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N Abstract. We have obtained mas-scale resolution very long baselteefénometry (VLBI) images of a sample of Seyfert 1
and Seyfert 2 galaxies at 5 GHz (wavelengths 6 cm). The Seyferts of the two types were chosen to be matchselieral
—] orientation-independent properties, primarily in orderigorously test predictions of the unified scheme. We detkall the
> 15 objects that we observed. In this paper we describe thenadions and data reduction procedures, and present tB¢ VL
N radio images as well as simultaneous Very Large Array im#uggsve obtained for these 15 Seyferts.
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%.) 1. Introduction US requires the presence of optically thick material arained
o ) ) ) central region in the form of a torue.§., Pier & Krolik1993).
~ Seyfert galaxies have been long-recognized as a classie# aGjyhen the torus is face-on, the broad emission lines from the

-C galactic nuclei (AGN) that are at the low end of the luminpSitcentra| clouds are directly visible, as in Seyfert 1s, where
?_rangg (and the distance range) of AGN, and primarily chgjmen the torus is edge-on, it obscures these clouds from view
acterized by optical emission Ilynes that have a wide range @ jting in Seyfert 2s. The US found particularly strong-su
L lonization €9., Osterbrock 1989). Usually the term “Seyferlyyt in the discovery opolarized broad emission lines from
(n 9alaxy” is used to refer to radio-quiet AGN that are in spirafgy fert 25 [(Antonucci & Millér [(1985): Moran etlal_(2000)),

host galaxies. The current majority-view is that the nuolei \hich are interpreted as originating from the hidden clduats
= Seyfert galaxies are powered by super-massive black ralesg-4ttered periscopically into our line of sight.

'>2 thoughSthe;e Its alsoct:r;(;a gg?r:g:gi\f?gt;?t st?jr bu:tstt;eca_n The US has definite predictions for the radio morphology
power Seyfertsdg. R ) and refs therein). of Seyferts: the total radio luminosities of Seyfert 1s aisd 2

[ — . : . g
Khachikian & Weedman(1974) identified two types Ofe expected to be similar and the radio structures are ex-

Seyfert galaxies on the basis of the widths of the ”UCIeﬁécted to dier only by projection fiects. Indeed, Seyfert 1s

emission lines. While spectra of type 2 Seyfert galaxliesehagnd 2s have been shown to have similar luminosities on var-
relatively narrow emission lines (FWHM: 300 km s* 10 jo,5 spatial scaled (Ulvestad & Wilsdn 1b89). The result of
1000 km s7), the hydrogen and helium lines in the spectra oy et al. [1994), however, contradicts the US. They regorte
type 1 Seyfert galaxies have an additional much broader cofis; seyfert 2sj.e, those that have edge-on tori in the US,
ponent (FWHMz> 1000 km s7). The Unified Scheme (US) haye 4 larger likelihood of showing compact radio emission
for Seyfert galaxiesgg., /Antonucdil1998) hypothesizes thatan seyfert 1s. On the other hand, the simple US predicts tha

Seyfert 1s and 2s constitute the same parent population e should be no suchftiirence between the Seyfert sub-
appear dierentsolely due to their difering orientations. The |55ses.

0]

The intriguing result of Roy et al. was obtained using rel-
atively large samples of Seyferts, but the compact strectur
The full paper copies can be obtained from the authors. was measurgd _usihg a 275 km interferometer. between the
** Tables 3—4 are only available in electronic form and Table® SP"’“.kes and_ Tidbinbilla t_eleSCODeS' We sought to Improv_(ﬂupo
are also available at the CDS via anonymous ftp to cdsatrasts fr their experiment by using pc-scaleg., Very Long Baseline
(130.79.128.5) or vialhttpj/cdsweb.u-strasbg/tgi-bigcat?ga+A/  Interferometry (VLBI)images of Seyferts rather than a single-
*** Present address; National Centre for Radio Astrophysics, Posbaseline measurement of the visibility and by designing our
Bag 3, Ganeshkhind, Pune 411 007, India sample so as to enabitéegorous tests of the US. Our sample

Send offprint requests to: Dharam Vir Lal
* The other 24 panels of Fig. 1 are only available in electréoria).
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selection is described in detail in an accompanying pages. T2.2. VLA observations
key point |s_that the Seyfert_ls ar_ld S_eyfert 2s were Chos?rbtgring all of the VLBI scans in which the VLA participated; si
be matched in a range of orientation-independent properties

so that we can compare objects of the two types that shouldrglejzlt"jmeous VLA data fqr the targeF n gperture-synthesﬁemo
S T were also acquired. This resulted in simultaneous arosge-s
intrinsically similar in the framework of the US.

Our sample has 10 Seyfert 1s and 10 Seyfert 2s, inclu(%ﬁta for all our targets. The calibrators used to phase th& VL

ing 15 objects that did not have prior VLBI observations. ”f)r,to Fhe VLBI scans were chosen to be ‘P (unresqlved)
. . . or ‘S’ (slightly resolved) calibrators close to the targets is
present here images derived from global VLBI and simulta- . ) )
. noted above, these phase calibrators (listed in Tdble 8gder
neous Very Large Array (VLA) observations of these 15 ob- . .
. . . he dual purpose of phasing the VLA for the VLBI observations
jects at 5 GHz. In a later paper, when interpreting our resul nd acting as phase calibrators for the aperture-svnesi
we will combine our data with previously published data fo?/LA da;agT pcall abol 8.5 minofa eF;t rg-s n%hes' Do
the remaining five objects of our sample (see also Shastti e - typically, about 8.0 m perture-sy '
©003)) A data were obtained for the target during each scan, als wel
' as~ 2 min on the corresponding phase calibrator prior to each
scan. The centre wavelength and bandwidth of the obsengatio

