-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by espace@Curtin

PROCEEDINGS
OF SCIENCE

EVN & MERLIN studies of a new sample of BL Lac
objects

Hayley Bignall*
Joint Institute for VLBI in Europe
E-mail: bi gnal | @i ve. nl|

Hermine Landt
Harvard-Smithsonian Center for Astrophysics
E-mail: hl andt @ead. cf a. harvar d. edy

Cormac Reynolds
Joint Institute for VLBI in Europe
E-mail: f eynol ds@i ve. nl|

Paolo Padovani
European Southern Observatory
E-mail: Paol 0. Padovani @so. or ¢

Eric Perlman
University of Maryland
E-mail: per | man@ ca. unbc. edy

The recentDeep X-ray Radio Blazar SurvépXRBS) has identified a sample of BL Lac ob-
jects spanning the intermediate range of spectral enegggitilitions between “classical” X-ray
selected and radio-selected samples of BL Lacs. Detailetiest of such samples are needed to
answer some of the currently open questions regarding ttueenaf BL Lacs and their place in
a unified model of AGN. High-resolution radio imaging proggddirect information on jet evo-
lution and beaming parameters. We present some prelimiesylts from EVN & MERLIN
observations of sources in the DXRBS BL Lac sample for whitle lor no high-resolution radio
data were previously available.

8th European VLBI Network Symposium
September 26-29, 2006
Torun, Poland

*Speaker.

(© Copyright owned by the author(s) under the terms of the Cre@dmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/


https://core.ac.uk/display/195656642?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:bignall@jive.nl
mailto:hlandt@head.cfa.harvard.edu
mailto:reynolds@jive.nl
mailto:Paolo.Padovani@eso.org
mailto:perlman@jca.umbc.edu

EVN & MERLIN studies of a new sample of BL Lac objects Hayley Bignall

1. Introduction

It is generally agreed that BL Lacertae objects (BL Lacs) are radixigalavith their jets
oriented close to our line of sight. Together, BL Lacs (which have weabsent optical emission
lines) and flat-spectrum quasars (with strong emission lines) are commalelyt bkazars. There
are, however, a number of unresolved questions regarding thet papariation of BL Lacs, the ori-
gin of their different spectral energy distributions (SEDs), and th&ticmship with flat-spectrum
quasars. Radio observations at high angular resolution provide gifeanhation on the structure
and evolution of jets, which is important to help resolve some of the outstanditdems with
unified models for AGN.

Our current knowledge of BL Lacs is based mainly on studies of two sampiesradio-
selected 1-Jy samp[¢[1] and the X-ray sele@asteinMedium Sensitivity Survey (EMSS) samgle[2].
These two surveys, with their widely different selection bands and relatinigh flux limits, intro-
duced a dichotomy in the class of BL Lacs, with the sources found by eaegyshaving distinctly
different properties. The EMSS had no radio selection criteria, and itse8k were found to have
low extended radio powers and morphologies typical of Fanaroff-Rileg byFR I) radio galaxies
[B], [A. For some 1-Jy BL Lacs, however, FR Il-like properties éddeen reported, suggesting
that these sources may be the beamed counterparts of more powerdufasakies, and hence
more closely related to flat-spectrum quasars than the X-ray selected®Ufla[?]. The EMSS
found only BL Lacs with broad-band emission properties indicative of-eigérgy (UV/soft X-
ray) synchrotron emission peaks, whereas the majority of sourceseselgcthe 1-Jy survey were
low-energy (IR/optical) peaked BL Lacs.

Itis not yet clear if the observed differences are predominantly dudféseht viewing angles
and a frequency dependence of relativistic beamifig ([B], [9]), orefiéits have a large range of
intrinsic synchrotron emission peak frequenciesax[[Ld]. Finding an answer is relevant for the
physics of jet formation. If orientation plays a role, it would imply that low- drigh-energy
synchrotron emission are produced at different locations in the jet. Ootliee hand, if BL Lacs
have jets with a large range ofeak it would follow that physical properties around black holes in
AGN, e.g. maximum electron energy and magnetic field strength, can have ange spread.

