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Differential Instrumental Polarization Calibration

W. D. Cotton, E. KravchenkoJuly 17, 2014

Abstract—The standard instrumental polarization calibration ~ from source polarization. Application of instrumental gel
procedures for radio interferometers like the EVLA assume that jzation corrections also generally assume that the coorecs
both the instrumental and calibrator source polarizations are constant with tiime and observing geometry. This procedure

constant during the observations and among sources and use theb ks d i th i d/ b . t
different effect of parallactic angle to separate the two. At the p- reaks down 1 ere aré ume anajor observing geometry

per frequency range of an instrument, the assumption of constet ~ variations in the antenna polarization response.
instrumental polarization may be invalidated due to flexure in
the mechanical structure. This memo describes a technique which
can correct for residual instrumental polarization that is common 1. DIFFERENTIAL CALIBRATION

to all antennas. An example is given from observations at low  For a homogeneous array such as the EVLA, we assume
elevation at the top of the VLA frequency range showing strong 4t the standard instrumental polarization calibratiemoves
time variations in instrumental polarization. These results show the bulk of the antenna specific effects but allows time and/o

a strong correlation with source elevation and are suggestive u_ _Sp_ I S bu WS T

of a gravity induced effect and the possibility that standard OPServing geometry variations common to all antennas due to
corrections as a function of elevation and frequency may correct such effects as gravity, wind loading, differential solaating

the bulk of the observed variations. of the structure, etc.

Index Terms—interferometry, calibration, polarimetry Under the assumption that antenna specific corrections have
been made, there may be a variable deviation of the array
polarization response which can be expressed as a residual

|. INTRODUCTION fractional polarization; that is there are additive Q and U

HE polarization state of incoming signals can be readi§omponents to the measured signal that are proportional to

measured by radio interferometers. One of the real worgfokes I. Any such effects will be visible as temporal vavias
complications is that, due to imperfections in design arifi the array average polarized response.
construction, an instrument will give a false polarizecomsse ~ Differential corrections can be applied after standard in-
to an unpo|arized Signa|; this is referred to as instrurﬂenﬁrumentm polarization calibration. If a calibration soel of
polarization. A standard part of data calibration is to elsar known polarization close on the sky to a target source is
terize and remove the spurious polarized response. In genepbserved with scans interspersed with the target, it can be
neither the polarization state of the calibrator nor instent Used to estimate the residual instrumental polarizatiora as
is known in advance but the difference of the instrumentfnction of time and/or frequency. These residuals exjss
response with the parallactic angle of the observation caf & fractional Q and U can be used to correct the target source
be used to separate them. Thus, if both the calibrator and
instrumental polarizations are constant, observatioreyr av IV. | MPLEMENTATION
range O.f parallactic angles can be qsed 10 separate_themrUnd Differential instrumental polarization calibration is fie-
some circumstances, the assumption of constant instrainent : : .

L . mented in the Obit Task DPCal. DPCal can be used to calibrate
polarization breaks down and the standard technique besome

. . . : a source using a nearby calibrator of known polarizatiorctvhi
inadequate. This memo describes an approximate correction

: . L . ~71s assumed to suffer the same residual instrumental pafariz
for the residual instrumental polarization implementedhia .
. tion effects as the target. Data are assumed to have standard
Obit package [1].

polarization calibration applied. The calibrator polatian
model is used with the calibrator data to estimate a time and
[I. STANDARD INSTRUMENTAL POLARIZATION frequency dependent series of array residual fractionahd a
Detailed discussions of instrumental polarization is give! (ratio to Stokes I). These estimates are the used with the
in [2] and [3]. The standard instrumental calibration aSSEm_observed target Stokes | to estimate and remove th_e residual
that both instrumental and calibrator contributions to tHgStrumental Q and U and a corrected dataset is written.
observed polarized signal are constant over the courseeof th
observations. In the general case that neither the calibrat V. EXAMPLE
nor instrumental polarizations are known, the diff_erenne I The following gives results on a unresolved, weakly polar-
response of these effects to the antenna parallactic anglefeq target and nearby calibrator pair observed by the EVLA i
antennas with alt-az mounts and observations over a ran§@anq at low elevations. The data covered the frequencyrang
of parallactic angle can be used to separate instrumemiglg o 48.7 GHz or the highest frequency range for which
*current address:Astro Space Center of the Lebedev Physisttute, the VLA ant_enn_as are usable. Th.ese data should be s_ens_ltlve
Profsoyuznaya 84/32,117997 Moscow,Russia to any gravity induced changes in the antenna polarization
http:/Avww.cv.nrao.edutbeotton/Obit.html properties.
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Fig. 1. Target source at 45 GHz with standard calibration.right is average Stokes Q as a function of time; on left is Stdie
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Fig. 2. Like Fig 1 but a nearby calibrator.
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Fig. 3. Target source after differential calibration.
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Q was -16.8 mJy and Stokes U was 6.0 mJy. After differential Suppl., vol. 117, pp. 149—+, 1996.

calibration, the same data are shown in Figures 3 and 4. The

values for both sources are basically flat in time indicathmy

removal of time variable residual instrumental polariizat

B. Residual polarization as a function of Elevation

The frequency averaged residual instrumental fractional
polarization used for the corrections shown in Figures 34nd
are plotted in Figure 5 as a function of elevation. The frawii
Q+iU was rotated to remove the effects on instrumental
polarization of the calibration process to return the valte
the antenna frame. These plots show a strong, nearly linear
relation between the residual fractional polarization el
elevation suggesting the effect is largely caused by theiféex
of the antenna due to gravitity.

VI. DISCUSSION

The strong correlation of residual fractional Stokes Q and
U with elevation seen in Figure 5, and the largest residuals
being at lowest elevation, strongly suggest gravity induce
variations in EVLA instrumental polarization at low eleiats
and the highest frequencies. If this effect is shown to be a
constant function of elevation and frequency then standard
elevation/frequency dependent corrections may be peassibl
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Fig. 4. Like Fig 3 but nearby calibrator.
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Fig. 5. Frequency and antenna average residual fractiaiatipation as a function of elevation. Stokes Q on left, Urigit. The calibrator rises and sets

during the observations. Q+iU rotated by 2*parallacticlang
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