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15.1 Imtroduction

The dirty map F resulting from a normal, single-field imederometric obseration can be deseribed by the
ey 1eatlon:

F=Ds+«(BxI+N (15.1)

where 0 B the dirty beam, B the antenna primary beam, T tle sky brighiness disiribution, ansd N a
noke distribution' . The nterferometer Is only sensitive to the produet of the sky hrighiness distribtion
by the rapldly decreasing lunetlon B, As the molse diEtribution & I8 not aflected by B, any attempt to
correct for the primary beam attemuation (Le. divide the clean map by B) resulis In a sirongly Inereasing
noke. Hence, the primary beam attemsation lmits the size of the reglon It B pessible 10 map with an
Interferometer,

Drise tor the poupling between the recelver horn and the primary mirror of the antenmas (see lecture by
AL Greve), the primary beam B s, to a good approsimation, a gaussian, Tis FWHM [proportional 1o the
ratio of the wavelengih A to the antenna diameter T can therelore be 1sed to define a “eld of view™.
Tahle 15.1 glves the rsulting walues lor the Plateay de Bure Interferometer, or diferent Teguencies. To
map reglons more edended than the primary beam widih, it 1s neeessary to obhserve 8 mosaic of several
adjacent felds. Clearly, due 1o the gasslan-shape of the primary beam attenvation, these felds have 1o
slrongly overlap to ensure a roughly uniform sersitivity over the whaole mapped meglon.

A further complication arlses fom the lack of the shori-spacdings information in the interferometer
data set. Due to thelr dlameter, the antenms canmot be put too close to each other, which resulis in a
minimal measured haseline (24 m at the Flateau de Bure). Even I projection effecis reduee the effective
haselines, a eeptral “hole™ In the data distribution In the we plane canmot be avolded. As a conseguends,
the extended sirpcturs (whose vEIDDtes aw confined In a small reglon In the we plame) are Mtered

'In the following, we will amsume an uniform noke rms, Le. we do not take into account varlabon of the mobe introduced
b the imaging process (see kecture b 5. Gullloteau ).
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Frequeney  Wavelength  Fleld of View  Largest strscture

(GHz) () () i)
&5 35 3 3
100 3.0 50 3
115 2.6 43 27
215 14 3 14
230 1.3 215 13
245 1.2 e 12

Table 15.1: Fleld of view of the Platean de Bure interferometer: the 15 m dishes have a gassian 1hami-
natlpn, which ylelds a nearly gaussian primary beam. The two groups of Mequences eormespond 1o the
two repelvers that are currently avallable, The last column glves rough esltim ales of the slee of the largest
strpcture which can be ohserved.

out. The largest structure 1t s possible to map with a slngle-Beld Interferomeiric oleervatlon is thus even
smaller than the Held of view, and can he very roughly estimated by the ratio of the wavelength 1o the
minimal haseline [Table 15.1). In the Famework of mosak observations, the short-spacings problem has
however 10 be thought in slightly diferent terms, because it Inirodwees now artifacis on an intermediate
seale (oo Sec. 15.5) hul ako hecause It can, at least In theory, be partially solved [Sec. 15.2).

15.2 Image formation in a mosaic

Home Important mosal propertles can be understood by amalyeing the combination of the data direcily
in the we plane. This analysis was first proposed by [Ekers & Rois 1979 The wader ls also referved to
[Cornwell 1984). We consider a source whose lrightness distribution is Iz, ) (where & and mare two
angular eoordinates), and whose “tre™ vislhility (Le the Fourler tramsform of I) B ooted V. A two-
antenna interferometer, whese primary beam ls Bz, ), will measure a vEibility at a point [w,w) which
may be written as:

Varaslu, ) = f f T Blay) Tz ) € gy gy (15.2)

For an gbservation with a phase center In (2 = 0, = 0) but with & peloting center in (2, i), the
measured vEIDIity (whose dependence on (25,10 18 bere explicitly indicated) b mow:

Varsl 0, 2p, 11p) =ff Biz — 2y, 50— ) Tz, ) e " gy (15.3)

For lurther use, the last elation can also be rewrliten, using the symmetry properties of the primary
beam [

1."'“,‘[1_"1).]_‘?.“3 =B[IP|HIF:|*1F[U|1‘I|IF|FF:I [15'{3
wihere = dengtes a comvolution product and the Tmetlon F s delimed as:
Fluw, 2p,up) = Iz, yp) e 5105431 [15.5)
Mow, Imagine an ideal “on-the-fly™ mosak experiment: for a glven, fixed [uw,v) polnt, the polnting
eenter s eontimeously modified, and the variation of the visibility with (g, i) can this be monitored.
Then, the Fourler transiorm of Ve with mespect 1o [2p, e ) gives [Irom equation 15.4):
[F Ty (Vi )] (140 ) = Tl ) Vi + 1ty 0+ ) (15.6)

where:
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# FT, denotes the Fourler tramsform with mspect 10 (25, 1) and (ug, v ) are the conjugate varlables
Lo (2, dtp).

# [FTp(Vine )] (1p, 1) I8 the Fourker tramsform of the ohservations.

* Tluy, w,) is the Fourker tramsform of the primary beam Bz, u,). T 6 this the transfer funetion of
each antenna. For a dish of diameter T, T fug,wp) = 001 .';ug +u3 = DA

& Vw4 up, v+ i) Is the Fourler transform of Flu, o, 2p, i) with mespect 10 (£, 5p). Indeed, F k the
product of the sky brightmess distribution [whose Fourler translorm s V) by a phase term, and iis
gwn Fourler translom 1s thus slmply ¥ taken at a shified point.

For | ,-'ug + 1.‘1{ < DA, we can thus derive:

T, [V, it
Vi g0 o) = eVl By ty) [T;'::’LL ! (15.7)

ThE relation Hhistrates an imporant property of the experiment we have consldered. The olserva-
tloms were pedomed at a glven (w,v) point but with a varylng pelniing center. Egquation 15.7 shows
that s pessible o derive [rom the data set the visibility Viu+ wp, v +wp) at all [wg, vp) which verily
[u: = u:jlf‘ < A Inother terms, the measirements have heen done at (w,w) bt the redundaney of
the oleervations allows 1o eompute (theough a Fouder transborm and a divislon by tle antenna tm sler
Tunction) the soume vishility at all the polns of & dk of radive T3, centered In [, w).

Interpretation

In very pletorial terms, ome cansay that the adjacent polnting reinforee each other and thereby yleld
a estimate of the spurce vislhility at unmessured polnts. Note however that the resuliing image gquality
Is mot going to he drastically Inereased: more Information can be extracted om the data, but a much
more extended region has pow to be mapped®. The redundancy of the oheervations has only allowed to
rearrange the information In the wi-plane. This s nevertbeless exiremely Important, as eg. it allows the
estimate part of the missing shori-spacings (zee bhelow).

How & It possible 1o recower unmeasured spacings in the wi-plape? It ls actualy obyvios that two
antennas of diameter T, separated by a distanee B, are sensitive to all the haselines ranging om B - T
to B+ D The measuped visihiliiy is therelore an average of all these basellmes: V.. 18 actwally the
convolution of the “true” visibility by the tramler lunetion of the antennas. This is shown by tle Fourler
tramlorm of equation 15.2, which yields: Viee = T+ V. Now, Il the pointing center and the phase oonter
differ, a phase gradient Is introdueed across tle antenna apertures, which means that the transfer Tumetion
is affected by & plase term. Indeed, the Fourler transform of equation 153 yields:

Vies[w,0) = [T, ©) n-*“'“:-"h'] * Vi, v) (15.8)

Henee, the measured visihilities are (still) a linear eombination of the “trie™ visbilitles, Measurementis
performed in varius divections (zp, i) glve many sueh lpear eombina tions. One can this expect 1o derive
from this limear system the indilal visihilites, in the haseline rapge [vom § — T o B+ T Equation 157
Just shows that a Fourler tmmslorm allows to do that.

