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SKA1 HI Science Priorities

{

SKA1 science goals
¥ Resolved HI kinematics and 

morphology of ~10 10 M!  mass 
galaxies out to z~0.8   

¥ High spatial resolution studies of the 
ISM in the nearby Universe .  

¥ Multi-resolution imaging studies of 
the ISM in our Galaxy   

¥ HI absorption studies  out to the 
highest redshifts.  

¥ The gaseous interface and 
accretion physics between 
galaxies and the IGM
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1 !"#$%&' Physics of the early universe IGM - I. Imaging 1/3 
2 !"#$%&' Physics of the early universe IGM - II. Power spectrum 2/3 
3 !"#$%&' Physics of the early universe IGM - III. HI absorption line spectra (21cm forest)   3/3 
4 ()*+,-+' ' Reveal pulsar population and MSPs for gravity tests and Gravitational Wave detection  1/3 
5 ()*+,-+' ' High precision timing for testing gravity and GW detection 1/3 
6 ()*+,-+' ' Characterising the pulsar population 2/3 
7 ()*+,-+' ' Finding and using (Millisecond) Pulsars in Globular Clusters and External Galaxies 2/3 
8 ()*+,-+' ' Finding pulsars in the Galactic Centre 2/3 
9 ()*+,-+' ' Astrometric measurements of pulsars to enable improved tests of GR 2/3 

10 ()*+,-+' ' Mapping the pulsar beam 3/3 
11 ()*+,-+' ' Understanding pulsars and their environments through their interactions 3/3 
12 ()*+,-+' ' Mapping the Galactic Structure 3/3 
13 ./ ' Resolved HI kinematics and morphology of ~10^10 M_sol mass galaxies out to z~0.8 1/5 
14 ./ ' High spatial resolution studies of the ISM in the nearby Universe.  2/5 
15 ./ ' Multi-resolution mapping studies of the ISM in our Galaxy 3/5 
16 ./ ' HI absorption studies out to the highest redshifts.  4/5 
17 ./ ' The gaseous interface and accretion physics between galaxies and the IGM 5/5 
18 0-,1+2314+' Solve missing baryon problem at z~2 and determine the Dark Energy Equation of State =1/4 
19 0-,1+2314+' Accessing New Physics using Ultra-Luminous Cosmic Explosions =1/4 
20 0-,1+2314+' Galaxy growth through measurements of Black Hole accretion, growth and feedback 3/4 
21 0-,1+2314+' Detect the Electromagnetic Counterparts to Gravitational Wave Events 4/4 
22 !-,5*3'%6'7263' Map dust grain growth in the terrestrial planet forming zones at a distance of 100 pc 1/5 
23 !-,5*3'%6'7263' Characterise exo-planet magnetic fields and rotational periods 2/5 
24 !-,5*3'%6'7263' Survey all nearby (~100 pc) stars for radio emission from technological civilizations. 3/5 
25 !-,5*3'%6'7263' The detection of pre-biotic molecules in pre-stellar cores at distance of 100 pc. 4/5 
26 !-,5*3'%6'7263' Mapping of the sub-structure and dynamics of nearby clusters using maser emission. 5/5 
27 8,91342+: ' The resolved all-Sky characterisation of the interstellar and intergalactic magnetic fields 1/5 
28 8,91342+: ' Determine origin, maintenance and amplification of magnetic fields at high redshifts - I. 2/5 
29 8,91342+: ' Detection of polarised emission in Cosmic Web filaments 3/5 
30 8,91342+: ' Determine origin, maintenance and amplification of magnetic fields at high redshifts - II. 4/5 
31 8,91342+: ' Intrinsic properties of polarised sources 5/5 
32 !%+:%*%9;' Constraints on primordial non-Gaussianity and tests of gravity on super-horizon scales.  1/5 
33 !%+:%*%9;' Angular correlation functions to probe non-Gaussianity and the matter dipole  2/5 
34 !%+:%*%9;' Map the dark Universe with a completely new kind of weak lensing survey - in the radio.   3/5 
35 !%+:%*%9;' Dark energy & GR via power spectrum, BAO, redshift-space distortions and topology. 4/5 
36 !%+:%*%9;' Test dark energy & general relativity with fore-runner of the ‘billion galaxy’ survey. 5/5 
37 !%1421)): ' Measure the Star formation history of the Universe (SFHU) - I. Non-thermal processes 1/8 
38 !%1421)): ' Measure the Star formation history of the Universe (SFHU) - II. Thermal processes 2/8 
39 !%1421)): ' Probe the role of black holes in galaxy evolution - I.   3/8 
40 !%1421)): ' Probe the role of black holes in galaxy evolution - II.  4/8 
41 !%1421)): ' Probe cosmic rays and magnetic fields in ICM and cosmic filaments.  5/8 
42 !%1421)): ' Study the detailed astrophysics of star-formation and accretion processes - I.  6/8 
43 !%1421)): ' Probing dark matter and the high redshift Universe with strong gravitational lensing.  7/8 
44 !%1421)): ' Legacy/Serendipity/Rare.  8/8 
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SKA1 HI Science Priorities

