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Why observe with an Interferometer?

e Obtain high resolution at long wavelengths.

e Resolution (0) determined by the separation
between telescopes (B) rather than the dish
diameter (D).

o JCMT@A=850um,D=15m — 0 ~ 14"

e ALMA@ A =850 pum, B =2.5km— 6~ 0.07”
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Radio Interferometry Overview:

e |Interferometers multiply signals from
pairs of antennas to obtain samples of a
complex function called the Visibility.

e The Visibility is a Fourier Transform of
the sky brightness.

e The samples measured depend on the
antenna separation, orientation, and
observing wavelength.

e Imaging require an L QY HREbWridr
Transform of the samples and mitigation
of sampling sparseness (CLEAN lecture)




Two-element interferometer + cosine correlator

e Let'simagine a pair of antennas
separated by baseline distance b
observing a source in direction s at
frequency v.

e Each antenna collects and
amplifies the signal to measure a
voltage V oscillating at w = 21v.

e The same signal reaches both
antennas, one sees a delay T,




Two-element interferometer + cosine correlator

f/ jﬂf e The signals are digitized, then

4 multiplied and averaged in a
correlator to produce fringes with
response R .

e Fringe amplitude o< Source
brightness.

e Fringe phase is sensitive to source

position.
V,=Vcos[w(t-T,)] V,=Vcos(at)
V.V
. 2
L V

R, = - cos(wTy)




The complex correlator

e \What if we observe an extended source I(s)?

e Cosine correlator is only sensitive to even
component of extended sources.

e Add 90° delay to make sine correlator and ’
measure odd component too. 4

T

R.= ”I (s)cos(2zvb-s/c)dQ) = j I [.(s)cos(2zvb-s/c)dQ)

RS

[[1(s)sin(2zvb-s/c)dQ =[[1 (s)sin(2zvb-s/c)dO



Other considerations - Bandwidth and Fringe
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fringes rapidly.

Finite bandwidth attenuates fringe amplitude

Earth’s rotation moves sources through

7
2,°

’*O’

/e
A //
< Vi

0
g A

V,=Vecos[w(t-7,)] X V,=Vcos[w(t—1,)]
ViV,

Solve both problems by
adding extra delay to track a
reference “phase center”.



Other considerations - Primary Beam

Parabolic antennas are not
uniformly sensitive — emission
away from primary beam center
attenuated.

Physically track the motion of the
source to compensate.

Log Normalized Power

Normalized Power Response of Idealized ALMA 12—m Antenna at 350 GHz
(uniform illumination assumed)
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The Visibility Function V=R, iR, = o8

e The complex Visibility can now be
defined. " ’ A=|R2+R;
e Under certain conditions, the R
Visibility is a 2D Fourier ¢ =tan" (—“)
Transform of the sky brightness. R('

V,(b) = R.—iRy = [[1,(s)e”™"*dQ



XYlane coordinates

e Image plane: | and m are angular
separations on sky East/West and
North/South, respectively.

e Visibility (uv) plane: u and v are
spatial frequencies East/\West
and North/South, respectively.

e Uuand v are wavenumbers, i.e. the
length of a baseline in cycles of
the observing wavelength.




Fourier Transform relationship

e The Fourier transform relationship between the image and uv-plane is now:

V(iu,v) = // I,(1, m)e 27 eHvm) d1 dm

e Our goal - measure I(I,m) from our samples of V(u,v).
e With complete sampling of V(u,v) we could simply apply an inverse Fourier
transform to recover I(l,m):

L(l,m) // (w, v) ™ ™) gy doy



Sampling the visibility.

Each unique baseline vector b measures a different spatial frequency
determined by the projected baseline length in units of the observing wavelength.
Assume we observe a point source at a wavelength of 1 mm with a single
baseline: 20 m baseline

uv-plane sampling
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Sampling the visibility.
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Sampling the visibility.
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Earth Rotation Aperture Synthesis.

e Baseline projection changes as
the Earth rotates!

20 m baseline, 1 hour of observing

e This allows us to fill in the 1.00
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Earth Rotation Aperture Synthesis.

Baseline projection changes as
the Earth rotates!

This allows us to fill in the
uv-plane over time.
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Earth Rotation Aperture Synthesis.

e Baseline projection changes as
the Earth rotates!