Field spacing in a8 mosale

In the abhowe analysk, a contimms drift of the pointing ¢center was considered. However, tle same
resilts can be reached 1o the case of a limited mumber of polntings, provided that classical sampling thes-
rems are fulillled. We want to oom pute the viElblity In a inite domain, which extends up 1o £ 4 around
the nominal center, and therefore the pointing centers have to be separated by A /3D (see [Cormwel]l 1988]).

Me have considercd ohservations of difierent direcilons, performed with the same wu coverage. The analysls presented
here shows that such an experiment is somehow equivalent io the observailon of the whale source, but with a different, more

complets wi-coverage.



i CHAPTER 15, MOSAICING

In practies, the (gassian) tramfer lunetion of the millimeter dishes drops so fast that one can 1= withoot
conseguences a slightly broader, more eonvenkent sampling, equeal to all the primary beam widih [Le.
1.2 42D,

Mosalcs amd short-spoac lngs

As with any other measured point o the we plane, 1t is possible to derive vislhilithes in a small reghon (a
dik of diameter T A) around the shortest measured haseline. This s the meaning of the statement tlat
mosales can recover part of the short-spacings Information: a mosale wil inclisde (u, v ) poinis corresponding
to the shortest haseline mins T A,

In practios, owewer, things are more complex. First, we have to deal with molsy data. As a consegquence,
1tls not possible to expect a galn ol T A: the transler lunetion T which ls 1sed In eguation 5.7 b strongly
decreasing, and therelore slgna b wo-nolse ratio llmits the gain in the W plane o a smaller valie, typleally
T2 [[Cornwell 19881, Thi Is still a very wmselul gain: for the Platean de Bure Interferomeier, this
correspomds 1o 4 dEtanee In the we plame of 7.5 m, while the shortest (unprojected) baseline 1s 24 m.
Secondly, the analysk deseribed abowe would be ratler dificul to Implement with peal ohservatons.
Instead, ome prelers 1o combing the observed felds to direcily reconsiruct the sky brighiness distribution.
The resulting image should Include the information arking fom the redundancy of the adjacent felds,
among them part of the short-spacings. However, the complexity of the reconstretion and decomaolotion
algorithms that have to be wsed precludes any detailed mathematieal analysis of the stretues of the maps.
For Imstanee, the [umavoldable) decomapluiion of tle Image can also be Interpreted as an Interpolation
process in the wi plane (see [Schware 1978)) for the case of the CLEan algorithm) and its effects can
thus hardly be distingukh om the inirinsic determination of mmeasured vElblites that occur when
mosaleing.

15.3 DMosaicing in practice

Observatlon and calibration

The olservation of a mesale with the Flateau de Bure interferometer and the calibration of the data
do ot present any specific difficuliies. We just mention bere a few praciical remarks:

# As ghown In the previous paragraph, the optimal spacing between adjacent felds s hall the primary
heam width. Larger separations can be used (eg. to map larger feld of view In the same amount
ol tlme) but the Image recomstrection s mot optimal in that case. Note that § the two weelvers are
imed slmidtamemesly, the Held spacing has o be adapted to ome of the Tegquencies, which resulis in
an ovier- or indersampling lor the other ane

# Even I thk Is not formally required by the reconstirection and deconvolution algorithm deseribed
in the following sectlon, it seems gquite Importan toemsure similar olserving conditions for all the
pointing centers. Ideally, one would want the same nolse level In each feld, 50 that the poise in the
final image s uniform, and the same we coverage, to avld strong disere pancles (In terms of angular
resqlution and Image artifacis) hetween the different paris of the mosale. To handle these constraints
in practiee, the felds are olserved In a loop, each one during a few minetes (similarly to sna pshot
oheervations of seviral spurees): benee, atmospherie conditions and wi coverage ame similar for all
the flelds.

