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Where we left off in the last lecture... visibilities!

Example: EHT observations of the supermassive black hole at the centre of M87
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Where we left off in the last lecture... visibilities!

Example: EHT observations of the supermassive black hole at the centre of M87
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Plan for this lecture

Calibration: how do we convert our raw visibilities into calibrated flux
measurements?

Model Fitting: Analyzing visibility data without imaging

Imaging: How do we make images from our data and understand their
limitations?



Plan for this lecture

Calibration: how do we convert our raw visibilities into calibrated flux
measurements?

Model Fitting: Analyzing visibility data without imaging

Imaging: How do we make images from our data and understand their
limitations?
References:

Interferometry and Synthesis in Radio Astronomy (3rd Edition) Thompson, Moran and
Swenson: Open Access Book

NRAOQ’s Synthesis Imaging Workshop Slides 2018:

- https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/
16th-synthesis-imaging-workshop-lectures
- Particularly Calibration by George Moellenbrock and Imaging by David Wilner



https://link.springer.com/book/10.1007/978-3-319-44431-4
https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/16th-synthesis-imaging-workshop-lectures
https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/16th-synthesis-imaging-workshop-lectures
https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/talks/MoellenbrockCalibration2018.pdf
https://science.nrao.edu/science/meetings/2018/16th-synthesis-imaging-workshop/talks/Wilner_Imaging.pdf

Calibration of Visibilities

Goals:

e Convert visibilities from raw instrumental units to flux units.
e Flag and remove bad data so that it is not included in your science analysis!
e Correct for instrumental and atmospheric effects.

(@)



Calibration of Visibilities

Goals:

e Convert visibilities from raw instrumental units to flux units.
e Flag and remove bad data so that it is not included in your science analysis!
e Correct for instrumental and atmospheric effects.

(@)

Categories:

e Slow changing
o E.g. antenna position, pointing or gain corrections with elevation, shadowing.
o Can be characterized then applied to all observations.

e Fast changing

o Variable phases delay from the atmosphere, fluctuations in system temperature, phase drifts in
the LO.
o Must be monitored during science observations by observing calibrators.



Complex Antenna Gains for Two Antennas:

“True” V|SIbI|Ity Vig = (EIE;) = A12e27f”i¢12

A

Anten na\

Antenna 2

oS



Complex Antenna Gains for Two Antennas:

“True” visibility Vis = (ELE3) = Aqpe?mion

Measured visibility Va2 = ((G1E1)(G2E»)*)
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Complex Antenna Gains for Two Antennas:

“True” visibility Vis = (ELE3) = Aqpe?mion

Measured visibility Va2 = ((G1E1)(G2E»)*)
= G, (E1E3)G,
= G1V12G5 = G12V1o

el

= g1g,e2m -0y,

Anten na\

Antenna 2
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Calibrating visibilities
Vnn (4, 0) = G, (2) / / I (1, m)e 2™+ dl dm = G () Vi ()

Y

Uncalibrated visibilities Complex gain for | Squrqe intensity “Calibrated” visibility
(what we measure) antenna pair m,n distribution (what we

: for antenna m,n
(which varies with time) ~ Want to measure)



Calibrating visibilities
Vnn (4, 0) = G, (2) f / I(1,m)e” 2™ ) gl dm = G () Vinn (£)

\ \

Uncalibrated visibilities Complex gain for | Squrqe intensity “Calibrated” visibility
(what we measure) antenna pair m,n distribution (what we

(which varies with time) ~ Want to measure)

Basic calibration strategy: observe an object with known I(1, m) and solve for G_ (t).

for antenna m,n

We want our calibrator to be:

e Bright (high signal to noise in a short integration time)
e Nearby your source (same path length through the atmosphere)
e Well characterized (known flux) and monitored (if time variable)
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Calibrating visibilities
Vun (1, 0) = G, (2) f / I (1, m)e” @) gl dm = G (t) Vinn (£)

\ \

Uncalibrated visibilities Complex gain for | Squrqe intensity “Calibrated” visibility
(what we measure) antenna pair m,n distribution (what we

(which varies with time) ~ Want to measure)

Basic calibration strategy: observe an object with known I(1, m) and solve for G_ (t).

for antenna m,n

We want our calibrator to be:

e Bright (high signal to noise in a short integration time)
e Nearby your source (same path length through the atmosphere)
e Well characterized (known flux) and monitored (if time variable)

