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Abstract

In order to resolve a galaxy detected in an HI survey from its neighbours,
and in order to allow accurate optical/IR identification, good resolution is
required. However, in order to detect a galaxy in the first place, there needs
to be a reasonable matdetween the array resolution and the angular
diameter of the galaxy. Too much resolution will make the galaxy
undetectable. By considering simulated galaxy surveys, and neglaotng
evolution of clustering strength(r) or HI mass functior' (M), | examire

the range of suitable baseline lengths for shallowsfal) and deeppencit
beam) ASKAP HI surveys. For the strawman ASKAP design aatlosv
survey (Johnston et al. 2007), the optimange 6r the outer baselines is
500B1700 m, corresponding to a zx@solution 0f0.501.7 arcmin (Onatural®
weighting). For thestrawman deep survey, the optinmahge for the outer
baselines is 20@B000 m, correspnding to a z=0 resolution o£B0 arcsec
(Onatural® weightinglich considerations confirm a 1@ 2.0 kmarray as a
suitable compromise for the outer baseline lengths for a Gaussian ASKAP
array.

1. Introduction

The Australian SKA Pathfinder (ASKAP), to be located at the Murchison Radio
astronomy Observatory (MRO) in Western Australia, will be oneaofew
generation of radio telescopes designed to pave the way for the SKA. ASKAP will
trial new technology, aaw world-class site, and will allow extensive new radio
surveys. At its operational frequency of arodn@Hz ASKAP will also be one of

the worldOsdst survey telescopesitil the SKA is built (Johnston et al. 2007).
One of its main scientific outputs will be extensive surveys of galaxies in the
21cm line of neutral hydrogem a previous mem (StaveleySmith 2006), lused
estimationsof the HI sizesof distant galaxies and angular correlation functions
from optical/IR surveydo suggest an optimum resolution of around 30 arcsec at
z=0.2 for ASKAP HI surveysin this memo, Ifurther explore the question of
optimum resolution by usingllPASS correlatio functions (Meyer et al. 2007) to
estimate angular and spectroscopic confusion levels as a function of redshift, and
examine the effect of various array configurations on the detectability of galaxies
in simulated deep and alky surveys.



2. Simulated Surveys

For both the alkky (2¢) and deep (30 dégsurveys, | assume integration times of

1 yr, and assume that the ASKAP system parameters (as@a,aperture
efficiency and fieldof-view) are as given in the strawman specifications of
Johnston eal. (2007). Galaxies with HI masses betweefi dtd 16" M are
initially populated randomly in comoving spa&,£0.7,$ »=0.3 H=75 km &

Mpc?) with a mass spectrum approximated by a Schechter functich006

Mpc?®, M'=6.3810° M, , ' =-1.37; Zwaanet al. 2005 The mass function is
assumed not to evolve. Corresponding redshifts and luminosity distances are then
computed for each galaxy, and a velocity width is assigned in such a way as to
approximately reproduce the HIPASS mésswidth relation.No corrections for
profile shape are applieGalaxies are only OdetectedO if their freqeenopthed
spectra are more than 5 times the rms noise.

3. Resolution

The effect of resolution on the visibility of galaxies at 21cm depends in detail on a
numberof factors including: the thregimensional structure of the galaxy in the
spatial and Doppler velocity domain; the spatial frequency coverage of the
interferometer arrgyand the nature of the galaxy detection algorithm. For this
study, | use the very miple approximation thatas the redshitiependent
synthesised beamwidtl{, decreasesthe S/N ratio of a galaxy detectids
correspondingly degraded Ify) (( >+1?), wherep is the apparent galaxy diameter

in similar units. This approximation is based be fact that the average flux per
beam area decreases in proportion to beam area once the galaxy is resolved, but
that useful galaxy finders are able to regain S/Nifgoherent addtion of
independent beam areas through techniques such as wavelet detompos

In order to compute galaxangular sizes, | assuma approximatelyconstantHl
restframe surface density of 1 |\/Ipc'2 (Meyer et al. 2004)with a modest
dispersion. Stavelegmith et al. (1998), Broeils & van Woerd¢h994), and
others, have also shown that constant surface density is a good approximation for
HI-rich galaxies.Dispersion and cosmological dimming both cause apparent
surface density to vary from the mean value. Variable Doppler width causes
further disgrsion in the ratio of flux density and beam area

For a lowresolution 2 Oatsky® survey, aroun®BY simulated galaxies are
detectedat low redshift As the resolution is increased, the number of detections
decreases as shown in Figure 1. For maximhaselines below 1000 m, the
percentage of galaxies detected remains above 80% of theesohution value.
Above 2000 m, the resolution is too great to detect large numbers akldshift
galaxies.
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For the strawman OdeepO survey, the typical redshiftéggher and the typical
galaxy diameters are smaller. Therefore there is little change in the number of
objects (around&L0%) detected as a function of baseline length (Figure 1).

