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Abstract

W e discuss the measuremen t equation for in terferometric observ ations of �elds larger than the

primary b eam of the an tennas, b oth for standard �p oin ted� mosaics and for mosaics observ ed in on-

the-�y (OTF) mo de. The main adv an tages of using the OTF mo de are a gain of observing time and

a higher homogeneit y of the dataset. OTF mosaicing is similar to classical stop-and-go mosaicing

but the e�ectiv e b eam when observing OTF is not exactly the primary b eam of the an tennas. W e

sho w that the e�ectiv e b eam is similar to the primary b eam when the scanning rate is b etter than

Nyquist. W e review di�eren t tec hniques to image and decon v olv e mosaic data, in particular the

Ek ers & Rots 1979 (ER79) sc heme, whic h consist in F ourier transforming the visibilit y function

with resp ect to the scanning co ordinate. W e discuss ho w to implemen t an OTF-optimized imaging

algorithm to deal with the mosaic data as a whole based on the ER79 sc heme. Finally w e discuss

observing time and mosaic size constrains for OTF observ ations.

�
This w ork is funded b y the EU FP6 gran t �ALMA enhancemen t�.
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1 In tro duction

ALMA has b een designed to b e a extremely p o w erful imaging instrumen t b y a detailed c hoice

of the arra y con�gurations (Ge & Jing Ping 1992, Holda w a y 1996, 1997; K ogan 1997; Bo one

2002). Ho w ev er, mapping an extended source will b e complex b y t w o e�ects:

� Lac k of the short spacings: as an y in terferometer, ALMA will �lter out the shortest spatial

frequencies, whic h con tain the information that describ es large-scale structure in the target

�eld; this calls for an indep enden t w a y to measure this information. The ALMA Compact

Arra y (A CA), an enhancemen t consisting of an arra y of t w elv e 7-m dishes and four 12-m

dishes to b e used in single-dish mo de, will pro vide the short-spacings information to b e

merged with the ALMA datasets.

� The limited �eld-of-view (F O V): the F O V of an in terferometer is limited b y the primary

b eams of the an tennas, whic h scales with the in v erse of the observing frequency: for

ALMA, the F O V is � 22" at 230 GHz. As a consequence, man y of ALMA's science

targets will b e extended o v er man y primary b eam diameters. F or instance, Fig. 1 sho ws

the ALMA F O V o v erlaid on maps of the galaxy M51 and the molecular out�o w of the

protostar L1157. A t the highest frequencies, structures larger than 5" arcsec will b e

resolv ed out b y the in terferometer.

T o o v ercome the limitations of an in terferometer's narro w F O V, the solution adopted with

existing instrumen ts is to observ e mosaics of adjacen t, o v erlapping �elds, whic h are further

com bined in the data reduction soft w are to pro duce an image of an extended area in the

sky . This observing mo de can b e descriv ed as �stop-and-go� or �p oin t-and-sho ot� mosaicing.

Ho w ev er, a more promising observing mo de is the so-called on-the-�y (OTF) mapping, in whic h

the an tenna b eams are con tin uously sw ept across the en tire region of in terest. The t w o main

adv an tages of this tec hnique are:

� Gain of observing time: since data are acquired con tin uously; there is no time lost in the

�stop and observ e, then slew to the next �eld� pro cedure that c haracterizes �stop-and-go�

mosaicing. This allo ws to observ e larger �elds (Holda w a y & F oster 1994, Holda w a y &

Rup en 1995).

� Data homogeneit y: while in a classical mosaic eac h �eld ma y ha v e di�eren t prop erties (in

terms of calibration or sensitivit y), OTF observ ations will co v er the en tire region faster

and th us under m uc h more similar w eather and instrumen tal conditions that stop-and-go

observ ations.

OTF has pro v en to b e a p o w erful observing mo de with single-dish mm-w a v e telescop es, suc h

as the IRAM 30-m, but has y et to b e implemen ted on an in terferometer. Nev ertheless, OTF is

promising, so that it is planned as a standard ALMA observing mo de Ho w ev er, OTF mosaicing

p oses sev eral ma jor c hallenges for the data pro cessing algorithms. Image and decon v olution

algorithms for stop-and-go mosaics is done to great extend �eld b y �eld, for instance, pro ducing

indep enden t dirty images that are com bined b efore p erform a join t decon v olution. One p ossi-

bilit y that has to b e explored for OTF mosaics is to use that classical sc heme with a v ery high

n um b er of �elds. In addition, more sophisticated algorithms can b e dev elopp ed to optimize

the data pro cessing, for instance, a metho d in whic h data p oin ts are F ourier transformed with
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Figure 1: F ull width at half maxim um of the primary b eam of the ALMA an tennas at 230 GHz o v erlaid

on maps of the galaxy M51 and the molecular out�o w of the protostar L1157.

resp ect to their angular co ordinates in the sky , in order to compute a global uv-plane con taining

the whole information of the mosaic.

In this do cumen t w e presen t the measuremen t equation for stop-and-go and OTF mosaics

and w e compute the e�ectiv e b eam for OTF observ ations (Sect. 2). In Sect. 3 w e review the

classical image syn thesis metho ds for single �elds and stop-and-go mosaics. W e also in tro duce

the Ek ers & Rots (1979, hereafter ER79) sc heme to deal with mosaic data, whic h is v ery w ell

adapted to OTF mosaics and can represen t an impro v emen t in data pro cessing algorithms.

Observing time and map size constrains for OTF mosaicing are discussed in Sect. 4. Di�eren t

p ossibilities to image OTF data are discussed in Sect. 5, including a classical sc heme (Sect. 5.1)

and ER79-based metho ds (Sect. 5.2). Finally , w e presen t a summary and the conclusions in

Sect. 6.

2 Wide �eld observ ations: mosaics

2.1 Mosaicing measuremen t equation

The in terferometer measures the visibilit y function, whic h is the F ourier T ransform of the sky

brigh tness distribution ap o dized b y the primary b eam of the an tennas.

V(u; v) =
Z Z

B(l; m) I (l; m) e� i 2� (ul + vm) dl dm (1)

In the follo wing w e will simplify the notation using v ectors u � ~u � (u; v); l � ~l � (l; m) . In
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addition w e will use a tilde to denote the F ourier pair of a giv en function (

~B(u) � FT [B(l)] ).

Using this notation one can write the visibilit y as:

V(u) � gB I �
Z

B(l) I (l) e� i 2� ul dl (2)

If the telescop es are not p oin ting to the origin of the reference system (usually the �cen ter�

or a cen tral p osition of the source) but to lp , the function describing the primary b eam should

b e shifted and the visibilit y should b e expressed as a function of b oth u and lp :

V(u; lp) =
Z

B(l � lp) I (l) e� i 2� ul dl (3)

F or a single dish u = 0 and:

V(0; lp) =
Z

B(l � lp ) I (l) dl (4)

That is, the visibilit y at the phase cen ter is the total �ux of the source and w e ha v e the

usual con v olution equation for single-dish mapping.

Observing �on-the-�y� Equation 3 assumes that the mosaics are done using a p oint-and-

sho ot or stop-and-go (hereafter, SA G) tec hnique, i.e., where the an tennas are p oin ted to a sky

p osition and they in tegrate for a giv en time b efore going to another sky p osition to tak e more

data. One could think of an observing mo de where data are collected as the an tennas mo v e

scanning the sky con tin uously . This observing mo de is usually kno wn as on-the-�y (OTF).