2. Observations are the same as that of the VLBI observations.

We obtained global VLBI observations of the 15 Seyfert galax

ies (see Tablgl1) in our sample that did not have prior VLE. Data reduction

observations published in the literature during a singla@4r

run on February 18, 1998. Since the phased VLA was oﬁ'el' VLBI data

of our VLBI stations, we also obtained simultaneous VLA he data recorded at each station were correlated at the VLBA
aperture-synthesis data for all these 15 sources. correlator at NRAO, Socorro. The correlated data were rediuc

in the standard way using the NRAO Astronomical Image
Processing System (AIPS) package. The amplitude calibra-
tion for all antennas except for the VLA was carried out us-
The global VLBI array consisted of a total of 14 stationsethr ing gain curves supplied by each station and system tempera-
stations of the European VLBI Network (EVNjz, Effelsberg tures measured before or during scan in each baseband chan-
(Germany), Torun (Poland) and Noto (ltaly), all 10 stationsel. The amplitudes for baselines involving the VLA were-cal
of the Very Long Baseline Array (VLBA) and the phasedbrated using flux densities for the targets determined fiioen
VLA. The inclusion of two stations with relatively large eol VLA data in aperture-synthesis mode together with ratios of
lecting areayiz, Efflesberg and the phased VLA, was criticathe VLA source-to-system temperature measured during the
to our ability to detect the radio-faint Seyferts in our s#np observations. The resulting errors in the visibility arhplies
Information about the global VLBI observations is summediz are about 5 % or less, as indicated by the data for the compact
in Tablel2. fringe-finder DA 193 (whose flux density was 5.38 Jy).

Short observations of four compact bright sourcés, |, The phases in the eight baseband channels were aligned by
3C 84, 3C 345, DA 193, and 4C 39.25 were included in thesing the AIPS task FRING to solve for the phases and delays
VLBI schedule as ‘fringe findersi,e., strong sources intendedfor a short observation of one of the fringe-finders and apgly
to provide checks of the basic parameters of the experimahgse solutions to the data for all sources (so-called ‘rabnu
such as the set-up at each station, station coordinates;esophase calibration’). FRING was then used to solve for small
coordinates, etc. residual phase and delays for all the target scans, usirfgithe

Our Seyfert galaxy targets were too weak to be used tandwidth provided by the eight baseband channels to ingprov
phase the VLA array. Therefore, we phased the VLA with olthe signal-to-noise ratio for the solutions.
servations of sources from the VLA calibrator list locate@dn Before imaging, the data were averaged over the entire
the targets just prior to each VLBI scan. Since the VLA wasequency bandwidth, then over time (with an averaging time
not typically the slowest slewing antenna in the array, iswaf 30 s). During the iterative imaging procedure, the anéenn
usually possible to phase the VLA while the slower antenngains were self-calibrated along with the source strudtouye
were still slewing, minimizing the need to extend the phgsirbrid mapping). We were able to iteratively self-calibratdyo
time into the start of the VLBI scans. These phasing sourdd® phases for all the targets; our attempts at amplitude sel
also served as VLA phase calibrators during the calibratfon calibration failed due to the weakness of the targets and the
VLA observations in aperture-synthesis mode; see E€dt. 2.2vide range of baseline sensitivities in the inhomogeneous a

We observed our targets in snap-shot mode, sequendiag The phased VLA was used as the reference antenna in all
themin orderto (i) roughly equalize the number of scangfer tcases, and uniform weighting was used in order to maximize
various targets, (i) optimize thei(v) coverage for each targetthe angular resolution of the images. The r.m.s. noise dawvel
and (iii) include as many stations as possible in as manysscéme final images after completion of the self-calibratiooqass
as possible for each target. We used the SCHED software framre 0.09 mJy beam to 0.23 mJy beart (Table3).

NRAO (Walkerl2003) to create the schedule of observations. We model-fit the final self-calibrated data using the
The duration of each scan was 8 min 48 s, and the numbeBoéndeis package (Gaburda 1988), which fits the data in the
scans per target ranged between 7 and 12. visibility domain. This avoids the need to account for tffeet

2.1. VLBI observations
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Table 1. Seyfert galaxies that were observed using global VLBI. Rafees for the optical positiona: IClements|(1981)b:
Clements|(1983)c: lAravle & Eldridge (1990)d: (Gallouét et al.[(1975). We useyH 75 km s Mpct and @ = 0.

Position of optical nucleus
Object Right Ascension Declination | Redshift | Distance| Image scale
(J2000) (Mpc) (pc mas?)
Mrk 1 01"16"07°.25 +33°0522.4CF 0.016 63.5 0.31
MCG 8-11-11| 09'54"53.61 +46°26217.612 | 0.025 98.8 0.48
NGC 2273 06'50m08°.72 +60°50'45".01° 0.006 23.9 0.12
Mrk 78 0742741573 +65°10'37".46° 0.037 145.4 0.69
Mrk 1218 08'38M0°.95 +24°5342’.9 0.029 114.4 0.55
NGC 2639 08'43"38°.00 +50°1220".3% 0.011 43.8 0.21
Mrk 766 1218M26°.51 +29°4846".34 0.013 51.7 0.25
Mrk 477 14M40"38°.11 +53°3016”.00* | 0.038 149.2 0.73
NGC 5929 15'26"06°.13  +41°4014".72 0.009 35.8 0.18
NGC 7212 22'07M025.01  +10°1400”.3& 0.027 106.6 0.51
Ark 564 22042"39%5.34  +29°43317.312 | 0.024 94.9 0.46
NGC 7469 23'03"15.62 +085226".3% | 0.016 63.5 0.31
Mrk 530 23'18"56°.62 +00°14'38".23* 0.030 118.3 0.57
Mrk 533 232756°.72 +08°4644" 53F 0.029 114.4 0.55
NGC 7682 23'29"03°.93 +0331'59".99 0.017 67.4 0.33

Table 2. Parameters of the VLBI observations.

