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16.1 Visunalisation

Conirary o the lower bequencles where contlmium emission processes are dominant, mm Interferomeiry
most frequently deals with spectral lines, amd hence lmaolves handling and display of data cubes, Only a
few astronomy packages have been designed lor this: Gipsy, Giunas, Mirian, Altheough the presentation
which lollows B general engugh about the principles je.g. for the nolse analysls or fux demsity measume-
menig), I will pnly present the took which are currently avallable In GGiipas, Within Giipas, two display
tonls are avallable:

= The GGRAPHIC program

= The MviEW task

In GRrapHe, easy display 15 avallable using the Iolowling commands
- MAP, for slmple chanme] comtour maps
- BIT, same with overlaid colr hit map
- WICE, with clean beam in addition
- PiE, for Position-Yeloeity plots
- SPECTRE, for maps of spectra.

Easy aceess 1o the parameters of these procedures 1s avallable throwgh the Windowling Interface. G RAPHIC
also provides acoss 1o all Image processing tasks such as UV MAP, UV_STAT, CLEAN, eic.., and flexible
conirok for pullication gquality plos.

Task MV IEW provides a diferent approach. It s a Window hased application which provides simple,
Intidtive, amd fast Interaciiee 3D data eube display. It provides specirum diplay at eursor pesition, slipes,
moments, movie eatures, color manipulation, ete ... [t ako has a divect Interface tosome Important tasks
(g, moments evaluation, subset extraction) for which interactively selecting parameters ising mouse
motion B comvendent. Howewer, eontrary i GRAPHIC, 1L cannol be ostombed 1o produce publication
qualily Images.
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Figure 16.1: Mustration of the difficulty to deconvolve 8 weak, extended strocture. In this 1-D e mple,
hall of the fux B In the extended stmicture, and cannot be eeowered properly by decomaplution hecause
ol low signal to moise.

16.2 Photometry

16.2.1 From Flux density to Brightness temperature

The unit of the dirty map s 1] defiped. A single polnt souree of 1 Jy appears with peak intensity of 1. B
i mupre than 1 polnt seuree I8 In the Held of view, the combination of pesitive or negative sldelobes from
the piher source modily the result. It B this necessary to deconvelve. Aflter deconvelution, the heam
area B well defined: the CLEAN map unit I8 Ty per beam amwa.

The conversion 1o hrightmess temperature can then be done 1sing the standard equation
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for GGaissian beams. GO MAP and Iis varlanis automatieally display the Jy /K ¢onversion [actor ment lomed
abgve. The Integrated D density In a user defined area can then be computed on the clean map using
eommand GO FLUX.

16.2.2 Accuracy of Flux density estimates
The accuracy of Hix measirements s Hmited by several lactors.
Deconvolution Errors amd Misaing Flux

Deconvolution Imits are among the most Importanmt. Decomvolution ls reguived [see Chapter 13),
but 1t 15 impessible o decomalwe weak structhures near the noke level. Neverileless, these strioetures,
when sufliclently edended, can eoniribute to a slgnificant e The relevance of the missing fux to the
astromomical Interpretation Is to he declded by the astromomer. In most cases, howewver, the missing
e does ot correspond 1o any significant brighiness, and lis absenoe may not modily the astronomical
Interpretation. A schematle Musiration ls ghven In Filg 16.1: hall of the fux 1z burled In the polse, b
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the brightness I8 measured properly [within the statistical error). Note also that Wiee oflers an upper
limit to the nolse amplfication Iactor due to the non lear decomaolutlon proeess. This upper limit &
alten diseouragingly large lor the rather poor dirty heams provided by current mm arrays (4 or § B mot
umsualj

Com paring the recoversd iz toasingle dsh measirement can help you In estimating the corresponding
hrghiness level amd evaluate whether this s Important n your astronomical case. To convert Trom s o
hrghiness, the characteristle slze of the missed i should he sed. This I8 in between several synihesized
heam widils and about hall of the primary beam. Alihopgh in general the problem is not as severe as one
wipitdd think [becase, unfortunately, one ls often slgnal to nolse limited), this 5 an Important information,
specially In the case of mosales.

Seeing

A second Important effect which affecis Qix density measurements 1s the seelng. Seeing mesult In an
underestimation of Polot soume e, On the other hand, the total fux B spread over the seeing dik,
and B In principle conserved. Insufliclent seelng conditions Dmit the deconvolution procss, sinee the
allective sy miheslsed beam [which should Include atmospheric phase errors) Is slgnificantly different Trom
the theoretical sypilesised beam [(computed om v coverage and welghts). A good check 1s 1o make an
Image of the two calibrators, and measure the corresponding polnt souree e and apparent slee.

