<am&%,1&%3f!!!!!!!!!!!!!!!!!

z! gLBW99!dLr!{!u!:!µJf!

x! /H+!1*JG&%`!#QY1!(.3N!0+.-N3!l"!dI+'J!&',-1&.3!

1G%M3+'1M'GDf!!3'!'GCJ.R%!6%3%MC',!
z! B!#QY1!(.3N.,!@;W!iR!!i!:;W!
z! LB!N'H+1!'I!.,3%-+*C',!CJ%!m!1'H+M%!

L@9X!3N%!,',E?/!+%1'&HC',!
!!6'(,!3'!hGME1M*&%||!

}!D!

X!
VH,%!:W!:9@9!!TX3+%J%!#3*+0H+1314!Y+*,*6* ! ! ! ! ! ! ! ! !Z;!Q%,[,6%RE\%&J%13+% !!



OSIRIS view of SMGs"

Multiple galactic-scale sub-components in SMGs 

z = 1.408 

z = 2.203 

z = 2.385 
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Spatial distinction between AGN 
and Extended SF"
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With OSIRIS, we can spatially distinguish between 
AGN and star-forming regions 

VH,%!:W!:9@9!!TX3+%J%!#3*+0H+1314!Y+*,*6* ! ! ! ! ! ! ! ! !Z;!Q%,[,6%RE\%&J%13+% !!



•! "'!%2.6%,M%!I'+!'+6%+%6!+'3*C',4!*1!
('H&6!0%!*11'M.*3%6!3'!*!6.1h!*,6!1HMN!
*1!*+%!I'H,6!.,`!

•! #%&%M3!J*11.2%!cPY1!!!!!!!!!!!!!!!!!!!!!!!!!!
dc*(4!$~+13%+E#MN+%.0%+f!

•! b7Q/#mbcS!-*&*X.%1!*3!
RL@;<!!dc%J'.,%EPH11%+'&%8@9f!

Dynamics of SMGs"
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SMGs harbor SF activity similar to local starbursts, but on larger 
spatial scales, reflecting their large luminosities and total SFRs. 

Star-formation in 
multiple   ~1 kpc 

“clumps” 
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Main Results"
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From the first observations of SMGs aided by  
Laser Guide Star Adaptive Optics: 
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