20 m baseline, 6 hours of observing
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Multi-element arrays

e \We also can improve our uv-coverage by adding more antennas
with different separations.

2 Antenna Array

2 Antenna Array, 6 hours of observing
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Multi-element arrays

N/S (m)

We also can improve our uv-coverage by adding more antennas

with different separations.
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Multi-element arrays

N/S (m)

We also can improve our uv-coverage by adding more antennas

with different separations.
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Multi-element arrays

e We also can improve our uv-coverage by adding more antennas

with different separations.
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Frequency dependence

The uv-coverage is also dependent
on our observing wavelength.

Better resolution can be obtained at
shorter wavelengths (higher
frequencies).
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Resources

e Interferometry is a deep topic - these will help:
e NRAO Summer School Lectures - perfect for beginners, has recorded
lectures and slides:

https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/16th-synthesis-imaging-workshop-lectures

e Essential Radio Astronomy - beginner textbook nttps:/mww.cv.nrao.edu/~sransom/web/xxxhtm

e Interferometry and Synthesis in Radio Astronomy - extremely technical but
comprehensive textbooK: nitps:/iink.springer.com/book/10.1007/978-3-319-44431-4

e ALMA Documentation - See the proposer’s guide and primer for easy
introduction, and the technical handbook for detailed inquiries.

https://almascience.eso.org/documents-and-tools/cycle-8-documents



https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/16th-synthesis-imaging-workshop-lectures
https://www.cv.nrao.edu/~sransom/web/xxx.html
https://link.springer.com/book/10.1007/978-3-319-44431-4
https://almascience.eso.org/documents-and-tools/cycle-8-documents

Questions?



Correlator Stuff

e Signals are the ALMA antennas are combined (heterodyning) with a high
frequency signal (local oscillator) to downconvert them to a lower
(intermediate) frequency for easier processing.

e This produces an upper and lower sideband separated from

e Up to 4 ~2 GHz wide chunks of bandwidth (basebands) from either sideband
can be sent to the correlator.

e Correlator resources are allocated to the basebands to divide them into one
or more spectral windows with varying bandwidth/resolution.

e Example configurations of correlator.

e Note things are complex and vary between telescopes depending on
receiver/correlator setup.



e.g Band 3: LO:

lower sideband Vo upper sideband

<« P> <€ > € >
4 GHz 8 GHz 4 GHz

Observed Frequency
4500 4550 46)00 46450 4

—HN3CH30H v §=0 2(2,0)-3[1,3) ++
—BiC2 v=0 14(2,12)-13(2,11)
—B02 v=0 26(9,17)-27(8,20)

— LOvy=03-p

" 345loo’ ' ' 34550’ ! 346lo0’ ' ' 346ls0’ T T 34
Rest Freauency
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Goal of Calibration

e Interferometers try to measure
the visibility function...

e ... but the atmosphere, wet
weather, antenna errors,
electronics problems, and other
issues corrupt our

Viu,v) :/ L(1, m)e” 2mit=vm) qrdm,

measurements. 4 Plane waves from disan; oi
e Through calibration we want to ’ -

eliminate these effects and obtain - e

accurate visibility amplitudes and BsSSsSEEEE .

wavefronts

phases.



Antenna Calibration equation

e The measured visibility V on baseline between antennas i, j is corrupted by a
F R P S OJH) Lf&gtor which varies with time t,_and frequency v..

VoI (ti,vg) = Vil (ti, vp) * G (L, vy)

e Amplitude and phase errors can

sz(tk I/f) GiGj:
be factoredinto DQWHQQD EDC Aty

Vo) * A A7 (t,, ) Temporal amplitude

?-..

(tk, 0)
complex gains: +A*(tg,vy) * Al (tg,v;) Bandpass amplitude
¢ (t, vo) — ¢’ (t, y) Temporal phase
+¢*(to, vs) — ](to,uf) Bandpass phase
(t, vy)

tr,vr) Any additional correction



Closure Relationships

Goal: recover the antenna complex

gains by comparison of the

measured visibilities with a known
calibrator source:
Useful closure phase (and amplitude
relationships provide constraints for
solving for antenna gains, e.g:

* Form total phase around three baselines:

obs
U

¢obs+ ¢obs

obs obs
7 K

Vobs

(P +6; = 6;) + (T + 6; — 6;) + (o{T“° + 6; — 6;)