priority SKA1 science goals

¥ Resolved HI kinematics and 
morphology of ~10 10 M!  mass 
galaxies out to z~0.8   

¥ High spatial resolution studies of the 
ISM in the nearby Universe .  

¥ Multi-resolution imaging studies of 
the ISM in our Galaxy   

¥ HI absorption studies  out to the 
highest redshifts.  

¥ The gaseous interface and 
accretion physics between 
galaxies and the IGM

{
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New High 
Resolution Studies



SKA1 Surveys: Resolution @ 1020 cm -2

" Resolve  galaxies over large redshift range!

" Study role of mergers, feedback, local environment!
" carry out detailed studies of galaxy kinematics & angular momentum!
" high resolution studies of ISM in nearby galaxies (< 100 pc)!
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Angular Physical



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!
" understand how galaxies acquire their gas: role of 

environment/accretion



Angular Physical10 hr 100 hr

1000 hr

10 hr
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109 M!

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

SKA1 Surveys: Resolution @ 1018 cm -2
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What Kind of Surveys To Do?

1000h survey 
50kpc resolutionRequirements 

¥ Want to observe HI down to 
at least galactic scales 

¥ SKA observation time is 
limited (~1000h KSPs) 

¥ Time+beam+z+area sets 
column density limit 

¥ Need nHI > 1020
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What Kind of Surveys To Do?

1000h survey 
50kpc resolution
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Requirements 

¥ Want to observe HI down to 
at least galactic scales 

¥ SKA observation time is 
limited (~1000h KSPs) 

¥ Time+beam+z+area sets 
column density limit 

¥ Need nHI > 1020
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What Kind of Surveys To Do?

C
ol

um
n 

D
en

si
ty

 L
im

it

z 

1000h survey 
50kpc resolution

A
re

a 
(d

eg
2 )

Preferred Surveys 

¥ band 2: ~10 ! 100 deg2 

Requirements 

¥ Want to observe HI down to 
at least galactic scales 

¥ SKA observation time is 
limited (~1000h KSPs) 

¥ Time+beam+z+area sets 
column density limit 

¥ Need nHI > 1020
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What Kind of Surveys To Do?
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Preferred Surveys 

¥ band 2: ~10 ! 100 deg2 

¥ band 1: SP! few deg 2  

Requirements 

¥ Want to observe HI down to 
at least galactic scales 

¥ SKA observation time is 
limited (~1000h KSPs) 

¥ Time+beam+z+area sets 
column density limit 

¥ Need nHI > 1020
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What About Commensal 10,000 h?

10,000h survey 
50kpc resolution

Preferred Surveys 

¥ band 2: ~10 ! 100 deg2 

¥ band 1: ~1 ! 10 deg2  
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Requirements 

¥ Want to observe HI down to 
at least galactic scales 

¥ SKA observation time is 
limited (~1000h KSPs) 

¥ Time+beam+z+area sets 
column density limit 

¥ Need nHI > 1020



Deep HI Surveys in the SKA Era, Martin Meyer, ASA, 2015

SKA1 Survey Design: Volume

0.027 Gpc3

750 deg 2

100 deg 2

18 deg 2

0.5 deg 2



HI at High-z: Absorption Studies

Morganti et al, 2015, PoS, AASKA14, 1 34

¥ HI 21-cm absorption spectroscopy 
provides a unique probe of cold 
neutral gas in normal and active 
galaxies from redshift z > 6 to the 
present day . 