If the an tennas are mo ving while collecting data the parameter lp is not �xed but it v aries

with time. Th us the visibilit y equation should b e written as:

V(u; lp ) =
Z t0+

t d
2

t0 �
t d
2

dt=td
Z

dxB(l � lp (t)) I (l) e� i 2� ul
(5)

Where td is the dumping time. By con v enience w e ha v e de�ned the reference time t0 at the

middle of the OTF in tegration. Assuming that the spatial frequency u is constan t o v er the

in tegration time, OTF mosaicing is similar to stop-and-go mosaicing although with an e�ectiv e

b eam Bef f giv en b y:

Bef f (l) =
Z t0+

t d
2

t0 �
t d
2

dtB (l � lp(t))=td (6)

2.2 The e�ectiv e b eam for on-the-�y observ ations

OTF mosaicing is similar to stop-and-go mosaicing with an e�ectiv e b eam Bef f giv en b y Eq.

6. In this section, w e compute the e�ectiv e b eam assuming that jlp (t)j c hanges linearly with

time ( jlp (t)j = vscantd ). Figure 2 sho ws a comparison of B(l) (assumed to b e a Gaussian with

FWHM of 44�) and Bef f (l) . The scanning v elo cit y vscan is set to 10 arcsec/sec. With ab out four

in tegrations within the FWHM of the primary b eam (whic h in this example are ac hiev ed with

td = 1 s) the e�ectiv e b eam is almost equiv alen t to the primary b eam. The di�erence b et w een

B and Bef f starts to b e signi�can t when there are less than t w o in tegrations p er FWHM of the

primary b eam (i.e., when the sampling is w orse than the Nyquist rate, whic h in this example

corresp ond to dumping times larger than 2 s).
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Figure 2: Comparison of B (l) (blac k) giv en b y a Gaussian of FWHM of 44� and Bef f (l ) (red) as giv en

b e Eq. 6 for vscan = 10 arcsec/sec and td = 1 s (upp er left panel), td = 1 :5 s (upp er righ t panel),

td = 2 s (lo w er left panel), and td = 4 s (lo w er righ t panel).
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In order to b etter understand the shap e of the e�ectiv e b eam it is useful to obtain the

equation in the F ourier space. Assuming that t0 = 0 , one can c hange the in tegral limits b y

in tro ducing a b o xcar function ( �( x) = 1 if jxj < 1=2 and 0 elsewhere):

Bef f (l) =
Z 1

�1

dt
td

�( t=td) B (l � lp(t)) (7)

If lp(t) c hanges linearly with time ( lp(t) = vscantd ) is easy to sho wn that Eq. 7 is a con v olu-

tion:

Bef f (l) =
1

vscantd
B(l) � �(

l
vscantd

) (8)

And therefore in the F ourier Plane w e ha v e

~Bef f (u) = ~B(u) � sinc(uvscantd) (9)

Where

~B(u) is the FT of the primary b eam or the auto correlation of the an tenna illumination

pattern. T o a v oid sensitivit y losses, the �rst n ull of the sinc function should b e w ell outside the

region where B(u) � 0. The slew distance should b e m uc h less that the primary b eam size.

Figure 3 sho w the results of some sim ulations with a primary b eam of 44�, a scanning

v elo cit y of 10 arsec/sec and dumping times of 1, 1.5, 2 and 4 s. The total size and the spacing

in the F ourier space ha v e b een obtained assuming a spacing in the image plane of �l = vscantd .

The e�ectiv e b eam is v ery close to the primary b eam with three to four in tegrations within the

FWHM of the primary b eam ( td = 1 or 1:5 s).

2.3 On the need of short-spacings

If one is in terested in mosaics it is to do wide �eld imaging. In this case, one w ould lik e to map

the extended structure of the source corresp onding to the lo w spatial frequencies. Unfortunately ,

in a m ultiplicativ e in terferometer the lo w est frequencies are not measured and structures more

extended than � 1/3-1/2 of the primary b eam are �ltered out. This is an ob vious limitation

to image large �elds with an in terferometer doing mosaics. Indep enden tly of the metho d used

to do the mosaic (SA G or OTF), the observ er will b e in terested in adding the short-spacing

information.

A more compact arra y of smaller an tennas can b e used to measure the source visibilit y for

frequencies inside the inner hole of the ALMA uv co v erage. This is the goal of the A tacama

Compact Arra y (A CA). ALMA and A CA imaging capabilities ha v e b een already studied in

depth (Y un 2001, Morita 2001, P et y , Gueth & Guilloteau 2001a, 2001b, T sutsumi et al. 2004).

The visibilit y for the innermost frequencies can b e obtained using the four 12m an tennas of

A CA as single dishes b y mapping the source and computing pseudovisibilities . This is done

decon v olving the sky brigh tness distribution from the single dish b eam, m ultiplying b y the

in terferometer primary b eam and F ourier transforming to deriv e the visibilities corresp onding

to the lo w spatial frequencies. A detailed study of the pseudo visibilit y metho d and the single-

dish observing time required to obtain a go o d com bined dirt y b eam (and com bined images)

has b een presen ted in Ro dríguez-F ernández, P et y & Gueth (2008).
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Figure 3: The left panels sho w B (u) (green), sinc(uvscantd) (red) and their pro duct (blac k). The righ t

panels sho w the e�ectiv e b eam Bef f (l ) (blac k) and the primary b eam B (l) (red). Upp er panels giv e

results for td = 1 s, middle panels for td = 2 s, and lo w er panels for td = 4 s. The scanning v elo cit y is

the same for all the sim ulations ( vscan = 10 arcsec/sec).
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3 Imaging tec hniques for mosaics

3.1 Basic image syn thesis

The fundamen tals of image syn thesis and decon v olution ha v e b een treated extensiv ely in the

literature. The in terested reader is refereed to Guilloteau (2000), Briggs, Sc h w ab & Sramek

(1999) and Corn w ell, Braun & Briggs (1999). Belo w w e describ e brie�y the imaging and

decon v olution pro cesses for a single �eld observ ation.

The in terferometer measures the visibilit y function, whic h is the F ourier transform of the

source brigh tness distribution ap o dized b y the primary b eam (p o w er pattern) of the an tennas

(Eq. 1). Indeed the visibilities are only measured o v er an ensem ble of p oin ts (ui ; vi ); i =
1; n . Let S(u; v) b e the sampling (or sp e ctr al sensitivity) function . The v alue of this function

is zero for the (u; v) p oin ts where the visibilit y has not b een measured ( S(u; v) = 0 ()
8(u; v) 6= ( ui ; vi ); i = 1; n ). On the other hand, for the (ui ; vi ) p oin ts with measured visibilities,

S(u; v) con tains information on the relativ e w eigh ts of eac h visibilit y , usually deriv ed from noise

predicted from the system temp erature, an tenna e�ciency , in tegration time and bandwidth.

In order to syn thesize an image of the sky it is clear that one has to compute an in v erse

F ourier transform. Ho w ev er, taking in to accoun t the considerations describ ed ab o v e on the

partial co v erage of the uv plane, the visibilit y function should b e w eigh ted b y the function

S(u; v) . Doing this, one obtains the so called dirty image I w(l; m) :

I w(l; m) =
Z Z

S(u; v)V(u; v)e2i� (ul + vm)dudv: (10)

It is also p ossible to use an additional function to m ultiply the sampling function. This is

t ypically done to c hange the relativ e w eigh ts of high v ersus lo w spatial frequencies (long v ersus

short baselines).