Observing date February 18, 1998

Stations 10-element VLBA, Phased VLAffElsberg, Noto and Torun
Frequency 4964.474 MHz

Bandwidth 64 MHz

Polarization LCP only

Scan length 8min48s

128 Mbit'$ (8 baseband channels at 16 MSampléso$ 1 bit samples)
3C 84, 3C 345, DA 193, and 4C 39.25
NRAO, Socorro, NM, USA

Aggregate bit rate
Fringe Finders
Correlator

of convolution with the synthesized beam in the image. TI®2. VLA data
distribution of clean components was used to arrive at dialni
“seed” model with up to five components (circular Gaussians

or point sources), with each component corresponding to ofige VLA data acquired in aperture-synthesis mode were pro-
cluster of CLEAN components. The components that emerggsksed in the standard way using AIPS. 18315 (3C 286)
with significant emission as a result of the first iterationtte® a5 used as the primary flux density calibrator. The VLA im-
model-fitting procedure were retained and fed into a secenddges were obtained using uniform weighting. The sources wer
eration in order to arrive at the final result. The resultdiated subjected to several cycles of self-calibration, until time.s.
in Tablel3. noise approached the thermal noise levels. The typical 1
noise levels in the maps are in the range A0y beam' to
1204Jy beam?. We used data only from the first IF channel
(i.e., only half the total bandwidth), as the second IF channel
We also list the total VLBI flux densities derived from thesufered from unacceptably high noise levels. For each image,
data in the image plane using the AIPS task IMEAN. (The tagie flux densities of the components that were easily separa-
JMFIT, which fits two-dimensional Gaussians to componeritge from neighbouring components or extensions were derive
in the image plane gives very similar results to IMEAN in caséy fitting the data in the image plane with two-dimensional
when there are no weak multiple components.) In the case@dussians using the AIPS task JMFIT. Thufiulie exten-
objects with significant extended emission, the flux deresity siongcomponents were left out of these estimates. The total
counted for by model-fitting the visibilities turns out todmme flux density detected was estimated by summing all the flux
what less than that obtained from the image, but the moddknsity in a specified rectangular region using the AIPS task
contained> 80 % of the total flux density in but a few source$MEAN. The total errors in the flux densities are typically 5 %
(see notes on individual sources below). arising from the calibration and the r.m.s. noise.
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4. Results 4.2. Description of the sources

We describe here the arcsec-scale radio structure measyred
4.1. The radio images the VLA (subsection Y”) and the mas-scale structure derived
from the global VLBI observations (subsectio®”) for each
The VLBI and VLA contour maps for all the targets are show@f the Seyfert galaxies. We also present two-frequencytsgec
in Fig.[. The sequence of maps is ordered in right ascensiiglices,a, when measurements for other frequencies with sim-
The spatial coordinates for the VLA maps are given in absolutar resolution & 1 arcsec) were available in the literature (the
units, whereas coordinates for the VLBI maps are givenivelat Spectral index is defined & o v™?).
to the phase centre, since absolute position informaticriost Variability of the sources and fiering angular resolutions
during the self-calibration. An ellipse in a box in the lovedit-  for the images used can cause large uncertainties in the cal-
hand corner of each map shows the shape of the synthesigeldted spectral indices; we have accordingly attempteséo
beam FWHM. A cross in each of the VLA maps marks théata that were obtained as near in time as possible to oufs, an
position of the optical nucleus, with the size of the croggee With angular resolution as close as possible to ours when cal
senting the uncertainty in the position. The optical posti culating the spectral indices.
are fromL.Gallouét et all (19i75), Clements (1981, 1983), a
Argyle & Eldridge (1990)L Gallouét et al. (1975) quote tyali Wﬁrk 1(0113-328)

position errors of 6 arcsec, and errors of0.0_9_arcsec tor_6:2 & Mrk 1 is unresolved. The total flux density is similar to
sec are given by the other authors. All positions are given in that presented dy Ulvestad et al. (1981) and is less than the

J2000 coordinates. value of 38 mJy found by Sramek & Tovmassian (1975).

The beam FWHM, beam position angle, peak surface Ulvestad et al. [(1981) suggest that, along with an unre-
brightness, r.m.s. noise level and contour levels for alitiaps ~~ Solved component, there is a faint @ mJy) extension
are shown in TablEl3 (VLA maps) and Tafile 4 (VLBI maps). ~ 0.4 arcsec to the south. This faint extension is not de-
The r.m.s. noise level (&) in the images was estimated using €ctéd in our map. Sin¢e Ulvestad et al. (1981) do not show
regions that were free of source emission using the AIPS task & Map for this source, it is flicult to judge whether we
IMEAN. The r.m.s. noise of an empty region was then fed into should have detected it. The peak radio surface brightness
a second iteration of IMEAN for the entire image, to obtaiath ~ In 0ur map is displaced 1 arcsec to the south-west of the

r.m.s. deviation from a fit to the Gaussian (noise) part of the OPtical nucleus.(Clemeits 1981).
pixel histogram for the whole image. G: The image shows only a single somewhat resolved com-