¥ Associated HI 21cm absorption  !  
content of individual galaxies, 
structure of the central regions 
and the feeding and feedback of 
AGN . 

¥ Intervening HI 21cm absorption  !   
constrain the evolution of cold gas 
in normal galaxies over more than 
12 billion years of cosmic time.
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HI absorption R. Morganti 
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temperature and filling factor of the neutral gas. Conversely, if some reasonable assumptions 
about the spin temperature and filling factor can be made (e.g. Braun 2012), then an HI column 

density can be estimated even without optical Ly !  measurements. As can be seen from 
equation (1), at fixed HI column density the observed optical depth rises as the mean spin 
temperature decreases, so HI 21cm absorption measurements are most sensitive to the cold 
neutral gas within galaxies (Rao & Briggs 1993) Ð in contrast to HI 21cm emission-line studies, 
which are sensitive to both warm and cold gas.  

One disadvantage of HI 21cm absorption studies is that their view of the HI distribution is 
limited to the regions where the background continuum is present. To partly compensate for 
this, it is important to take advantage of other gas diagnostics (i.e. multiwaveband data) and 
information about other gas phases (ionized and molecular) where possible.  

2. Associated absorption 

2.1 Motivation and previous work  
 
HI 21cm absorption in radio AGN has been detected and studied for many years, starting with 
the detection against the core of the radio source Centaurus A (Roberts 1970) and the nearby 
spiral galaxy NGC 4945 (Whiteoak & Gardner 1976). This associated HI absorption has been 

used to trace the gas in central regions of radio 
AGN, as well as to probe the extreme physical 
conditions due to the interplay between the 
energy released by the active black hole (BH) 
and the ISM.  

The detection of HI 21cm absorption in 
active galaxies has been often considered a 
tracer of circumnuclear disks. Several such 
cases have been studied, e.g. Beswick et al. 
2004, Struve & Conway 2010, 2012, Peck & 
Taylor 2001, Morganti et al. 2008. However, 
even more intriguing has been the discovery 
that HI can also be associated with 
kinematically extreme phenomena. Fast (!  
1000 km s-1) and massive (up to 50 M!  yr-1) 

outflows have been found traced by HI 
(Morganti et al. 2005, Teng et al. 2013, 
Morganti et al. 2013 and ref. therein). Gas 
outflows driven by AGN and supernovae 
(SNe) are a key ingredient in current models 
of galaxy evolution (e.g. Croton et al. 2006; 
Hopkins & Elvis 2010; Schaye et al. 2015), 
since they can efficiently heat up or even 
expel gas from a galaxy. This feedback 

 

Figure 1 Ð HI absorption in 3C293, as detected by the 
WSRT. A broad, shallow HI absorption is detected as 
well as a deep, narrower component. The latter is 
associated with the circumnuclear disk/dust-lane 
while the former represent gas associated to a fast 
outflow (~1400 km s-1, Morganti et al. 2003). Because 
of its location (~0.5kpc from the nucleus) the outflow 
appears to be driven by the radio jet/lobe. This 
profile shows the need for a stable instrumental 
bandpass as discussed in Sec.2. 
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Possible SKA1 Surveys

Survey Area Freq HI <z> (zlim) T
(deg 2) MHz Resolution (hrs)

Medium wide 400 950-1420 10Ó 0.1 (0.3) 2000

Medium deep 20 950-1420 5Ó 0.2 (0.5) 2000

Deep 1 pointing 600-1050 2Ó 0.5 (1) 3000

Targeted ISM 30 targets 1400-1420 3Ó-30Ó 0.002 (0.01) 3000

Targeted Accretion 30 targets 1400-1420 30Ó-1Ó 0.002 (0.01) 3000

Galaxy/MS 500 1418-1422 10Ó-1Õ 0 (0) 4.500

Galaxy Abs (5000) 1418-1422 2Ó 0 (0) (10.000)