Question to discuss at your table: which would be a better calibrator for tracking
antenna gains: a bright point-source or a bright calibrator with extended structure? Why? 1



Calibration with a point source

an(ua v)c — Gmn (t)SC = Vinn (’U,, ’U) — an (u’ ’U) SC

T \

Measured visibility of Complex gain for

point source :
calibrator ¢ antenna pair m,n

Flux density of
calibrator in Jy
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Calibration with a point source

N N S.
Vinn (4, 'U)c = Gmn (1)Sc = Vinp (u,v) = Vi (w,0) |
T \ n an (u7 ’U)c -
Measured visibility of c inf
point source omplex gain for Flux density of
calibrator ¢ antenna pair m,n calibrator in Jy
Usually we calibrate by phase and amplitude separately:
. | Se
Gain Amplitude: |Gmn| = gmgn = —
\Vin el Solve for the antenna gain amplitudes {g_},

and phases {0_}.
Gain Phase: @ =6,, — 0, + drfse

= 0 if the calibrator is a point 16
source at the phase centre



To recap we want our calibrator to be:

Bright (high signal to noise in a short integration time)

Nearby your source (same path length through the atmosphere)
Well characterized (known flux) and monitored (if time variable)

A point source (if possible)

Well characterized polarization (if you are attempting a polarization
observation)

In practice it is very hard to find one calibrator that satisfies all these
requirements so we observe more than one calibrator.
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Example: ALMA Band 7 Observations of the Antennae

Band Pass Calibrator:
3c279 Amp vs. Time

> Calibrate G__(v)_| P Gain Calibrator: 3¢279

¥

> Track gain
changes in time

Flux Calibrator: Titan 18.6° from Antennae

> Set the overall \\f{ By

flux scale 5 : Observed every 15
002 Science Scans minutes to track changes
' in complex gain

ooo—-I lﬂhwmmM}

—
01:20:00 01 30 00 01 40 0001: 50 0002: 00 0002: 10 0002: 20 0002: 30 0002: 40 00 02 50:00
Time (from 2011/05/28) (hh:mm:ss)
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Choosing a Reference Antenna

Gains calculated w.r.t. a reference
antenna (DV11).

Antenna Positions for uid___A002_X1ff7b0_Xb.ms

=525 A

Should be near the centre of the o
array, have good quality data over
the observing run. s
Gains calculated for other
antennas will be relative to this ol
reference antenna (assume s

Y (m)
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ALMA Tutorial: https://casaguides.nrao.edu/index.php/AntennaeBand7
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Apply gain corrections from monitoring systems

e \Variations in system temperature, water vapor monitoring (radio monitors),

antenna pointing corrections.

uid__A002_X1ff7b0_Xb.tdm.tsys

01:27:02 01:32:05 01:37:08 01:40:03 01:50:57 01:53:40 02:04:28

Ant 0: DV02, spw 5, fields 0,1,2: 3c279,Titan,...
150 i
140
130
120

Bys (K)

110

3440

TOPO LSB Frequency (GHz)
Ant 1: DV04, spw 5, fields 0,1,2: 3c279,Titan,...

3445

600
550
500
450
400
350
300

Bys (K)

_] 83%

3430

3435

Lower Side Band

83%

Bys (K)

128%

&

Bys (K)

28%

170
160

150 |+

140
130

1200
1000
800
600
400

02:18:02 02:20:56 02:31:49 02 02:45:20

34-33

Ant 0: DV02, spw 7, fields 0,1,2: 3c279,Titan,...

79%

2%

355.5 356.0

TOPO USB Frequency (GHz)
Ant 1: DV04, spw 7, fields 0,1,2: 3c279,Titan,...

355.0

79%

2%

I
355.0 355.5 356.0 356.5

Upper Side Band
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Apply gain corrections from monitoring systems

e \Variations in system temperature, water vapor monitoring (radio monitors),
antenna pointing corrections.