ponentl Kukula et all (1999) detected a compact radio cen-

Table[® summarizes the VLBI observational results. It gives tral component surrounded by a halo of emission approxi-

the object namea priori coordinates used for the VLBI ob-  mately 100 mas across at 1.7 GHz using the EVN (angular
servations and for correlation of the interferometric datzak resolution~ 20 mas). They find evidence for weak emis-
surface brightness, components sizes, the total (summed) fl sion extending to the south, possibly leading into the large
density for the model components and the total flux density in structurel(Ulvestad et al. 1981). However, they do not find

the image obtained using the AIPS task IMEAN. any evidence for linear structure on scales larger than a few

parsec. Our best model contains about 64 % of the total flux

The results of the VLA imaging are summarized in Tdble 6, density on VLBI scales. The maximum extent of the source
which gives the object name, radio position of each compo- in our image is~ 30 pc across.

nent, dfset of radio position from optical position, peak sur-

face brightness, total flux density of each component, aad 1 CG 8-11-11 (0551+464)

largest angular size of the source. The component flux dessit

were derived by model-fitting Gaussians in the image plane Yo Our map shows a strong nuclear component with a compact
those components that were easily separable from neighbour elongation extending toward the north-west (P-AL5°).

ing components or extensions using the AIPS task JMFIT. For There is also larger-scale extended emission towards the
multiple components the corresponding parameters aragive  north. The bright central component is coincident with the
separate rows of Tab[@ 6. The total flux density is thatin & rec  optical nucleusl(Clemenis 1981), and the total extent of
angular region enclosing all of the detected emissionyddri the north-south structure is 3 arcsec. The radio image of
using the AIPS task IMEAN in every case. The model-fitting |Schmitt et al. [(2001) at 8.4 GHz (VLA array) is simi-
procedure does not account for all the extended emissiee sin  lar to ours. The 15 GHz map bf Ulvestad & Wilsan (1986)
only Gaussian components were used, and therefore the sum otesolves the central component into a triple structure. The
the component flux densities is often lower than the total flux largest angular size of the source{$8.5 arcsec.

density. The largest angular size for each source is theo$izes: The image shows a single somewhat resolved component.
the contour corresponding to 5 % of the peak surface bright- The weak component to the south-west (if real) has a flux
ness in the case of extended sources, which, in all casedlis we density of~ 0.6 mJy. Our best model contains about 63 %
above the noise in the image. For the unresolved sources, theof the total flux density on VLBI scales.

FWHM of the major axis of the synthesized beam is listed as

the upper limit. NGC 2273 (0645+609)
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Table 3. VLA phase calibrators and the parameters pertaining to th& Maps.

Object Phase CLEAN beam Peak Image Contours

calibrator P.A. r.m.s.

(arcsed) (deg) (mJy beart) (uJy beam') (% of peak surface brightness)

Mrk 1 0119+321 0.65x0.49 54.0 24.08 35 -0.3,0.8,1,2,4,6,8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
MCG 8-11-11 0604442 0.84x0.44 57.7 23.57 52 -0.6,0.6,1,2,4,6,8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 2273 0658600 0.70x 0.46 60.2 12.13 85 -1.6,1.6,2,4,6, 8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 78 0734596 0.70x0.52 71.6 8.87 30 -1,1,1.6,2,4,6,8, 10,12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 1218 0834249 0.53x0.41 -68.3 18.72 121 -1.2,1.2,2,4,6, 8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 2639 0832492 0.64x 0.45 81.6 63.47 70 -0.4,04,1,2,4,6,8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 766 1214301 0.65x0.48 -71.9 13.75 35 -0.8,1,2,4,6,8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 477 1419543 0.99x 0.55 -63.3 22.97 34 -0.3,0.8,1,2,4,6,8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 5929 1458373 1.16x 0.98 754 21.51 95 -0.8,1.6,2,4,6, 8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 7212 2153071 1.18x0.68 -65.1 19.59 77 -0.8,0.8,1,2,4,6,8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Ark 564 2236284  0.85x 0.75 8.4 8.62 40 -1.6,1.6,2,4,6, 8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 7469 2257077 0.61x 0.55 549 21.97 49 -0.6,0.6,1,2,4,6,8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 530 2323-032 0.82x0.53 35.2 8.02 41 -1.6,1.6,2,4,6,8, 10,12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 533 2336110 0.82x 0.53 352 38.19 72 -0.4,04,1, 2, 4,8, 15, 24, 32, 40, 48, 56, 64, 72, 80, 90
NGC 7682 2336110 0.94<x0.64 38.2 21.98 36 -0.4,06,1,2,4,6,8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90

Table 4. Contour levels and other parameters for VLBI mapsSome scans did not include all the stations of the globalarr

Object No. of CLEAN beam Peak Image Contours

scan$ P.A. r.m.s.

