Chapter 12

UV Plane Analysis

Robert Lucas

IRAM, 300 rue de la Piscine, F-38406 Saint Martin ' Héres

12.1 wuwr tables

After calibration with CLic, the calibrated data may be stored in a partieular file called a “we table’. The
is wselin]l hecanse musch of the data in the CLic data e are not needed any more: atmosplerie parameters,
total powers, Image side band visibilitles, data [rom other recelbvers may he discarded at this stage. 411 that
counts B the data that are meeded to deseribe the souree itsell, the sky eguency that was oheserwed, ...
Oime may for Instance create a we table for the contmom and ene for each line that was observed.

These wir tables are Just special GiLpas tables sulted for e data handling that are eoeated by CLic.
Mapping conskis of ranslorming these tables Into something more meaninglol for the asronemer, eliher
Images or mimbers ke pesitlons, fux demsitles, skees, ete. However a good part of the data evaluation and
analysk can be direcily performed on the wie data lsell, belore performing any of the complex operations
Imvalved In greating an image [Fourler tramsiorm and deconvoluton ). Direct analysis of the wir data s the
sub ject of this Leeture.

12.1.1 wuv table contents

A wi table B a file In the Gildas Data Format, of dimensionms |.'1.."h'¢-_ +T,Nv], for W specim] channels and
Ny visibilithes, The 3N: + T lnes contalin:

L. @ In meters

2 v in meters

3. Sean mumber

4. Olseration date [nteger CLastday mmmber)

. Time In seconds sinee abowe date

&m
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o

. Number of start antenna of haseline

T. Number of end antenna of baseline

&, First [requency point [meal part)

9. First lrequency polnt [Imaginary part)

1. First frequency point [welght)

11. Same lor second vegency point, and S0 on

Thiss for a glven scan with N, antenmas, W, [N, — 112 visihilithes are reoorded.
The table eader has the standard Iorm of 8 Gilpaslmage. The leader Is avallable [for Istanee) by
de¢laring:

GRAPHIC» SICA\DEFIME HEADER T col{.uvt READ
GRAFHIC» EXAMIME T

Fuor a table named col10. wwi. Some keywonds comvey a more preclse meaning lor wi tahles:
TEMDIM should he 2
THDIM contalms IN+T and Ny
THRA, THDEC opordinates (radias) of the pointing center |the center of the primary heam).

THAD, THDO coordinates [radians) of the phase tracking center (a point souree at this point should have
wer phase); they are ldentical 1o BA and DEC when a table s Brst produced.

TREPOCH The epoch of these eoordinates. Should he L0

TRVELOFF, TYVELRES The wvelociiy of the relerence chamnel, and the chanmel separation in veloeity uniis
[k /&)

TERESTFRE , THFREQRES The rest freguency, and the chanmel separation in equency units (MHz)
TROOMVERT [1,1] the relerence chanmel

TROONVERT [1,2] tle aciual oheerving eguency at the elerenee chanmel (MHz); the one 1sed to scale
angular displagements rom w, v ooordinates In meters.

e may ako examine directly the header by typing slmply :

GRAFHIC> HEADER col®.uwt

12.1.2 How to create a ur Table

wir Tahles amw ereated by CLic using the command TAELE.
A gt of commands o create a we tahle may kook 1ike:

! Resat the defanlt options:
SET DEFAULT

! Tind the uselful scans:
FILE IN 21=JAN=-1988=-H126
SET SOURCE IRC+10216
SET RECEIVER 1
SET FPROCEDURE CORRELATION
SET QUALITY AVERAGE
FIND

! calibration options:
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SET AMPLITUDE ANTEMNMA RELATIVE
SET PHASE ANTENMA RELATIVE INTERMAL ATMOSPHERE

SET RF ANTEMMA OM

table crestion:

SET SELECTION LINE LSE LOL

TAELE HCN MEW SFREQUENCY HCN S8631.85 /RESAMPLE 19 10 =27 2,12 V¥

All bt the last two commands should he familiar at this poind.

# The first mew command, SET SELECTION, prepares the last ome TAELE. It selecis that the next tahle
to he created will he a line table (Le. with more than one speciral channel). The lewer slde hand
data will he med, and only the st subband of the eorrelator: LG

# The last pommand TAELE, actually coeates the table mamed hen.ouwwt. The rest equency, BRGA1.AG
MHe, Is set to be the relerence used for the veloeity seale. The data will be resampled to a weloeity
grid of 19 chanmels; the eloenee chanmel 10 wil ¢orpspond to the LSR welocty -2T7 km /s; the
chamnel spacing will be 212 kmfs. Without FRESAMPLE, one would have got all the channels in
il subband L1 with thelr original veloeliy separation. Withowt FREQUENCY, the mest Deguency
present in the data (in the olserving procedurs) would have been used.