2. The classification of BL Lacs and the DXRBS BL Lac sample

Recently, the criteria used to classify radio sources as BL Lacs hanegbestioned. Marcha
et al. [1]] proposed revised criteria for separating blazars (bealtjedts) from radio galaxies,
based on the Ca H&K break (a stellar absorption feature) in the opticarspeas well as sep-
arating BL Lacs from flat-spectrum quasars based on the equivaldtit @f emission lines. The
problem of blazar classification was re-addressed by Landt dt §).\it® argued that all radio-
loud AGN can be effectively separated into intrinsically weak- and stiimagt sources based on
the narrow [Q;] emission line.

In order to disentangle the effects of different viewing angles, intrinsipgever and environ-
ment of the AGN host galaxies, all of which influence the observed ptiepef radio sources, it
is important to compare sources which have been selected in a uniforrR&agntly, new sam-
ples of BL Lacs have been found by cross-correlating existing radioaray source catalogues,
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searching for compact sources which are then classified based oal ogéintification. These
searches tend to find BL Lacs with properties intermediate between those BMBS and 1-Jy
samples, providing strong evidence that there is in fact a continuum ofd8LSEDs, and that the
observed dichotomy is simply a product of selection effects of the earlieeysl Detailed studies
of intermediate samples are expected to provide a more complete picture of thacBilass of
objects and their relation to radio galaxies. One such sample was drawthie@waep X-ray Radio
Blazar Survey(DXRBS).

The details of the DXRBS sample selection are describeld]in [13][ahd [ti#fl\Bthe sample
was selected by cross-correlating the WGACHT] [15] of “serendipitotisdy sources detected by
the ROSATPosition Sensitive Proportional Counter (PSPC) with several publicljadila radio
catalogues. A radio spectral index cut was applied to reject most gpeepsm sources, since
the aim of the DXRBS was to find beamed objects, so-called blazars, thdbar@ated by a
flat-spectrum radio core.

The majority of DXRBS sources are strong emission-line quasars, butabdééznumber — 45
sources — are classified as BL Lacs according to the criteria of Matciia[g]]. Of the DXRBS
BL Lacs, 11 had already been identified in earlier surveys and the ezstrvewly discovered. The
DXRBS BL Lac sample is comparable in size to the 34 sources of the 1-Jydasoldces of the
EMSS BL Lac samples. The DXRBS sample contains roughly equal numblexs-q ar; > 0.78;
26 sources) and high-energy peaked BL Laxg € 0.78; 19 sources).

All DXRBS sources classified as BL Lacs have been subsequentlyveloseith the VLA at
20cm in A and C configurations, and with the ATCA for the sources With —40° (Landt et al.,
2007, in preparation). More sensitive optical spectroscopy is alsg logidertaken for the sources
for which we lack firm redshift measurements.

Of the northern DXRBS BL Lacs, 16 sources had little or no VLBI data abhdlan the
literature or archives as of early 2005, so EVN and MERLIN obsermatiwere proposed. VLBI
observations are important to investigate relativistic beaming and accauthtigan comparing
BL Lacs with radio galaxies.

3. EVN and MERLIN observations

Combined EVN and MERLIN observations were undertaken during 338 2005. The 16 tar-
get sources were observed in a 48-hr period (one additional seasci the target list, but was not
scheduled due to its position being close to the Sun in early June). The/atises were carried
out at 1.6 GHz, with the VLBI data recorded at 128 Mbps in two 8-MHz aulols. Full polariza-
tion information was obtained, but only total intensity data are presented Rbese-referencing
was used for 11 of the target sources, which either had arcsecaittbpal uncertainties or the
peak flux density in VLA A-conf. data was substantially lower than 100 miltial processing of
MERLIN data was done with local software at Jodrell Bank Observatony standard procedures
in AIPS were used for subsequent processing of both MERLIN and E&ta.

The flux density scale of the MERLIN data is tied to 3C286, which is also usedliforate
the linear polarization position angle. The flux density of 0Q208 in our MERd&ta was found
to be 1.14 Jy, and MERLIN data for all other sources were calibrateeldbas this value. The
EVN data were calibrated independently based on measured gain cndvegstem temperatures.



