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The space astrometry mission Gaia will construct a dendeadSO-based celestial reference
frame. For consistency between optical and radio positignsill be important to align the
Gaia reference frame and the International Celestial Rater Frame (ICRF) with the highest
accuracy. Currently, it is found that only 10% of the ICRF m®s$ are suitable to establish this
link (70 sources), either because they are not bright enatigiptical wavelengths or because
they have significant extended radio emission which prexduéaching the highest astrometric
accuracy. In order to improve the situation, we have irétiad multi-step VLBI survey dedicated
to finding additional suitable radio sources for aligning ttvo frames. The sample consists of
about 450 sources, typically 20 times weaker than the cut@RF sources, which have been
selected by cross-correlating optical and radio cataleguehis paper presents the observing
strategy to detect, image, and measure accurate positiotieke sources. It also provides results
about their VLBI detectability, as derived from observasavith the European VLBI Network in
June and October 2007. Based on these observations, ateakdeltection rate of 89% is found,
which is very promising for the continuation of this project
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1. Context

The International Celestial Reference Frame (ICRF) is ¢ladization at radio wavelengths of
the International Celestial Reference System (ICRS [hfpugh Very Long Baseline Interferom-
etry (VLBI) measurements of extragalactic radio sourceitiprs [2, 3]. It was adopted by the
International Astronomical Union (IAU) as the fundamentelestial reference frame during the
IAU 239 General Assembly at Kyoto (Japan), in 1997. The ICRF curaminsists of a cata-
logue with the VLBI coordinates of 717 extragalactic radimises (from which 212 are defining
sources), with sub-milliarcsecond accuracy.

The European space astrometry mission Gaia, to be laungh2a14, will survey about (i)
one billion stars in our Galaxy and throughout the Local @roand (i) 500 000 Quasi Stellar
Objects (QSOs), down to an apparent optical magniwiaé 20 [4]. Optical positions with Gaia
will be determined with an unprecedented accuracy, ranfyorg a few tens of microarcseconds
(uas) at magnitude 15-18 to about 208s at magnitude 20 [5]. Unlike Hipparcos, Gaia will
permit the realization of the extragalactic reference #atirectly at optical bands, based on the
QSOs that have the most accurate positions (i.e. thoseMnitHL8 [6]; it is expected to detect at
least 10 000 of such QSOs [7]). A preliminary Gaia cataloguexpected to be available by 2015
with the final version released by 2020.

In the future, aligning the ICRF and the Gaia frame will bectalifor ensuring consistency
between the measured radio and optical positions. Thisrakgpt, to be determined with the high-
est accuracy, requires several hundreds of common sowitess uniform sky coverage and very
accurate radio and optical positions. Obtaining such ateyositions implies that the link sources
must have (i) an apparent optical magnitiérighter than 18 (for the highest Gaia astrometric
accuracy), and (ii) no extended VLBI structures (for thehleist VLBI astrometric accuracy).

In a previous study, we investigated the current statusisfalignment based on the present
list of ICRF sources [8]. We showed that although about 30%h®fCRF sources have an optical
counterpart with/ < 18, only one third of these are compact enough on VLBI scalethé highest
astrometric accuracy. Overall only 10% of the current ICRErses (70 sources) are available
today for the alignment with the future Gaia frame. This higlits the need to identify additional
suitable radio sources, which is the purpose of the projestribed here.

2. Strategy to identify new VLBI radio sources for the ICRF-Gaia alignment

Searching for additional radio sources suitable for atigraccurately the ICRF and the Gaia
frame could rely on the VLBA Calibrator Survey (VCS [9, 10,, 1P, 13, 14]), a catalogue of
about 3000 extragalactic radio sources observed with ti@A/Very Long Baseline Array). This
investigation is currently underway. Another possibilgyto search for new VLBI sources, which
implies going to weaker radio sources that have a flux demgitigally below 100 mJy. This can
now be envisioned owing to the recent increase in the VLBWn#dt sensitivity (i.e. recording
now possible at 1 Gb/s) and by using a network with big antetika the EVN (European VLBI
Network).

A sample of about 450 radio sources that mostly have neverdieserved with VLBI (i.e. not
part of the ICRF or VCS) has been selected for this purposedssddentifying the NRAO VLA
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Sky Survey (NVSS [15]), a deep radio survey (complete to tBen®ly level) that covers the entire
sky north of —40°, with the Véron-Cetty & Véron (2006) optical catalogue of @S[16]. This
sample is based on the following criteri:< 18 (for an accurate position with Gaia),> —10°
(for possible observing with northern VLBI arrays), and N&/flux density> 20 mJy (for possible
VLBI detection).