(mag) (deg) (mJy beart) (uJy beam') (% of peak surface brightness)

Mrk 1 13 3.69x1.78 -12.2 6.7 135 -6, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
MCG 8-11-11 13 2.08x1.60 -53.9 6.9 121 -8, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 2273 11 3.0x252 281 7.5 131 -6, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 78 18 3.61x2.43 85.0 7.1 145 -8, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 1218 7 2.88x1.05 -104 6.7 110 -5, 6,8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 2639 12 1.8%1.08 -6.8 34.8 85 -0.5,0.5,1, 2,4, 8,16, 24, 32, 40, 48, 56, 64, 72, 80, 90
Mrk 766 11 2.78< 1.65 18.3 7.1 131 -8, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 477 10 4.48x3.26  50.0 9.4 144 -4,4,86, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 5929 11 29k 180 315 6.9 120 -6, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 7212 7 42% 265 -35 7.2 233 -8, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Ark 564 11 254x1.25 13.0 3.7 91 -16, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 7469 7 3.65 2.67 2.7 7.4 146 -8, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 530 7 3.93x2.54 -48 8.8 132 -6, 6, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
Mrk 533 7 6.22x3.89 -4.2 10.2 117 -4,4,86, 8,10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90
NGC 7682 7 4.00< 3.00 1.9 8.9 149 -6, 8, 10, 12, 16, 24, 32, 40, 48, 56, 64, 80, 90

Y: Our map has similar features to those seen previously resolution. The optical nucleus (Argyle & Eldridge 1290)

by INagar et £l.1(1999) at 8.4 GHz and Ulvestad & Wilson
(198447) at 5 GHz. The source consists of an unequal dou- ness.

is ~ 0.6 arcsec to the east of the peak radio surface bright-

ble with a separation of nearly 1 arcsec in P-A-80°. G: The image shows a single somewhat resolved component.
The WSRT image of this source at 5 GHz reported by There is some evidence from the distribution of CLEAN
Baum et al. [(1993) shows amorphous structure on larger components for possible weak emission out~td mas
scales ¢ 2.5 arcsec). Our central-component flux density from the phase centre.

and total flux density are slightly higher than those in the
5 GHz image of Ulvestad & Wilson (1984b) with a similanmrk 78 (0737+652)
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Table 5. The VLBI results.i: See description of the Seyfert in Sdctl4.2.

apriori position used Model-fit components Total
for the correlation Peak surface| Position relative ~ FWHM Flux Total| flux density
Object Right Ascention Declinatior]  brightness to phase centre density from the image
(J2000) (mJy beam?) | a(mas) d&(mas)  (mas) (mJy) (mJy (mJy)
Mrk 1 01"16"07°.22 +330521”.6 6.7 +0.0 +0.0 1.0 4.4 4.4 6.9
MGC 8-11-11 | 05'54"53.61 +46°2621".7 6.9 +0.0 +0.0 0.8 4.9 4.9 7.8
NGC 2273 06'50"08°.64 +60°50'44".9 7.5 +0.0 -0.1 1.2 6.3 6.3 7.7
Mrk 78 07"42"415.74 +65°10'37".8 7.1 +0.0 +0.1 0.7 5.2 8.5 9.0
-0.7 +0.1 0.2 14
-15 -2.0 0.6 1.0
+0.8 -3.4 0.2 0.3
+3.7 +5.3 0.6 0.6
Mrk 1218 08'38"10°.95 +24°5342’.9 6.7 +0.0 +0.0 1.1 7.0 12.8 14.8
+0.1 -5.9 2.8 17
-1.8 +4.3 21 2.8
+6.5 -5.3 0.9 0.8
NGC 2639 08'43"38°.07 +50°1220".1 34.8 +0.0 +0.0 0.1 31.6 39.5 40.2
+0.5 -0.1 0.3 8.0
Mrk 766 12'18726°.52 +29°4846".5 7.1 +0.0 +0.0 0.9 3.7 3.6 6.3
Mrk 477 14'40m38°.10 +53°30'16".1 9.4 +0.3 +0.0 14 8.2 8.1 10.3
NGC 5929 15'26M06°.17 +41°40'14".4 6.9 +0.0 -0.2 0.8 6.0 6.2 7.2
+3.8 +2.1 0.2 0.3
NGC 7212 22'07M025.06 +10°1402".6 7.2 +0.0 -0.1 1.1 6.5 7.0 7.9
-5.0 -1.0 1.1 0.5
Ark 564 22'42"3%°.36  +29°4330".9 3.7 +0.2 -0.1 0.9 3.2 3.2 9.1
NGC 7469 23'03"15°.62 +085226".1 7.4 +0.1 -0.1 0.9 55 6.1 7.4
+0.0 -4.5 0.1 0.7
Mrk 530 23'18"56°.65 +00°1438".0 8.8 +0.0 +0.5 0.9 7.6 8.6 9.7
-1.3 -1.4 0.1 0.3
+3.4 -1.1 0.9 0.8
Mrk 533 232756571  +08°4644”.1 10.2 +0.1 -0.1 1.1 9.7 16.9 20.5
+6.2 -2.0 0.7 2.2
+16.7 -4.0 0.5 12
-6.0 +0.4 2.2 2.3
-138 -0.3 0.8 1.6
NGC 7682 23'29"03.92 +0331'59".9 8.9 +0.1 -0.3 0.9 7.6 115 14.2
+3.2 -25 Point 2.1
-0.1 -5.5 Point 1.8

Y: Mrk 78 is an extended source nearly 4 arcsec in size in our which is coincident with the optical nucleus (Clements

Mrk 1218 (0835+250)

Y: IUlvestad [(1986) found this object to be only slightly re-

5 GHz image. The bright central component is resolved and 11983) within the errors. The total flux density of 25.5 mJy
is coincident with the optical nucleus (Cleménts 1981). The measured by us is consistent with the value of 23.0 mJy
secondary component is nearly 2 arcsec to the west of the presented by (Ulvested 1986). The spectral index derived
main peak (P.A~ —90°). The brighter component is also  from our 5 GHz observations and the 1.4 GHz observa-
extended roughly in the east-west direction (RAC). tions of lUlvestad [(1986) (obtained in February 1984) is
: Our map shows a faint extension towards the south-west o3 2z = 0.8.