EVN & MERLIN studies of a new sample of BL Lac objects Hayley Bignall

X-ray catalogue name Redshift eak  got cak ot eak
[mJy/beam] [mJdy] [mJy/beam] [mJy] [mJy/beam]
WGAJ0245+1047 0.070 29 36 35 33 24
WGAJ0313+4115 0.029 55 97 44 41 19
WGAJ0558+5328 0.036 297 296 95 39 22
WGAJ08474-1133 0.199 34 21 11 11
RXJ09168+-523 0.190 58 60 52 49 29
WGAJ0940+2603 372 427 355
WGA1012+06 0.727 300 115 97 69
WGA1202+44 61 50 34 25
WGAJ1204-0710 0.185 140 99 67 48
WGAJ12314-2848 1.000 86 94 78 65 32
WGAJ1311-0521 0.160 28 18 18
WGAJ1320+0140 1.235 497 471 138
WGAJ1539-0658 44 63 62 55 48
WGAJ1744-0517 0.310 14 11 11
EXO1811-3143 0.117 103 117 105 91 80
WGAJ1840+5452 0.646 102 114 88 95 82

Table 1: The DXRBS BL Lacs observed with EVN and MERLIN at 1.6 GHz. Paakl total flux densities
from preliminary analysis of EVN and MERLIN data are showlong with source redshifts and peak flux
densities from VLA A configuration data at 1.4 GHz (where &lzle).

No combined calibration or analysis of EVN and MERLIN data has yet bese dor the data
presented here.

The observed sources (listed here by their associated X-ray catalognterparts), redshifts,
and peak flux densities (where available) from 1.4-GHz VLA data in A goméition are listed
in Table[], along with peak and total flux densities from MERLIN and EVN insagfel.6 GHz.
The EVN and MERLIN results presented are based on preliminary imagesim&ifmap, using
uniform weighting, and iterativeLEAN and self-calibration. All sources are clearly detected. Note
that the VLA data, as well as being at a slightly lower frequency, areirmail&neous with the
EVN+MERLIN data and the sources may be variable. Although the EVN aBBMN results are
very preliminary, the values in Tabfle 1 give an indication of the distributiommagsion on different
angular scales. There is clearly a wide variation in radio properties offfieestht sources within
this sample. The typical angular resolution for the data from each arrayisitseconds for the
VLA in A configuration, 0.1-0.2 arcseconds for MERLIN, ard3 mas for the EVN. All of the
data now available will allow us to investigate source structure from milliaregbtm arcminute
angular scales, corresponding to a range from parsec scales autdrels of kpc (depending on
source redshift), where often large changes in jet orientation and collimatéeobserved as the
jet evolves and interacts with the surrounding medium.

VLA images for one source in the sample, RX J0916.8+5238, are dispiay&dure[] and
preliminary EVN and MERLIN images are displayed in Fig{ife 2. This objedtadleeady been
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Figure 1: RX J0916.8+5238 as observed with the VLA in C configuratieftland A configuration (right)
at 1.4 GHz. The residual rms for each imageris- 0.06 mJy/beam and = 0.02 mJy/beam, respectively,
and contours are shown at (-1\/J§n)><30, wheren = 1,2 3... up to the maximum in the image. The peak
values are 69 mJy/beam for the left-hand image and 58 miwbaahe right-hand image.
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Figure 2: RX J0916.8+5238 as observed with MERLIN (left) and the EViyHt) at 1.6 GHz. The MERLIN
image peak is 52 mJy/beam, and contours are showh, at4,8,16,32,64) x 0.3 mJy/beam. The EVN
image peak is 29 mJy/beam, and contours are shonhtl, 2, 4,18 16) x 1 mJy/beam. The residual rms
for these preliminary images is 0.2 mJy/beam.

identified as a BL Lac at redshift= 0.19 from theROSATAII-Sky Survey by Nass et al[[16] prior
to the DXRBS. Assuming a WMAP-based cosmology, an angular scale asga@md translates
to 3 kpc at the source. The images show the complex extended structueegedhisalignment of
the jet in this case between pc and kpc scales.

4. Summary

We have observed 16 BL Lac objects identified infrezp X-ray Radio Blazar Survé@XRBS)
with the EVN and MERLIN at 18 cm. Combined with 20-cm VLA data and otheilabke VLBI
data for the entire sample, these data will be useful for investigating thepgaaperties of different
types of BL Lacs selected in a uniform way and spanning the intermediagje batween high- and
low-energy peaked BL Lacs.
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