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An early SKA publication           ‘SKA memo series # 0 ?’ 

 HI to z = 10,    pulsar searches and timing,    continuum 



The	  ERA	  of	  SKA	  pathfinders/precursors:	  

ASKAP	  
	  

FAST	  
	  

J-‐VLA	  
	  

LOFAR	  
	  

MeeRKAT	  
	  

WSRT-‐APERTIF	  
	  
	  

	  
	  

Wide	  area	  surveys:	  	  ASKAP,	  APERTIF,	  FAST	  	  	  	  	  	  	  	  Deep	  fields:	  	  J-‐VLA,	  MeerKAT	  

(major	  pre-‐SKA	  investments)	  



Galaxy formation 
 
baryons flow into the 
DM halos and form 
galaxies 
 
galaxies merge into 
larger galaxies 
 
gas continues to flow 
in from the cosmic 
web 
 
Is this observable? 
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Puzzle: 
 
star formation drops 10-fold 
gas reservoir appears constant 

redshift 

redshift 

st
ar

 fo
rm

at
io

n 
de

ns
ity

 

ga
s d

en
si

ty
 

Gas 

Stars 



Study the global HI content 
of the universe using the  

distance 

HI mass function 

Zwaan et al. 2005, MNRAS, 359, L30  HIMF may vary with cosmic 
time and as a function of 
environment:   study requires 
blind, large volume HI surveys:  e.g.  HIPASS, ALFALFA   





Deeper WSRT observations:  Halogas project 
        Heald, Oosterloo, Fraternali, Sancisi, Rand, Serra, Jozsa, Gentile, 
        Juette & Walterbos, 2011, A&A, 526, 118 
 



M81/M82/NGC3077	   VLA	  HI	  mosaic	  

Yun	  et	  al.	  Nature	  	  1994,	  372,	  530	  
	  	  



M81/M82/N3077	  	  VLA	  Mosaic	  +	  GBT	  survey	  

Reveals	  extended	  low	  
column	  density	  envelope	  
	  
HI	  is	  a	  superb	  tracer	  of	  
the	  direct	  environment	  



NGC	  5033	  	  warped	  outer	  disk	  with	  
structure	  

Deep	  images	  also	  show	  structure	  in	  the	  outer	  disk	  

WSRT	  HI	  image	  	  
(Bacaglia	  et	  al.	  2005,	  A&A,447,49	  )	  	  	  

Deep	  op>cal	  image	  	  
(Marenez-‐Delgado	  et	  al.	  
	  	  2008,	  AJ	  140,	  962	  	  )	  	  	  



NGC	  5033	  	  warped	  outer	  disk	  with	  
structure	  

UV	  images	  show	  star	  forma>on	  in	  the	  outer	  disk	  

GALEX	  UV	  image	  	  
(Thilker	  et	  al.	  2007,	  ApJS,173,538)	  	  	  

WSRT	  HI	  image	  	  
(Bacaglia	  et	  al.	  2005,	  A&A,447,49	  )	  	  	  



David Thilker 
Johns Hopkins 

Kloster Seeon
15 Jun 2011

XUV-disks

Discovery - Thilker et al. (2005) / Deep Image - Bigiel et al. (2010)

M83	  its	  outer	  structure	  in	  HI	  and	  UV	  

Courtesy	  Dave	  Thilker	  and	  NASA/JPL-‐Caltech/VLA/MPIA	  
	  See	  also:	  	  Bigiel	  et	  al.	  2010,	  	  ApJ,720,L31	  	  



HI traditionally a tracer of kinematics:  
    dark and luminous matter distribution 
    prominent tidal interactions 
 
HI can tell us more:   
   we need to look carefully to recognise  
   the evidence for processes governing 
   the acquisition and removal of gas 
 
Examples: 
   asymmetries in structure and kinematics 
   extraplanar gas 
   gas with anomalous velocities 
   ram pressure stripped gas 
( Sancisi, Fraternali, Oosterloo & v.d. Hulst. 2008, A&A Rev. 15, 189 ) 
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HI  WSRT 