In addition, one can de�ne the dirt y b eam Dw(x; y) as the p oin t spread function:

Dw(l; m) =
Z Z

S(u; v)e2i� (ul + vm)dudv (11)

The pro cess kno wn as imaging consist in computing the dirt y image and the dirt y b eam from

the measured visibilities and the sp ectral sensitivit y (or sampling) function, p ossibly m ultiplied

b y an additional w eigh ting function. The F ourier T ransform of a pro duct of t w o functions is

the con v olution of the F ourier T ransforms of the functions. Applying this prop ert y on Eq. 10

and using Eqs. 1 and 11, the dirt y image I w(l; m) can b e written as the con v olution pro duct

of the sky brigh tness distribution (ap o dized b y the in terferometer primary b eam) b y the dirt y

b eam:

I w(l; m) = [ B(l; m)I (l; m)] � [Dw(l; m)] (12)

Whic h is another form of the me asur ement e quation . Therefore, once the dirt y b eam and the

dirt y image ha v e b een calculated, to deriv e the astronomically meaningful result, i.e. ideally the

sky brigh tness, a decon v olution is required. Unfortunately , the problem is not straigh tforw ard

since the dirt y b eam Dw(l; m) has not a con v olutional in v erse and the data are noisy . There-

fore, w e cannot p erform an actual decon v olution. F ortunately , sev eral tec hniques exist to �nd

plausible solutions, that is functions whose con v olution with the dirt y b eam is in agreemen t

with the dirt y image (this is what is commonly kno wn as decon v olution in radio astronom y).

T o b etter select b et w een the p ossible plausible solutions additional constrains can b e imp osed
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(e.g. p ositivit y , or user sp eci�ed �nite supp ort). The astronomer m ust k eep in mind that due

to the man y zeros in the sampling function the solution is not unique and ma y try to imp ose

additional ph ysical constrains based on his/her kno wledge of the source.

3.1.1 Gridding and sampling

In practice, it is con v enien t to w ork with FFT s (F ast F ourier T ransforms), whic h implies that

the data should b e regularly sampled. These is usually done b y a con v olution with a gridding

k ernel G and m ultiplication b y a b e d-of-nails function X . Therefore, instead of w orking with

S and V � S, one w orks with the follo wing gridded functions (to simplify the notation hereafter

w e will write l and u for the v ectors (l; m) and (u; v) ):

V g(u) � [(V (u)S(u)) � G(u)]
1

� u
X (

u
� u

) (13)

and

Sg(u) � [S(u) � G(u)]
1

� u
X (

u
� u

) (14)

It is imp ortan t to b ear in mind that the gridding and sampling pro cesses are non trivial

op erations. First, the sampling spacing � u m ust b e c hosen prop erly to a v oid aliasing . Second,

it is necessary to prob e that one can do the imaging using the gridded functions V g
and Sg

and

correct for the gridding con v olution at the end. Let us apply the imaging pro cess as descriv ed

ab o v e but using the gridded functions. In this case, the dirt y image computed with the gridded

data is:

I g
w � FT [V g] = FT[(V S) � G] = gV S� ~G = I w � ~G; (15)

while the dirt y b eam is giv en b y:

D g
w � FT [Sg] = FT[S � G] = ~S � ~G = Dw � ~G (16)

Therefore, the dirt y image and the dirt y b eams can b e reco v ered from those computed with

the gridded data just dividing b y the F ourier transform of the gridding con v olution k ernel.

Using the gridded dirt y image and b eam, the measuremen t equation is:

I g
w

~G
=

D g
w

~G
� (B � I ) (17)

3.2 Mosaic imaging as linear com bination of individual images

The standard imaging metho d for SA G mosaics deal with the di�eren t mosaic �elds indep en-

den tly . The simplest idea is doing a linear com bination of CLEANed images, whic h could b e

summarized as follo ws:

� First all the �elds should ha v e the same phase cen ter. A shift is applied if this is not the

case

� The visibilities measured for eac h �eld are F ourier transformed to obtain dirt y images
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Figure 4: Sc hema sho wing the main steps to transform nf ields uv planes (one p er mosaic �eld) in to

one global uv plane using the ER79 sc heme. The global uv plane con tains all the information on the

mosaic and has a v ery go o d uv co v erage. See text for more details.

� The individual images are decon v olv ed of the dirt y b eams (whic h in principle are di�eren t

for all the �elds)

� A mosaic is done b y com bination of the decon v olv ed images

Ho w ev er, this metho d is just doing a collage of individual images and w e do not get an y

additional information. Alternativ ely one can in v ert the t w o last steps and the metho d w ould

b e as follo ws:

� First all the �elds should ha v e the same phase cen ter. A shift is applied if this is not the

case

� The visibilities measured for eac h �eld are F ourier con v erted to obtain dirt y images

� The images are com bined additiv ely

� A join t decon v olution of the mosaic is done

The t w o metho ds are not equiv alen t since the decon v olution algorithms (CLEAN, MEM)

are not linear. The join t decon v olution allo ws to reco v er large scale structure that is not presen t

in the individual images of the di�eren t mosaic �elds (see Corn w ell, Holda w a y & Uson 1993,

Holda w a y 1999 and Gueth 2000 for a more detailed description).
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3.3 An alternativ e metho d to image mosaic data: constructing a global uv -plane

using the Ek ers & Rots sc heme

Another p ossibilit y when dealing with mosaics is t w o construct a global uv -plane con taining all

the information of the individual �elds and to do the imaging pro cess at once. This approac h

is based on an idea b y Ek ers & Rots (1979), hereafter ER79 (see also Corn w ell 1987, 1888),

who suggested that in Eq. 3 one can p erform a F ourier transform of V(u; lp ) with resp ect to

the p osition v ariable lp . This op eration should b e done for a giv en u i that is k ept constan t.

Hereafter, w e will de�ne the visibility map Mu i (lp ) as:

Mu i (lp ) � V(u; lp )ju= u i : (18)

The pro cess is describ ed sc hematically in Fig. 4. Lets assume that w e ha v e observ e a mosaic

of nf ields �elds. W e will ha v e nf ields uv planes. W e select a frequency u i and w e plot the v alue

of the source visibilit y at this frequency as a funcion of the p osition across the source (visibilit y

map). Then one can compute the F ourier transform of the visibilit y map:

~Mu i (up ) �
Z

V(u i ; lp )e� i 2� u p l p dlp (19)

Using Eqs. 3 and 19 w e can write:

~Mu i (up ) =
Z � Z

B(l � lp ) I (l) e� i 2� u i l dl
�

e� i 2� u p l p dlp = (20)

=
Z � Z

B(l � lp ) e� i 2� u p l p dlp

�

I (l) e� i 2� u i ldl = (21)

=
Z

~B(up )e� i 2� u p l I (l) e� i 2� u i l dl = (22)

= ~B(up )
Z

I (l) e� i 2� (u i + up )l = (23)

= ~B(up ) ~I (u i + up ) (24)

Therefore, there is a simple relation linking the F ourier transform of the visibilit y map for

frequency u i and the F ourier transform of the source brigh tness distribution (without ap o dis-

ation b y the primary b eam) around the p oin t u i :

~Mu i (up ) = ~B(up ) ~I (u + up ) (25)

Hereafter, w e will de�ne the sup ervisibility function VS as the F ourier transform of the

visibilit y maps divided b y the F ourier transform of the primary b eam:

VSu i
(up ) � ~Mu i (up )=~B(up ); (26)

for jup j < D=� (where

~B(up ) 6= 0 ). Therefore,

~I (u i + up ) = VSu i
(up ) (27)

Therefore, the sup ervisibility function are samples of the FT of the source brigh tness dis-

tribution. Equation 27 implies that, from the measuremen ts done at the p oin t u i for ev ery

�eld, it is p ossible to construct a sup er- uv plane or global- uv plane summarizing the in-

formation of all the individual uv planes in the form of samples of the true visibilities of the
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Figure 5: If the distance b et w een t w o an tennas of diameter d is D, the an tenna pair is sampling

frequencies corresp onding to all the spacings b et w een D � d and D + d.

source within a disk of radius D=� cen tered in u i . This is represen ted in the lo w er left panel of

Fig. 4. Rep eating the pro cess for all the measured uv p oin ts one get a global uv plane for the

mosaic with a v ery go o d co v erage (lo w er righ t panel of Fig. 4). Of course, in order to conserv e

all the information, the observ ed region m ust b e sampled at a rate higher than the Nyquist

sampling rate, i.e., the mosaic �elds should b e spaced b y less than D=(2� ) (half the FWHM of

the primary b eam).