(P.A. ~ —130°). Model-fitting the visibility data with five G: Apart from the brightest component ¢ mJy), we detect
circular Gaussians accounts for almost all the flux density several blobs of fainter emission, some in the approximate
measured from the image. direction of the kpc-scale elongation. Model-fitting the-vi
ibilities with four circular Gaussians accounts for most of
the emission measured in the image plane by summing
pixel values using the AIPS task IMEAN, and gives a total
flux density approximately the same as that obtained by fit-
ting Gaussians in the image plane using AIPS task JMFIT,
viz, 12 mJy.

solved at 5 GHz (VLAA-array) and 1.4 GHz (VLAB-

array). Our map shows aftlise, faint £ 2 o) extension
toward the north-west in P.A. —45°. The total flux density
of the source is dominated by the bright central componehGC 2639 (0840+503)
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Table 6. VLA observational resultst: The peak surface brightness of the radio image of NGC 59&&ictes with one of the
hotspots and not the nucleus.

Position of radio peak optical-radio dfsets | Peak surface| Component Total| Largest
Object Right Ascension Declination A RA A Dec brightness flux density angular size
(J2000) (arcsec) (mJy beam?) (mJy) (arcsec)
Mrk 1 01"16m075.209 +33°05217.66 | +0.61 -0.71 24.08 27.1 27.8 <0.65
MCG 8-11-11| 09'54"53.620 +46°26'21”.41 | —0.15 +0.20 23.57 65.3 78.0 3.48
NGC 2273 06'50m08°.646 +60°5044”.94 | +1.11 +0.07 12.13 14.3 22.0 2.25
06'50m08°.534  +60°50'45".08 6.3
Mrk 78 07427415724  +65°1037”.44 | +0.09 +0.02 8.87 10.1 13.1 3.88
07427415340 +65°1037”.63 2.3

Mrk 1218 08'38M0°.945 +24°5342".82 | +0.08 +0.10 18.72 19.7 27.7 1.28
NGC 2639 08'43"38°.072 +50°1219”.97 | —-0.08 +0.35 63.47 80.5 85.8 <0.65
Mrk 766 12'18"26°.517 +29°4846”.50 | -0.11 +0.16 13.75 16.8 17.9 <0.65
Mrk 477 14M40738°.097 +5330'157.96 | +0.20 +0.04 22.97 26.6 27.3 <0.99
NGC 5929 15'26"06°.113  +41°4014.0% | +0.30 +0.70 2151 255 34.4 3.47
NGC 7212 22'07"01%.998 +10°1400”.69 | +0.18 -0.35 19.59 30.0 31.0 3.09
Ark 564 22042"39%5.332  +29°43317.07 | +0.01 +0.24 8.62 10.7 11.4 <0.85
NGC 7469 23'03"15°.616  +085226”.02 | +0.06 +0.37 21.97 26.9 47.9 2.76
Mrk 530 23'18"56°.653 +00°14377.96 | —0.50 +0.27 8.02 8.3 10.2 <0.82
Mrk 533 23'2756°.712  +08°4644’.13 | +0.12 +0.40 38.19 60.4 58.8 1.89
NGC 7682 23'29"03°.918 +03°3159’.92 | +0.18 +0.07 21.98 22.3 22.6 <0.94

Y: This much studied object is a triple (P.A. e77°) with a derived using our observations along with the 8.4 GHz ob-
bright central component _(Ulvestad & Wilson 1989). Our servations of Kukula et all (1995) (obtained in June 1991)
map does not resolve the triple structure and, as in the andthe 1.5 GHz observations of Ulvestad & Wilsbn (1989)
map oflUlvestad & Wilsanl(1989), the radio peak lies to (obtained in February 1985) as€ Stz = 0.8, anch3 GHz

5 5GHz ~ 5 GHz
the south-east of the optical nucleus (Argyle & Eldridge
1990). This source is variable (A. Wilson, private coma:

=1.1.
Our slightly resolved image shows a slight extension to-

munication). The integrated spectral index obtained using wards the south (P.A~ 160°), which we were not able to
the observations aof Thean et &al. (2000) at 8.4 GHz (July adequately model-fit; our model contains about 60 % of the

1995November 1996 data) and of Ulvestad & Wilson

(1989) at 5 GHz (February 1985 data)ai3Shz,, = 0.5.

total flux density on VLBI scales.

The largest angular extent of the source as measuredNbyk 477 (1439+537)

Ulvestad & Wilsoh(1989) is- 1.7 arcsed. Ho et al. (1993)
classify this source as a LINER.

G: Our map is dominated by the bright central component,
with some weaker emission to the east (RA90°), as is
confirmed by our two-component model-fit. The main com-
ponent contains almost 80 % of the total detected flux
density. The flux density of the bright component 31.6 mJy
(1.8x1.1 mag beam size), is lower than the value of 47 mJé
(2.0 x 1.7 mag beam size) quoted hy Wilson et al. (1298);
but is higher than the flux density derived from the early
VLBI measurements of Hummel etigl. (198&g., 27 mJy.

Mrk 766 (1215+300)

: Our image is essentially unresolved, whereas the image of
Ulvestad & Wilsohl(1984a) at the same frequency and with
similar resolution was slightly resolved. The central com-
ponent in their map shows weak extensions in several dif-
ferent directions. Our total flux density is consistent with
theirs within the errors, with- 90 % of the total flux den-
sity being in the unresolved central component.

: The object is dominated by a compact component contain-

ing about 80 % of the total flux density on VLBI scales,
with some evidence for weak halo-like emission.

