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Imaging SD vs Interferometer Data
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Rathborne et al. (2014)

“Single Dish data” <= extrapolated from to 3mm from 500-micron Herschel data
(33” beam) using a “greybody” spectrum. Dust continuum and molecular line
emission in a particular region of the CMZ




The fundamental idea
behind Interferometry :

There exists a Fourier
Transform relation between
the sky brightness distribution,
| and the response of a radio
interferometer.

If the distance between two antennas (the baseliﬁe) is
d, then the so-called visibility function, V' (d), is given by:

V(d) = fmmA(g)f(g) exp [—2ri d - o /A] dO2 . (1)

Here, A(o) is an antenna reception pattern, or primary beam, and o is the
vector difference between a given celestial position and the central position of
the field of view. The aperture synthesis technique is a method of solving
Equation [lf for I(o) by measuring V' at suitable values of d.
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Simplifying for a small,
E-W array, with
d=(u,v,w) and w axis
pointing toward the
celestial Pole, u —> N,
V-E :

dldm
V1I—12-—m?2

(2)

Viu,v) = //A(l,m)[(l,m) exp[—2mi(ul + vm)]

Therefore, the visibility function V(u,v) can be expressed as the Fourier trans-
form of a modified brightness distribution A(l, m)I(l,m). Coordinates u and v
(w = 0) are measured in units of wavelength and the u — v plane is called the
spatial frequency domain. These are effectively projections of a terrestrial

baseline onto a plane perpendicular to the source direction. The [ — m plane
is referred to as the image domain.
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Hence, 1t V (u,v) 1s a true (1deal) visibility function, the measured (observed)
visibilities (VI.) can be expressed as:

int
i;lt (’DZ, U) — V(u: U)bint(uﬂ U) : (3)

bint is usually representable by a set of d-functions, between the lowest and
the highest spatial frequency sampled by the interferometer (corresponding to
the shortest and the longest baselines, respectively). The Fourier transform of
Equation 3| gives the observed sky brightness distribution Ii]ﬁt (so called ‘dirty’
image):

L (1,m) = I(1,m) * Biyg(I',m") , (4)

int
where Bj, 1s the synthesized or ‘dirty’ beam, which is the point source

response of the interferometer. As usually, asterisks () are used to denote con-
volution. When imaging, incomplete u — v coverage leads to severe artifacts
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Dirty Image Dirty Beam “Cleaned” Image

Deconvolution

For imaging larger objects, with
angular sizes > A /d___, mosaic

technique can help filling the
u-v coverage, but the central
(d__— D/2) region can not be

filled. This is often referred to
as the “short-spacing
problem”.
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Science behind ‘Negative Bowls’

« UV plane . PSF
e Braun &
a '| b ‘ Walterbos
| ’ (1985)
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Measuring Visibilities

This is just an extrapolation! The real large
;/\ scale structure could be different from this
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Single Dish as an Interferometer

A Single Dish can be
thought of to be a
collection of many small
panels, acting as
interferometer elements
with their signals being
combined at the focus. Dgg

The observed sky brightness distribution Is[()i in the case of single-dish ob-
servations is then given by:

I2(1,m) = I(l,m) * Ba(l',m'), (5)

with Byq being the single-dish beam pattern. The Fourier transform of Equa-
tion E gives the observed single-dish ‘visibilities’, V/:

;d(ua U) — V(ua U) x bSd(ua U) (6)

where byq is the Fourier transform of the single-dish beam pattern which, unlike
bint, is a continuous function between zero and the highest spatial frequency
sampled by the single-dish. Determination of I from I;?i requires deconvolution,




* Before adding single
dish data in any
manner ,one needs a
relative calibration
factor S

cal — Ssd
by which the single

dish data should be
multiplied

The u-v plane

* |f the calibration is perfect

» If D_>b_. one can compare the fluxes in
the overlap region to determine I

— ~int

cal
I sd




Method 1:

Adding the SD &
Intf. Data in the
UV plane.

(a) FT each images
(b) Add —with Scaling
Factor

(c) Inverse FT to the
image plane




Method 2:

Adding the SD &
Interferometer data in
the Image plane.