The in tuitiv e idea b ehind the ER79 sc heme is that an an tenna pair is not only sampling

the spatial frequencies corresp onding to the distance D from one an tenna to the other. If the

diameter of the an tennas is d they are indeed sampling frequencies corresp onding to baselines

from D � d to D + d (Fig. 5). P erforming F ourier T ransforms of the visibilit y maps with

resp ect to the p oin ting co ordinates w e analyze ho w a giv en visibilit y c hange from one p oin t of

the source to another p oin t. Th us, the F ourier transform of the visibilit y map giv es explicitly

the v alue of the visibilit y for all the frequencies corresp onding to baselines from D � d to D + d
for eac h an tenna pair.

3.3.1 The Ek ers & Rots sc heme v ersus real in terferometers

F or simplicit y , the ER79 sc heme has b een presen ted ab o v e using con tin uous functions and

F ourier transforms and assuming that one can measure the visibilit y function at the same (u; v)
p oin t for all the mosaic �elds. The actual data will di�er from the idealized ER79 theory in a

n um b er of p oin ts.

� The actual uv co v erage of an in terferometer is limited: in a real exp erimen t w e only get

(noisy) samples of the visibilit y function. This imp oses the in tro duction of a sensitivit y

function to w eigh t the visibilities when doing F ourier transforms. In addition, for com-

putational e�ciency one w ould lik e to p erform discrete F ast F ourier T ransforms (FFT s)

and therefore one should grid the data. Therefore, the global pro cess will b e something

lik e those sho wn in Fig. 6 instead of the simplistic represen tation in Fig. 4. The gridding

pro cess (in terp olation and sampling) in tro duces n umerical e�ects tak e one should b e able

to correct in later stages of the data pro cessing. Gridding the data in the uv plane is done

in standard imaging tec hniques, and it is w ell kno wn that one can correct for its n umerical

e�ects (see Sect. 3.1). Ho w ev er, one should b e sure that in the case of the m uc h more
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complicate and longer data pro cessing in the ER79 con text, one will b e able to correct for

the gridding at some stage.

� In the case of ER79 an additional gridding pro cess can b e required in the lp ; mp plane

(second ro w in Fig. 6). In this case, it is also needed to ensure that one can correct later

on for the n umerical e�ects in tro duced, whic h is not trivial. Ho w ev er, imp osing some

constrains on the observing mo de (mosaicing using cartesian grids) w ould allo w to ha v e

a natural gridding in the lp ; mp plane.

� ER79 consider that w e can actually measure the visibilit y function at the same (u; v) p oin t

for all the mosaic �elds. In con trast, due to the earth rotation this is not p ossible since as

time go es b y , the in terferometer measures the visibilit y function at di�eren t p oin ts along

a uv trac k. The p ossible observ ational constrains to a v oid this will b e v ery hard from the

sc heduling p oin t of view (p erforming the observ ations of the di�eren t �elds in di�eren t

da ys), will rule out the p ossibilit y of doing the mosaics in OTF mo de and the noise could

signi�can tly c hange across the mosaic. Therefore, the only p ossible w a y of dealing with

this is limiting the shift of the uv p oin ts in the uv plane b y limiting the mosaic size and

the observing time for a full co v erage of the mosaic (w e ha v e analyzed these constrains in

Sect. 4).

3.4 Comparison of the t w o metho ds

Doing a linear com bination of images and a join t decon v olution allo ws to reco v er some spatial

frequencies that are not accessible in the single �eld observ ations (see for instance Helfer et al.

2002 and references therein). Indeed, the decon v olution algorithm w orks to �nd a structure on

the sky that is consisten t with all the sampled visibilit y data but that also pro vides a more

plausible and robust mo del of the unsampled visibilit y data (see for instance Corn w el, Braun

& Briggs 1999). The decon v olution not only in terp olates b et w een sampled visibilit y data, it

can also e�ectiv ely extrap olate to shorter spatial frequencies that the in terferometer actually

measured.

On the other hand, the ER79 sc heme is an elegan t w a y of dealing with mosaic data as

a whole. It uses all the information con tained in the dataset since it analyzes not only the

visibilities of eac h �eld but also ho w the visibilities c hange from one �eld to another. The

p oin ting axes op en new w a ys of data edition and pro cessing. In particular, they allo w to

reco v er explicitly the visibilit y for all the frequencies from D-d to D+d for eac h an tenna pair.

The global or sup er-uv-plane con tains all the information of the mosaic. A t the end only

a F ourier T ransform is needed to obtain a wide �eld image con taining all the p ossible spatial

frequencies. Therefore, an Ek ers & Rots algorithm is a p oten tially v ery p o w erful metho d to deal

with mosaic data, whic h allo ws to reco v er explicitly the source visibilit y for spacings b et w een

D-d and D+d for eac h an tenna pair instead of relying only on the in terp olation p erformed b y

the decon v olution algorithms.

Final ly, it is imp ortant to r emark, that taking data in OTF mo de do es not imply ne c essarily

that one has to p erform the imaging by c onstructing a glob al uv -plane. On the one hand,

the ER79 scheme c an also b e use d to image p ointe d stop-and-go mosaic data pr ovide d that the

�elds ar e sp ac e d by less than the Nyquist critic al sp acing. On the other hand, data taken in OTF

observing mo de c an b e image d using standar d stop-and-go mosaics te chniques, i.e., c omputing a

dirty image p er OTF dump and doing a line ar c ombination of those dirty images b efor e applying

a joint de c onvolution.
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Figure 6: Sc hema of the di�eren t steps needed to implemen t an imaging algorithm based in ER79

taking in to accoun t the incomplete uv co v erage and and additional gridding step in the (lp; mp) plane.

The questions in blue remark that gridding and sampling are not-trivial op erations and that one should

b e able to correct for their n umerical e�ects at later stages of the pro cessing. A critical p oin t it is also

to use an adapted cell size (see text).

4 Mosaic size and observing time limitations for OTF observ ations

Before discussing sev eral p ossible w a ys to do the image syn thesis with OTF data, it is in teresting

to analyze di�eren t limitations that can imp ose constrains on the total observing time and the

mosaic size. Ideally , to use the ER79 sc heme, one should ha v e a measuremen t of the source

visibilit y for the same uv p oin t for all the �elds/dumps. Although this is not p ossible due to

Earth rotation, at least one m ust imp ose a reasonable limit to the distance b et w een the uv
p oin ts sampled for eac h �eld/dump. In addition, size and time constrains to the OTF maps

should b e imp osed to a v oid sensitivit y losses due to decorrelation when using a constan t phase

trac king cen ter for an OTF scan.

