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SKA1 HI Surveys

Key Goal: survey ~MHI* to z~0.8 with high spatial resolution 

➔ detailed studies of environment, interactions, mergers, gas fuelling 



HI Pathfinder Surveys

3

Blind HI Surveys: 
!
!
• WALLABY (ASKAP) + WNSHS 

(APERTIF):

- 600k galaxies, all-sky


!
• CHILES (VLA):


- 300 galaxies, 0.25 deg2

!
• DINGO (ASKAP): 


- DEEP: 50k gals, 150 deg2


- UDEEP: 50k gals, 60 deg2


!
• LADUMA (MeerKAT):


- 10k galaxies, 1+ deg2


Pathfinder HI Surveys



HI Pathfinder SurveysPathfinder HI Surveys: Resolution

Survey Resolution Redshift Sources

HIPASS/
ALFALFA 3-15 arcmin z < 0.06 unresolved

WALLABY/
WNSHS

15-30 
arcsec z < 0.26

low-z 
resolved 
(~slightly)

DINGO 30-40

arcsec z < 0.43 unresolved

CHILES 5-10 arcsec z < 0.4
resolves 
galaxies         
z ≲ 0.3

LADUMA 8-16 z < 1.2 mostly 
unresolved
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Figure 7. Composite image of the total H i images of the individual galaxies (in blue) overlaid on the ROSAT X-ray image (orange) by Böhringer et al. (1994). The
galaxies are located at the proper position in the cluster but each H i image is magnified by a factor 10 to show the details of the H i distribution. The picture clearly
shows how non-uniform the mass distribution in Virgo is, with enhanced X-ray emission from the three subclusters centered at the ellipticals, M87, M86, and M49.

size to their stellar disks, e.g., NGC 4216, shown in Figure 8.
Some are quite H i deficient, despite the fact that the H i extent
is comparable to the optical extent. Their H i surface density
is down by up to a factor of 2. These systems might be under
the influence of a process that slowly affects the entire face
of the galaxy, such as turbulent viscous stripping or thermal
evaporation (Nulsen 1982; Cayatte et al. 1994).

Small H i disks near the cluster center. Near the cluster core
(dM87 < 0.5 Mpc), galaxies always have gas disks that are
truncated to within the optical disk. These galaxies often show
highly asymmetric H i distributions as they currently undergo
strong ram pressure stripping. An example is NGC 4402
(Figure 8), which has been studied in detail by Crowl et al.
(2005). Galaxies appear to lose most of their H i gas (>70%) in
these regions through a strong interaction with the ICM.

Severely stripped H i disks beyond the cluster core. Interestingly,
we also find a number of galaxies that are stripped to well within
the stellar disk at large projected distances from the cluster
center (!1 Mpc). Examples are NGC 4522, NGC 4405, and

NGC 4064 (Figure 8). Some of these may have been stripped
while crossing the cluster center. As the galaxies move out from
the high ICM density region, stripped and disturbed gas that is
still bound to the galaxy may resettle onto the disk and form a
small symmetric gas disk in the center (NGC 4405). However,
a detailed study of the mean stellar age at the truncation radius
by Crowl & Kenney (2008) shows that some of these galaxies
have been forming stars until recently (< 0.5Gyr). This does
not leave enough time for these galaxies to have been stripped
in the center and then to have traveled to their current location.
NGC 4064 is a good example of this. It must have lost its gas at
large distances from the cluster center.

A particularly interesting case is NGC 4522 (Kenney et al.
2004), which shows abundant evidence for current ongoing
strong ram pressure stripping despite its large projected distance
from M87 (≈1 Mpc). An estimate of the mean stellar age at
the stripping radius (Crowl & Kenney 2006) also suggests that
stripping is ongoing, yet an estimate of the ram pressure at
that location based on a smooth distribution of the ICM would
indicate that the pressure is too low by a factor 10. Kenney et al.
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SKA1 Capabilities
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The Intergalactic Medium A. Popping

Figure 5: Simulated noise, brightness sensitivity and survey speed are plotted as function of angular res-

olution for different telescopes. All simultaions are performed for an integration time of eight hours, at a

declination of -30 degrees and observing frequency of 1.42 GHz, using uniform weighting to generate the

image cubes.
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SKA1 Surveys: Pt. Source Sensitivity

Highlights 

• Option: pusher deeper in 
single pointing


• Option: carry out CHILES/
LADUMA type studies over 
larger areas


• Issues: band 1/2 frequency 
divide; band 1 performance; 
band 1 delivery timescale


• Would ideally shift band 2: 
950-1760 ➞ 770-1430 MHz

10 hr
100 hr

1k hr
MHI* 10k hr

0.1 MHI*



SKA1 Surveys: Resolution @ 1020 cm-2

• possible to resolve many galaxies over large redshift range

• understand role of local environment

• carry out detailed studies of galaxy kinematics & angular momentum

• high resolution studies of ISM in nearby galaxies (~100 pc)