Using fRESAMFLE, one may avold creating tables with tog many chanmek [by discarding unised paris of
correlator subbands) and cloose the resolution that Is actually meeded.

If il data B spread on seweral fes, ome may go on by gpening the other fes, inding e data seans,
and appending to tle tahle:

FILE IN 12-FEE-1598E-H12&
FIKD

TAELE

FILE IN Z21-FEE-158E=-H12&
FIKD

TAELE

[the arguments to TAELE need not to he repeated).
For continuum tables one may mse:

SET ZSELECT ION CONTINUUM DSE LO1 TO LO& =
SWINDDW 214406 2147268 217476 217796 21TEIT 2178TE
TAELE CONT=-1MM HEW

Here we are using data from all the line subbamds, bt only in the thee Teguency windows: 2144006 1o
214TH MHz, 217476 1o 21TTREMH e, and 21TAAT 1o 21TATS. This k of course to avold the lne emission of
some molesides.

A standard mens i avallable under the CLic main menn [SCreate a TV Table™). Afier executlon,
a specilie pmeedure Is ereated to keep track of the options and parameters used. This pmoedure can
subsequently be edived 1o add new data fles (data fes can also bhe added oom the menn).

12.2  wuv data plots

A procedure ls avallable to do varlos plots from a eontinoem or line table, [t name 1 UVALL and it &
called by clicking on “Interferomeirie UV operations™ In the GrarHic standard mems. One has to select
the first and last chanmel to be plotted (0 to get all chanmels) and the name of the parameters to he
ploited In abselssa and ordinate. The Iollowing examples are the most seful plois:

wir coverage: 10 get an ldea of the Imaging quality that may be obiained, to check I ome configuration
has been forgoiten, ..
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Figure 12.1: “Create a UV Tabk™ meny In CLic

welght va. numbert ¢heck T some data got strange welghts (e.g., sero) for any reason

Amplitude va. antenna spacing: quite seful ifa spurce & strong tosee I i looks resolved. Also check
for sparlens high amplitede polnis.

Amplitude va. welght: amother useful check: spuriows high-amplitude points with non-pegligible weight
can cawse a lot of harm in a map.

These plotting facilities ame alse implemented in the MapPING program as a command (SH0W UV).

12.3 Data editing

Editing the interferometer data & mot very Dexible when done in the wi taliles. I a prolilem occurs, is &
not easly diagnosed singe many of the parameters assoclated with the data acquBition are ot present:
atmespherie data, total powers, .. It Is lowever usefu] when something sirange oceurs in the mapplng
pmoess 1o do we plots of the input table to ook for ihe faulty data. Using time or sean mumber as X
coordinate & recommended. One then may go back to the CLIC program and flag the fauly data, tag the
eorresponding seans, and keep a log of these problems s that they are ot encountered again when the
wir tables are reppistructed for any reason.
Two tasks have been written that may directly edit the data in i tahles:
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Figure 12.2: Example of a wwe eowerage plot

W CLIP fags all vEibDitles larger than a ghven fux this deletes visihility peints with totally wrong
mumbers, i any.

W _FLAG deletes visibility polnts in a give time Interval for 8 ghven baseline.

Boih tasks work by setting the cormesponding welght to sero: thelr action Is Irreversible [you will have to
reconsiruct the we table to go hack).

The Maprivg program provides a more efficlent, simpler and reversible Interactive ool 1o lag paris
of a e data set [command UV_FLAG).

12.4 Position shift

Fuor the purpose of lwther data reduetion it may be meoemssary to change the phase eenter of the we data.
Thi Is done by a sgimple rotation of the phases [mudtiplication by a complex factor). O wses the task
UV _SHIFT for this purpose.

12.5 Averaging

12.5.1 Data compression

Cime may slmply wish to average several chanmek 1o Inerease the slgnal 1o nolse ratio (se tasks UV COMPRESS
and UV_AVERAGE ).
12.5.2 Circular averaging

For sourees with cireular sy mmetny it may be neeessary Lo obilain the variation of amplitisde with antenna
spacing, in order 1o compare the amplitede data with models. For thie purpese, with task UW_CIRCLE one



13z CHAPTER 12, 'V PLANE ANALYSIS

Sort—Tren, TV

Scurcw MLC+I0TTE

Line: 7950

Fraquancy: 216.118] 74 GHa
A8 CraTelE

WEIDHT »x NUMEER

A0 Boar markie VELBETY

Relative Welght

nt 38
O -CEP— 108 124102

Wisabality number

Figure 12.3: Weight versus vEibIlity mumber plot

takes the mean of all the vEiblities in concentric rfings in the ww plane. The output has the format of a
ui table [exeept that all v's are zero), and may be plotted with UVALL (fig. 12.5).