Molse estlmate

Finally, ile noke should bhe estimated. G0 RS glves the sigma of the iImage lie density distribotion.
Thi Is an Improper estimate, slnee it ncludes any possible signal, all spectral channels, and map edges
wihere the molse level Increases die to allasing and gridding. A better estimate, derbved om effective
welghts, s In principle glven by task UV STAT. However, this estimate does not take Inbo acoounl possl-
ble decomvolution problems or dynamie range limitations due 10 atmospherie phase nolse. The optimal
pmoedure Is to use command GO FLUX on an emply area of the Image 1o find owi the polnl souree rms
noke, The precsion of the estimate B limited by statstical uneertainies Inked to the number of beams
i the area. Then, apother G0 FLUX oommand on the emission area will give the total fux and momber of
independent beams, n; ibe rms on e total Tiee Is % times the polnt source rme determined by the G0
FLUX ¢ommand applied toan empiy reghon. Another good method to determine the nelse level [yet to he
implemented as a WOISE procedure ... ) would be to bulld the histogram of the ploel values and it a
Gasslan to it I souree structure only eowers a small fmction of the Image, this metlod provides a good
estimate.

Primary beam

Cie shontld emphasisze that primary beam eomection ls essentlal in any correct los density estimate.
ATl Image plane analysk should be carried out on a primary beam oorrected Image. This Introdsces a
slight complication, sinee the nolse level 1s then not unilorm. The GO FLUX commands discussed belore
ghould be applied in reglons of similar extent and location vi-a-vis the primary heam (g).

wir plane analysk 15 also exiremely uselul both in measuring Integrated Dix densites and ms mlse
level, at least for simple, relatively compact, souree models. Task U FILT provides statkileal errors for all
parameters of the [t Primary beam eorrectlon should be applied & posteriod, hased on the location of
the region of Intemst.

Diymamic Range

As mentioned above, the dynamie range may be a Imitation. The dynamic range D E defined as the
ratipol the peak Imtensity to the lowest “hellevable™ eontour. 0 s obvlously lower than the signal to mlse
ratip. Tt can he estimated as the alsolute wlue of the peak to maximom negative contour ratio. As sual,
map edges should not be ncluded 1o this evaluation. Dynamic range s related to seelng and callbration
errore. It s typleally 10 1o 40 at Platean de Bure (I slgnal 1o molse ratio allows). Ervors should inclisde
dynamle range eflects.
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Flux density acale

Finally, remember that the M seale s determined by bootstrapping e of [varlable) guasars Trom
that of relerenee sourees. Any errors accumulated In this proeess mist be tramsferred to the soume fux
estimate.

In summary, fux denslty estimates should gquote erpors which nclude

» Effective thermal molse

» Dymamk range prohlems

« Relative [ealibrator) i wneerialoty

» Absolite flux seale uneertainty OR reloence D seale.

« Primary heam oorrection

16.3 Short Spacings

Extended strsciure ame mesed, attensated or distorted In Interfemmetrie maps by lack of short wi spacing
Inlgrmation. While this effect may bhe negligibhle lor some astronomical problems, 1t oould also be essential
i a proper analysis, Deeonvolition recovels some of them, bot under-estimate the total B because the
integral of the dirty beam Is gero (the integml of the dirty heam kB the welght of the (0,00 Wi cell n the
wir data set).

Constriaciing & heam with & non zero integral can belp deconvolution. ThE can be dome by neorpo-
rating the Tero apacing Qi or specinim.

Short spacings provides even more infomation, becase they give Information on tle spatial disirl-
butlon of this fux on seales between hall the primary beam amd the primary beam fsell. Short spacings
can be provided by a smaller interferometer (e.g. BIMA) or a large single dish [egg. 30-m). In theory,
st spacings can also be provided by tle Interforometer antennas ueed in slngle-dish mode. Howewer,
hecaise most Interferometer have ot been deslgned with total power stability as a goal, ths has pot heen
praciioed so far.

Incorporating short spacings into interferometer data 1s a two step propess. Task UV SINGLE exiracis
short spacing nformation fom single dish data (spectra) amd creates a wi tahle. Task UV MERGE merges
the simgle-dish amd Interferometer tahles, Coordinates system should he conskient and checked belore
[opordinates are always JHNEUD at Platean de Bure, often BI9SL0 at the other ohservatories. .. ).

16.3.1 UV SINGLE
Ineorporating short spacings rom the 30-m lnto Platean de Bure data s a 3 step prooess {or tle wser.

» Creation of a table of spectra
First, one should resample [In equency ) all specira to same Mmequency grid than nterferometer
data, using command RESAMPLE In CLass). Then a table of specira 15 pmduced using command
GRID [with moe optlons) in CLass.