— ¢lrue+ ¢true+ ¢true

Gi’j — GZG] — Vm/Vcal

Pockets of
warm air cause
optical phase
delays

o
&

i

&

[
Closure \
Phase
Triangle \

Kk



Observatory Calibrations

e
e These are done rarely, or when }
' gontnd
antennas are moved.
e For each antenna, calibration

measurements are made for:
Array Position

Focus

Pointing/astrometry

Surface accuracy

Primary beam pattern

o O O O O



Science Observation Calibrations

e The following calibrations are done for every ALMA observation:
o Data Flagging

System temperature Measurement

Water Vapor Radiometer Corrections

Bandpass Calibration

Flux Density Scale Calibration

Phase (gain) Calibration

Check source observations (long-baseline/high frequency only)

Polarization Calibrations (polarization observations only)

Self-Calibration (ALMA user applied! Friday Workshop :) )

O O O O O O o o o

o W

0]

Il go through (most of them) one at a time.



Data Flagging

e Some problems can completely

ruin data, e_g: o Amp vs. Frequency
o Broken antennas RFlspike X
o Correlator glitches b
o Telescope shadowing “
o Radio Frequency Interference 0.06 -
o Bad calibration solutions g '

i,

e When this happens, the bad data 004
is removed or “flagged”.

0.02

. . . T . y v
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System Temperature Calibration
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Water Vapor Radiometer Calibration

e Variations in water vapor in antenna
LOS causes significant phase
errors: .

Water vapor delays

e ALMA 12m antennas have
radiometers that measure water
along LOS every 1.1s to correct for
this:

WVR CORRECTIONS
DV16-1km south - DA60-1km north

100} { 100} :
50 {1 50 :
of {1 of -

=50 41 =50
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-100} 1-100}
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Calibrator Source Observations

e Flux, bandpass, and phase (gain) calibration vary on short timescales and
require observing additional calibrator targets:

12—: '

10-: )

L .
& 1Flux&BP Primary/secondary
“ gain calibrators

. (e.g. when one more nearby, but other brighter)
\ Scienc
target
i
2 -
o

——— T —
00:13:20 00:30:00 00:46:40 01:03:20 01:20:00 01:36:40
Time (from 2011/04/22)



Flux Calibration

e Ideally: observe a mm source of
known brightness and scale our
visibility amplitudes.

e Problem: the mm sky has few
suitable calibrators!

e Option 1: Solar System bodies

e Pros: bright, flux known to 5%

e Cons: not always observable, low
flux on long baselines...

Amplitude

Baseline length



Flux Calibration

Amplitude

e Option 2: Quasars
e Pros: Bright, point-like, all over the
sky

[ CO”S:?LPH YDULDEOH )OX[ Baselinelength
e ALMA's solution: Observe many

quasars regularly with solar system oo | I P
objects in “grid” over the sky. el |
e Observing an ALMA grid quasar P
' ' ides ~10° - '
with science targets provides ~10% < . —y
accuracy at 233 GHz (band 6) -

Observation Date



Bandpass Calibration

Correct Amplitude and Phase
across bandpass by observing
a calibrator.

Usually done once before/after
science target observations.

Gain Amplitude

Gain Amplitude
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Phase (gain) Calibration

e Atmospheric turbulence causes
large, time variable phase
observations G X U laR J
observation.

e Short science target scans are
bracketed by observations of a
phase calibrator.

e Calibration solutions are
interpolated in time to science
observations.

phase

1 Flux & BP

gain science rarget

t* s
’..QO’V

$AE Il 090000000 aias

true phase (target)
© phase_int

. phase_inf

true phase (calibrator)

== == = interpolated solution

time

Primary/secondary
gain calibrators
(e.g. when one more nearby, but other brighter)

Scienc

e
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Questions?
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JRXULHU 7UDQVIRUP SHODWLRQVEK