NGC 5929 (1524+418)

Y: This source is essentially unresolved in our map, but shows The central component of the triple structure visible in the

hints of a weak halo-like structure. The 5 GHz ViAtarray
image ot Ulvestad & Wilsdn (1984a) shows it to be slightly
resolved, with most of the extended emission lying slightly
to the north of the bright component; they derive a linear
size of~ 100 pc. We detect a flux density of 15 mJy, sim-
ilar to the 5 GHz flux density found by Ulvestad & Wilson

8.4 GHz VLA A array image of Su et al. (1996) cannot be
distinguished in our lower-resolution image. The spectral
indices of the north-east and south-west components are
steep, witha1% G2 = 0.9 and 0.8, respectively. The cen-
tral component has a flatter spectrum, wit} €2 = 0.3

(Su_etall 1996; Kukula et al. 1995: Wilson & Kiel 1589)

(19844). The radio peak and the optical nucléus (Clements and is close to the position of the optical nucleus, and hence

1981) are coincident within the errors. The spectral inglice

is likely to be the core. The epochs of these observations
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Fig. 1. The 5 GHz contour maps for all the targets, ordered in rigb¢asion. The VLA and VLBI maps are in the left and right
panels, respectively. The source name is given in the togdener, and the boxed ellipse in the lower left-hand coamemws
the shape of the FWHM synthesized beam in each case. A crtes LA maps marks the position of the optical nucleus, with
the size of the cross representing the uncertainty in thigigosAll positions are given in J2000 coordinates. Thetoon levels
and surface brightness peaks are listed in TdBles 3 (VLA yaapfad (VLBI maps)

are August 1993 (1.6 GHz), November 1992 (5 GHz), June VLA C configuration data at 8.4 GHz. The largest angular
1990 (8.4 GHz) and March 1989 (15 GHz). We also detect size of the source is 2.0 arcsed (Kukula et al. 1995).

8 mJy from the unresolved neighboring galaxy NGC 5938: Our image shows a compact source with some signs
(Fig.[3, left panel), as is reported by Kukula et al. (199%) fo  of weak extensions toward the east or north-east, along
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Fig. 1. (continued).

P.A. ~ 50°. A possible weak component found in our field to image the second steep-spectrum component, but
model-fitting is located to the north-east 8 mas) of the were not able to detect it. Itis possible that this second-com
bright component. Using the VLA core spectral index, ponent is resolved out by our VLBI data; however, given
atf 8h% ~ 0.32 [Su et 2l. 1996), the core should have flux that the spacing between the two components 1s3 arc-
density of 1.1 mJy at 5.0 GHz. We detect a total flux density sec(Su et al. 1996), it is likely that the variations in th&-vi

of 6.8 mJy in our VLBI image, and therefore conclude that ibilities would be too rapid to be tracked with the ¢) and

the detected mas-scale component corresponds to one oftime coverage of our data. Thus, we feel that our data do
the two steep spectrum components of the triple (Sulet al. not rule out the presence of a second compact component
1996), and not to the core. We have tried to map a larger coincident with the distant steep-spectrum lobe.
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Fig. 1. (continued).
NGC 7212 (2204+095) ibrator that we used was in error at the time of our ob-

servations, but has since been updated by the NRAO; we

Y: Our map does not resolve the compact double separatedhave incorporated this correction in our image using the
by 0.7 arcsec to the north-west as clearly as the 8.4 GHz, AlPS task OGEOM. NGC 7212 s in an interacting system
VLA A array map of_Falcke et Al (1998). However, our (Wasilewsk(1981) and we detect faint radio emission from
map does show an obvious extension towards the north its closest companion, seenl4” to its north-east (Fid12,
(P.A. ~ 10°), as well as fainter extensions roughly to the fight panel). The companion is visible in the Digital Sky
south and south-east. The largest angular size of the sourceSurvey images and is clearly delineated in the 2MASS im-
is ~ 3 arcsec. We note that the position of the phase cal- 89€s.
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Fig. 1. (continued).

G: Apart from the bright primary component, we detect &:
secondary nearly to the west (P.A.-110), as well as
an extention toward the north, roughly in the direction
of the arcsecond-scale structure. About 90 % of the total
VLBI-scale flux density is contained in our two-component

model.

Ark 564 (2240+294)

15.4

NGC 7212 4964.474 MHz
10fF

T Rl
\/\
5l - -
= N
) ]
< /
o
1
@
I~
g 0 ]
Z
5 -
Y
10t | | | +H
10 5 0 10
milli-arcsec (RA)
Peak surface brightness = 7.15 mJy/beam
Ark 564 4964.474 MHz
8 T T T H
6 -
0
. P
4= ] LN b
-7 -
g
s 2 7
o
jd
@
<
g 0o ]
E
20 -
4 <N s -
N Vo
Voo
I
6 vl -
) 3 N
8 | | | | | | | H
8 6 4 0 2 8
milli-arcsec (RA)
Peak surface brightness = 3.65 mJy/beam
NGC 7469 4964.474 MHz
8H T T T H
6 -
4 -
g
s 2 7
o
jd
@
<
g 0o ]
E
20 -
4 -
6 -
8t | | | | | | | H
8 6 4 - . )

2 0 2
milli-arcsec (RA)

Peak surface brightness = 7.36 mJy/beam

Although our map does not clearly resolve the triple struc-
ture extending to 320 pc in P.A. 6° seen by Schmitt et Al.
(2001) (8.4 GHz, VLAA array), it is extended in the di-
rection of this structure. Our radio peak coincides with the
optical nucleus/(Clements 1981) within the errors. The to-
tal flux density at 5 GHz is the same as that quoted by
Ulvestad et 2.1(1981) within the errors.