NGC 5907 

NGC 4013 

Martinez-Delgado et al. (2008/09) 

HI  WSRT HI  VLA 



HI  WSRT 

NGC 5907 

NGC 4013 

HI  WSRT HI  VLA 

High velocity gas complex 
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Martinez-Delgado et al. (2008/09) 



KINEMATIC 
    

LOPSIDEDNESS 

Heald and Oosterloo, 2008, ASP Conf. Series 396, 267 



“HIGH VELOCITY 
CLOUDS” 
(total amount: 
 ~3x108 Mʘ) 

NGC 6946 

Boomsma et al. 2008 
A&A 490, 555 



NGC	  6946	  HI	  

WSRT	  13”	  and	  	  64”	  

Boomsma et al. 2008, A&A 490, 555 

Accre>on?	  



NGC   
2403 

HI  VLA 

Fraternali, 
Oosterloo  
et al. 2001  
ApJ 562,47  

model 
thin disk 

Anomalous 
gas  
3x108 Mʘ  

Beard 



M 101 

NGC 6946 NGC 3359 

NGC 925 NGC 210 



NGC  891     edge-on galaxy:  extra-planar gas? 

optical near infrared 



Oosterloo et al. 2007, AJ 134, 1019 

NGC 891 
Anomalous velocity gas all HI 



Virgo	  cluster,	  	  a	  special	  environment	  
	  
Chung	  et	  al.	  	  	  2009,	  AJ	  138	  ,1741	  	  

Kenney	  et	  al.	  2004,	  AJ	  127,	  3361	  	  

Oosterloo	  &	  van	  Gorkom	  2005	  A&A,	  437,	  L19	  	  



Neutral hydrogen in early-type galaxies:
results from ATLAS3D

Raffaella Morganti
Paolo Serra
ATLAS3D collaboration

Tom Oosterloo 
ASTRON & Kapteyn Institute

Atlas3D:	  	  HI	  in	  early	  type	  galaxies	  
	  (Cappellari	  et	  al.	  2011,	  MNRAS,	  416,	  1680	  	  )	  



Emerging picture: 

We can use the HI to diagnose  
    

-   accretion  
-   outflows 
-   stripping  
-   tidal effects   

but requires resolved imaging with 
adequate sensitivity of many 
galaxies in different environments 



ASKAP	  HI	  science:	  
•  Widefield	  ASKAP	  L-‐Band	  Legacy	  All-‐Sky	  Blind	  Survey	  	  	  	  (WALLABY)	  
•  The	  First	  Large	  Absorp>on	  Survey	  in	  HI	  	  	  	  (FLASH)	  
•  Deep	  Inves>ga>ons	  of	  Neutral	  Gas	  Origins	  	  	  (DINGO)	  	  

MeerKAT	  HI	  science:	  
•  LADUMA:	  	  ultra	  Deep	  HI	  survey	  (two	  proposals	  combined)	  5000	  hr	  on	  a	  

single	  field	  (high	  priority)	  
•  MHONGOOSE:	  MeerKAT	  HI	  observa>ons	  of	  Nearby	  Galac>c	  Objects:	  

Observing	  Southern	  Emicers	  6000	  hr	  for	  30	  objects	  (medium	  priority)	  	  
•  A	  MeerKAT	  HI	  Survey	  of	  Fornax	  2450	  hr	  (medium	  priority)	  	  
•  MeerKAT	  HI	  Absorp>on	  Survey	  Line	  Survey	  4000	  hr	  (medium	  priority)	  

APERTIF	  HI	  science:	  
•  Westerbork	  Northern	  Sky	  HI	  Survey	  	  (WNSHS)	  
•  A	  Medium-‐Deep	  Survey	  	  	  (few	  100	  deg2)	  
•  A	  Deep	  APERTIF	  HI	  Survey	  	  	  	  (DASH)	  
•  Blind	  HI	  Absorp>on	  Line	  Survey	  	  	  (NN)	  



Thank you 