SHFDOO WKDW IRULQWHUIHURPHWHUY WKH LPDJI

L(l,m) = //V(u,v)em(“””m)dudv
Viu,v) = //I,,(l,m)e_m(“lﬂm)dldm

' /HWTV ZULWH WKLQJY PRUH FRPSDFWO\ DV IROOR

[=F YV} V=F{I}



(IHTHFWV RI 6DPSOLQJ
'HVFULEH VDPSOLQJ RI XY SODQH ZLWK IXQFWLRC
Vobs = S(u, v)V(u,v) S(u,v) = Z d(u—u;, v—u;)+0(utu;, v+uv;)

| ZH WDNH WKH )RXULHUZW REQWMIRQ PVKIHOW U XH V|
FRQYROYHG ZLWK WKH )RXULHU WUDQVIRUP RI 6

B(l,m)=F{S(u,v)} I*xB=FYSV}

%LV NQRZQ ®MUWK HE RNROWKHVL]HGDEHDRYV KRZ W
DUUD\ VHHV D SRLQW WR XV FHBEQO WG MPKH H
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'LUW)\ ,PDJH ([DPSOHV

I(,m*B(m) ©
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,PDJH XQLWYV IRU LOQWHUIHURPHW

)RU LQWHUIHURPHWHU\I \AJ 17 L1 C il nNn \/1 1 L1
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'HLIJKWLQJ 6FKHPHY 1DWXUDO

1RW DOO GDWD LV FUHDWHG HTXDOO\ HDFK YLV
GHWHUPLQHG GXULQJ FDOLEUDWLRAQ
" $ 3 1IDWXUDO" ZHLJKWLQJ P K PDH ZRIWGK® ¥ W/RK H W

1
w; — —5
o;

" 1DWXUDO ZHLJKWLQJ SURYLGHY RSWLPDO VHQVL'



'HLIJKWLQJ 6FKHPHY 8QLIRUP

7KH GLUW\ EHDP KDV ODUJH VLGHOREHV GXH WR
VDPSOLQJ

7KLV FDQ EH PLWLJDWHG E\ LQFUHDVLQJ WKH ZHI
WKH XY SODQH !

g,
: NLV WRHDO GROQWIDMWD SRLOQWY LQ WKH XY SODQ
LQWRHOOV RI VL]H )29

S8QLIRUPO\ ZHLJKWUIUMHDGBEWMWKH LPDJH QRLVH



'HLIJKWLQJ 6FKHPHY %ULJJV 5RE

%ULJITV ZHLIJKWLQJ VFKHPH DWWHPSWV WR ILQG
XQLIRUP DQG QDWXUDO ZHLJKWLQJV

7KH SUREXVWQHV\s \EDNBPYP WWBXHY EHWZHHQ H
DQG HVVHQWLDOO\ QDWXUDO

1 . l'.b‘i (3 + 10 11’.)2

[ = e

Wy = u; = ., 72
;E l 1+ W kf - Y—Z : i_“
) SURYLGHV D JRRG FRPSURPLVH IRU PRVW $/0

HISHULPHQW DQG FKRRVH ZKDWTfV EHVW IRU \RXU



'HLIJKWLQJ 6FKHPHY XY WDSHUL

/IRQJ EDVHOLQHY PD\ FROQWULEXWH VLJQLILFDQW (
6KRUW EDVHOLQHY UHFRYHU H[WHQGHG VWUXFW;
'H FDQ RSWLPL]H IRU WKLV E\ PXOWLSO\LQJ RXU

*DXVVLDQ WKXV 3SWDSHULQJ” RXW WKH HIIHFW R
7TKIWKURZV DZDD @®WOHDVHY QRLVH

ZHLIKW

XY GLVWDQFH



(I THFW Rl -HLIJKWLQJ RQ WKH 'LUV

'H W\SLFDOO\ LQFOXGH WKH ZHLJKWYV LQ RXU H[S
S(u,v) =Y w; (0(u— ui, v — v;) + 0w+ g, v + ;)
1

Natural Robust 0.7 Uniform Tapered Uniform
Bm : 5.6 arcsec Bm : 4.0 arcsec Bm : 3.2 arcsec Bm : 8.0arcsec
0.1 sidelobe 0.05 sidelobe +0.03,-0.08 sidelobe ~ 0.01 sidelobe