4.1 Earth rotation: di�eren t uv co v erages for the di�eren t �elds/in tegrations

Due to the Earth rotation, the spatial frequency sampled b y a giv en an tenna pair c hange along

a uv-tr ack . This has t w o e�ects:

1. Eac h visibilit y measuremen t is indeed an a v erage of the source visibilit y for the frequencies

sampled b y an an tenna pair along the in tegration or dumping time. The e�ect on the

images is an azim uthal smearing, limiting the smearing to a small angular fraction of the

syn thesized b eam it is p ossible to obtain upp er limits �eld of view (see Guilloteau 2000,
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Cotton 1999, Bridle & Sc h w ab 1999 or P erley 1999). Since those �elds of view are larger

than the primary b eam of the ALMA an tennas, this is not really a limitation.

2. When observing sequen tially the di�eren t �elds of a mosaic, the in terferometer do es not

measure the visibilit y of the source at the same (u; v) p oin t for all the mosaic �elds.

Ho w ev er, the ER79 sc heme rela ys on the assumption that one has actually measured the

visibilit y at the same spatial frequency for all the �elds.

This e�ect has b een discussed b y Holda w a y & F oster (1994) in the con text of mosaics with

a high n um b er of �elds (250-16000) and in terms of the di�erences in the syn thesized b eam

for the di�eren t mosaic �elds. Indeed, if the uv co v erage of di�eren t p oin tings in a mosaic is

signi�can tly di�eren t, the syn thesized b eam c hange o v er the mosaic image. This mak es the

in terpretation of the com bined image more di�cult, for instance, the deco v olution errors will

b e di�eren t across the image. If the uv co v erage of eac h p oin ting cannot b e assumed to b e

iden tical, the linear mosaic algorithm cannot b e used. Instead one should use a non-linear

algorithm taking in to accoun t one syn thesized b eam p er p oin ting. On the con trary , one can

set limits to the di�erences in the uv co v erage of the di�eren t �elds of a mosaic to simplify

the data pro cessing and analysis. Among the p ossibilities to ensure that the uv co v erages are

similar for all the �elds there are:

� T o put strong observ ational constrains suc h as sc heduling mosaics in blo c ks of the same

LST o v er sev eral da ys and for a small hour angle or using snaphops symmetrically spaced

in hour angle.

� Reducing the in tegration time p er mosaic �eld. F or instance if the t ypical settle do wn

times for an an tennas is 1 sec, it will not b e e�cien t to sp end less that 3 sec on eac h

p oin ting when doing SA G mosaics. In con trast, the OTF observing mo de can b e used to

accelerate the data acquisition.

Holda w a y & F oster (1994) used a compact stra wman con�guration with maxim um baselines

of 95 meters and they found that to ha v e normalized b eam area di�erences of less than 1%,

the time used to co v er the full mosaic should b e less than 4 min utes. The actual size of the

mosaic dep ends on the scanning v elo cit y and the dumping time. F or instance, a dumping time

of 0.96 sec allo ws to observ e a 4:30 � 4:30
mosaic (whic h implies a scanning v elo cit y of � 16:8

arcsec/sec) while a dumping time of 0.24 sec will allo w a mosaic of 8:60� 8:60
(with a scanning

v elo cit y of � 67 arcsec/sec). If normalized b eam areas di�erences up to 5% are acceptable, the

maxim um time to co v er the full mosaic increases to 15 min utes, allo wing longer dumping times

or larger mosaic sizes.

In this memo, w e discuss the shift of the uv p oin ts sampled for eac h mosaic �eld/dump

in the con text of OTF mosaics and an imaging pro cess based on the ER79 sc heme. In this

sc heme, one should construct a visibilit y map for eac h spatial frequency measured and apply a

F ourier transform. T o do this, ideally the in terferometer should measure the source visibilit y

for all the �elds at the same spatial frequency . This is not p ossible, ho w ev er one can imp ose a

time limit for observing the whole mosaic in a w a y that the uv p oin t sampled for the last �eld

to b e observ ed is not to o far from the uv p oin t sampled for the �rst observ ed �eld.

What do es "to o far" mean in this con text? If the size of the map is � l � � m , the smaller

frequencies that w e can sample in the uv plane are

1
� l and

1
� m . If w e sample the uv plane at

in terv als � u = 1
2� l and � v = 1

2� m w e can reco v er all the information. When imaging large
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T able 1: Observing time ( tcover ) for one co v erage of the OTF mosaic and map size as a function of the

scanning v elo cit y ( vscan ). The calculations ha v e b een done for PdBI observ ations of a source with a

declination of 30 deg and a largest baseline of 92 m (D con�guration)

vscan tcover map linear size

arcsec/sec min arcmin

0.5 18 1.9

1 14 2.4

5 8.8 4

10 7 5

20 5.4 6.5

40 4.4 8

60 3.8 9.1

�elds it is recommendable to ha v e, for ev ery baseline and p oin ting, a visibilit y measuremen t

within a region of size � u � � v . In this case, w e can assume that w e ha v e indeed sampled

the same spatial frequency for all the �elds and w e can compute the F ourier transform of the

visibilit y map.

T aking in to accoun t, the relation linking the map size ( � l � � m ) and the size of the

corresp onding cells in the uv -plane ( � u � � v ), it is p ossible to deriv e consisten t mosaic sizes

and maxim um observing time for a full co v erage of the mosaic as follo ws.

� Let assume a scanning v elo cit y vscan and an observing time tcover for one co v erage of the

full mosaic. Giv en these times and scanning v elo cit y , it is easy to calculate the size of the

mosaic that one can observ e. Let us assume that the size is � l � � m . In principle, the

longer the time tcover , the larger the region ( � l � � m ) that one can observ e.

� Ho w ev er, as men tioned ab o v e, due to the Earth rotation during the time tcover , the uv
p oin t sampled for the last �eld of the mosaic is shifted with resp ect to the uv p oin t sampled

for the �rst mosaic �eld. One should tak e care that the distance b et w een those uv p oin ts is

smaller than the c haracteristic size in the uv plane (

q
( 1

� l )
2 + ( 1

� m )2
) to image the mosaic.

This criterium giv es an upp er limit to the time tcover and the mosaic size � l � � m .

F or instance, T able 1 giv es time and mosaic size limits for PdBI observ ations of a source

with a declination of 30 deg in D con�guration (largest baseline of 92 m, similar to the largest

baselines in the Holda w a y & F oster 1994). A comparison of our results with those of Holda w a y

& F oster (1994) sho ws that our criterion is similar, but sligh tly less constraining, to their

"normalized b eam areas di�erence of less than 1%".

The dumping time The mosaic size dep ends only of the total time and the scanning v elo cit y .

The e�ect of the dumping time is just to obtain a di�eren t sampling, that is to decomp ose

the mosaic in a di�eren t n um b er of �elds. The maxim um scanning v elo cit y and the minim um

dumping times are limited b y hardw are and soft w are of the acquisition system of the in ter-

ferometer. F or instance, for PdBI, the maxim um scanning v elo cit y limit for the an tennas is

� 60 arcsec/sec (the sp eci�cations for ALMA are 3 arcmin/sec to conserv e a p oin ting accuracy

of 1 arcsec). On the other hand, the minim um in tegration time in con tin uum mo de is 1 sec.