uid__A002_X1ff7b0_Xb.tdm.tsys

01:27-:02 01:32:05 01-37:08 01:40:03 01-50:57 01:53:40 02:04:28 02:18:02 02:20-56 02:31:49 02:34:33 02:45:20
Ant 0: DV02, spw 5, fields 0,1,2: 3c279,Titan,... Ant 0: DV02, spw 7, fields 0,1,2: 3c279,Titan,...
150 I TTT R P ‘-' . B tfretel - 83% 170 ¢ ; 79%
Q140 - CRGE P Peeeeeas =) c 160 H
‘m; NG|l SRy | | o et e e A A o 150 J
' . . o A0
Note thatwe @ 120 teZd e e 1] @ 1O
b 1ol B i = L ™ — -1, B0 -4 - N
also have 28% 2%
. 343.0 3435 344.0 3445 355.0 355.5 356.0 356.5
atmospheric TOPO LSB Frequency (GHz) TOPO USB Frequency (GHz)
H Ant 1: DV04, spw 5, fields 0,1,2: 3c279,Titan,... Ant 1: DV04, spw 7, fields 0,1,2: 3c279,Titan,...
lines, that i i
' 550 ' ' 79%
correlate with 20 1000
. 4
high Tsys and 3 %° i
g 600
350 |- ¥
should il B i l .
o
prObably be 343.0 3435 344.0 3445 355.0 355.5 356.0 356.5
flagged and

removed. Lower Side Band Upper Side Band 21



LSB Amplitude vs Frequency for the different targets

3C279 Titan Antennae (Northern mosaic]

Amp vs. Frequency Amp vs. Frequency Amp vs. Frequency
0.30 025 020
0.25 0.20 g
]
[his 5
i
should be
o a a
E E £0.10
< < ] <
0.15 0.10
0.10 0.05
0.05 0.00 4
3425 343.0 3435 344.0 3445 345.0 3425 343.0 .5 344.0 3445 345.0 3425 343.0 3435 344.0 3445 345.0
Frequency (GHz) TOPO Frequency (GHz) TOPO Frequency (GHz) TOPO
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Flux Calibration: Titan

Amplitude vs Frequency channel for Titan
before calibration

Amp vs. Channel
0.12 4
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Band Pass observation:

Calibrate the gain response as a function of frequency G(v)

Band Pass Amplitude before Tsys, wvr corrections:

File Export Summary View Help

Plot | Flag | Tools | Annotate ||

Cached:
Attach:

Range: s Automatic
[ Jto
[ ]

Top @ Bottom

Calibration | Data

Overlay: ® None © Atm © T¢

Data: [Amp 3
Column: [data g
Cached:
L Attach: ® Left O Right
Range: e Automatic

[ Ij

[ |

[Add Y Axis|

Transform | Page | Axes

Canvas | Display

Minimize| [ Close |

Add Plot Reload

Plot
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<

PlotMS
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Amplitude after Tsys, wvr corrections:

File Export Summary View Help
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Track gain changes vs time

Gain Phase (degrees)

200.0
150.0
100.0
50.0
o.o—:
-50.0

-100.0 -
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-200.0
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T T T T T T T T T
23:40:00 23:50:00 24:00:00 24:10:00 24:20:00 24:30:00 24:40:00 24:50:00 25:00:00

Time (from 2011/06/10) (hh:mm:ss)

In between the calibrator
observations we interpolate
the phase solutions.

OR for a bright science target
you could also attempt
self-calibration on the science
target observations.
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https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-wm16/Selfcal_Madison.pdf

Antennae Example: Before vs After Calibration

Units are now Jy

Amp vs. Frequency

PlotMS x
0.20 4
Amp:corrected vs. Frequency
0.15+ -
g =
o
£0.104 E
< =
$ ‘5 6.0
g
-3
£
a0
3 4.0+
0.05+
2.0
0.00- An
34‘2.5 34‘3.5 3421.0 341’:.0 342.5 3435 344.0 345.0
Frequency (GHz) TOPO Frequency (GHz) TOPO
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Closure Quantities:

Sometimes it is difficult to solve for the gain terms because they vary rapidly,
or because there are few baselines, or the source is variable. In this case we
can use closure quantities, which are insensitive to antenna gain terms.

“True” visibility ~ Viz = (E1E3) = Appe™®

Measured visibility Viz = ((G1E1)(G2E2)")
= G, (E1E;)G,

N
Antenna\
N

Antenna 2

= G1V12Gy = G132V

= g1g2e' @)V,
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Closure Phase:
Any triangle of three antennas can be used to calculate a closure phase.

ViaVas Va1 = (G1V12G3) (G2VasG3) (G3Va1GY) = (G1GY) (G2G3) (G3G3)ViaVasVa:

el

Ante naw
V31
V23

Antenna 3 2



Closure Phase:
Any triangle of three antennas can be used to calculate a closure phase.