OBSERVED




BURGXFH DQ LQLWLDO GLUW\ LP

/KH &/($1 $OJRULWQI§RJLJKWHVW SRIQW

, FW IURP WKH LPDJH WK}
7KH &/($1 DOJRULWKP #RIERT ons DQG VKLIWHG WR

DWWHPGMWHNRY RRKYH, ZKHUH

LPDJH DQG UHPRYH WKH%'&"[‘)FSWNQ\WVRXUFH Rl EUIA]KYV
WKH GLUW\ EHDP WR 2FOHDQ3 PRGHO LPDJH

Original dirty image

Final model image

SHSHDW 6WHSYV UHSODELWQYK,
WKH VXEWUDFWHG PDS IURP WKH
LWHUDWLRQ 6WRS EXH®RPSDUDERQG
WR WKH QRLVH OHYHO LQ WKH PD

1000
800
600

400

&RQYROYH WKH 2FOHDQ2® PRGHO
LGHDO 2FOHDQ® EHDP W\SLFDOO\
*DXVVLDQ ILW WR WKH PDLQ OREH
AR _ Sl | GLUW\ EHDP

0 200 400 600 800 1000 200 400 600 800 1000

6HHwWWS OQHVDQGHUV JLWKXE LR J,&/($L1P|$[B%IGHS(9—|LVUQ/M/\D<5PDJH UHVLGXDOV W

200



http://nesanders.github.io/gICLEAN/examples.html

&/($1 LQ DFWLROQ

Cleaned image
iteration 1 Difference image

1000

800

600

400

200

0

0 200 400 600 800 1000 200 400 600 800 1000

" /HIW UHVLGXDO LPDJH 5LJKW 5HPRYHG PRGHO |



&/($1 LQ DFWLROQ

" &/($1 SURYLGHV DQ LPSUHVVLYH LQFUHDVH LQ LP
" &/($1 ZRUNV ZHOO EHFDXVH ZH NQRZ RXU LPDJHYV
HPSW\ RI HPLVVLRQ

Original dirty image Final model image J)LQDO PRGHO UHVLGXDOV

1000

0 200 400 600 800 10 200 400 600 800 D 200 400 600 800 1000



&/($1 DQG &%$6%9%

" 8VLQJ &/($1 ZLWK $/0$ GDWD L
ZLWK WKH &$6$% SDFNDJH

" 6HW RI & WRROV IRU UDGLR (
S\WKRQ ELQGLQJV

" QFOXGHV LWYV RZQ S\WKRQ L

" YJRUPHUO\ S\WKRQ QHZ YHUV

S\WKRQ
" 'REXPHQWDWLRQ ‘ ASA

KWWSV FDVD QUDR HGX FDVDGRFV FDVD

" &%$6%$ 7TXWRULDOV Common Astronomy
KWWSV FDVDJIXLGHV QUDR HGX LQGH[ SKS"WLWC Software App“CBtiOﬂS



https://casa.nrao.edu/casadocs/casa-6.1.0
https://casaguides.nrao.edu/index.php?title=Main_Page

&$6% EDVLFV

' QWHUIDFH SURYLGHV DQ
DQG *8, RXWSXW ORJJHU
5DGLR UHGXFWLRQ WRRO
L H S\WKRQ IXQFWLRQV

The start-up time of CASA may vary

jdepending on whether the shared libraries

are cached or not.

IPython 5.1.0 --

An enhanced Interactive Python.
PIPELINE CASA 5.6.1-8 -- Common Astronomy Software Applications

casaVersion = 5.6.1-8
imported casatasks and tools using taskinit *

C++ shared library loaded successfully
--> CrashReporter initialized.

Enter for help getting started with CASA...
Using matplotlib backend: TkAgg

8VHIXO FRPPDQGYV

| H[HFINGHLSWQWRH XWH FRPPDT,
VFULSW Sa=Bln

| LQWDVNQDFKHFN WDVN LQSXW {55055 15:0057 nme——oomeea

| KHOMDVNQDBHW WDVN GRF X P Hi S
WHUPLQDO

| GREWDVNQDPHIW WDVN GREXP
ZHE EURZVHU

| JRWDVNQDPHQ WDVN ZLWK FXU

| WIMMDVNQDIMW LQSXWV ODVW [ 7 s
il/_]gll‘ Lock scroll y

L |

Log Messages (:/home/logan/casa-20200923-190029.log)

Search Message: &% ¥ Filter: [Time ~

I Message




&/($1 LQ &%$69

&/($1 FDQ EH XVHG WWB@&MN
LQ &%$69%

+XJHXPEHU RI LQSXWV E
KDQGIXO DW D WLPH DUH

LA | Y 1

outlierfile

fastnoise

restart
savemodel

calcres

‘corrected’