17



With the impro v emen ts done in the data acquisition system in the framew ork of the FP6 pro-

gram "Enhancemen t of ALMA", the minim um dumping time in sp ectral mo de has also b een

reduced to � 1 s.

In addition, the dumping time and the scanning v elo cit y are link ed in order to ha v e a correct

sampling. F or instance, to ha v e ab out four in tegrations p er FWHM with the PdBI at 3 mm

one gets tdump � vscan = FWHM =4 or: vscan � 1000=tdump . With a minim um tdump of 1 sec, the

maxim um scanning v elo cit y will b e 10�/sec and therefore the maxim um mosaic size 5' (and

the total observing time for a full co v erage is 7 min utes). It is in teresting to remark, that it is

needed to observ e a calibrator ev ery 20 min utes. Th us, it will b e p ossible to do 2 or 3 OTF

mosaics in b et w een eac h calibrator observ ation.

4.2 F ringe trac king: coherence loss when using a �xed phase-cen ter

D'A ddario & Emerson (2000) ha v e discussed ho w to accomplish the necessary phase and dela y

trac king during an OTF observ ation. In principle, there are three p ossibilities:

1. T rac k a �xed p oin t on the sky during eac h in tegration, t ypically the p oin t to whic h the

an tenna b eams p oin t at the middle of that in tegrating time, whic h is the cen ter of the

e�ectiv e b eam (Fig. 2).

2. T rac k the cen ter of the an tenna b eams, whic h means that the phase/dela y cen ter on the

sky mo v es con tin uously with the b eams.

3. T rac k a �xed p oin t on the sky for the full duration of an OTF scan, and switc h to a new

phase/dela y cen ter only b et w een scans, when the an tenna is o� source and no in tegration

is o ccurring.

T rac king a di�eren t p oin t for eac h in tegration requires that the phase c hange discon tin uously

(or nearly so), and that the c hanges b e sync hronized with the end/b eginning of a correlator

in tegration. Both of these things are tec hnically di�cult. Con tin uous trac king of the b eam

cen ter is p ossible, but it results in a smearing of the visibilit y function during the in tegrating

time and ma y b e di�cult to accoun t for in the imaging pro cess. Therefore, D'A ddario &

Emerson (2000) prop osed to trac k a �xed p oin t on the sky throughout the OTF scans. This is

easy , but at the ends of the scan, when the b eam is o�set from the phase cen ter, there is a loss

of sensitivit y b ecause the fringe frequency is not correct. They ha v e estimated the decorrelation

at the end of an OTF scan of length 2N B arcsec (where B is the primary b eam WHM and

assuming that the phase cen ter is lo cated in the middle of the scan). Setting a decorrelation

limit of 2%, the maxim um v alue of N as a function of the dumping time is:

N <
0:346

1:2� 

d
D

1
tdump

(28)

T aking D=1 km and d=12m one gets a maxim um N of 15 for tdump = 1 sec, whic h implies

an scan length of 11 arcmin. Assuming that there are four in tegrations p er primary b eam, the

time needed to observ e a scan is tscan = 8Nt dump , that is 120 sec. Of course, if the dumping

time is shorter, the scan length can b e larger b y the same factor, k eeping tscan constan t.
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Figure 7: Scanning pattern for a sim ulated OTF observ ation of an scaled v ersion of an H � image of

M51.

5 Imaging tec hniques for OTF mosaics

5.1 One dirt y image p er dump, linear com bination and join t decon v olution

As w e ha v e sho wn in Sect. 2, OTF mosaicing is equiv alen t to stop-and-go mosaicing with an

e�ectiv e b eam giv en b y Eq. 6. W e ha v e also discussed in Sect. 2 that when observing OTF,

one w an ts to sample the source at a sampling rate b etter than Nyquist, in tegrating sev eral

times p er FWHM of the primary b eam p o w er pattern. In this case the e�ectiv e b eam for

OTF observ ations is v ery similar to the primary b eam of the an tennas. Therefore, as a �rst

appro ximation it is logical to image OTF data as a classical stop-and-go mosaic where eac h

OTF in tegration corresp onds to an indep enden t �eld.

T aking in to accoun t the previous commen ts, w e ha v e dev elop ed a sim ulator of OTF in ter-

ferometric observ ations on the base of the IRAM ALMA sim ulator (P et y , Gueth & Guilloteau

2001c). F or giv en arra y con�guration, source declination, map size, scanning v elo cit y and

dumping time, the OTF sim ulator computes the visibilit y of an input sky brigh tness distribu-

tion. A more detailed description can b e found in Ro driguez-F ernandez, Gueth & P et y (2009).

The OTF observ ation is sim ulated on a Cartesian grid follo wing a zigzag pattern at an arbitrary

angle (not necessarily in R.A. or Declination). The ro w separation is half the FWHM of the

primary b eam at the frequency of the observ ations. F or instance, w e ha v e done sim ulations of

OTF observ ations of a scaled v ersion of a H � image of M51. The arra y used in this sim ulations
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Figure 8: Dirt y image of the OTF mosaic computed as a linear com bination of the dirt y images of the

individual �elds.

is A CA and the assumed frequency is 230 GHz. Figure 5.1 sho ws the OTF pattern for a map

size of 20 � 20
scanned in with a v elo cit y of 1 arcsec/sec and a dumping time of 3 sec, whic h

giv e 13� 41 dumps p er OTF map. The total observing time is 5 hours, whic h allo ws to do 11

OTF maps (the sim ulations do es not tak e in to accoun t observ ations of the calibrators).

The image syn thesis has b een p erformed b y computing indep enden t dirt y images and com-

bining them linearly to pro duce a mosaic dirt y image, whic h is sho wn in Fig. 8. Finally the

mosaic dirt y image has b een decon v olv ed using clean . The clean ed image is sho wn in Fig. 9.

The conclusion is that the OTF mosaics can actually b e imaged and decon v olv ed b y linear

com bination of dirt y images and a join t decon v olution.

5.2 Constructing a global uv-plane and dirt y image

The uv co v erage of an in terferometer arra y will alw a ys b e partial (or at least inhomogeneous

in the case of ALMA), requiring the in tro duction of a sampling or w eigh ting function S(u) . In

addition, to b e able to use F ast F ourier T ransforms one should resample the data on a regular

grid. This is usually done b y con v olution with a gridding k ernel G(u) and sampling with a

b ed-of-nails function X (u) .

In con trast, regarding the lp plane one can assume, as a �rst appro ximation, that:

� The data are naturally gridded in the lp plane b y the observ ational pro cedure (i.e. the

mosaic has b een done in a Cartesian grid) allo wing the use of FFT s without an y resam-

pling.

� The lp co v erage is complete (i.e. the in terferometer has measured the visibilit y function
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Figure 9: Decon v olv ed OTF mosaic data using clean

in all the uv p oin ts sampled b y a giv en arra y con�guration for all the �elds/dumps),

therefore there is no need of in tro ducing a sampling function in this plane.