Resolution loss for strawman ASKAP surveys

HIPASS mass function; oy =1 My pc’a: 5-0 delection; incoherent spatial averaging
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Figure 1. The simulated number of galaxies detected in (a) askglshallow survey, and (b) a
deep 30 degsurvey, as a fraction of the number detected at low angular resolution, as a function of
maximum ASKAP baseline lengtithe survey parameters are described in the text. The strawman
30-dish ASKAP option is assumed {feston et al. 2007), but the size of the array is allowed to
vary from a maximum baseline 00@ m to 10 km. For the natur@aussian antenna distributions
described in Stavele$mith (2006)and modelled in Gupta, Johnston & Feain (20083 relation
between resolutiof and maximum baseline B is approximatgly1.4*/B.

4. Confusion

Around a given galaxy, the density of neighbouraas random, but is normally
given by the product of the HI mass functidiv) (or the optical luminasy function
+(L)), and the galaxgalaxy correlation function (r), (assuming no mass
dependence in the latter). The Schechter form of the mass function is given by:

i} R VI # M, &H#M, &
(M. )dM,, =" Sl exppp ot (certa .
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Spectroscopic confusion
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Figure 2: The average frequency of confusing galaxies, within the synthesised beam of a
300 m ASKAP configuration, as a function of redshift. The synthesised beam is assumed
to be 1.4/B in diameter, wheré& is the redshifted wavelength of the 21cm line and B is
the maximum baseline. Spectroscopic confusion frequencies within a cylinder of total
length, z=0.002 (corresponding to twice the Doppler width of a typical M* galaxy; solid
line) and, z=0.05 (a typical accuracy for photometric redshifts, Hildebrandt &08aB;
dot-dashed line) are plotted. The angular confusion frequency (where the correlation
function is integrated in a cone out to redshift 4z) is also plotted (dashed line). The mean
galaxy density is assumed twe 0.017 Mp¢, corresponding to 0.1M and above,
galaxies. For M galaxies, the confusion frequency is reduced by a factor of 15.
Correlation function parameters from Meyer et al. (2007) are used.

The number of galaxies with HI masses larger thanid/given by:

MHI )
M'k )

and tle total HI mass densigbove My is given by:

no(M>M,)=¢ r(1+ a,

jMH|¢(MHl)dMH| =M'g r(2+ a, I\Iil/l'il )

M

For HIPASS mass function parameters already described (Zwaan et al 2005), the
density of galaxies greater than & 0.0011 Mp¢, and the density of galaxies
greater than 0.1Ms 0.017 Mp¢&®. The HI mass density in galaxies more massive
than M, as a fraction of the total HI mass density, is 21%; for galaxies more
massive than 0.1Mhe fraction is75%. Since galaxies with mass greater than
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Spectroscopic confusion
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Figure 3: The average frequency of daring galaxies, within the synthesised beam of a
1000 m ASKAP configuration, as a function of redshift. Other details as for Figure 2.

0.1M" appear to trace the bulk of the HI (and optical light) in the Universe, | will
use the density of these objeatsthe measure of average confusion level.

The galaxygalaxy correlation function, which gives the density of galaxies as a
function of(comoving)distancer from a given galaxy, is normally approximated
in the nonlinear regime by:

F*

# o4 86
"(r):no%"'%?_( g

where § is the correlation lengtfThe average number of Oconfusingd galaxies in a
cylinder of comoving lineof-sight depth - (Mpc) and transverse comoving
radius. (Mpc) is therefore given by:

n(" %) = &&R$#%r)d#d" .

For r’=- %+, 2, the solution is

' ' *& ! "2**
n(n’#):$"#2 lo/oizr_oi 2|:1 l,i& /d;é;o/e_z'”
gl 1272 2

p.5/8



Spectroscopic confusion
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Figure 4: The average frequency of confusing galaxies, within the synthesised beam of a
2000 m ASKAP configuration, as a function of redshift. Other details as for Figure 2.

where ,F; is a hypergeometric function.use the HIPASS correlation function
parameterd= B1.5 r;=4.7 Mpc (Meyer et al. 2007, 75 km &' Mpc?) and
assume nevolutionbi.e. no change of these parameters as a function of redshift
when expresseith comoving pace The integral was evaluatenumerically using

a 2D trapezoidal Riemann sum down to minimum comoving radius of 0.1 Mpc,
representing the limit of knowledge of the HI correlation function (Meyer et al.
2007).

