
HI Science  
in the Local Universe 

Claude Carignan 
South African SKA Research Chair in 

Extragalactic Multi-Wavelength Astronomy 
Department of Astronomy 
University of Cape Town 



HI Science in the Local Universe 

The	
  connec(on,	
  over	
  (me,	
  between	
  star	
  forma)on,	
  
HI,	
  dynamics	
  and	
  accre)on,	
  is	
  one	
  of	
  the	
  issues	
  that	
  
will	
  be	
  addressed	
  in	
  the	
  coming	
  years	
  through	
  large,	
  
deep	
   surveys	
   of	
   the	
   HI	
   in	
   the	
   local	
   and	
   distant	
  
Universe	
  
 
•  How do galaxies assemble and evolve ? 
 
•  How is star formation regulated ? 
 
•  How are the outer disks and cosmic web linked ? 



HI Science in the Local Universe 

•  In the context of this meeting, one might think 
that MeerKAT and SKA1-MID should answer 
most of the questions we want to answer on 
HI in the Local Universe. 

•  While this is partly true, we will see at the end 
that one of the important science case for HI 
studies in the Local Universe is left out and 
will have to wait for the full SKA 

•  This science case should be considered in 
the final design, would it be AA or not. 
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Galactic gas cycle 

Fraternali	
  2013	
  



Galactic gas cycle 

NGC	
  253	
  with	
  KAT-­‐7:	
  Lucero	
  et	
  al.	
  2015	
  (~100	
  hours)	
  

NGC	
  253	
  with	
  VLA:	
  Puche	
  et	
  al.	
  1991	
  

NHI	
  ~	
  1	
  X	
  1019	
  cm-­‐2	
  

nHI	
  ~	
  2	
  X	
  1020	
  cm-­‐2	
  



Galactic gas cycle 

NGC	
  253:	
  Lucero	
  et	
  al.	
  2015	
  



Understanding the Galactic gas cycle 
with MHONGOOSE 

MHONGOOSE: 
 
•  Ultra-deep observations of 30 nearby galaxies 
•  200 hours per galaxy; 6000 hours total 
•  25 times longer than THINGS 
•  twice as deep as HALOGAS 

High resolution: 
 
•  star formation 
•  dynamics 
•  structure of the ISM 
 
High sensitivity: 
 
•  cosmic web 
•  accretion 



MHONGOOSE 
Selection of the sample 

Ø  HI	
  detected:	
  
•  HIPASS-­‐based	
  sample	
  
•  Galac(c	
  la(tude	
  |b|	
  >	
  30o,	
  Galac(c	
  standard	
  of	
  rest	
  velocity	
  

>	
  200	
  km	
  s-­‐1	
  
•  Projected	
  distance	
  from	
  the	
  LMC	
  >	
  10o	
  
	
  
Ø  Detected	
  in	
  SINGG	
  (Survey	
  for	
  Ioniza(on	
  in	
  Neutral	
  Gas	
  

Galaxies)	
  and	
  SUNGG	
  (Survey	
  for	
  Ultraviolet	
  emission	
  in	
  
Neutral	
  Gas	
  Galaxies)	
  (P.I.	
  Meurer)	
  

Ø  Hα,	
  op(cal,	
  WISE	
  and	
  GALEX	
  are	
  available:	
  151	
  galaxies. 



MHONGOOSE 
precursor sample 

•  Cut	
  at	
  30	
  Mpc	
  	
  	
  	
  	
  	
  	
  	
  	
  
(MeerKAT	
  beam	
  1	
  kpc)	
  

•  Galaxies	
  with	
  dec	
  <	
  -­‐10o	
  

•  Exclude	
  galaxies	
  in	
  the	
  
Fornax	
  survey	
  region	
  

	
  
•  88	
  galaxies 

N	
  

Δ	
  (Mpc)	
  



•  representa(ve	
  number	
  of	
  galaxies	
  as	
  
uniformly	
  as	
  possible	
  over	
  log(MHI)	
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•  5	
  galaxies	
  per	
  bin	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  30	
  galaxies 

MHONGOOSE 
precursor sample 



MHONGOOSE 
Selection of the sample 

Criteria for the MHONGOOSE final sample 
 
•  Exclude galaxies with obvious quality issues 

•  Exclude interacting galaxies 

•  Must fit in one MeerKAT field (no mosaic) 

•  Best edge-on (extra-planar), face-on (dispersion) and ~60 
deg inclination (kinematics) 

•  With these, large range in surface brightness and SFR 



MHONGOOSE 
Selection of the sample 

smaller	
  

more	
  face-­‐on	
  



Thilker	
  et	
  al.	
  2004	
  

Faint HI in the Local Group 

Accre(on	
  ?	
  



Cosmic Web - Accretion 

Resolu(on	
  =	
  single	
  dish	
  ~	
  49’	
  

Faint HI in the Local Group 

M31	
  

M33	
  

filament	
  



Wolfe	
  et	
  al.	
  2013,	
  Nature,	
  497,	
  224	
  

Faint HI in the Local Group 

GBT:	
  FWHM	
  =	
  9.1’	
  



Wolfe	
  et	
  al.	
  2016	
  /	
  res	
  ~	
  9’	
  

Braun	
  &	
  Thilker	
  2004	
  /	
  res	
  ~	
  49’	
  

Faint HI in the Local Group 



Faint HI in the Local Group 



Faint HI in the Local Group 

Wolfe	
  et	
  al.	
  2016	
  



Wolfe	
  et	
  al.	
  2016	
  (ΔM31	
  ~	
  800	
  kpc	
  /	
  1’	
  =	
  233	
  pc	
  /	
  HPBWGBT	
  ~	
  2	
  kpc)	
  

Faint HI in the Local Group 



Galaxy – IGM Connection 



Galaxy – IGM Connection 
Need sensitivity & resolution 

Pisano	
  2014	
  /	
  GBT	
  /	
  1	
  x	
  1018	
  cm-­‐2	
  



Fuelling of Galaxies 

HI key to unlocking galaxy evolution 

•  Galaxy evolution studies dominated by optical/NIR (stars) 
 
•  Need to understand how galaxies fuelled (gas) 
 
•  HI is the fundamental baryonic building block 

•  How are galaxies re-fuelled from the IGM ? 
 