T aking in to accoun t the standard metho d of image syn thesis (Sect. 3.1) and the particu-

larities of the ER79 metho d to image mosaic data (Sect. 3.3), it is clear that there could b e

t w o p ossible options to start the data pro cessing. One can start b y gridding the individual

uv planes, or alternativ ely , one can start b y computing F ourier transforms with resp ect to the

p oin ting co ordinates. This w ould b e p ossible if the F ourier transform with resp ect to lp and

con v olution b y G(u) comm ute. If the resampled visibilit y function is:

V g(lp ; u) = [ V(lp ; u) � G(u)]
1

� u
X (

u
� u

); (29)

and one p erforms a FT l p , it is p ossible to sho w that indeed those op erations comm ute:

FT l p [V g(lp ; u)] = FT l p f [V(lp ; u) � G(u)]
1

� u
X (

u
� u

)g = (30)

= [FT l p f V(lp ; u)g � G(u)]
1

� u
X (

u
� u

) (31)

(32)

Therefore, in principle one can c hose to resample the data in the uv plane and F ourier

T ransform with resp ect to the p oin ting co ordinates or to F ourier T ransform with resp ect to the

p oin ting co ordinates and afterw ards gridding in the uv-plane.
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5.2.1 Beginning b y F ourier T ransforming the visibilit y maps

In the follo wing, w e describ e ho w the image syn thesis can b e done if one b egins the pro cess

b y F ourier transforming the data with resp ect to the lp co ordinates. As already men tioned, as

a �rst appro ximation w e will consider that the data are naturally gridded in the lp plane and

that there are no gaps.

The �rst step will b e constructing visibility maps for eac h u i p oin t sampled b y the in ter-

ferometer. The visibilit y map Mu i (lp ) giv es the visibilit y at frequency u i as a function of the

p oin ting co ordinate lp :

Mu i (lp ) � V (lp ; u)ju= u i (33)

Afterw ards, for eac h u p oin t, one should F ourier transform the visibilit y map with resp ect

lp and divide b y the FT of the primary b eam (applying a truncation at some lev el to a v oid

div ergences) to compute sup ervisibilities at p oin ts u i + up .

VS(u) = VS(u i + up ) =
~Mu i (up )
~B(up )

(34)

The natural w eigh ts of a visibilit y map will b e appro ximately constan t and they will remain

appro ximately constan t after the F ourier transform. In con trast, the w eigh ts will decrease

to w ards the edges after division b y the F ourier T ransform of the primary b eam pattern. There-

fore, the w eigh t distribution for the sup ervisibilities will b e giv en b y the square of the primary

b eam pattern. The w eigh ts will b e assigned follo wing this distribution and conserving the to-

tal w eigh t (in a similar w a y as it is done in the pseudo visibilities calculations to include the

short-spacings information, see Ro dríguez-F ernández, P et y & Gueth 2008).

Rep eating this pro cess for all the u i p oin ts sampled b y the in terferometer one will end with

a global u plane con taining all the information of the mosaic where eac h original u i p oin t

is replaced b y a �cloud� of p oin ts, eac h with an asso ciated w eigh t. The actual imaging of

this dataset can b e p erformed resampling the data to a Cartesian grid (b y con v olution with a

gridding k ernel and sampling with a b ed-of-nails function), computing a dirt y image and b eam,

and applying a correction for the gridding con v olution as describ ed in Sect. 3.1. In summary ,

in this case, the actual imaging will b e exactly the same that is used to image a single �eld. The

di�erence will b e all the pr e-pr o c essing applied to construct the global u plane. This metho d

has b een applied b y W righ t (1996) to BIMA data, for whic h it seems to p erform w orse than

other metho ds based on a classical �eld-b y-�eld approac h to imaging.

When the visibilit y maps are not naturally gridded No w let us assume that the visibilit y

maps are not naturally gridded b ecause they ha v e b een observ ed in a Cartesian grid but there

are gaps for some lp
0s or simply b ecause the scanning pattern w as not a Cartesian grid and

the data ha v e not b een regridded. In this case one should in tro duce a sampling function Sl (lp )
and p erform a gridding, i.e., in terp olation b y con v olution with a gridding k ernel Gl (lp ) and

sampling b y m ultiplication b y a b ed-of-nails function. Th us one will w ork with the gridded

v ersions of Mu i (lp ) and Sl (lp ) : M gl
u i

(lp ) and Sgl
l (lp ) , resp ectiv ely . These funcions are de�ned

mathematically as:

M gl
u i

(lp ) � [Mu i (lp )Sl (lp )] � Gl (lp ) (35)

and
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Sgl
l (lp ) � Sl (lp ) � Gl (lp ) (36)

F ollo wing the pro cessing in the ER79 con text one should F ourier transform the visibilit y

map:

~M gl
u i

(up ) � FT l p [M gl
u i

(lp )] = FT l p [(Mu i (lp )Sl (lp )) � Gl (lp )] (37)

and therefore:

~M gl
u i

(up ) = ( ~Mu i � ~Sl ) � ~Gl (38)

or

~M gl
u i

~Gl
= ~Mu i � ~Sl (39)

but since

~Sgl
l = ~Sl � ~Gl (40)

one gets

~M gl
u i

~Gl
= ~Mu i �

~Sgl
l
~Gl

(41)

Therefore, as in classical image syn thesis, one can w ork with the gridded v ersions of M and

Sl and correct for the e�ects of the gridding con v olution dividing b y the F ourier transform of

the gridding k ernel.

Ho w ev er, there is still an imp ortan t di�cult y: to get the function

~M , it is necessary to

p erform a decon v olution. It is not ob vious ho w to do suc h a decon v olution in the up space.

First, the p oin t spread function (

~Sl ) is v ery di�eren t from the dirt y b eam in classical imaging.

Second, the visibilit y maps are computed with individual measuremen ts of visibilities and short

in tegration times, whic h means that the signal to noise ratio is lo w. Therefore, it is highly

recommendable to observ e OTF mosaics along a Cartesian grid and a v oid gaps in the visibilit y

map. F or an instrumen t lik e ALMA, with a v ery go o d co v erage of the uv -plane it could b e

p ossible just to �ag out and not to pro cess the visibilit y maps that ha v e gaps.

5.2.2 Beginning b y gridding the indep enden t uv planes

The second p ossibilit y to do the image syn theses of mosaicing data will b e to b egin b y gridding

the individual uv planes corresp onding to eac h mosaic �eld/dump and to apply the ER79

sc heme to u cells instead of u p oin ts. Th us, instead of the visibilit y function V(lp ; u) and the

sampling function Su (u) one shall w ork with the gridded v ersions V gu (lp ; u) and Sgu
u (u) de�ned

as:

V gu (lp ; u) � [V (lp ; u)Su (u)] � Gu (u) (42)

and

Sgu
u (u) � Su (u) � Gu (u) (43)

In this case the visibility map for the c el l u i is:
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M gu
u i

(lp ) � V gu (lp ; u)ju= u i ; (44)

where the sup erscript gu indicate that the visibilit y map has b een de�ned from data gridded

in the u plane. One can F ourier transform the visibilit y map w.r.t. lp and divide b y the FT of

the primary b eam to compute the sup er-visibilit y function around u i :

VS
gu
i (u) = VS

gu
i (u i + up ) =

~M gu
u i

(up )
~B(up )

; (45)

where the subscript i of VS
gu
i (u) stands for the fact that the same u cell can b e sampled

b y di�eren t com binations of u i 's and up 's. Therefore, in general there are sev eral estimations

for the v alue of the sup er-visibilit y function at the cell u , eac h with an asso ciated w eigh t,

as describ ed in Sect. 5.2.1. In order to compute the actual global uv plane and a unique

sup er-visibilit y function ( V gu
S (u j ) ) it is necessary to compute a w eigh ted mean.