# Inmost cases, 8 mosale will mot be observed during anamount of time slgnificantly larger than normal
projects. As the oleerving time I8 shared hetween the different polnting centers, the sesitivity of
each Individual ld s this smaller than what would have been achleved with ormal single-field
pheervations. Note however that the sensitivity 1s further Increased in the moesale, thanks to the
sirong overlap hetween the adjacent Belds (see Fig. 15.1).

# The maximal number of flelds 1t 18 possible to olserve In a mosale ls limited by olservational
consiralnis. The fields are observed In a loop, one after the other, and to get a reasonable o
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coverage within one transit, only a llmited pomber of fields can be olserved. With the Plateau
de Bure interlerometer, the lmit seems to be around 15 Helds. Mosalcing even more flelds wondd
probahly require some other approach (eg. mosale of several mosales). Finally, a potential practical
limitation & the disk and memory slees of the computers, as mosalcing reguims o bandle very large

Images.

# The calilbration of a mesaie 1s stricily dentleal with any other observation performed with the
Platean de Bure interferometer, as only the olservations of the calibrators are wsed. At the end of
the callbration process, a wid tahle amd then a dirty map are eompited lor each polnting eenter.

Mosale reconstruction

The point Is now 1o recomstract a mosale oom the obaervations of each feld, o an optimal way In terms
of slgnal-to-polse ratke. Just forget for the time belng the effecits of the convolutbon by the dirty heam.
Each feld i can thus be written: F} = I = T+ N, where I3 I5 the pimary beam of the Interferometer,
gentered In a different direction lor each observation 4, and N B the cormesponding molse distribistion. In
prcilos, the same phase center [Le the same coordinate system ) 1s sed for all the flelds. We are thus in
the ¢lassical framework of several ohservations of the same unkoown quantity I, each one belng affected
by a welghting factor B, The hest estimate of I, In the kast-square sense, B this glven Ty

where the sum ncludes all the olserved fGelds and o; s the rmes of the oke dietribution M. [Mote that
in Eq.15.9 a5 well a5 In the following equations, «; 18 a number while other letters denote two-dimensional
dEtributimns).

Linear va. non-linear mosales

The problem which remains o be address B the deconvolution of the mosale. Thk B actuwally the
main difficulty of mesak Interferometric olservations. Two dilferent approaches have heen proposed (eg.
[Cormwel 1943]):

¢ Limear mosaicing: each Beld s deconvolved using classical technics, and 8 mosale 15 reconstroeted
alterwards with the ¢lean Images, aceording to equation 159

& Non-lnear mosaicing a jolnt deconvolution of all the Belds s performed, 1e. the reoonstruetlon and
the decomlution of the mosale are dome simdtanesusly.

The deppnwelution algorithms are highly mom-linear, amd the two methods aw therelore not eqguivalent.
The st ome Is stralghtlorward to Implement, but the nor-lpear mesaiciog algorithms give much betier
resulis. Inddeed, the combination of the adjacent felds In & mosale allows 1o estimate viEibDites which
wiere ol observed [gee previos paragraph), it allows 1o remove sldelobes In the whole mapped area, and
1t In¢reases the sensitivity In the [large) owverlapping reglons: these effecis make the deconvelution muach
more efflclent.

Non-limear decomwolutlon methods hased on the HEM algorithm have been proposed by |II}5.m well 19&&]3
and |Ha|:]1 et al IM]. As CLEan decomvolutions are uswally applied on Plateay de Bure data, a CLEAN-
hased metlod adapted o the case of the mosales has been developed. The indtial dea was pooposed by
F. Viallelond (DEMIBM, Paris) and 5. Guillotean [IRAM), and the algorithm 1 mow Implemented in the
MaprpiyG soltwane.
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15.4 A CLEAN-based algorithm for mosaic deconvolution

The dirty mosalc
The dirty maps of each feld { are computed with the same phase cemer (Le the same opordinate
system ) and can therelore be written:
Fi=Dy (B = I+ N [15.100)