The observing strategy to identify the appropriate linkrsea in the sample includes three
successive steps: (1) to determine the VLBI detectabifitthese weak radio sources, mostly not
observed before with VLBI; (2) to image the sources deteictdloe previous step, in order to reveal
their VLBI structure; and (3) to determine an accurate as#toic position for the most point-like
sources of the sample.

3. VLBI results

VLBI observations for this project were carried out in Jumg &ctober 2007 (during two
48-hours experiments, named EC025A and EC025B, respggtiwéth a network of 4 or 5 VLBI
antennas from the EVN (Effelsberg, Medicina, Noto, Onsaia] the 70 m Robledo telescope for
part of the time in EC025B). The purpose of these two expartmwas to determine the VLBI
detectability of the 447 weak radio sources in our sampledbas snapshot observations.

In this analysis, a source is considered as detected if ialf&dR> 7 on at least one baseline
for at least one scan. Therefore, based on 5-minutes oresqitegration time, the minimum flux
densities that can be detected at S and X bands respectivéig the most sensitive baselines are:

e 9 mJy (S-band) and 2 mJy (X-band), for the baseline Mediartaffelsberg;
e 2 mJy (S-band) and 0.5 mJy (X-band), for the baseline RoliteEdfelsberg, during EC025B.

Our results indicate excellent detection rates of 97% at ixdend 89% at S band. Overall, 398
sources were detected at both frequencies, corresporalamgdverall detection rate of about 89%
which is in agreement with that reported in Frey et al. (2Q88y0 [17]) for quasars from the Sloan

Digital Sky Survey. The overall mean correlated flux deasitivere determined for each source
and band by the mean over all scans and baselines detected:

e At X band, 432 sources were detected and the mean correlatezs ftange from 1 mJy to
190 mJy, with a median value of 26 mJy.

e At S band, 399 sources were detected and the mean correlated flange from 8 mJy to
481 mJy, with a median value of 46 mJy.

A comparison between the X-band flux density distributiondor sources, those from the VCS
and the ICRF shows that the sources of our sample are indeeld waaker. On average, they are
27 times weaker than the ICRF sources and 8 times weaker lieavi@S sources (and even by
restricting the comparison to the flux densities lower th@@ tnJy, our sources are still 3 times
weaker than the VCS sources; see Fig. 1).

The spectral indexa (SO v9, Sheing the source flux density andthe frequency) was de-
termined for the 398 radio sources detected at both fredeerisee Fig. 2). The sources with a
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Figure 1: Comparison of the X-band flux density distribution (unitsndy) for the sources detected in our
experiments (EC025A and EC025B) and those from the VCSagaial The distribution is plotted only for
the sources which flux density is smaller than 100 mJy. Theesponding median values for the sources
observed in our experiments and those from the VCS catalagu25 mJy and 80 mJy , respectively.

compact core are expected to have- —0.5. The corresponding distribution for the sources which
also belong to the CLASS catalogue [18], well known to be cosep of compact sources, is also
plotted and no major differences are noticed. The mediamevaf a in our sample is-0.34 and
about 70% of the sources hawe> —0.5, hence indicating that they must have a dominating core
component, which is very promising for the future stagesisf project.

4. Summary

Based on observations with the European VLBI Network, watified 398 new VLBI sources
which are potential candidates to align the ICRF and theréutaia frame. On average, these
sources are 27 times weaker than the ICRF sources. Ovéialinultiplies by a factor of 6 the
current number of potential ICRF—Gaia link sources (peqgdifentification of further candidates
from the VCS catalogue).

The excellent detection rate inferred from the observatimay suggest that our initial VLBI
detection step is unnecessary for such radio sources hawmingtical counterpart with magnitude
brighter than 18.

Future steps will be targeted at imaging the 398 sourcesvibatave detected at both fre-
guencies by using the global VLBI network (EVN+VLBA). Thik@ady began with global VLBI
observations carried out in March 2008 to image 105 sounwes the 398 ones detected. This
is aimed at identifying the most point-like sources anddfae the most suitable ones for the
ICRF-Gaia link.
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Figure 2: S/X spectral index distribution for the 398 weak extragtitaadio sources detected at both S
and X bands during our experiments. Additionally, the S/¥ctpal index distribution for the sources also
belonging to the CLASS catalogue is plotted (in black).
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