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EVLA Calibration at High Frequency

W. D. Cotton February 27, 2020

Abstract—Photometric calibration of connected element arrays or at least known, flux density and spectrum and need not
such as the EVLA is generally based on observations of cal- pe unresolved by the interferometer and need not have an
ibrators whose spectra and structures are known. This works extremely accurately known celestial position. The as&oin

well at low frequency and resolution where the calibrators are llibrat ds to h ition k ¢ h better th
relatively compact and structural models adequate but works callibrator needs 1o have position known to much better than

less well as the resolution increases and the sensitivity decreasedh€ resolution of the interferometer array and, preferably

with increasing frequency. An example of EVLA observations at be very small. Blazars make good astrometric calibrators as
25, 32 and 41 GHz in “A” configuration is shown in which the they tend to be very compact and bright but can have very
traditional calibration produces very wrong results. An alternate substantial variations in brightness.

calibration scheme based on imaging the calibrators rather than
from their visibilities is shown to give much better results. Two
photometric calibrators were included in the test data allowing A. Two Calibrator Scheme

a comparison of the results; they differed by 20% at 41 GHz. Th diti | librati h . b
These issues will be even more serious for the ngVLA with its 1he traditional calibration approach [3] is to use obser-
higher frequencies and longer baselines. vations of the two calibrators to infer the flux density and

spectrum of the astrometric calibrator at the time of the
observation and then use the astrometric calibrator tbreaé
both amplitude and phase.

Index Terms—calibration

I. INTRODUCTION

PH_OTOMETRIC calipration of radio interfgrometers aTB_ SetJy,Calib,GetJy Calibration
high frequency relative to lower frequencies is compli- . .
cated by a number of factors 1) lower sensitivity, 2) IargeJ On_e scheme usec_i by traditional _pa.ckages like the one
and more rapid variations in the troposphere and 3) spausity escribed in [31 consists of the following: )
stable, strong and compact photometric (amplitude) catiitm 1) SetJy. This program has parameterized model spectra
sources. These become more problematic as the baselines for the primary photometric calibrators and is used
become longer, hence at higher resolution. Of these problem 0 compute calibrator flux densities as a function of
areas, the lack of good photometric calibrators may be the  frequency. _ _
most serious. Bright, compact sources at high frequeneies t 2) Calib. Given models of the calibrators, usually a point
to be blazars which are notoriously variable. Even thermal for the astrometric source and structural/spectral models
sources which are bright and stable are less than ideal as the for the photometric calibrator, calculates complex gains
are generally resolved at arc-second or higher resoluTiba. f_or each calibrator as a function of antenna, polarization,
reliable calibrators used at GHz frequencies (3C48, 3C138, time and frequency. _ _
3C286, 3C295...) are steep spectrum and resolved on beselin 3) Getly. This program uses the fitted gains and the
longer than a few km at frequencies about 10 GHz. Accurate ~ @ssumed flux densities and calculates the spectrum of
structural and spectral models are available [1] and help in the astrometric calibrator and corrects the amplitude of
cases of moderate resolution but can give seriously ertmeo  the gains for any change to the assumed spectrum.
results for the EVLA at 45 GHz in “A” configuration~ 40 This scheme depends on adequate SNR and calibrator models
mas resolution). that accurately reproduce the observed visibilities. Tihecs
This memo discusses some of the issues with traditiorfim fitting uses the ratio of potentially noisy gain measure
photometric calibration of the EVLA at high frequency andnents and may not be very stable.
resolution and describes an alternate approach. An examplé&etJy estimates the spectra of one or more astrometric
of the calibration of an observations using the EVLA at 24calibrators using the ratio of calibration gain amplitutiesne
43 GHz in A configuration during the Summer is given usingr more amplitude calibration sources with know structure a

the Obit package [2}. spectra. For each antenna and Spectral Window (AKA “IF”)
for each photometric or astrometric calibratsr,the ratio of
1. TRADITIONAL PHOTOMETRIC CALIBRATION assumed flux density to gain amplitude squared is given by:
The traditional technique for calibrating heterodyne in- R _ <flwc>
terferometers operating at frequencies about 1 GHz is to ant, [ Fypol amp? / time

use two, known calibration sources; a photometric and Where()

) X : s time 1S the expectation of a set of time samples; in
astrometric calibrator. The photometric calibrator hasabls,

the simple case, an average. Each antenna and spectralwindo
National Radio Astronomy Observatory, 520 Edgemont Rd., IGttesville, has a calibration factor
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Amplitude vs UV dist for Source:3C48

derived from all photometric calibrators. The flux densify 0 Ams™*" Swkes i1 Chanis
astrometric calibratos in each spectral windowF’ is derived :
using the antenna and polarization samples:

a0 =

35" X —

a _ cal a
fluxIF - <Tant7IF,pol X Rant,IF7pol> :
ant,pol 30— |

Finally a two term spectrum (flux density at the reference fre
guency and spectral index) is fitted. This spectrum is evatlia

at each spectral window reference frequency to obtain tie flu? 2o
density in that spectral window.