ViaVas Va1 = (G1V12G3) (G2VasG3) (G3Va1GY) = (G1GY) (G2G3) (G3G3)ViaVasVa:

A

A12A23A3162m(¢12+¢23+¢31)

— g%g%ggezm(el_91+92_92+93_9}‘)A12A23A3162“’(¢12+¢23+¢3l)

§
All the antenna phase

gains cancel!

Ante naw
V31 %
NE

Antenna 3

—

E
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Closure Phase:
Any triangle of three antennas can be used to calculate a closure phase.

ViaVas Va1 = (G1V12G3) (G2VasG3) (G3Va1GY) = (G1GY) (G2G3) (G3G3)ViaVasVa:

A

A12A23A31627ri(¢12+¢23+¢31)

— g%g%ggez’”(gl_91+02_02+03_9}‘)A12A23A3162”’(¢12+¢23+¢31)

§
All the antenna phase

gains cancel!

Ante nawi
V31 ﬁ
NE

Antenna 3

If we measure the phases of the visibilities
we find:

9;512 + <IA523 + ¢A531 = @12 + P23 + P31

E

= 0 (+ noise) if the source

Closure phase is azimuthally symmetri¢



Closure Amplitude
Any closed quadrilateral of antennas can be use to define a closure

amplitude relationship. V12V34 B (G1Vi2G?) (G3VauGY)

V23V41 (G2V23G§) (G4V41GI)

: Anienna 2 VisVs _ (90) (95 (L) (G e
Vi = G1VGj, g VVn  \Gi/\ G2/ \G;) \Gi) VasViy

Vos = G2 Va3 G |
If we take the amplitude of both sides we find:

Antenna\ @ VisVag | l V12V34
-7 Vos Vi VasVa

Vi = G4Vu G} %t,/’ Antenna 3
Vas = G3V34G

Antenna 4 »



Using closure quantities:

Whatever solutions that you get from your calibration the measured source
amplitudes and phases must satisfy the closure relations!

Phase: Amplitude:
¢mn+¢np+¢pm=¢mn+¢np+¢pm M =|M
Vip Ve Vinp Vm
Number of independent closure phases:
(Nant - 1) (Nant - 2) lNant (Nant . 3)
2 2
ForN_ . = 10 this is 36 closure For N__ =10 this is 35 closure

phases amplitudes
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So now we have calibrated visibilities!
Next we could go straight to making an image by taking the inverse Fourier
transform of our visibility data

... or we could just fit a parameterized model to the visibility data directly (forward
modeling).

Question for the group: Why would we want to fit models to the u,v data rather
than going straight to imaging?
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Example analytic model fit:

2-D Gaussian:

P 9202 (24 v
e Fluxdensity S V (u,v) = Soe 2mi(uzotvyo) o —2m 0" (u”+v?)

. .
Location (xo,yo) Amplitude (Jy) Phase (degrees)
e Width (o) 0.0 02 04 06 08 1.0 -100 0 100
L | [ —
400 400 -
200 200 -
~<
s 0 01
>
—200 200 -
—400 400 -
400 200 0 —200 —400 400 200 0 —200 —400
ARA (mas) u (MA) u (MA) 34

Image credit: Dominic Pesce



ADec (mas)

Example analytic model fit:

2-D Gaussian:

e Fluxdensity S,
Location (x,,y,)
Width (o)

ARA (mas)

v (MA)

V (u,v) = Spe~2ritumvtim) g2 (u*+)
b

Phase (degrees)

Amplitude (Jy)
0.0 0.2 04 06 0.8 1.0 -100 0 100
N ' ] |
400 400
200 200 1
0 0
-200 200 1
—400 400 -
400 200 0 —200 —400 400 200 0 —200 —400
u (MA) u (MA)
35

Image credit: Dominic Pesce



Other simple analytic models:

V(u)

Amplitude

ring disk sphere
= SoJo(2m Ru) V(u) = S0 J1(2m Ru) V(u) = o0 J3/2(2m Ru)
070 mRu"" A (Ru)3/2 "%

) 100 300 400
lu] (MA)
. . . 36
Slide credit: Dominic Pesce

200



Fitting to visibilities

Normally the strategy is to minimize a y? or if using Bayesian forward modelling
maximize a likelihood.

- V(u“vz — uz,'vz,p)] [V(uz,’Uz) — Vm (uiavhﬁ)]*
i— )
Me_a_s_ured Visibility model
visibility for parameters
{p}

For a perfect fit ¥ is expected to be ng-n,or the reduced chi-squared le(nd - np)=1
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Re(V) (Jy)

Im(V) (Jy)

Example #1: Fitting asymmetric dust structure in protoplanetary disk around Herbig Ae

star 34700A with high resolution (0.1”) ALMA Band 6 continuum data

Uses visibility fitting code galario which performs Bayesian fitting and uses Monte Carlo
Markov chains to explore the parameter space.

