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1) array configuration

Depends on the sciencetarget what sort of array you want to build.

- fill ed array gives the best brightness sensitivity

- skeleton array gives more resolution.
Best may be a @mpromise of a high antenna density compad array with a sparse more extended array. For
alarge number of antennas, arandom Gaussan distribution of antennas provides excdl ent uv-coverage
with low sidelobes. The maximum central density is st by the antenna size and the width of the Gaussian
can be dhosen to optimizethe science for which the aray isintended.

2) resolution

Theresolutionis 1 arcmin per GHz per km. e.g. 20" at 1.4 GHz with 2 km array.
- A 1HT fill ed array with diameter ~100m has 10' resolution at 1 GHz;
not too exciting for any kind of discrete sourceimaging.

- 2 kmarray with 500x 5m antennas has gadng 12.5m = 2.5 dish diameters;
gives well sampled uw-coverage which avoids shadowing.

3) sensitivity
Assuming Tg,=40 K, BW=100 MHZz, Ngs=500, D =5.65, f=1.4 GHz, 6=20"

Continuum mapping: assuming that interferencewill be aproblem, some sort of spedrometer will be
required for continuum mapping.
- Rms Flux density: 0.25 mJy/beam; Rms Brightness: 0.4 K, in 1 minute

Galadic: 1 MHz bandwidth; 1 kHz resolution (0.2 km/s at HI) in 1000channels
or 0.03 km/s for mapping cold moleaular cores around 10GHz.
- Rms Brightness 5K in 10 hours at 20" resolution.

Extragaladic HI: 100 MHz bandwidth; 100kHz resolution (20 km/s) in 1000channels
- Rms Brightness 0.5 K in 10 hours at 20" resolution.

4) confusion

For continuum mapping, the IHT will be cnfusion limited. Number of sourcesin 1' beam > rms noise
(Tgs=40, T=1min, BW=800MHz)

Alternative estimates:
- Kellerman gives N(S) = 60S™° S
=> '60/0.00025°/3400/3400 = 1.3
- Subramanya & Mills at 843GHz => '0.1/0.00025/57/57 =01
- Greenbank with 1.3 pover  =>'6.5/0.00025"%/3400/3400' = 0.03
- Greenbank with 1.5 pover  =>'6.5/0.00025"°/3400/3400' = 0.14
the 1HT is confusion limited in 1 - 100 minutes with 1 arcmin resolution at 5 GHz.

For continuum mapping, additional high resolution observations with an equally sensitive telescope will be
required to subtrad the confusing sources. This requirement wil | limit the usefulness of the 1IHT for
continuum mapping, and suggests that the primary use will be for spedral li ne imaging.



5) Data Flow
Assuming 500 antennas and 100MHz bandwidth, the input bandwidthis 5 10° Hz. For interference
suppresson we may need to sample 8 hits/Hz (4 x Nyquist).

With a2 km array, the maximum delay is 2 km/3 10 km/s = 7 microsecs this requires 7 10° x 100MHz x
8 hits/Hz = 6000 bits per delay line.

Correlator: conventional processng requires a 125000 laseline correlator with 1000channel s per baseline.
- Nyquist samplerate for 2 km array is 12*3600(pi*2000*2.5 = 17 secs.
- correlator output = 125000 x 32 htsx 1000channels/ 17 secs = 2.4 10"8 hits/s = 2 1013 hits/day.

Images: Full field =2 km/5mx 2.5 pixels/'sample = 1000x 1000 pixels.
- suppose that we make 3 images per day with 1000spedral channels = 3 x 1000x 1000x 1000x 32
bits'word = 10" bits/day.

Dired Imaging: an alternative to a arrelator is dired bean formation.

- Thesampled IF for eat antennais summed with a phase shift appropriate for eat of 1000 x 1000
pixelsand 1000channels using FFT processng. Thisrequires 3 x 1000x 1og2(1000) x 0.1 MHz =3
Gigaopg/sfor the FFT part and some more for the summing and squaring of ead pixel.

- aposshle achitedureis a separate processor for ead antennall F data stream, summing the processed
output (freq channels, and phase shifted) into a @mmon image matrix.

- an advantage is avoiding storing the correlation data.

6) array cdibration.

i) phase aray = find delayO which maximizes central pixel on strong point source
- this suggests a minimum correlator with at least 500 kaselines, or alternatively, a software
correlation, which might phase up the antennas whase phases have been determined in order to
determine the unknown antenna gains. So perhaps we dorit need to build a hardware arrelator.
ii) set delayO + geometric delay into delay register
iii) samplelags 0 - 1024at 1 to 100 MHz bandwidth; FFT to 1000 frequency channels.
iv) either crosscorrelate, or weighted sum of antennas for ead channel.
V) use planets and quasars to cdibrate without additi onal gizmos on antennas.

7) Image processng.

The high datarate lends suppart to the ideaof dired imaging, and not storing correlation data. One can till
make an image of the instrumental response (the synthesised beam) and doimage deconvolution. The
images can be written out at some reasonable data rate for evolving sources such as comets. Not storing
correlation data predudes the mnventional selfcdibration. The tropospheric path fluctuation at cm
wavelengthsis around 1mm on a2 km baseline in 5 min. Thisis only 1/30 wavelength at 10 GHz and is
probably not the limiting the image quality. At meter wavelength ionospheric fluctuations may limit the
image quality.

Conclusions.

1. Build a2 km array with a high antenna density core to provide high brightness ensitivity to large scde
structure.

2. Continuum imagingis confusion limited; most imaging will be spedroscopy. A 1000channel, 100MHz
maximum bandwidth is goodfor spedroscopic imaging. These ae wide field images; both bandwidth and
3D synthesis are required for the full field of view. Multiple frequency channels are dso required for
interferencefiltering and continuum imaging.



3. Dired imaging is an attradive posshility; we avoid building a correlator, and donot have to store
correlation data. Thisroute dlows usto re-use software with avail able hardware.