Note that the dirty beams [ are a priord different lor each polnting center, hecase the we coverages, even
il similar, arve slightly different. The dirty mosak J can then be comstructed according 1o egquation 15.9:

_Z:%;E! _Eﬂiﬂi_?[ﬂi*[ﬂixf:l-l-!ﬂ]

S L2

Thk relation is homogeneous to the sky hrightness ditribution : the mosalke I8 corrected for the primary
beams attenpation. In practice, a slightly modifed mesalc s computed, In order to avold noke propagation
(1t makes no sense 1o add o the center of & feld molse coming from the external, attensated reglons of an
adjacent feld). For that pumpose, the primary beams used 1o constrict the mosale are iruncated o some
value, typically 10 to 3% of the maximum. The mosale Is thus defined by:
i
; %F 3 Bla [ﬂ,- *(B; % T) +:~:—]

where I denotes the trmeated primary beam of the feld & This relation s the measurement eguation
of & mosale, conmeciing the ohserved guantity J 1o the sky brightness diswibmion I {equation 15.1 was
ihe measurement equation of a single-feld ohservatlon).

J

(1511}

T (15.12)

MNolse distributhon

D to the comecilon for the pAimary heams attenuation, the noke ditribution in a8 mosalk 8 ot
uniform. From Egq.15.12, it can be written:

v E,- Bla " N

N = Z e [15.13)
Ageordingly, the ms depends on the pesition and s ghwen Ty
1|,l' S -'B-f "1'_2
ay : [15.14)

1
EB.J{JE,'_? ‘I‘{Emiﬂ'i—u‘
The noke this strongly Inereases at the edges of the mosale (see Fig. 15.1). The nonuniformiity of
the molse lewel with the position makes it Impossible 1o use classleal CLEay methods 10 deconvole the
moeale: the rlsk o ldentily a molse peak as a CLEAN component woildld be too Important. I B this
negessary to ldentily the CLEAN componenis on amptler dstributon. For that purpose, the “slgnal-to-
noke™ ditribution ls computed:

J E Bla R,

H — _ =
[} ,li :B_:uﬂ':l
S Bla? [D,—t[B,—xJ’jl+."h‘,-]
le.: H i (15.15)

VX B
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Figure 15.1: One-dimensional mosale of 10 hall- power owverlapping felds, with dentical noke level o,
[Loweer panel:) Normalized primary beams, iruncated to Bag, = (L1 [Upper panel:) Besuliing molse
ditribution (Eq.15.14). The molse rms In the mosale 1 roughly constanm, about 2055 lower than the molss
ol each Individual feld, but strongly Increases at the edges. The two thick vertical lnes Indicate the
truneation of the mosaie done by the algorithm at oy = o /B,

Deconvolution algord thn

The main kea of the algorithm is to leratively ind the positions of the CLEAN components on H
and then to correct the mosale J. The Indtial distributions Jy and Hy are computed fom the olserations
and the truncated primary beams, acoording to eguations 15.12 and 15.15% The lollowing operations have
then 1o be performed at each eration k:

L.
2
3

Find the position [z, ye) of the maximom of H.
Find the value §, of J at the posithon (2,5 )-

Remove fom J the eontribution of a pelnt-like souree of intersiiy 94, located at [z, i) (7 1s the
lop galn, a5 In the normal CLiay algorithm):

3 Blo7® [Di+ [ Byl ) o, ||

Y B

Az, k) denotes a Dirae peak located In (e, e ).

Je = Je_i — (1514

. Dipile same for H: remove the eontribotion of 8 polnt-11ke souree of Intensiy ik, located at [z, g ):

Ei Bla [D,- * [‘r i B2k, e J[n.nj]]

Mote that In the two last relations, the CLEay component 1s mulipled by the trie, not truncated
primary beam [taken at the [z, i) position).