25— N —

nskys

15— 5% 1 . ; : |

C. High Frequency Adaptations M
For noisy, low SNR data for which the atmospheric vari- ¢ .
ations are small and slow compared to the averaging time, | | [RERTEI
vector averaging of data gives optimal results. In the case™* °° ™ ' fesawaingn T 0%
of high SNR but large and rapid variations in atmospheric o o '
phase, the amplitudes are more stable than the phases and e, Deivuier o sty stpitites o e SC10 e v
“ampscalar” scheme may be useful. This averages data goikg| flux density is 0.61 Jy.
into solutions by amplitude and phase separately ratherdha
vector average. Neither ampscalar nor vector averaging wor
particularly well when the SNR is low and the phase variation
large and fast.

TABLE |
STANDARD CALIBRATION

Longer baselines have higher resolution and are more sen- source Freggency TJrue lnte?rated

iti i it ; z y y
sitive to the spatial struct_ure. leltlng the range of basel 707380234 5 537 055
lengths of the data going into calibration solutions caruoced 10238-0234 32 0.311 1.18
the sensitivity to incompletely modeled source structure a J0238-0234 41 0.31 1.78
the cost of lower SNR in the solutions. For calibrators that ggjg gg é-ggg %-gg
are marginally resolved, this technique may remove the need 3C48 41 0.565 1.43
for accurate calibrator models. Limiting the uv range going 3C138 25 1.029 1.35
i i i ; ; 3C138 32 0.753 2.54
into gain solutions can also deal with the case of marginally 36138 a 0575 30

sampled very large scale structure around the source.
I from calibration in Section V.

Ill. EXAMPLE TRADITIONAL FAILURE

Examples of where this process goes wrong are froflemselves. A plot of the visibility amplitudes as a funatio
a Summer, night time observation using the EVLA in Af baseline length for the 43 GHz data is displayed in Figure 2
configuration at 25, 32 and 41 GHz using 3C48 and 3C138alibrated” amplitudes in excess of 4 Jy are seen wheraas th
as photometric calibrators and the unresolved flatish sp@ct integrated flux density is 0.61 Jy. Similar effects were aksen
source J0239-0234 as an astrometric calibrator. Obsengati gt |ower frequencies but decreasing in severity with desinga
cycled among the observing bands with fast switching betwegequency. This effect led to the very incorrect resultstfe
J0239-0234 and the target. One 10 minute scan was perforn@@et. This function of frequency is due to the decreasing
on each 3C48 and 3C138 at each frequency. Calibrator spegR of the data with increasing frequency due to 1) the steep
were taken from [4]. The standard calibration gave the targghectrum of the calibrators, 2) the increasing noise of the
an implausibly inverted spectrum. When the calibration wagceivers and 3) the increasing resolution of the calilbsato
repeated using ampscalar averaging there was little chang@jse of a model of the calibrators could not compensate for

the results. the increasingly noisy data.
A comparison of the integrated flux densities derived from
A. Initial Calibration imaging data using this standard calibration to the “True”

The two flux density calibrators used are both significantl lues is given in Table I. “True” values for 3C4$ and 3C138
resolved in these observations. Figure 1 shows images & 3 € fro_m_[4] anql for J0238-0234 are those derived from the
and 3C138 at 43 GHz as observed by the EVLA in A+émaly3|s In Section V.
configuration showing the very extended nature of the saurce
In an attempt to reduce the effects of calibrator resolytign B. Improved GetJy
but the shortest baselines were excluded in deriving the fluxThe calibration results described in Section IlI-A used a
density of the astrometric calibrator; this produced onlggn simple averaging expectation operator as outlined in &ecti
improvements. [I-B. This is optimal for high SNR, well behaved data but is

The fundamental problem was revealed by examining tlkeb-optimal for noisy, poorly behaved data. The expeatatio
results of this calibration on the photometric calibratatad operator was changed to a more robust, median averaging; the
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Fig. 1. Left) 3C48 at 43 GHz, Stokes | is shown in contours, linear pcddion E vectors are given as lines and the fractional paédn is given as the
inverted gray scale with a scale bar at the top.