[100]
['larcsec’]

I
*SIN'

‘mfs’

‘standard’

'hogbom"

True
[1

False

‘natural’

H ottt W W

HoHe ot M W W W

#
#
#
#
#
#
#
#
#
#
#
#

HoH ot Wt W W W W W

3o H 3 e 3 3

Name of input visibility file(s)
Enable data selection parameters
field(s) to select

spw(s)/channels to select

Range of time to select from data
Select data within uvrange

Select data based on antenna/baseline
Scan number range

Observation ID range

Scan Intent(s)

Data column to image(data,corrected)
Pre-name of output images
Number of pixels
Cell size
Phase center of the image
Stokes Planes to make
Coordinate projection
Name of starting model image
Spectral definition mode
(mfs, cube, cubedata, cubesource)
Reference frequency

Gridding options (standard, wproject,
widefield, mosaic, awproject)

Name of Voltage Pattern table

PB gain level at which to cut off
normalizations

Minor cycle algorithm (hogbom,clark,m
ultiscale,mtmfs,mem, clarkstokes)

Do restoration steps (or not)

Restoring beam shape to use. Default
is the PSF main lobe

Apply PB correction on the output
restored image

Name of outlier-field image
definitions

Weighting scheme
(natural,uniform,briggs,
briggsabs[experimentall)

uv-taper on outer baselines in uv-
plane

Maximum number of iterations

Type of mask(s) for deconvolution:
user, pb, or auto-multithresh

Mask (a list of image name(s) or
region file(s) or region string(s) )

primary beam mask

True: use the faster (old) noise
calculation. False: use the new
improved noise calculations

True : Re-use existing images. False
: Increment imagename

Options to save model visibilities
(none, virtual, modelcolumn)

Calculate initial residual image

Calculate PSF

Run major cycles in parallel




“DVLF WFOHDQ SDUDPHWHUYV

ORVW SDUDPMWAHDQ@HEUW OHIW DV GHIDXOW

3D\ DWWHQWLRQ WR GDWDFROXPQ HLFRUUHFWHG
ILHOGHIDXOWV WR VHOHFW HYHU\ REVHUYHG VRX
VSZ VHOHFWY DOO FKDQQHOV ZLQGRZV E\ GHIDXC

# tclean :: Radio Interferometric Image Reconstruction

vis =
selectdata @ =

datacolumn
imagename
imsize

cell
phasecenter
stokes
projection
startmodel

True

‘corrected’

[100]
[*larcsec’]

I

*SIN'

#
#
=
#
=
#
=
#
#
#

o oW oW W W W

Name of input visibility file(s)
Enable data selection parameters
field(s) to select

spw(s)/channels to select

Range of time to select from data
Select data within uvrange

Select data based on antenna/baseline
Scan number range

Observation ID range

Scan Intent(s)

Data column to image(data,corrected)
Pre-name of output images

Number of pixels

Cell size

Phase center of the 1image

Stokes Planes to make

Coordinate projection

Name of starting model imag




“DVLF WFOHDQ SDUDPHWHUYV

" 6SHFPRGH
| HPIVYT PXOWLIUHTXHQF\ VIQWKHVLYVY XVHG IRU FRQWLQXXP
| M&XEHY XVHG WR LPDJH VSHFWUDO OLQHYV

" UHITUHUHIHUHQFH IUHTXHQF\ RI LPDJH GHIDXOW)\
" SEFRBRUUHFW IRU DQWHQQD SULPDU\ EHDP LPSF

Spectral definition mode
(mfs, cube, cubedata, cubesource)
Reference frequency

I -tondard’ Gridding options (standard, wproject,

widefield, mosaic, awproject)
Name of Voltage Pattern table
0.2 PB gain level at which to cut off
normalizations

Minor cycle algorithm (hogbom,clark,m
ultiscale,mtmfs,mem, clarkstokes)

Do restoration steps (or not)

Restoring beam shape to use. Default
is the PSF main lobe

Apply PB correction on the output
restored image




“DVLF WFOHDQ SDUDPHWHUYV

'HLIKWLQQRDWXUDOY puXQLIRUPY DQG pEULJIIVIT DY

Weighting scheme
(natural,uniform,briggs,
brigasabs[experimentall)