H =H, , - (1517
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After kmas Herations, the mosale J can themlore be written:

ZB}E;*[D,-#(B,-N [k'f-rjmn.m])]
_ Z,-B?*f::;

Empugh lterations have to bhe perlormed to ensure that the mesldweal He | 15 smaller than some wser-
specified threshold [typlkally 1 to 3). The comparison between Egs 15,12 and 15.18 shows that, within

ihe noke, the sum of the CLEAN components can be ldentiffed with the sky brightness distribution I, As
with the normal CLeay algerthm, the inal clean image s then reeonstructed as:

+ Jen (15.18)

M=C= [E -k AT, m.y] + Tk [15.19)
k=1

where O 1s the clwsen elean heam. The modifed CLeay algorithms proposed eg. hy |C]n.r]¢ 19&'!] ar
|Hl-nm et al 19&{] can be similarly adapied to handle mosaies, the main ldea belng to dentily CLEAN com-
ponents on H and tocorvect J. Note however that the multi-resolution CLeax [Wakker & Schwartz 1988]
canngl be dimectly adapied, as It relles on a linear measurement equation, which s not the case for a
mosale.

The MAPPING software

MarpiyG Is ansuperset of the GRA PHIC soliware, which has heen developed 1o allow more sophisticated
deconvolutions 1o be performed. For instanee, 1t allows to choose a support for the decomvolution [clean
window) or to monltor the results of the deconvoliation alter each lteration. Seweral enhancements of
CrLeay [eg multi-resolition CLEAN) a5 well as the WIPE algorithm [see lecture by E. Anterrien) are ako
awallable. The deconvoliution of 8 mosale has to be dome with Marpivg, The implemented algoriihm
assumes that the molse levels In each Beld are similar (e %i oy = &), whicth & a reasonahle hypotlesk for
Plateau de Bure olservations. In that case, the eqiations of the previous paragrapham slightly simplified:
J B Independent from o, and H ¢an be written as the ratio H' fo, where H' B Independent from & and B
actually 1sed to locallee the CLEAN ¢ompomnis.

We refer to the Mapping Cookbook lor 8 deseription of the Marpiya soliware. Inshort, to decomvalve
musales:

« Create a wir table for each olserved feld. Then, run the UV_MAP task io compuie a dirty map amd a
dirty heam for each feld, with the same phase penter [variable UV SHIFT = YES).

¢ The task MAKE MISAIC 1s used to combine the Gelds to construct a dirty mosale. Two parameters
hawve tobe supplied: the width and the truncation level Bae of the primary beams. Three Images are
produced: the dirty mosaie® { yourfilelmv), all the dirty beams written in thesame file | yourfile heam )
and a e deseribing the positlons amd skes of the primary beams [yourfelobe). The diriyy maps
and beams of each Individiual feld are no longer weed after thke step and can thus be removed I
I PRESATY.

# Thedata kave to e loaded nte the Mappina uffers. This Is dome by the READ DIRTY yourfile. lmv,
READ BEAM yourfile. besam, and READ FRIMARY yourfile. lobe commamds., The latter automatii-
cally switches on the mosale mode of Marpiva [the prompt B now BOSAIC?). From now, the de-
convolution commands HOGEIM, CLARK and 2DI can be ised and will apply the algorithm deseribed
abowe. Use the command BOSATC to switch on or off the mosale mode i necessary.

¢ The clean beam of the Anal Image can be specified by the iser (varlables MATOR amd MINOR ). Oth-
erwie, the clean beam computed from the first Beld will be used. To check i there are difemnces
hetween the varlous dirty beams, just use the FIT @ eommand, which will indicates the clean heam
oo pated Tor the iih Held.

IMare predsely, this file containg the non normalieed mosake ©B) = F. The proper normalkation {sec equation 15.12) s
further done by ihe deconvalution procedures.
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@ CLARK @ 01

Figure 152 Mosale deconvoboed with the CLARK or SDI algorithms. Decpmvelution parameters were
ldentical (with a loop gain 1) and contours are tle same In the two Images. The lormation of stripes does
not geeur when sing the SO algorithm.

¢ The decomlution will se the same parameters as a wspal CLEAN: support, leop gain, maximal
mumber of Hem tons, maximal valie of the inal residual, ete.