•  What is the nature of diffuse intergalactic gas ? 
 
•  Requires column densities nHI < 1018 cm-2                                      

& resolution of a few kpc 



Fuelling of Galaxies 

de	
  Blok	
  et	
  al.	
  2014	
  (GBT	
  &	
  VLA)	
  

5	
  x	
  1017	
  /	
  5	
  x	
  1018	
  /	
  5	
  x	
  1019	
  /	
  5	
  x	
  1020	
  cm-­‐2	
  



Tidal interactions 

Yun	
  et	
  al.	
  1994	
  



Tidal interactions 

Duc	
  &	
  Bournaud	
  2008	
  



Tidal interactions 

Sorgho	
  et	
  al.	
  2016	
  

NHI	
  ~	
  5	
  x	
  1018	
  cm-­‐2	
  



Mergers: NGC 7252 

Hibbard	
  et	
  al.	
  1994	
  



Mergers: Cen A 

Struve	
  et	
  al.	
  2010	
  



Dark Galaxies ? 

Oosterloo,	
  Heald	
  &	
  de	
  Blok	
  2013	
  MHI	
  ~	
  few	
  x	
  105	
  Msol	
  /	
  size	
  ~	
  1	
  kpc	
  



Nearly Dark Galaxies 



Nearly Dark Galaxies 

Carignan	
  et	
  al.	
  2016	
  



SKA1	
  HI	
  Science	
  Priori(es 



SKA1	
  HI	
  Science	
  Priori(es 

SKA2	
  

Design	
  should	
  have	
  
this	
  science	
  goal	
  in	
  mind	
  



Conclusions 
Galaxy – IGM Connection 

•  The interaction of galaxies with their environment, the 
Intergalactic Medium (IGM), is a very important aspect of 
galaxy formation. 

•  One of the most fundamental, but unanswered questions 
in the evolution of galaxies is how gas circulates in and 
around galaxies and how it enters the galaxies to support 
star formation. 

•  We have several lines of evidence that the observed 
evolution of star formation requires gas accretion from the 
IGM at all times and on all cosmic scales. 

 



Conclusions 
Galaxy – IGM Connection 

•  To truly make significant progress in understanding the 
distribution of neutral hydrogen in the IGM, column 
densities of NHI ~ 1018 cm-2 and below have to be probed 
over large areas on the sky at sub-arcminute resolution. 

•  These are the densities of the faintest structures known 
today around nearby galaxies, though mostly found with 
single dish telescopes which do not have the resolution to 
resolve these structures and investigate any kinematics. 

•  Existing interferometers lack the collecting power or short 
baselines to achieve brightness sensitivities typically 
below NHI  1019  cm-2 . 



Conclusions 
Galaxy – IGM Connection 

•  The interplay of gas between galaxies and the 
surrounding IGM is a key aspect in galaxy formation. 

•  The cosmic web holds the large reservoir of gas that 
eventually accretes into galaxies and supports the 
formation of stars. 

•  For the imaging of the diffuse gas filaments in the cosmic 
web, HI column densities are required in the range NHI  
1015 - 1018 cm-2 which is mostly the realm of the full SKA. 

•  Observations with the SKA1 will be able to start detecting  
low column density gas over very large areas much 
deeper than before, but also resolve this gas at sub-
arcmin resolution. 



Prospects of SKA1-MID 

Popping	
  et	
  	
  al.	
  2015,	
  AASKA14,	
  132	
  



Sensitivities prospects 
in the SKA era 

Carignan	
  2016	
  



MeerKAT + FAST 

•  In	
   the	
   near	
   future	
   (2018),	
   the	
   best	
   combina(on	
   to	
   study	
   low	
  
column	
   density	
   HI	
   with	
   a	
   good	
   spa(al	
   resolu(on	
   will	
   be	
   to	
  
combine	
   the	
   sensi(vity	
   of	
   FAST	
  with	
   the	
   spa(al	
   resolu(on	
   of	
  
MeerKAT.	
  	
  

•  The	
   combina(on	
   of	
   the	
   data	
   from	
   those	
   two	
   telescopes	
   will	
  
allow,	
  5	
  years	
  before	
  SKA1-­‐MID,	
   to	
  do	
  "cosmic	
  web"	
  research	
  
to	
   levels	
   <	
   5	
   X	
   1017	
   cm−2,	
   close	
   to	
   1016	
   cm−2,	
   densi(es	
   that	
  
would	
  normally	
  only	
  be	
  accessible	
  to	
  the	
  full	
  SKA	
  around	
  2030.	
  

•  It	
   is	
  at	
   those	
  densi(es	
   that	
  we	
  expect	
   the	
  galaxies	
   to	
  connect	
  
with	
  the	
  surrounding	
  cosmic	
  web. 


