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Key HI Science Questions

• How do the HI properties of low-mass galaxies 
compare in different environments at z ~ 0?
– An all FAST sky HI survey

• How is gas accreted from the IGM onto 
galaxies?
– Map HI in the cosmic web

• How does the HI content of galaxies change 
from z = 0 – 1?
– An HI Deep Field



FAST Specifications

• A/T = 2000 m2/K, ηa ~ 0.57
• Tsys = 25 K at 1420 MHz
• Tsys = 60 K below 1000 MHz
• Gain = 14.5 K/Jy
• 19 beams, θ = 2.9’ at 1420 MHz 
• δν = 10 kHz



What are the HI properties of low-mass 
galaxies at z ~ 0?

• Recent measurements of the HI 
mass function (HIMF) are based 
on few to no detections of 
galaxies with MHI < 107 M.

• It is unclear how the slope of the  
HIMF changes in different 
environments. 

• Need more detections of a wider 
range of MHI over a larger 
volume of space.

HIPASS:  Zwaan et al. 2005



A FAST all-sky HI survey
• Using a 19 beam L-band receiver, one can map 2.3π 

sterradians FAST sky at 20 sec per beam in under 4000 hours.
• This will yield about 3 million detections with MHI < 1011 M

out to z ~ 0.15 in a range of environments including Virgo, 
Coma, Hydra, Ursa Major clusters and Shapley supercluster
plus neighboring voids.  More detections are possible if 
bandwidth is larger.

• About 2000 detections will have MHI < 107 M with D < 15 
Mpc.

• The number of detections is an order of magnitude larger than 
expected for any planned surveys with Arecibo or ASKAP.



Planned lim
it of m

ultibeam
band



Challenges/Requirements
• Most of the increase in the number of galaxies over ALFALFA 

is due to the increased sky coverage.  Extending to za > 40°
would help.

• If multibeam band can be shifted or extended below 1230 
MHz, FAST will detect more galaxies.

• A stable gain, Tsys, and beamshape are critical.  May want to do 
survey as a drift scan, but will result in uneven sensitivity. 
Otherwise, large scan rates may be needed.  

• RFI mitigation needed.  A backend with a high dynamic range 
(> 30 dB) and fast dump time (< 1 s) is needed.

• If Galactic HI survey done simultaneously, need dv ≤ 1 km/s
and very good knowledge of inner and outer beam shape as a 
function for final configuration.



How is gas accreted from the IGM 
onto galaxies?

• Is the low NHI gas seen around M 31 and M 33 fuel for star 
formation being accreted from the “cosmic web” or is it 
indicative of past tidal interactions?

• We need to map this HI around many galaxies in different 
environments to determine origin.

WSRT:
Braun & 

Thilker
2004

GBT:
Thilker et 
al. 2004



Single-Dish vs. Interferometer
• To do this, we need excellent column density sensitivity, NHI ≤ 

1017 cm-2, and high angular resolution.  
• This is impossible to do with an interferometer.
• FAST is potentially ideal for this.

WSRT:  
Boomsma et al. 2008 GBT:  

Pisano 2010, in prep

FAST Beam



Proposed Survey
• To map a 4 square degree area, with an integration time of 5 

minute per beam, we can map a galaxy in 10 hours with a 3σ 
sensitivity of 1.5 x 1017 cm-2 per 2.1 km/s channel.

• The beamsize of FAST has the same linear extent as the GBT 
at 3x the distance.   Tsys is better than Arecibo. 

• The all-sky survey will reach a 3σ sensitivity of NHI ~ 6 x 1017

cm-2, so this information comes for free for M81/2, M101, 
M51, NGC 253, NGC 891, M83, etc. 

• Otherwise, deep observations of a sample of nearby galaxies 
observed with interferometers (THINGS, MHONGOOSE) in 
different environments make a good sample. 



Challenges/Requirements
• The inner beam shape must be well-known and stable.  FAST’s

beams should lack ALFA’s -9 dB coma lobes.
• A low and stable Tsys is needed for making sensitive, high 

dynamic range maps.  
• Stable baselines are needed 

to detect faint HI lines.    
• Need to scan multibeam

faster than sidereal rate to 
map a large area with few
artifacts.   



How does HI content evolve from 
z = 0 – 1? 

• Studies of Damped Lyman α absorbers 
show ΩHI is roughly flat with z, but SFR 
increases by factor of 10x to z = 1.  
How do we reconcile these trends?

• Most distant HI-rich galaxies detected 
at z ~ 0.2 (Zwaan et al. 2001, Verheijen
et al. 2007, Catinella et al. 2008).

• Stacking has detected HI statistically at 
z ~ 0.37 (Lah et al. 2007, 2009).

• 21 cm intensity mapping of a large-
scale filament with the GBT produced a 
detection at z ~ 0.8 (Chang et al. 2010).

• Gravitational lensing may also help in 
detection of individual galaxies.

Perez-Gonzalez et al. 2005

Lah et al. 2009



Pointed observations with FAST could 
detect individual galaxies out to z ~ 1.5 

and M* galaxies beyond z ~ 0.5.



An HI Deep Field
• A survey of a 1 square degree region with a single pixel 

receiver at 40 hours per beam will take about 5000 hours.
• The survey could detect 10000 galaxies at z ≤ 0.66 in a wide 

range of environments.  This is twice the number of galaxies 
that the planned SKA pathfinder deep fields expect to have.



Challenges/Requirements
• Beyond z ~ 0.3, the FAST beam matches galaxy groups and 

clusters.  HI confusion will make a blind survey for individual 
galaxies impossible.  Pointed observations or 21 cm intensity 
mapping are best options.

• A larger instantaneous bandwidth yields a larger survey 
volume.  A multibeam is needed to increase survey area.

• Tsys ~ 25 K should be possible around 1 GHz.  
• Stable baselines are necessary.
• RFI is particularly bad in this band.  Need very high dynamic 

range, 50-60 dB, and fast dump times from backend and/or 
active RFI mitigation.



Technical considerations for HI science

• For all-sky surveys, it is desirable to extend lower end of multibeam band.
• A multibeam at lower frequencies would be helpful for deep fields, but HI 

confusion limits FAST for z ~ 1 HI surveys.
• Need active RFI mitigation or at least fast dump times and high dynamic 

range for backend for deep integrations.
• Need to know shape of inner sidelobes for mapping cosmic web.  Need to 

know outer sidelobes for Galactic HI.
• Fast scanning of beam is needed for mapping galaxies or large-scale 

structure.  May want to rotate feeds to optimize coverage of field.
• Data rates of 4+ GB per hour possible for all-sky survey.  Do not 

underestimate investment in time and money for data reduction/analysis 
software.  

FAST will be the leading telescope for most HI science 
until the SKA and beyond.
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