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As a reminder, an interferometer does not record the signal from individual
antennas but from pairs of antennas. The resulting output signals are
called complex visibilities. The visibilities can be written as

WV(u,v) = Aei*®

The amplitudes (A) from the correlator output describe the total amount of
emission measured by the antenna pair (which corresponds to a specific
spatial scale).

The phases (@) from the correlator output describe the position of the
emission offset from the centre of the beam of the telescope.

In radio astronomy, calibration refers to making corrections to the
amplitudes and phases and rescaling the amplitudes in the visibility data
before images are made.



In practice, the measured visibilities for a baseline between antennas / and
J as a function of frequency v and time ¢ is given by

V,

If obs

(V, t) 7 Gij(v’ t)V/ true(v’ t)

where G;(v,t) is a general operator that encompasses multiple effects,
including effects related to the atmosphere, antennas, receivers, and
correlator, that could alter the phases and amplitudes.



It is difficult to derive corrections for every baseline, so corrections are
derived for each individual antenna. These corrections could be written as

Gj(v,t) = G{(v,t) G x(v,{)
(where G #(v,t) is the complex conjugate of G(v,f)) or

ei(pijobs == A .

i ij rue+ ei +e'
yi\ i true @i aje(CPft )

Ij obs

Note that the correction (or gain) G,(v,t) for an individual antenna can be
written as separate functions of frequency and of time.

G(v,t) = G{(v) Gi(f)



The visibility calibration process involves calibrating the following (in the
following order) for each antenna:

« Amplitude as a function of frequency (A vs V)
« Phase as a function of frequency (@ vs v)
« Phase as a function of time (pvst)
« Amplitude as a function of time (A vst)

The amplitudes are largely derived independently for each antenna.
However, the phases for each antenna need to be derived relative to a
reference antenna, which should be selected from near the center of the
array.

ALMA and the JVLA also perform some additional calibration steps before
performing the above steps.



For ALMA, the following data
processing steps are applied
to the data:

uid_A002 Xf396d6 X45bb.ms.h tsyscal.s6_1.tsyscal.tbl
UT 12:23:1012731:5212734:0812:56:26 13:08:4513:21:02

spw23, fields 0,3:)1058+0133,PJ113921.7
; PWV 4.15mm, airmass 1.23 (field 0) :

1. Corrections to the
amplitudes are applied
based on measurements
of the system
temperature.

2. Corrections to the phases | ; :
are applied based on |
measurements of water T T N\ %
vapour along the line of
sight.




For ALMA, the following data
processing steps are applied
to the data:

J1148+1840,)1058+0133 (PHASE,BANDPASS,AMPLITUDE)

200 SPW 17 Correlations X and Y  All Antennas 5cans 3,5,8,10,13,15,18 ... 28

1. Corrections to the
amplitudes are applied
based on measurements
of the system
temperature.
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2. Corrections to the phases |
are applied based on
measurements of water
vapour along the line of
sight.
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For the JVLA, the following
data processing steps are
applied to the data:

1. Corrections to the
amplitudes are applied
based on the target
elevation.

2. Opacity corrections are
applied to higher
frequency bands.
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The bandpass calibration uses
observations of a pointlike
source with a flat spectrum to
make amplitude and phase
corrections as a function of
frequency.

The bandpass calibrator is
usually a very bright quasar that
may not be located near the
science target.
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The bandpass calibration uses
observations of a pointlike
source with a flat spectrum to
make amplitude and phase
corrections as a function of
frequency.

The bandpass calibrator is
usually a very bright quasar that
may not be located near the
science target.

0.046
0.045
0.044
0.043
a 0.042
< 0.041
0.040
0.039
0.038

0.037

Amp:corrected
i i i = o =
+= w [=3] ~Jl [==] w

=
w

=
N1

Amp vs. Frequency

146.5
Frequency (GHz) TOPO

l... :-: *, ‘ { ‘
.t : o“o'i"#’

146.5
Frequency (GHz) TOPO




The bandpass calibration uses
observations of a pointlike
source with a flat spectrum to
make amplitude and phase
corrections as a function of
frequency.

The bandpass calibrator is
usually a very bright quasar that
may not be located near the
science target.
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Corrections of the phases as a
function of time are derived
using a pointlike source,
typically a quasar, located near
the science target.
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Corrections of the amplitudes
as a function of time are
derived from the phase
calibrators after the amplitudes
of the phase calibrators have
been rescaled using a flux
calibrator.

Amp vs. Time
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The flux calibration for any given observation is typically derived from
measurements of a very bright quasar.

However, quasars vary in brightness unpredictably over time. Therefore,
these sources' flux densities are usually calibrated with Solar System
objects where the blackbody emission has been extremely well modelled
and extremely well constrained by other instruments (especially satellites
that have measured the cosmic microwave background).

Solar System objects are not routinely used for calibration in large part
because they are not always visible in the sky. Additionally, their spectra
iInclude absorption lines, and relatively long baselines may be insensitive to
the extended emission from these objects.



In addition to these steps, it
may be necessary to flag data
that appear as outliers, which
means that they will not be
used either for deriving the
phase or amplitude calibration

or for creating the final images.

This flagging should be done
before deriving the phase and
amplitude calibration.
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After the calibration tables are derived and applied to the data, the data
should be ready for imaging and deconvolution. This process is called
cleaning, and it will be discussed next.
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