(a) Add the images with
Scaing Factor

(b) Add the beams

(c) Deconvolve
combined dirty beam
From the combined
dirty image
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Method 3:

Non Linear
deconvolution
Technique
using
Maximum
Entropy
Method

N/

MEM
DECONYOLVER

Bed




Measuring Visibilities

To maximize flux recovery and

image quality you want a single
dish size of D>1.5% Bmin

Single-Dish Map

Visibility
measurements
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Measuring Visibilities

Feathered Image To maximize flux recovery and
image quality you want a single

/ dish size of D>1.5X Bmin
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Mathod 1 : Feathering in CASA

Combination of SD+IF data is ‘feathering’
+ Fill in short UV-spacing information

To maximize flux recovery and image quality
you want a single dish size of D>1.5X Bin

« Forthe GBT: VLA arrays D & C; ALMA
arrays C43-1 —C43-7
» For Arecibo: VLA array D, C, & B
CASA task: ‘Feather’
Valid Flux Measurements

« Need single-dish data to get valid flux
measurements
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Valid Flux Measurements

Missing flux from large k7
2 -
L
scale structures can effect » 5
THE ASTROPIYSICAL JOURNAL, 805:72 (25pp), 2015 May 20 : b
90.0
Table 3
Continuum Regions
Measured Flux (mly)” Spectral Index
Area  Cont. 24.1 25.4 7.5 36.4 90.0" 90.0° (24-90 GHz) log Ny ye
(sq”l  Level {GHz) {GHz) (GHz) (GHz) (GHz) (GHz) Uncorrected” Corrected” {phot s7")
Cl 357 10 46+£0.1 46 £0.2 42402 26+ 0.1 LN IN | 6.6 £ 0.3 =0.29 £ (.01 0.27 £ .03 46.5
2 2791 BT 188+ 01 18.7 + 0.1 156 +10.1 82402 0.5+ 101 T3+ 03 =043 + (L01 (.28 + 003 472
3 27.6 10 23+00 24+ 0.1 2.0+ 0.1 26 +02 59+101 11.3 + 0.6 (.68 + 0.01 117 + (L5 459
C4 14.8 [¥es 1.0+ 0.1 0.9+ 0.1 09 +01 035+ 0.1 1.9 +0.1 424+03 0.532 £ 0.09 1.1 + 0.1 459
C5 16.1 10 6.3+01 36+£02 4.0+0.1 NA Lo+=02 19 +04 =1.31 £ 0.03 =086 £+ (.03
6 Bl.6 fr 4.5+ 0.1 4.2 + 0.1 35401 A1 + (L1 1.8 +100.1 266 +03 074 +0.07 1.34 + 009 46.5
o7 161.9 Gr 107+ 1001 B4 +10.2 10,1 +10.2 59+02 2.3+ W4+04 .1 +0.15 08+ 008 46.9
CB 164.2 oo B4 0.1 57 +£001 6.3 £ 0.1 28 £ 0.1 6.4 = 0.1 3234035 0.1 =017 1.1 £ 014 46.8
o 321.8 G 434 +£0.1 Mgl L+02 31702 JnE 0.2 244 +03 B9+ 03 =03 £0.25 0.6 £ 0.3 475
10 1.7 107 1.6+01 1.6 +02 NA MNA 0601 1.0+01 073 +0.03 —0.35 + 0.01

* “NA™ indicates this region was outside or near the edge of the field of view,

b Values from 3 mm ALMA-only image of Rathborne et al. (2014b).

“ Values from single-dish-corrected ALMA image of Rathborne et al. (2014b).

Mills et al. (2015)




Example of Feathering

EVLA NH3 (multi-scale CLEANed) ..
To maximize flux recovery and

image quality you want a single
dish size of D>1.5%X Bmin

Feathered

DiRienzo et al. (2015)

Slide Credit: Brian mason
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Summary

* Interferometers can produce higher resolution images than Single Dish
telescopes, but are not sensitive to emission on size scales greater than the
largest angular scale defined by its shortest baseline.

* The characteristic signs of missing extended flux-density in an image are
negative bowls surrounding the main emission region.

* Single dish and interferometer data can be combined to get high resolution
images that are also sensitive to diffuse emission.

e Several techniques to combine data are possible :

— Image domain

— Fourier domain (“Feathering”)

— During deconvolution

— GBT can be used with JVLA-C and —D| configurations & with ALMA
* Feathering is the default image combination method in CASA




“Give Me Back My Short Spacings!”
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