» [mage creation
The mext step ls the ereatlon of “well behaved” map fom the table of specira. It staris with
resam pling (in space) on a regular grid by a convoelution kermel (Interpolation technigues such as
the G REG eommand RANDIM MAP are Inappropriate). Welghts are also resampled. Then, we lollw
by extrapolation to sero outslde the comvesx hid]l of the ma pped reglon, 1sing a kermel twlee broader
than the single-dih heam, 1o aveld Introdeeing spurious sirsetone,

Becase of molse, the map stlll contalns spurios high spatial frequencies. These are removed during
the wir table creation, The algorithm steps are

— Bourler translorm of map and welght Images
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Division by Bourler Tmmslorm of the single-dish beam
Cridding comection (division by Fourler Translomn of the gridding limetlon)

Truncation tosome maximum we dstance [ < dish diameter)

— Inverse Fourler Tramslorm back to image plame

Multiplieation by primary beam of the interlemometer
Fourler Tramslorm io e plane

— Mormalization of the welghts a0 that the sum of welghis 1s the welght of the toial D (derbed
Trom integration time, bhandwidih and system tempers ture).

— Oiptional application of an amplivude scaling factor.
— Qptional application of & welght sealing factor.

Thi produces a wir table with optimal weights in terms of signal 10 neke ratlo for the total B,
and with effective tapering following the single-dih Mumination pattern, ecxept for the truncation
at some Wi dEtance.

» Merging with Interlerometer data
Thee fimal step Is to merge the resulting we table with the Interferometer we tahle. Re-welghting and
re-sealing 1s agaln possihle at thk stage. Note that the cholee of welghting functlon & arbitrary. It
may result In poorly behaved synihesized beams when combined with the Interferometer wi data.
Welghts ¢an be lowered by any arbiirary [actor (Increasing the welghts 18 only allowed i signal 1o
mke B oot an lssme). A good cholee B 1o adjist the welghts so that there s almost mo negative
sldelohe.

16.4 Dirty Tricks

Besides fux density estimate, which, as discussed belom, 1s a mon trivial task, amalyzing speciral line
Images may loree the astronomer to face some really tricky problems. The two most obvios are moment
evaluation and contimmm subiraction.

16.4.1 MOMENTS

The pwest order moment of a spectral Ine data ¢ubes offer very comvenlent ways of Interpreting lmages.
The sero™ order moment Is the Intesrated Intensity, the first order moment he velogity, e second
order moment the liee widilh, While these momenis are lisear combination of the ¢hanmel maps, the
deponvolitbon proecess 1s non lmear. Accordingly, the two operations do ol commuie.

Henee, it ls impossible to recommend degomaalving belore computing the mean intemsity, or summing up
the Individual eleaned chanml maps. Inthe latier, Imitedsignal to mise can prevent proper deeonyvoloton.
In the lormer, weloclty gradienis can spread emBslon over an extended area which is diffleult 1o hapdle in
the decommalution. Cholee can be a matier of trial (and ermis).

T avold Introducing molse, a window In velocity s Important. While noke on the ntegrated intensity
gnly Inereases as the square oot of the windes widil, the efect on the higher order moments ls much
more dramatie, and resulis In non gaissian noke distribution on these varlahbles, A threshold In Intesity B
uselil to prevent spurlos molsy eatiures, The window shoild In principle be plxel dependent 10 allow or
velocty gradients, Smoothing both in the spatial and speciral domaing may belp In obtaining hetter resulis
In moment extraction. A lne Milng procedure (eg. a Gausslan line fit at each plxel) may sometimes he
the best splution (under comstruciion, check later...).

Momenis can be ¢computed using task WOMENTS and displayed using the G0 VELOCITY command in
GrRAPHIC,
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16.4.2 Continuum Subtraction

Contimium subiraction s a related problem. § s in princple meeded to compute properly moment maps.
However, 1t may be completely Impossible, for example In the case of an optically thick lne partially
covering a oontimium souree. Contlmmm subiraction can be done In the Image plane or in the we plame.
wir plane subiraction aveld the mon linearity in the deconwvolutbon, and thereby any amplification of errors
Indueed in this process. Task UV _SUBTRACT performs this operation. Alhough signal 1o nolse on the
continuim s ofien mueh better than on the spectral line, 1t may be advantageous Lo sublract a souree
maodde] rather than the measured vislhilitles; this 15 only true when thermal noke s more Important than
phase molse. Task UV MODEL compute visihilities foom an lnput lmage.