. This is the faintest source in our sample and was detected

on the least number of baselines. Accordingly, thev)
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Fig. 1. (continued).

coverage obtained was relatively poor. Although our map reflected in the fact that only 35 % of the total VLBI-scale
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shows an elongated structure with four components in P.A. flux density is reproduced by the model.

~ 110, we do not feel confident that this is an accurate

representation of the VLBI-scale structure of the sourc%‘.GC 7469 (2300+086)

Attempts to model-fit this structure were not successfy; Our image shows a hale 4 kpc in extent around the

and so our single-component fit has essentially fit the pa- gominant compact component, which is coincident with
rameters of the brightest component. The inadequacy of the the optical nucleus_(Clemehts 1981), similar to the im-
fitas a description of the VLBI-scale emission as awholeis ages i Wilson et all (1951). Wilson ef al. (1091) determine

15 GHz
e: ;. ~ 0.9. The features seen

the spectral index to b
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Fig.2. Left panel shows a large VLA map of NGC 5929 including NGC 58ight panel shows a large VLA map of NGC 7212
including the emission detected from its companion to thi#treast.

in this source are also seen hy Condon etlal. (1982) awd Our image is consistent with the imagelof Momijian et al.
Ulvestad et 21.1(1981) in their lower resolution images. The (2003), the double structure seen in the 8.4 GHz VAA
8.4 GHz map presented by Kukula el al. (1995) also shows configuration map df Kukula et al. (1995) and the 1.6 GHz
a point source surrounded by faint emission. Using our flux MERLIN map ofilUnger et all(1986). The structural P.A. is
density and that given by Kukula etigl. (1995) at 8.4 GHz ~ —60°. The peak of the brightest radio component (com-
(obtained in June 1991), we obtain the integrated spectral ponent ‘C’ ofitMomijian et al.|(2003)) is 0.4 arcsec to the
indexa®4.5"2 = 0.9, similar to theri> SHvalue determined  south of the optical position of Clemeints (1983).

byWilson et al.|[(1991). G: On mas-scales, we detect only component ‘C’ of
: Most of the detected emission is from a compact com- IMomijian et al. (2003), which forms a linear radio source
ponent, though there appears to be an extension towardextending in the east-west direction. Our model-fitting in-
the north-east. This is consistent with the prediction of dicates the presence of five components. The CLEAN com-
Smith et al.l(1998), who, based on their observed visibility ponents are distributed out to 15 mas on either side of
functions, suggested the presence of multiple components.the phase centre (total extent #f30 mas) along P.A~
Using our detected flux density and the 1.4 GHz correlated —8(°, similar to the P.A. of the arcsec-scale radio structure
flux density measured by Smith el al. (1998) of 12 mJy (~ —60°). Our model contains about 80 % of the total flux
(September 1991), we obtain the spectral indefHz = density that we detect on VLBI scales.

05 GHz —
o NGC 7682 (2326+032)

Mrk 530 (2316-000)
Y: Our map is unresolved, as was also true of the im-

Y: This source was reported to be a compact point source by age of.Kukula et 4l.1(1995). Combining our flux density

Mrk 533 (2325+085)

Kukula et al. (1995) at 8.4 GHz, whereas our 5 GHz map
shows a compact source and a fainb(8extension to the
north (P.A.~ —10°). Comparing our total flux density with
the 3.26 mJy found by Kukula etlal. (1995) at 8.4 GHz in
June 1991, we derive the spectral indeX,=H* = 2. Our G:
total flux density is consistent with the measurements of
Edelson 1(1967) (11.5 mJy), and_Roy et al. (19947, a
correlated flux density of 11 mJy obtained using a single
275 km baseline at 2.3 GHz.

: Our model-fitting suggests that, in addition to the faint ex-

with the 8.4 GHz flux density given by Kukula et al.
(199%) (obtained in June 1991) yields a spectral index
ad4eh? ~ 1.1, The radio peak coincides with the optical
nucleusi(Clemenis 1983) within the errors.

The image shows clear evidence for extended structure to
the south (P.A~ 18C°) and south-east (P.A: 120°). The
best model-fit to the visibilities was a combination of one
circular Gaussian and two point sources which accounts for

most (about 80 %) of this emission.

tension to the south-east seen in the map, the compact c‘f?r%onclusions

also has an extensionl.9 mas to the south-west. The tota

flux density is similar to the flux density associated with thé/e have detected all the 15 Seyferts that we observed with
central component in the arcsec-scale image. This impliékBl. We have presented here the VLBI images and simul-
that almost all of the radio emission detected on arcsdéaneous VLA images that we obtained.

scale image is associated with this compact component.

In ~ 30 % of the cases, we detect a single component on

mas-scales. In 40 % of the cases, at least half of the total

emission on arcsec scales is detected in the VLBI images. In
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Mrk 530, almost all the emission from the arcsec-scale reNlomjian, E., Romney, J. D., Carilli, C. L., & Troland, T. H.
present on mas-scales. The measurements presented here r@®03, ApJ, 597, 809
resent most of the database that we require for rigorousty teMoran, E. C., Barth, A. J., Kay, L. E., & Filippenko, A. V.
ing the predictions of the US for Seyferts with respect tarthe 2000, ApJ, 540, L73
parsec-scale radio structure. We will present the restitaah Nagar, N. M., Wilson, A. S., Mulchaey, J. S., & Gallimore, J. F
tests in an accompanying paper. 1999, ApJs, 120, 209
Osterbrock, D. E. 1989, Astrophysics of Gaseous Nebulae
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