T T T T 0.1 0.2 0.3
0.008F ° Data b
= 1.0
Model
0.006 1
0.004 F o
5 0.5
(2]
I v
0.002 <
4+
0.000 a9 0.0
byt
)
-0.002F 9]
)
+ +— —-0.5g
0.001} [ =
0.000F
-0.001 + - - ' 1 L.......-.l...J Lo
0 500 1000 1500 2000 2500 300 "i.o 0.5 0.0 —05 10 1.0 0.5

Gaussian Gaussian symmetric ring

Iy 34700 A(r, 6) = G(fo, 070) + GR(f1, 11, 0771) _ Gaussian asymmetric ring

+ GAa(fi, ri, 07,601,005, 05.),

Intensity (mJy beam™1)

uv-distance (kA)
Intensity (mJy beam™1)

Fasano, D., et al. 2026, Accepted to A&A

0.1

" HD 34700 A CLEAN galario |
2D model |

o
Intensity (mJy beam™1)

Intensity (mJy beam™1)

0.2 0.3

| O T |

PR I R R
-0.5 -1.0

Residuals SNR (0rms)

1.0 0.5 0.0 -0.5 i


https://mtazzari.github.io/galario/
https://arxiv.org/pdf/2603.25541

Example #2: Kim et al. 2020

230 GHz Event Horizon Telescope Observations of the
inner jet from blazar 3C279 with 20 parcsecond

(0.13pc) resolution over days.

Closure phases show changes from day to day. They
modelling the amplitudes and closure phases over time
to track 6 different Gaussian components associated

with the jet components.

- ALMA-SMA-SMT |

[\
ot
o

N
[\o}
ot
——
R

Closure Phase (deg)

¥

= ¢ April5 ¢ April 10
125 ¢ April6 ¢ April 11 1

19 20 21
GMST (h)

22

Relative Dec (uas)

10

-10

-30

Relative RA (uas)

-20[8 iy
R R T
Relative RA (uas)
-80
-90
-100
-110
-120

Relative Dec (uas)

—-130

Relative RA (uas)
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https://www.aanda.org/articles/aa/pdf/2020/08/aa37493-20.pdf

Creating Images from Visibility Data

Always keep in mind: an image is a model of your data.

I(l,m)= / / V (u, v)e?™@vm) dydy

The problem: we have only measured the visibilities at a discrete number of u,v distances:

Transfer function  Visibility weights e.g. w(u,v) = —

U OV,v
Vimeas (U, 'U) — W (ua v)w’({,y)V (u) ’U)

~

Fourier
transform of the
“dirty” beam b,
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Vwave (A)

“Dirty” Beam for the ALMA Antennae Band 7 continuum data

Vwave vs. Uwave

Antennae_North.Cont.Dirty.psf
52, —-18:51:43.5); Image: (-32, 247); Polarization: Stok

200000.0 gL
] "
-4 o |
100000.0 | D
] g .
1 L g
) - ol
0.0 - &=
| T
=
1 5
A O O |
2e
-100000.0 |
af 8 |
-200000.0 |
4 8 _ &
56

] T T [ T [ e ]
-200000.0 -100000.0 0.0 100000.0 200000.0
Uwave (A)

O¥ & Q1o & wes s

55 54 53 52 51
Right ascension (FK5)

B »

12:01:50

41

0.14

0.07

0.00

-0.07



peclination (FAo)

“Dirty” Image for the ALMA Antennae Band 7 continuum data
Vimeas (u, 'U) :/V«V (ua 'U)'w (u, 'U)V (ua 'U)

Transfer function is 0 everywhere except w=1/(o'uv)2 (natural weighting)
where we have measurements .. ..._ |
ty.psf “ ™ Antennae_North.Cont.Dirty.image ENgE M@0
, —18:51:43.5); Image: (-32, 247); Polarization: Stok P ‘ a3, %; e §
gL e E OW & Qox &3S wes # = M1 B
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“Dirty” Image for the ALMA Antennae Band 7 continuum data
Vimeas (4, v) =W (u, v)w (u,v)V (u,v)

Transfer function is 0 everywhere except w=1/(quouv)2 (uniform weighting)
where we have measurements
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Deconvolution with CLEAN

Getting a better quality image relies on modelling the visibilities for unmeasured
u,v values. There are lots of methods of doing this, but for the sake of time I'm
going to focus on the most common, the CLEAN algorithm (Hogbom, 1974)

Basic idea: I(I,m) is composed of a series of point sources.
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Deconvolution with CLEAN

Getting a better quality image relies on modelling the visibilities for unmeasured
u,v values. There are lots of methods of doing this, but for the sake of time I'm
going to focus on the most common, the CLEAN algorithm (Hogbom, 1974)

Basic idea: |(I,m) is composed of a series of point sources.