¢ In addition, two otler parameters, SEARCH W and RESTORE W, can be supplied. Due to the strong in-
crease of the noke at 11s edges, the mosale has 1o be runcated above some value of oy, and these two
varlahles are 1sed to define ths truncation level (in terms of (o0 fe) ™). More precisely, SEARCH W
Indicates the limit abowve which CLEAN compoments have not o e searched, while RESTOREW In-
dicates the lmit above which the cean image & wot recpmstrected. Defauh walues of these two
pammetes [hoth equal 1o By ) are stoonely recommended. The corresponding truncation 1s shown
in Fig. 15.1.

Tests of the e thod

Heveral tests of the method described in this paragraph have been performed, elther with elserations
[Including the eom parison of Independent mosales oom the same souree) or with simdations. They show
that very satisfactory resulis can he achleved with typlcal Platean de Bure olservations. Interestingly,
MEM deconvolution of the same data set [using the task VTESS in AIPS) seems o glve worse mesulis: thi
s mpst probably related 1o the Imited wi-ooverage oblalned with the Flateau de Bure interferometer, as
compared Lo typleal VEA observations (MEM 1s known to be vilnerahle when there B a relatively small
mumber of visbilities).

15.5 Artifacts and instrumental effects

The behaviour of the mesaleing algorithm towards deconvolution artifacts and for Instnimental effecis can
be studied by ile mears of simulations of the whole mesaleing prooess. The models presented helow
were eomputed with several synthetie sky hrightness distributilons. we coverage of real oleerations were
used [4-anennas CD eonfiguration of a spurce of declination § = 68%). No molse has heen added 1o the
slmulations shown In the Ogures, a0 that pure Instrumental efects can directly be seen.
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- Without short—spacings | - With short-spacings
Reoovered flux = 37% Recovered flux = 62
A P T R R TR

Figure 15.3: (Lefi:) Initial model of a very extended sky brightness distribution. Dotted cdreles Indieate
the primary beams of the simulated observatlon. [Middle:) Reconstructed mesale, without the short-
spacings information. (Right:) Reconstructed mosaie, with the short-spacings information. The eontours
are tle same in the two simulated oleervations.

Siripes

A well-known nstalility of the CLEan algorithm is the formation of stripes during the decomvolution
of edtended structires. After the dirty beam has been subtracted from the peak of a broad featune, the
negative sidelobes of the beam are showlng up as positive peaks. The next terations of the algerithm will
then identify these artificial peaks as CLEAN components. 4 regular separation between the CLEAN com-
porents Is thereby Introduced and ile resulilng map shows ripples or stripes. [Sieer et al 1984] presented
an enhancement of CLEAN [command SDI in Marpiva) which prevenis such coberent errors: the OLEAN
com ponents are identified amd removed in groups. As mosaies are precisely observed to map extended
soumes, the formation of stripes can o priord be expected. Indeed, the algorithm deseribed in the previous
paragraph presents this instability. Fig. 15.2 shows an example of the formation of such ripples. To make
them appear so clearly, an unrealstic loop gain (v = 1) was used. But the algorithom of [Steer et al 1984],
adapted 1o the mosales, des not result In these stripes, even with the same loop galn It seems thus 1o
b a very efficient solution to get rid of this problem, if it should oeeur. Note however that more realstie
slmulations, including nolse and deconvalved with normal leop gain, do mot show stripes foemation. This
kind of artifacts seems thus not to play a significant role in the image quality, for the nelse and contrast
range of typieal Plateay de Bure ohservations. In practice, they are never oleerved.