Robustness parameter

Number of pixels to determine uv-cell
size

uv-taper on outer baselines in uv-
plane

=
=
#
#
#
kS
=
#




“DVLF WFOHDQ SDUDPHWHUYV

" QLWHMXVW VHW WR VRPH KXJH QXPEHU LI \RX GRC

" WKUHVKRIDGEH XVHG WERL WEIINH DR\ VHW WR HJS
OHYHO LQ LPDJH

" ,QWHUDBWWYWR 37UXH" WR VKRZ *8, LOWHUIDFH

Maximum number of iterations

Loop gain

Stopping threshold

Multiplicative factor for rms-based
threshold stopping

Maximum number of minor-cycle
iterations

Scaling on PSF sidelobe level to
compute the minor-cycle stopping

threshold.

PSF fraction that marks the max depth
of cleaning in the minor cycle

PSF fraction that marks the minimum
depth of cleanina in the minor cycle

Modify masks and parameters at
runtime

ot W W W e M W W W W W W



(FOHDQ H[DPSOH

Data Display Panel Tools View Help
. e e S | L3 (
FRDOV RN a@mAaRu 8GAKRA
am . ® %®
aglig.meganx]

o @ | o
& Add & This Channel & This Polarization Next Action:
iErase € All Channels € Al Polarizations
max cycleniter iterations left threshold cyclethreshold
100 9999 [0y [0.367768)y
Display & X |Cursors

[¥ Serpens_08.residual-raster

Serpens_DB.residual—raster -0.170299 Pixel: 99 60 0 O
18:29:55.747 +01.13.18.659 I -6241.1 km/s (lsrk/radio velocity)

[v Serpens_08.mask

+0 Pixel: 99 66 6 0
18:29:55.747 +61.13.18.659 I -6241.1 km/s (lsrk/radio velocity)
Contours: -6.6 -0.2 0.2 0.6

fclean(vis erpens_Main 850 08 epochl cont chan _avg self-cal.ms’,
field='Serpens Main 850 08°',
datacolumn='corrected’,
imagename='Serpens 08°,
specmode="mfs "',
spw="",

ICRS Declination

121 J imsize=[100, 100],
L cell='0.3arcsec’,
d weighting='briggs’,
08" robust=0.5,
niter=9999,
interactive=True)

1°13'04"

57240 56°.6

ICRS Right Ascension




7JFOHDQ LQ ORJJHU

INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO

~fineImage
~fineImage
~fineImage
~:weight ()
~gWeight ()
-nvolution
~Iteration
-.: :makePSF
~nsitivity
-ntBeamSet
~.imaryBeam
~ajorCycle
~mageStats
-mageStats
-.setupMask
~setupMask
~ctivemask
~teraction
-mageStats
~mageStats
~inorCycle
-~econvolve
—.econvolve
~ionRecord

Impars : start

Shape : [100,
Set Gridding

100, 1, 1l]Spectral : [3.43505e+11] at [0] with increment [1.58443e+10]
options for [Serpens_08] with ftmachine : gridft

Set imaging weights : Briggs weighting: sidelobes will be suppressed over full image
Normal robustness, robust = 0.5

Set Deconvolution Options for [Serpens 08] : hogbom

Set Iteration Control Options

[Serpens_08]

Theoretical sensitivity (Jy/bm):0.000533952

Beam : 5.82657 arcsec, 2.88889 arcsec, -78.1369 deg
—vi2 - Evaluating Primarv Beam model onto image grid(s)

[Serpens_08]
[Serpens_08]
[Serpens_08]
[Serpens_08]

---------------------------------------------- Run Major Cycle 1 ------------ocomoommc oo oo oo
Peak residual (max,min) over full image : (0.94841,-0.264522)

Total Model Flux : 0

Initializing new mask to 0.0 for interactive drawing

Number of pixels in the clean mask : 0 out of a total of 10000 pixels. [ 0 % ]

[Serpens_08.mask] Mask modified from 0 pixels to 510 pixels

[Serpens_08]
[Serpens_08]
[Serpens_08]

Mask changed interactively.
Peak residual (max,min) within mask : (0.94841,-0.118535) over full image : (0.94841,-0.264522)
Total Model Flux : 0

[Serpens 08]
[Serpens_08]
Completed 10

RoT-MiTor—tycre—Tterztions
Run Hogbom minor-cycle | CycleThreshold=0.367768, CycleNiter=100, Gain=0.1

iters=0->10 [10], model=0->0.61882, peakres=0.94841->0.333689, Reached cyclethreshold.
iterations.