Step 1:

Take your
dirty map and
identify the
brightest
structure.
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Deconvolution with CLEAN

Getting a better quality image relies on modelling the visibilities for unmeasured
u,v values. There are lots of methods of doing this, but for the sake of time I'm
going to focus on the most common, the CLEAN algorithm (Hogbom, 1974)

Basic idea: |(I,m) is composed of a series of point sources.
Convolve a point source centered on the peak

with amplitude A* fraction g and subtract

Step 1:

Take your

.dlrty .map and ) Loop gain
identify the (@=0.1 is

brightest standard)

structure.
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Deconvolution with CLEAN

Getting a better quality image relies on modelling the visibilities for unmeasured
u,v values. There are lots of methods of doing this, but for the sake of time I'm
going to focus on the most common, the CLEAN algorithm (Hogbom, 1974)

Basic idea: |(I,m) is composed of a series of point sources.
Convolve a point source centered on the peak

with amplitude A* fraction g and subtract

Step 1:

Take your

dirty map and ) .
identify the g
brightest standard)
structure.

In some cases we may want to define a mask to tell clean where clean is allowed to remove point
sources. Defining a mask can be very complicated for maps with a lot of extended structure!


https://ui.adsabs.harvard.edu/abs/1974A%26AS...15..417H/abstract

Deconvolution with CLEAN (2)

Step 2:
Add a point source
of the same

amplitude to your
CLEAN model

48



Deconvolution with CLEAN (2)

Step 2:
Add a point source
of the same

amplitude to your
CLEAN model

Step 3:

Take the residual
dirty map from and
identify the
brightest structure,
and subtract
another point
source convolved
with the dirty beam.




Deconvolution with CLEAN (2)

Step 2:
Add a point source
of the same

amplitude to your
CLEAN model

Step 3:

Take the residual
dirty map from and
identify the
brightest structure,
and subtract
another point
source convolved

with the dirty beam.
Repeat steps 2 and 3 until you have removed all structures downto |,

h*

50



CLEAN map:
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CLEAN maps are the model convolved by a clean beam
(sidelobes suppressed) of the same size + the residual map. *



A word of caution: CLEAN should be supervised!
Often you will stop and check CLEAN after a certain number of iterations. If you
leave it to CLEAN down to the map noise rms like | did in the example below it

may try to subtract noise and add it to your model.

Example: casa tclean, 1000 iterations, threshold 0.4mJy (rms map noise)
Map (looks okayish) Model (not good)
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A word of caution: CLEAN should be supervised!

Often you will stop and check CLEAN after a certain number of iterations. If you
leave it to CLEAN down to the map noise rms like | did in the example below it
may try to subtract noise and add it to your model.

Example: casa tclean, 1000 iterations, threshold 0.4mJy (rms map noise)
_Map (looks okayish) Model (not good)

i Antennae_North.Cont.CleanN1000.model EHRNROD

:01:50.27, -18:51:46.2); Image: (544, 379);
ion: Stokes I

fa\l

01:54.88, -18:51:49.3); Image: (40, 355); NaN ;
ion: Stokes I

0.001!

+ I've
cleaned
too deep
and added
: _ ) . . , noise to
Possible Solutions: n

- Set a higher threshold (don’t clean too deep)

- Use a mask to tell tclean where it can remove flux

- Check on tclean after every 50 iterations

50 51:40
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Summary

Interferometric observations require careful calibration to recover complex
visibilities.
There are a variety of measurables that can be investigated to check the quality of

your data set, such as baseline amplitudes and phase measurement, but also
antenna gain invariant quantities like closure phases and amplitudes.

Forward modelling of the visibility data is a powerful (though computationally
intensive) tool for studying your source.

Deconvolution imaging techniques like CLEAN can be used to create maps from
the source data, but remember that these algorithms are also creating a model of
the source intensity.

54