V gu
S (u j ) =

P
! VS i

VS
gu
i (u j )

P
! VS i

(46)

where the sum is o v er all the u i 's and up 's with u j = u i + up and the w eigh ts ! VS i
are a

function of u i and up Since the di�eren t estimations of the v alue of the function VS
gu
i at the

cell u j can b e considered as indep enden t v ariables, the w eigh t asso ciated with the function V gu
S

for the cell u j is W gu (uj ) =
P

! VS i
(u i + up )

T aking in to accoun t Eq. 45, the relation linking the w eigh ts of VS
gu
i (u j ) and

~M gu
u i

(up ) is:

! VS i
= ! ~M u i

~B 2
(47)

(48)

th us substituting Eq. 45 and Eq. 47 in to Eq. 46 one gets:

V gu
S (u j ) =

P
! ~M u i

~B ~M gu
u i

P
! ~M u i

~B 2
(49)

Therefore, w e ha v e the global sup ervisibilit y function V gu
S , already gridded, and the asso ci-

ated w eigh ts W gu
. T o get an image one should compute a F ourier transform with resp ect to u

of the visibilit y function w eigh ted b y W gu
, that is:

I (l) = FT u [V gu
S (u)W gu (u)] = FT u [V gu

S (u)] � FTu [W gu (u)] (50)

Therefore, one can compute a dirt y image FT u [V gu
S (u)] and a dirt y b eam FTu [W gu (u)] and

afterw ard, p erform a decon v olution. Ho w ev er, the sup er-index gu remind us that w e ha v e not

b een w orking with the original data but with a gridded v ersion. Th us one should try to correct

for the con v olution with the gridding k ernel as it is done in the standard imaging describ ed in

Sect. 3.1.
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Is it p ossible to correct for the e�ects of the gridding con v olution? The cen tral idea is

that a con v olution with a function G in the u plane is a pro duct b y

~G in the image plane. In

the follo wing w e will try to dev elop FT u [V gu
S (u)] .

FT u [V gu
S (u)] = FT u

"
X ! VS i

(u i + up)
P

! VS i
(u i + up)

VS
gu
i (u i + up)

#

= (51)

=
X

"

FT u

"
! VS i

(u i + up)
P

! VS i
(u i + up)

#

� FT u [VS
gu
i (u i + up)]

#

(52)

where the sum is o v er all the u i 's and up 's with u = u i + up . No w, let us consider the term

FT u [VS
gu
i (u i + up)] , but �rst let us remark that taking in to accoun t the relation linking u and

up , the op erator FT u [�] transforms in to:

FT u [�] = e� i 2� u i l FT up [�] (53)

Therefore, with this equation and Eq. 47 one gets:

FT u [VS
gu
i (u i + up)] = e � i 2� u i l FT up

" ~M gu
u i

(up )
~B(up )

#

= (54)

= e � i 2� u i l FT up

"
1

~B(up )

#

� FT up

h
~M gu

u i
(up )

i
(55)

and FT up

h
~M gu

u i
(up )

i
can b e dev elop ed as:

FT up

h
~M gu

u i
(up )

i
= FT up

h
~V gu (up ; u i )

i
= (56)

= FT up

h
[ ~V(up ; u i )Su (u i )] � Gu (u i )

i
= (57)

= [ V(lp ; u i )Su (u i )] � Gu (u i ) (58)

Lo oking Eqs. 52, 55 and 58 it is clear that the equations are m uc h more complex that in

the standard imaging presen ted in Sect. 3.1. In particular, the gridding con v olution k ernel is

"frozen" in the visibilit y maps.

6 Discussion of the di�eren t metho ds and summary

W e ha v e discussed the measuremen t equations for in terferometric mosaicing in p oin ted mo de

(the so-called stop-and-go or p oin t-and-sho ot mosaics) and in on-the-�y (OTF) mo de, in whic h

the an tennas tak e data as they scan the source mo ving con tin uously . W e ha v e sho wn that OTF

mosaicing is similar to classical stop-and-go mosaicing. The main di�erence if that the e�ectiv e

b eam when observing OTF is not exactly the primary b eam of the an tennas. Ho w ev er, the

e�ectiv e b eam is similar to the primary b eam when the scanning rate is b etter than Nyquist.

Regarding the imaging tec hniques, �rst w e ha v e discussed map size and observing time

limitations for OTF moisaicing. OTF mosaics with ALMA are limited, in general, to a few

arcmin utes. Next, w e ha v e sho wn that it is p ossible to image and decon v olv e OTF mosaic

25



data as a classical stop-and-go mosaic with a large n um b er of �elds. The join t decon v olution is

kno wn to reco v er some of the spatial frequencies that are a v eraged in eac h baseline (Corn w ell

et al. 1993). Ho w ev er, it is w orth-trying to implemen t an OTF-sp eci�c algorithm based on the

ER79 sc heme, since it will syn thesize explicitly the visibilit y of the source at those frequencies.

W e ha v e explored t w o p ossible w a ys of implemen ting suc h an algorithm: b eginning b y F ourier

transforming the data with resp ect to the p oin ting co ordinate or b eginning b y gridding the data

in the individual uv-planes corresp onding to the di�eren t �elds/dumps. In principle it seems

simpler to start b y gridding the uv-planes: it is already done in standard imaging tec hniques

and th us it a v oids co ding sp eci�c algorithms to sort the visibilities baseline p er baseline in

temp oral series to determine whic h visibilit y measuremen ts in eac h mosaic �eld corresp ond to

the same uv p oin t. In addition, taking in to accoun t the short in tegrations needed to do wide

�eld imaging in OTF mo de, b eginning b y gridding the uv-planes has the adv an tage of increasing

the signal to noise ratio b y a v eraging visibilit y samples within the same uv cell. Ho w ev er, to

image the whole mosaic at once it is imp ortan t to use small u cells (the cell size should b e

in v ersely prop ortional to the mosaic size). F or instance, if the mosaic linear size is 4' the cell

size should b e 0.85 k � (2.5 m for observ ations at 3 mm). As sho wn in T able 1 and discussed

in Sect. 4, there is a maxim um observing time of 8.8 min utes for suc h a mosaic, corresp onding

to a minim um scanning v elo cit y vscan =5 arcsec/sec (whic h implies a dumping time of 2 sec to

ha v e four p oin ts p er FWHM at 3 mm). With these observing time and scanning v elo cit y , there

will b e only one visibilit y measured p er cell in the largest baselines (92m for the PdBI in D

con�guration) but of course an a v erage of 2 p oin ts p er cell at a radius of 45 m or 4 p oin ts at

22 m, whic h is ab out the shortest spacing measured at the Plateau de Bure In terferometer, for

exemple. In order to ha v e a factor of t w o more p oin ts p er cell it will b e necessary to scan at

10 arcsec/sec and complete the map in 4.4 min utes. Ho w ev er, in this case the dumping time

should b e shorter b y a factor of 2 (1 sec), therefore the total in tegration time p er cell will b e

constan t and the noise p er cell will not b e lo w er than using vscan =5 arcsec/sec. Therefore, only

for the shortest baselines there w ould b e a real gain in the signal to noise ratio. In addition,

for those spacings, there is a higher probabilit y to ha v e u p oin ts of di�eren t trac ks la ying in

the same u cell.

In addition, when b eginning b y gridding the uv-planes one should b e sure that it is p ossible

to correct for the con v olution b y the gridding k ernel in later stages of the data pro cessing. A t

this stage, it is not clear whether this is p ossible. An alternativ e metho d is to b egin b y F ourier

transforming the data with resp ect the p oin ting co ordinates, to compute a global uv-plane and

to p erform an standard imaging (including gridding) and decon v olution.
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