Right) same as Left but 3C138.

The length of the vectors are proportional to the polarizeidrisity. Contours are at powers ¢f2 times 2 mJy/beam. The circle in the lower left corner
gives the size of the resolution and the “core” of 3C48 is th#dm most component and in 3C138 is the component at positi®). rom [5].

|MP,IQE$£ETJY The data is then trial calibrated using this spectrum, whith t
photometric calibrators treated as targets. All calitnsi@nd
targets are imaged and the ratio of the true flux density to the

source Fr%‘;‘;”cy T;;e zagc '”te?;awd total in the image of the photometric calibrators is thedabty
30238-0034 21 031 | 1.66 1.66 which the calibration is in error (“calibration factor”)h€é sum
3C48 41 0.565 | 3.35 3.52 of the CLEAN components or box integrals (e.g. tvstat) acbun
3C138 41 0575] 350 349 the source give estimates of the image total flux density. The

images generated from this trial calibration are multiglisy

the calibration factor derived from the photometric cadiior
images. This method requires no prior knowledge of the
list of values is sorted, the extreme 25% on each end of thhRotometric calibrators except the total flux density, asnse
distribution discarded and the middle 50% averaged. Thisbg the array.

much less sensitive to outlyers than simple averaging lvesgi

better sensitivity than a simple median. V. EXAMPLE ALTERNATE CALIBRATION

This version was tested on the 41 GHz data which are therne cajibration scheme discussed in Section IV was applied
most problematic in Section Ill-A. The principle result 6i< 1, the gata discussed in Section IlIl-A. The trial spectrum
calibration is the fitted spectrum of the astrometric calibr. ¢, the astrometric calibrator was 0.5 Jy and a flat spectrum.
Using simple averaging the fitted flux density is 1.78 Jy anfhg reguits of the calibrator imaging are shown in Table IIl.
spectral index=0; using the median average flux densitys® 1.c5|ipration correction factors were derived from the ageraf
Jy, spectral index=-0.3. As will be shown in Section V, thg,o o photometric calibrators using the sum of the CLEAN
correct flux density isv 0.31 Jy. The results of imaging the 41components and are 0.73 (25 GHz), 0.61 (32 GHz) and 0.64
GHz calibrators is given in Table Il. The improved GetJy doggy GHz). Table Iil shows residual calibration errors of ard

not result in calibration significantly better than the a1® 5004 at 41 GHz for 3C48 and 3C138 which is much better
version. The fundamental calibration problems do not s&em, . the wildly erroneous results in Table 1. This calitati

be due to the noisy calibration fits and are likely due to thgg, gives plausible results for the target source.
strong resolution of the photometric calibrators and atleas

perfect model.

1 from calibration in Section V.

VI. DISCUSSION

At high frequency and resolution there is a paucity of
stable, compact photometric calibrators for arrays such as

An alternative approach that does not depend on havitige EVLA. The standard calibrators such as 3C48, 3C138,
extremely precise photometric calibrator models but nyereBC147 and 3C286 are steep spectrum-ed with sizes of the
knowing the total flux density spectrum of the calibratords torder of 0.5”. These are weak and strongly resolved at the
first assume an initial spectrum for an astrometric caldrat top ranges of frequency and resolution for the EVLA. Even

IV. ALTERNATE CALIBRATION
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TABLE Il
ALTERNATE CALIBRATION

(1]

source Frequency| True [ ) CC [ Integrated| corry CC
GHz Jy Jy Jy Jy
J0238-0234 25 0.37 0.500 0.500 0.37
J0238-0234 32 0.31 0.500 0.500 0.31
J0238-0234 41 0.31 0.502 0.506 0.32
3C48 25 1.085 1.49 1.52 1.09
3C48 32 0.770 1.17 1.05 0.71 [4]
3C48 41 0.565 0.74 0.85 0.47
3C138 25 1.029 1.39 1.39 1.05
3C138 32 0.753 1.34 1.25 0.82!
3C138 41 0.575 1.10 1.10 0.70'

1 after applying calibration factor.

with detailed structural and spectral models, these clios
are shown to produce very inaccurate calibration with the
traditional SetJy/Calib/Getly method. An alternate metho
of deriving the fundamental calibration from imaging of the
calibrators rather than from the visibilities is shown toegi
more stable results. Since the test dataset contained twiausi
photometric calibrators, the consistency of the resultsicco
be compared. At 41 GHz the two calibrators gave results
differing by 20%. This issue will be even more serious for
the ngVLA which will operate at higher frequencies and on
longer baselines.
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