10 hr

100 hr

1000 hr

10 hr

100 hr

1000 hr

1010 M⊙

109 M⊙

Angular Physical



SKA1 Surveys: Resolution @ 1019 cm-2



Angular Physical

SKA1 Surveys: Resolution @ 1019 cm-2

10 hr

100 hr

1000 hr

10 hr

100 hr

1000 hr

1010 M⊙

109 M⊙

!
• HALOGAS type studies beyond local Universe

• environment/accretion



SKA1 Surveys: Resolution @ 1018 cm-2

TRAPHIC HI column densities from z=2 to z=0

Sunday, 6 February 2011



Angular Physical10 hr 100 hr

1000 hr

10 hr
100 hr

1000 hr

1010 M⊙

109 M⊙

!
• New studies of the disk-halo-IGM interface


SKA1 Surveys: Resolution @ 1018 cm-2



adapted from Catinella, Cortese

Blue Cloud

SF quenched

Dust removed
(but less than HI)

HI removed

Red Sequence

How long does it take to reach the red sequence?
(i.e., to completely stop SF)
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Blue Cloud

Red Sequence

gas 
 accretion

secular evolution

HI removed, outside-in 
SF quenched 
dust removed (less than HI)

low level SF episodes 
 and merging

HI + multi-λ essential for understanding the evolution of galaxies

Need Multi-λ

!
• different baryonic states: 

gas (atomic/molecular/
ionised), stars, dust  

!
• environment: group 

properties (membership/
multiplicity/halo mass/
central-satellite), 
accretion, outflow 
!

• feedback: AGN, stars 
!

•galaxy dynamics: gas, 
stars, halo 



HI stacking
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GBT/Deep2 intensity mapping 

Chang, Pen+ (2010) 

GBT HI 

DEEP2 
Field 4 

GBT-Deep2 cross-correlation 

Chang, Pen+ (2010) 

<z>=0.8 

Intensity mapping 

Improved ability to find and 
measure HI content through 
optically motivated methods

Optically motivated 
source finding 

Need Multi-λ: Methods



WALLABY 
+ 

WNSHS

Apertif  
Medium-Deep

LADUMA

DINGO

GAMA

Multi-λ Data for HI Pathfinders

CHILES



Multi-λ for the SKA

!
“Connecting the Baryons”  
Meyer, Robotham, et al., 2015, 

SKA science chapter

!
https://asgr.shinyapps.io/ganttshiny

!
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Imaging Survey Facilities

Spectroscopic Survey Facilities
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GAMA / DINGO Multi-λ

Panchromatic photometry 

Panchroma@c,photometry,,

catalogue matching 

aperture matching 

LAMBDAR software addresses: mismatched PSFs 
(convolved r-band apertures), deblend, deconfuse

A
n

g
u

s 
W

rig
h

t

attenuated
unattenuated
MAGPHYS SED fitting:
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GAMA / DINGO Multi-λ

Mass:	
  
  –  GSMF	
  (Baldry	
  et	
  al)	
  	

    
  –  GSMF	
  by	
  type	
  (Kelvin	
  et	
  al)	
  	

    
  –  SMBH	
  MF	
  (Andrews	
  et	
  al)	
  	

    
  –  DUST	
  MF	
  (Dunne	
  et	
  al)	
  	

    
  –  DM	
  HMF	
  (Robotham	
  et	
  al)	
  	
      
!
Energy:	
  	


  –  CSED	
  (Driver	
  et	
  al)	
  	

    
  –  CSFH	
  (Gunawardhana	
  et	
  al)	
  	
      
!
Structure:	


  –  Mass-­‐size	
  relaFons	
  (Lange	
  et	
  al)	
  	

    
  –  Groups	
  (Robotham	
  et	
  al)	
  	

    
  –  Filaments	
  (Alpaslan	
  et	
  al)	
  	

    
  –  Tendrils	
  (Alpaslan	
  et	
  al)	
  	

    
  –  Pairs	
  (Robotham	
  et	
  al)	
  	

    
  –  Bulge-­‐disc	
  decomp	
  (Lange	
  et	
  al,	
  Haussler	
  et	
  al)	
  	

    

Science&(z<0.1)&
•  Mass:&

–  GSMF&(Baldry&et&al)&
–  GSMF&by&type&(Kelvin&et&al)&
–  SMBH&MF&(Andrews&et&al)&
–  DUST&MF&(Dunne&et&al)&
–  HI&MF&(Wright&et&al)&
–  DM&HMF&(Robotham&et&al)&

•  Energy:&
–  CSED&(Driver&et&al)&
–  CSFH&(Gunawardhana&et&al)&

•  Structure:&
–  Massesize&rela=ons&(Lange&et&al)&
–  Groups&(Robotham&et&al)&
–  Filaments&(Alpaslan&et&al)&
–  Tendrils&(Alpaslan&et&al)&
–  Pairs&(Robotham&et&al)&
–  Bulgeedisc&decomposi=on&(Lange&et&al,&Haussler&et&al)&