Absorption 1000+ 350-1050 2Ó 1 (3) 1,000+

1000 200-350 10Ó 4 (6) 1.000

Minimum Requirements  

Updated from Staveley-Smith & Oosterloo,  

2015, PoS, AASKA14, 167

5 yr x 8000 h x 75% = 30000 h   



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000

Medium deep 20 950-1420 2000

Deep 1 pointing 600-1050 3000

Targeted (ISM) 30 targets 1400-1420 3000

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+

1000 200-350 1.000

Minimum Requirements  

() = commensal values



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000 1000 sq deg 5000 hours 
weak lensing similar strategy

Medium deep 20 950-1420 2000
100 deg2 tracing 

cosmic web, smilar 
depth

similar strategy

Deep 1 pointing 600-1050 3000 compatible; magn. 
plans wider

useful only if in 
band 1

Targeted 30 targets 1400-1420 3000

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+

1000 200-350 1.000

Minimum Requirements  



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000 1000 sq deg 5000 hours 
weak lensing similar strategy

Medium deep 20 950-1420 2000
100 deg2 tracing 

cosmic web, smilar 
depth

similar strategy

Deep 1 pointing 600-1050 3000 compatible; magn. 
plans wider

useful only if in 
band 1

Targeted 30 targets 1400-1420 3000 good match in sample, res 
and depth

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+

1000 200-350 1.000

Minimum Requirements  

fully commensal with ISM Accretion



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000 1000 sq deg 5000 hours 
weak lensing similar strategy

Medium deep 20 950-1420 2000
100 deg2 tracing 

cosmic web, smilar 
depth

similar strategy

Deep 1 pointing 600-1050 3000 compatible; magn. 
plans wider

useful only if in 
band 1

Targeted 30 targets 1400-1420 3000 good match in sample, res 
and depth

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+

1000 200-350 1.000

commensal with Galaxy + Magn WG to get optimum  
 1200 deg2 and 11500 hours

fully commensal with ÒGalaxy/MSÓ, continuum, magnetism

Minimum Requirements  

fully commensal with ISM Accretion



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000 1000 sq deg 5000 hours 
weak lensing similar strategy

Medium deep 20 950-1420 2000
100 deg2 tracing 

cosmic web, smilar 
depth

similar strategy

Deep 1 pointing 600-1050 3000 compatible; magn. 
plans wider

useful only if in 
band 1

Targeted 30 targets 1400-1420 3000 good match in sample, res 
and depth

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+ all sky, optimum 
commensality if band 1

1000 200-350 1.000 fully commensal 5000 deg2 
absorption survey

Minimum Requirements  

and commensal with 
medium-wide HI band 2

commensal with Galaxy + Magn WG to get optimum  
 1200 deg2 and 11500 hours

fully commensal with ÒGalaxy/MSÓ, continuum, magnetism

fully commensal with ISM Accretion



Resourcing etc

¥ Discussions on this still ongoing 

¥ Much activity already with PathÞnders/Precursors 

¥ Increased science contact with OfÞce 

¥ SKA SDP contacts 

¥ Experience gained with 

¥ source Þnders 

¥ calibration pipelines 

¥ archiving 

¥ re-processing 

¥ simulations 

¥ É



Possible Commensal SKA1 Surveys

Survey
Area Freq T Magnetism Cosmology/ Continuum

(deg 2) MHz (hrs) EoR

Medium wide 400 950-1420 2000 1000 sq deg 5000 hours 
weak lensing similar strategy

Medium deep 20 950-1420 2000
100 deg2 tracing 

cosmic web, smilar 
depth

similar strategy

Deep 1 pointing 600-1050 3000 compatible; magn. 
plans wider

useful only if in 
band 1

Targeted 30 targets 1400-1420 3000 good match in sample, res 
and depth

Targeted (Accr) (30 targets) 1400-1420 (3000)

Galaxy/MS 500 1418-1422 4500

Galaxy Abs (5000) 1418-1422 (10000)

Absorption 1000+ 350-1050 1,000+ all sky, optimum 
commensality if band 1

1000 200-350 1.000 fully commensal 5000 deg2 
absorption survey

Minimum Requirements  

and commensal with 
medium-wide HI band 2

commensal with Galaxy + Magn WG to get optimum  
 1200 deg2 and 11500 hours

fully commensal with ÒGalaxy/MSÓ, continuum, magnetism

fully commensal with ISM Accretion