Use this sort of averagiog with eautlon: the phase center mist aceurately colncde with the souree
position or the am plitude of the visihility average will decrease on long spacings (use UF_FIT amd UV_SHIFT.
Qe may ako do ths kind of averaging In separate sectors in the we plane, to check for asy mmetdes,
provided the wi plane Is well sampled [task UV CUTS).

12.6 Model fitting

Musdel fitting & the oldest way of analyzing interferometer data. Tt was effectively used in the times where
the coverage of the wi plane was 1oo scarce 1o even think of creating an image by Fourler tramsform. One
assumes a slmple source model depending of a few parameters (source position, fux, siee) and fits the
visihility function of that model to the vEIbDity data. OF course one may usea linear combinationof seweral
soume models sinee the Fourler tramsform is linear. This is performed using the GiLnas task UV FIT. The
result may be displayed with the protedure PLOTFIT. Both are avallable in the panel “Interferometric TV
operations” fom the GrapPiic standard mens.

Tahle 12.1 gives examples of a few models and their visibility functions. For souree models with a
gireular symmetry, the vieiblity funetion & split inio a radial dependent amplitede and a phase [actor
which depends only on the source position.

Some spuroes ave actially so simple that this method may be used 1o a good accwacy (g, 1206).

Quite often this method 1s used for seurees that are wnresolved or ot well resolved at a given frequency ;

for instance a S0 maser may consist of several polot-source components at different velocities, Fitting a
polnt souree In each channel e derlves a “spot map™ (fgs 12.7,12.8).
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Tahle 12.1: A few souree simple souree models amd thelr visihility lumnetlons

12.6.1 Position measurement

For a spuree with ceniral sy mmetry the task UV CENTER determimes the souroe posltion by using only the
phases. Alterna tvely the task UV _FIT may be wmed o f the amplitedes amd phases at ihe same time, or
eg. o simulianesusly fit a palr of sounees.

12.7 Continmum source subtraction

It is straightforward to sublract a point source at the phase center In the wi data: one simply subiract a
real number [the souree fio) foom all the vElbDites.

The task UV _SUBTRACT subiracts & time-averaged continmm we table from a speciral line tahle [the
assumes that the contingum and the line have heen observed simultanesusly), providing a new table with
the line emission. Note that I the source Is too eomple, the time averaging [meeded to awold Ineoeasing
the noke level In the resulting table), may aflect the stmcture of the subtracted contimmm image.

IT il contimmm data was not olserved 1o the same session, or s koown only Trom other sourees, one
may bulld a wi table of the contimium sing the task UV MODEL. This tasks computes that table from
a mode] image or data ¢ube; It compuies the corresponding visihilitles at we coordinates taken oom a
relerence ww tahle (eg. the table out of which ome wanis to subiract the eontinmom model).

12.8 Self calibration by a point source

In spme ¢ases the comtimnm is a point souree, and 1s sirong ensiggh 1o be wsed 1o relerence 1he phases and
amplitudes of the line data. The phase and amplitede referencing can be done In Ol command 5T0RE
FHASE /SELF or In the wi tahles ising task UV_ASCAL.

Fuor this ome ¢reates separately a line table and a contimmm table. Naturally both mist have heen
oheerved simulianeously. It Is strongly advised to sell~calibrate the phase first, then the amplitede using
a lomger smoothing time. UV _ASCAL allows In addition to subiract [part of) the Input relerenoe sounes,
typleally to provide eontimnim-free spectral lime maps.

MNoie that this operation will work alsao i the spuree B somewhat extended, but with cemiral symmetry;
in that case only the phases can he sell-callbrated.
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Figure 12.5: Example of a circular average plot (same data as fig. 12.4)



12.8. SELF CALIBRATION BY A POINT SOURCE
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Figure 12.6: wi-plane fit to the dik around G Tau at L3mm (from [Guilletean et al 1999]).
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Figume 12.7: Result of a multi-channel polnt souree fit to the Orlon 50 (v=2, J=2-1) maser
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Figure 12.8: “Spot map™ of the Orien 5100 (v=2, J=2-1) mazer