Data Display Panel Tools View Help

r U] LI — N @\ | L

FSD QW H wwm Mas w8 S5
S 406 & o

M oo 0 o o &

Click here with the desired mouse button to assign that button to
‘Colormap fiddling - shift/slope’

© Add Drag tool using the assigned mouse button. )
 Erase o
max cycleniter iterations left threshold cyclethreshold
[100 | 9989 [0y | o)y
Display

Serpens_08.residual—raster

ICRS Declination

5750 56°.6
ICRS Right Ascension

hogmMs57° 6

Cursors

IV Serpens_08.residual-raster

+0.0400773 Pixel: 14 99 6 ©
18:29:57.440 +01.13.30.373 I -6241.1 km/s (lsrk/radio ve

IV Serpens_08.mask

locity)

: 149900
I -6241.1 kn/s

+0
18:29:57.440 +061.13.30.37

7 Lsrk/radio ve
Contours: 0.2 6.4 6.6 0.8

locity)



Data Display Panel Tools View Help

S B N wE s w8 | &S

™ . T
7 ¢ . R ® < |74
s BE2 L8082 8K
& Add (= This Channel G This Polarization Next Action:
A
(" Erase € All Channels " All Polarizations 0 bpo
max cycleniter iterations left threshold cyclethreshold
100 9718 [0y [y

Display & X |Cursors

v Serpens_08.residual-raster

+6.0022934 Pixel: 7 99 0 ©
18:29:57.580 +01.13.30.316 I -6241.1 km/s (lsrk/radio velocity)

[V Serpens_08.mask

+8 Pixel: 799 6 6
18:29 80 +01.13.30.316 I 241.1 km/s (lsrk/radio velocity)
Contours: 0.2 6.4 6.6 0.8

[
o
=
o]
=
3]
o]
S|
17
a4
&)

18M29™M57° 6 57°.0 56°.6 5
ICRS Right Ascension




[FOHDQ UHVXOWYV

Serpens_08.image—raster

Serpens_DB8.residual—raster T T T T T T
T‘f | | | | |
28”
28"
5 2 ] § 2r I
= £
o 16" - s 18" [ T
[ L
2] (8]
D 3
[0 T
O HE 5 12" -
08" os" F |
1°13'04" | ; .
‘ S 1°13'04) —O 1
| | | | -l .
18M"29M57% 6 57°.0 56°.8 56°.2 55°8 I : ' ' : ' : ' '
18"29™M57°% 6 57°.0 56°.6 56°.2 55°.8

ICRS Right Ascension
ICRS Right Ascension




2WKHU WFOHDQ RSWLRQV

" 8VWSHFPRIGXEHY DQG VXESDUDPHWHUV WR LPDJF

Jybm™1

0.00 0.01 0.02 0.03 0.04 0.05

215kms™?!

Dec. (J2000)

L
10"27™53.0°

0.06 O.

07

|

"52.0°  51.5°
RA (J2000)

"51.0°

7505

'cube’

'radio’

‘linear’

1

#
=
#
#
#
#
#
ES
#
#
#
#
#
#
#
B
#
#
#

& XEH

Spectral definition mode

(mfs, cube, cubedata, cubesource)

Number of channels in the output
image

First channel (e.g. start=3,start='1.
1GHz' ,start="'15343km/s"')

Channel width (e.g. width=2,width='0.
1MHz' ,width="10km/s")

Spectral reference frame in which to
interpret ‘start' and 'width’

Velocity type (radio, z, ratio, beta,
gamma, optical)

List of rest frequencies

Spectral interpolation

(nearest, linear, cubic)

Number of channel chunks

whether to calculate weight density
per channel in Briggs style
weighting or not



2ZWKHU WFOHDQ RSWLRQV PXOW

&/($1 FUHDWHYV PRGHO
XVLQJ FROOHFWLRQV F
" 7TKLV LV QRW RSWLPDO
HIWHQGHG VRXUFHYV
" OXOWLVFDOH FOHDQLQ
WR XVH HIWHQGHG *DX
IXQFWLRQV IRU FUHDW

OXOWLVFEFDOH BRBWQVEDOH
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