Short spacings

The missing short spacings have potentially strong effects on the recomstructed hrightness distrilitions
in a mosaic. In each feld, the mest extended structures ave ftered out, which thus intreduces a lack of
information on an intermediate scale as compared to the siwe of the mosaie. As & conspgquence, a very
extended emission ean be split Into several pleces, each one having roughly the siee of the primary heam.
Thi effect can be very well seen on e simulatien presenied In Fig. 15.3. Should thk problem eceur,
the only way te get rid of it Is to add the short spacings Information [deduced typically from single-
dish observations) to the data set. Note however that the effects of the mising short-spacings on the
reconstricted mosalc strongly depend on the actisal wi coverage of the oheervations, as well as on the she
and morphology of the source: 1he artifacts can be small or pegligitle I the olserved emission Is confined
into reasonably emall mglons. From this point of view, the example shown in Fig. 15.3 repmsents the
WOTEL Case.

In any case, CLEAN Is known to be not optimal to decomvolve smooth, ectended structures. In onder
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Figure 15.4: Simulations of a 10-felds mosale olserved with the Platean de Bure interferometer. Each
fleld is affected by a polning error [see text). The corpesponding rms are indieated In the lower lefi
[olserations performed at 115 GGHz) and lower right (230 GHz) corners of each panel.

to partlally alleviate this problem and the effecis of the missing short-spacings, |“’.a.kkm & Schwartz 19&“,]
pmposed an enhanced algorithm, the se-called multi-resolution CLEay: deconvolutions are perlormed at
low- amd high-resolution, and the resulis are pombined to reconstruct an Image which then acopunis lor
the extended structums much beiter than n the case of a elassical CLEAN deconvoluton. As aleady
quited belore, this algorithm cannot be applied 1o a mosale, becayse 1t relles on a linear measure ment
eguation. 4 multkresolution CLEax adapted to mosaics has however heen developed [[Gueth 1997]) and
s currenily im plemented In Mappia, This method will not be deseribed here.

Point ing errors

Polnting ermors dirlng the ohservations can of eourse strongly aflect the images obitalned by mosalclng.
The rms of the polnting errors of the antennas of the Plateas de Bure Interfrometer s about 3. By
eomparizon, the primary beam size at 230 GHz & ~ 22 (Talle 15.1). The pointing errors are difficult
o model preckely: they ave different for each antenna, random ermis as well as glow drifis occur, the
amplitude eallbration partially oorrects them, eie. A complete simulation should therelore Introdsce
polnting ermors durlng the ealeulation of each visihility. For typical Flateau de Bure olserations, such
a detalled modeling I8 probably ot necessary, as the final Image gquality 1s dominated by decomaoliotion
artifacts. To get a fost geess of the Inflence of pointing errors, less realistle simulations were this
performed, In which each feld B shified as a whole by a [ramdom) gquantity. Such a systematic effect
most probably maximies the dBtortions intredeced in the Images. [Note that for a single feld, the
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spuice wiuld slmply he olsarved at a shified posithon in such a slmulation. For a mosale, the artifacis
are different, a5 each Individual feld has a different, random polpting ermor. See |'Eh.mwn]] l!IBT] for a
slmplified amalysis in temns of visihiliiles. ) Flguore 154 presenis typleal recomstructed mosales lor diflerent
rms of the poloting ermors of the Platean de Bure aptenmas. hvimsly, the larger the pointing ermor, the
worse the Image gquality. With a polnting error rms of 3%, reasonably correet mosaks can be reconstrocted
even at 230 GHe. Clearly, care 1o the polnting accuracy has however 1o he exercled when mosalcing at
ihe highest Megquencles.

15.6 Concluding remarks

Mosale oleerva tlons are now routinely performed with the Platean de Bure Interferometer, at both A 3 mm
and A 1.3 mm. Data processing reguines a lew more operations than mormal observations, bt does mot
pesent any speciiie diiculies Beconstreetion and deconvelution algorithms are avallable Inthe Marpina
sofltware. The mumber of mosales actuwally observed with the Plaean de Bure Interferomeier regulady
increased during the last years. For the last oleerving period, it amounts about 40% of the mapplng
pmjects (the fractbon of ohserving time used lor mosales B much lower, as many time- consuming detection
pmjecis are also perlormed ). The number of fields are 1sually < 6, but can he more Important n some
casps: the largest mosale observed up to mow (September 1 998) has 13 Helds.



