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and some thoughts on the array configuration
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Outline

® MeerKAT Configuration
® Low HI column density
® High resolution

® Further MeerKAT talks this week
about

® high-redshift observations,
® HIMF,

® morphology,

® Qgroups,

® clusters and parallel surveys



MeerKAT
| ® 80 dishes

| @ 12m diameter
® Single pixel receivers
® Tsys =.30 K

® Located In the Karoo
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Array Configuration

® Design choices

® Single resolution array: optimal sensitivity,
but science choices must be made

® Multiple resolution array: wide range of
resolution and science, but sub-optimal
sensitivity

® |deal: find array close to sensitivity of single
resolution array over a large range in
resolution




Configuration

® MeerKAT: multi-resolution configuration

® Hl Science goals:

® [ow resolution (~100"): low column densities,
ouftskirts, cosmic web, ...

® medium resolution (~30"): high-z studies, ...

® high resolutfion (~8"): detailed galaxy
studies, ...



Configuration

® Find a configuration that has
sensitivity over ~8" to ~100" closest
to that of single resolution
configurations

with Brad Frank, MSc UCT



Configuration

® MeerKAT configuration thoughts:
® Hybrid array:

® ~/0% of antennas in compact core with
<] km baselines

® ~30% at longer baselines out to ~8 km



Configuration

® Aim for ~constant point source
sensifivity over resolution range

® No “natural” resolution, use
welighting/tapering to control beam
Size



Configuration

® ceniral Gaussian core:

® dispersion 300 m, max baseline ~1 km
® Gaussian outer component:

® dispersion 2.5 km, max baseline ~8 km

® “Pinching” to emphasise number of
short baselines: (d/dmax) 2
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optimized for an 8 hr observation

shortest baseline 30m
longest baseline 8 km







Baselines

® Example: cumulative baseline
length distribution for 8 h
observation tfowards ¢ = -70°

140000 | | | | | | | | 12

120000}

100000} -

()

=

£ g

% 80000F ©

_Q Y

o

e 5

= o

2 60000 £

E 2

c (@)}

40000 L2
20000

00 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

uv-distance [m] uv-distance [m]



Beams

® Use welghting/tapering to control
beam

® Example using M. de Villiers
IAntConfig

® Weights uv samples in modified
polar plane to force beam to be
Gaussian




Weights and beams

example: t=8h, 0=-30°
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Welights and beams
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N progress

® Optimization for different
declinations and observing times

® Evaluate sidelobe levels, dynamic
ranges, ...

® Evaluate weighting schemes



Sensitivities

® Natural weighting represents
optimum sensitivity

® Desired resolution and beam shape
determined by weighting

® Tapering, weighting, “ideal”

weight

ng

® Use AnfConfigServer/iIAntConfig



Point source sensifivity

noise (mdy)

0.2

"t | ! | ! "t —
Sensitivities other telescopes
= 1420 MHz according to their exposure calculatorsA

optimum natural sensitivity

|
© 8 10 20 40 o0 80 100
beam (arcsec)



Point source sensifivity

noise (mdy)

0.2

"t | ! | ! "t —
Sensitivities other telescopes
= 1420 MHz according to their exposure calculatorsA

optimum natural sensitivity

|
© 8 10 20 40 o0 80 100
beam (arcsec)



Point source sensifivity

noise (mdy)

0.2

"t | ! | ! "t —
Sensitivities other telescopes
= 1420 MHz according to their exposure calculatorsA

optimum natural sensitivity

|
© 8 10 20 40 o0 80 100
beam (arcsec)



Point source sensifivity

noise (mdy)

0.2

" " | ! | ! DL —
Sensitivities other telescopes
= 1420 MHz according to their exposure calculators-

optimum natural sensitivity

|
© 8 10 20 40 o0 80 100
beam (arcsec)



Point source sensifivity

noise (mdy)

0.2

"t | ! | ! "t —
Sensitivities other telescopes
= 1420 MHz according to their exposure calculatorsA

optimum natural sensitivity

|
© 8 10 20 40 o0 80 100
beam (arcsec)



Column density sensitivity

log(Ny) (cm=2) [10]
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MeerKAT HI Sclence

® /ow resolufion (~100"): low column
densities, outskirts, cosmic web, ...

® medium resolution (~30"): high-z studies, ...

® high resolufion (~8"): detailed galaxy
studies, ...



L. ow column density

® Map outer parts of

galaxies and cosmic web

Ovel = 8 km s
(FWHM =20 km s7')

Ny = 108 cm™
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(50 detection)

1 channel,
20km s

155 h
90" 2

155 h
23" 2

45

DECLINATION (J2000)
@ &
o o

(]
o

-]
[5)]

20
02 30 00 0130 00 00 30 00

RIGHT ASCENSION (J2000)

Fig. 1. Integrated HI emission from features which are kine-
matically associated with M31 and M33. The grey-scale varies
between log(Nyp) = 17-18, for Ny in units of cm 2. Contours
are drawn at log(Ny) = 17, 17.5, 18, ..., 20.5. M31 is located at
(RA, Dec) =(00:43, +41°) and M33 at (RA, Dec) = (01:34,
+30°), The two galaxies are connected by a diffuse filament

joining the systemic velocities. Braun 2004



HI Mass limits

® Assume
unresolved
galaxy with
width W, top
hat profile
and 50 peak
flux
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HI Mass limits
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HI Mass limits

® Assume
unresolved
galaxy with
width W, top-
hat profile
and 50 peak
flux
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Galaxy Portraits

® Recent surveys such as THINGS show
Importance of resolution In studying

® dark matter distribution
® baryonic physics

® star formation conditions
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Spiral Galaxies in THINGS — The HI Nearby Galaxy Survey

NGC 6946

NGC 628 (M 74)

NGC 5194 (M 51) NGC 3184

‘Face-on’
Spiral Galaxies
in THINGS
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Image credits:

VLA THINGS: Walter et al.
Spitzer SINGS: Kennicutt et al.
Galex NGS: Gil de Paz et al.




Galaxy Dynamlcs N THINGS — The al Nearby Galaxy Survey

15,000 light years
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MeerKAT THINGS

® THINGS: ~500 h
® VLA B, C and D on 34 galaxies
® per galaxy:

®/.5ninB

®2.5hinC

®1.5hinD
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MeerKAT THINGS
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MeerKAT THINGS

THINGS
@VLA
/.5N B
2.5h C
1.5h D

log(Ny,) (cm-?) [10]

21

20 |

18

VLA D

VLA C

optimum .
nat. sens.

8km baseline

.
.
.
— — — — — — — — — — — — — — —_— —_— —_——_——_——_——_——_——_——_——_——_——_——_— —_— — — =
’
.
.

v = 1420 MHz -

At = 8 hr —
Av = 5 kms=! |
€MeerKAT = 0.7 )

|
6 8 10 20

beam (arcsec)



MeerKAT THINGS
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MeerKAT THINGS
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MeerKAT THINGS
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MeerKAT THINGS

Detalled maps of nearby galaxies
can be obtained in same time and
~same sensitvity as VLA-B array
observation, but with the C & D short
baselines (and more) included




Summary

® MeerKAT will be a multi-resolution
array, concentrating on low-column
densities and high resolution

® Complementary 1o ASKAP

® Further MeerKAT talks this week
about

high-redshift observations,

HIMF,

morphology,

groups,

clusters and parallel surveys