Minimal&spanning&trees&used&to&derive&&
Backbones,&filaments&and&tendrils&



WAVES / LSST / Euclid

LSST
Euclid

WAVES
H-ATLAS



WAVES
!
WAVES-WIDE  
!
• 750 deg2 to rAB < 22 mag + 

photo-z (< 0.2) pre-selection    
• ∼0.9m galaxies will give 85k 

DM halos 1011–1012 M⊙ 

!
WAVES-DEEP  
!
• 100 deg2 to rAB < 22 mag 
• ∼1.2m galaxies to z~1  
• detection of ∼50k DM haloes 

(to 1012 M⊙)

WAVES cone plot 
SDSS&scale&project&locally&to&very&low&mass&AND&out&&to&z~0.8&

VISTA,!,4MOST,

60million,euro,upgrade,
Posi@oner,to,be,built,by,
AAO,(6million),
,8,science,surveys,
Final,@me,alloca@on,
based,on,contribu@on,
,WAVES,needs,~4%5million,
3million,from,Australia,
1%2million,from,UK,STFC,
or,from,survey,partners,,i.e.,,
~200k,each,x5%10,partners,

2400,spine,fibre,posi@oner,

$
WAVES:$

Wide$Area$VISTA$Extragalac1c$Survey$



Additional Ultra-Deep Fields
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Additional Ultra-Deep Fields

•  Heterogeneous.X%ray.data.from.Chandra/XMM.(eROSITA.soon).

•  GALEX:.FUV.+.NUV.to.AB.~24.(~6arcsec.resolu$on).

•  VST%VOICE.+.DES.+.HSC..+.LSST:.ugriz.to.mAB.~26%27.(<1arcsec.resolu$on).

•  UltaVISTA/VIDEO:.(Z)YJHKs.mAB.=.25.7,.25.6,.24.5,.24.0,.23.5.(<0.9arcsec.resolu$on).

•  SERVS/DeepDrill:.Spitzer.3.6.&.4.5um.to.2uJy.(~2arcsec.resolu$on).

•  SWIRE.IRAC.5.8.&.8.0um.to.~30uJy.(~3%4arcsec.resolu$on).

•  MIPS.24/70/160um.to.0.3,20.100mJy.(~10,25,50.arcsec.resolu$on).

•  Herschel%HerMES.110,160,250,350,500um.to.31.5,60.2,12.7,10.5,15.2mJy.

(7,10,18,25,35arcsec.resolu$on).

•  JVLA/MeerKAT.“con$nuum”.imaging.1%4GHz.(~1%8arcsec.resolu$on).

SED.fits.using.the.

energy%balance.models.

of.da.Cunha.et.al..2008.

.

From.Smith.et.al..2012.

“Typical”.mul$%wavelength.coverage.over.southern.deep.fields.

17/03/2015. PHISCC.2015.%.Rutgers.
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Additional Ultra-Deep Fields
!
!!Issue: spectroscopy needs improving! 
!
• Spectroscopy in ~1 deg2 fields often 

heterogeneous and not ideal for deep HI 
• Mainly magnitude limited, sometimes colour 

selection for high-z  
!
Potential solution: MOONS 
!

Parameter Specifications
Telescope VLT

FoV 500 arcmin
Multiplex 1000 (possibility to deploy in pairs)

Close packaging at least two fibres within 10 arcsec
Sky-projected fibre diameter 1.05 arcsec



WAVES / MOONS
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Martin Meyer, OzSKA, Melbourne, April 2015

SKA1 Surveys

Survey
Area Time σ log(N Beam Band z z

(deg (hours) (μJy, 
50kHz) (5σ, 50kHz) (arcsec)

Wide 750 2k 226 20 12 2 z<0.5 0.17

Deep 100 2k 82 20 6.9 2 z<0.5 0.29

UDeep 18 2k 36 20 4.6 2 z<0.5 0.44

Single 0.5 2k 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined
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SKA1 Surveys

Survey
Area Time σ log(N Beam Band z z

(deg (hours) (μJy, 
50kHz) (5σ, 50kHz) (arcsec)

Wide 750 2k 226 20 12 2 z<0.5 0.17

UDeep 18 2k 36 20 4.6 2 z<0.5 0.44

Single 0.5 2k 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined

Wide 750 5k 229 20 13.4/30 ASKAP z<0.26 0.17
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SKA1 Surveys

Survey
Area Time σ log(N Beam Band z z

(deg (hours) (μJy, 
50kHz) (5σ, 50kHz) (arcsec)

Wide 750 5k 229 20 13.4 ASKAP z<0.26 0.17

UDeep 18 2k 36 20 4.6 2 z<0.5 0.44

Single 0.5 2k 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined
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Full SKA
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