The cylinder diameter.2is set by the synthesised beam of the arraydshit z.

In principle,. may be reduced if the positional accuracy for the centroid of the
detected galaxy is substantially better than the beam size. For a typical survey
detection threshold d&-0, the rmspositional accuracy will be ~20% of the beam
size, so an error circle of the order of around half the beam size may be slightly
more appropriateThe relationship between the synthesised beam for Gaussian
ASKAP configurations is approximated by 1/B, where*=0.211(1+z)m and B

is the outer baseline length (m).

The cylinder depth is set by the accuracy of the available redshifts for the
confusing population. For example, a candidate optical counterpart at
z=0.11@0.001 will be rejected as the counterpat an HI detection at
z=0.1M0+0.0001 A lower limit to the cylinder depth ofz10.002 is set by the
intrinsic Doppler width opairs ofgalaxies. This is probably an appropriate value
to use for OspectroscopicO confusion. In cases where dense optiosicspy is
unavailable, it is possible that photometric redshifts, with0.05 (Hildebrandt et
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al. 2008), can be relied on. For each of these cases, the confusion frequency (i.e.
the average number of galaxies that could be potential counterpartsHb an
detected object) is shown in Figuredg 2or putative300-m, 1000m and 200em
ASKAP configurations. Also shown are the angular confusion rates.

At a redshift of z=0.05, which is close to the median redshift fotyashallow
ASKAP HI survey, the andar confusion rate is below 30% for the 1000 and 2000
m configurations, and the spectroscopic confusion rate is below 3%z#ar.05
and below. In other words, even a 18@0configuration results in acceptably
small levels of confusion if photometric redsh are available. At low redshifts,
the principle benefibf photozOsarises from the ability to discriminate against
background objects. The 3®0 configuration has an angular confusion rate in
excess of unity at z=0.05, and is lower than 10% only wh#rspectroscopic
redshifts are available for ghlotentially confusinggalaxies(there are around 16
million galaxies per hemisphere with HI masses in excess of CalMedshifts
below 0.2 and therefore a similar number of potentially confusing optica
counterparts

At a redshiftof 0.2, close to the median redshifts of the deepest ASKAP surveys,
confusion is more seriou¥he 300m configuration (Figure 2) is spectroscopically
confused (the corollary being that it is also ®elhfused with at leasbne
companion galaxy expected per beam area per 600 knessframe velocity
interval). The 1006m configuration (Figure 3) requires full photometric redshift
coverage ,(z=0.05) to push the confusion probability below ~50%. Even the
corresponding 200éh (Figure 4) confusion frequency is still 10%, and the
angular confusion rate is above unity.

5. Summary

The maximum acceptable baseline length is set by the desire ddr sywface
brightness sensitivity. Once this sensitivity begins to approach the mean surface
brightness of galaxies in HI, galaxy numbers begin to decrease markedly in
simulated surveys. They appear to do so more at the higher redshifts due to the
combinedeffects of cosmological dimming and higher intrinsic Doppler widths
appropriate to highemass galaxies. For the-yt all-sky and deep surveys
described, the upper limits are approximately 1.7 and 8 km, respectively. At these
baseline lengths, around aagter of the sample is resolved out compared with
lower-resolution arraysThe only way to recover OlostO galaxies is to increase
integration time.

The minimum acceptable baseline length is set by the desire to: (a) resolve
companion galaxies from eachhet; and (b)correctly identify counterparts at
other wavelengths, particularly in the optical/IR regiffieese considerations are
more complex and depend on the nature of other available data. Dense
photometric and, especially, spectroscopic data canebpg kelpful in aiding
identification in surveys done with poor angular resolution. Without redshift data,
baselines of around 1 km are requitededuce the confusion to barely acceptable
levels (20%) at the low redshifts (z~0.05) typical for theskyl survey. With
photoz data,maximumbaselines below 1 km, but above 300 m, are required
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probably around 500 m. For deep surveys, paéle are not only more accurate as

a fraction of observed redshift, they are also more likely to be available over the
smaller fields requed. In this case, the maximubaseline needs to be around 2
km, or greater

The optimal range for the maximum ASKAP baseimé¢herefore 50 1700 m
for a nominal dyr shallow survey, and 208000 m for a nominal-§r 30 deg
deep survey. It is suggested that a compromisgaussianconfiguration of
maximum baseline 17602000 mis more suitable than a hybrid configuration.
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