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SF2A 2008C. Charbonnel, F. Combes and R. Samadi (eds)
MULTI-STEP VLBI OBSERVATIONS OF WEAK EXTRAGALACTIC RADIOSOURCES TO ALIGN THE ICRF AND THE FUTURE GAIA FRAMEBourda, G.1, Charlot, P.1 , Poras, R.2 and Garrington, S.3Abstrat. The spae astrometry mission Gaia will onstrut a dense optial QSO-based elestial refereneframe. For onsisteny between optial and radio positions, it will be important to align the Gaia frameand the International Celestial Referene Frame (ICRF) with the highest auray. Currently, it is foundthat only 10% of the ICRF soures (70 soures) are suitable to establish this link, either beause they arenot bright enough at optial wavelengths or beause they have signi�ant extended radio emission whihpreludes reahing the highest astrometri auray. In order to improve the situation, we have initiated aVLBI survey dediated to �nding additional suitable radio soures for aligning the two frames. The sampleonsists of about 450 soures, typially 20 times weaker than the urrent ICRF soures, whih have beenseleted by ross-orrelating optial and radio atalogues. This paper presents the observing strategy todetet, image, and measure aurate positions for these soures. It also provides results about the VLBIdetetability of the soures, as derived from initial observations with the European VLBI Network in Juneand Otober 2007. Based on these observations, an exellent detetion rate of 89% is found, whih is verypromising for the ontinuation of this projet.1 ContextThe International Celestial Referene Frame (ICRF) is the realization at radio wavelengths of the InternationalCelestial Referene System (ICRS; Arias et al. 1995), through Very Long Baseline Interferometry (VLBI)measurements of extragalati radio soure positions (Ma et al. 1998; Fey et al. 2004). It was adopted bythe International Astronomial Union (IAU) as the fundamental elestial referene frame during the IAU 23rdGeneral Assembly at Kyoto, in 1997. The ICRF urrently onsists of a atalogue with the VLBI oordinates of717 extragalati radio soures (from whih 212 are de�ning soures), with sub-milliarseond auray.The European spae astrometry mission Gaia, to be launhed by 2011, will survey about (i) one billion starsin our Galaxy and throughout the Loal Group, and (ii) 500 000 Quasi Stellar Objets (QSOs), down to anapparent optial magnitude V of 20 (Perryman et al. 2001). Optial positions with Gaia will be determinedwith an unpreedented auray, ranging from a few tens of miroarseonds (�as) at magnitude 15{18 to about200 �as at magnitude 20. Unlike Hipparos, Gaia will permit the realization of the extragalati referene framediretly at optial bands, based on the QSOs that have the most aurate positions (i.e. those with V � 18(Mignard 2003); it is expeted to detet at least 10 000 of suh QSOs (Mignard 2002)). A preliminary Gaiaatalogue is expeted to be available by 2015 with the �nal version released by 2020.In the future, aligning the ICRF and the Gaia frame will be ruial for ensuring onsisteny between themeasured radio and optial positions. This alignment, to be determined with the highest auray, requiresseveral hundreds of ommon soures, with a uniform sky overage and very aurate radio and optial positions.Obtaining suh aurate positions implies that the link soures must have (i) an apparent optial magnitudeV brighter than 18 (for the highest Gaia astrometri auray), and (ii) no extended VLBI strutures (for thehighest VLBI astrometri auray). In a previous study, we investigated the urrent status of this alignmentbased on the present list of ICRF soures (Bourda et al. 2008). We showed that although about 30% of theICRF soures have an optial ounterpart with V � 18, only one third of these are ompat enough on VLBI1 Laboratoire d'Astrophysique de Bordeaux, Universit�e de Bordeaux, CNRS UMR 5804, BP89, 33271 Floira Cedex, Frane2 Max-Plank-Institute for Radio Astronomy, P.O. Box 2024, 53010 Bonn, Germany3 Jodrell Bank Observatory, The University of Manhester, Males�eld, Cheshire, SK11 9DL, UK Soi�et�e Franaise d'Astronomie et d'Astrophysique (SF2A) 2008



238 SF2A 2008sales for the highest astrometri auray. Overall only 10% of the urrent ICRF soures (70 soures) areavailable today for the alignment with the future Gaia frame. This highlights the need to identify additionalsuitable radio soures, whih is the purpose of the projet desribed here.2 Strategy to identify new VLBI radio soures for the ICRF{Gaia alignmentSearhing for additional radio soures suitable for aligning aurately the ICRF and the Gaia frame ould relyon the VLBA Calibrator Survey (VCS; Petrov et al. 2008 and referenes therein), a atalogue of more than 3000extragalati radio soures observed with the VLBA (Very Long Baseline Array). This investigation is urrentlyunderway. Another possibility is to searh for new VLBI soures, whih implies going to weaker radio souresthat have a ux density typially below 100 mJy. This an now be envisioned owing to the reent inrease inthe VLBI network sensitivity (i.e. reording now possible at 1Gb/s) and by using a network with big antennaslike the EVN (European VLBI Network). A sample of about 450 radio soures that mostly have never beenobserved with VLBI (i.e. not part of the ICRF or VCS) has been seleted for this purpose by ross-identifyingthe NRAO VLA Sky Survey (NVSS; Condon et al. 1998), a deep radio survey (omplete to the 2.5 mJy level)that overs the entire sky north of �40Æ, with the V�eron-Cetty & V�eron (2006) optial atalogue of QSOs. Thissample is based on the following riteria: V � 18 (for an aurate position with Gaia), Æ � �10Æ (for possibleobserving with northern VLBI arrays), and NVSS ux density � 20 mJy (for possible VLBI detetion). Theobserving strategy to identify the appropriate link soures in the sample inludes three suessive steps: (1) todetermine the VLBI detetability of these weak radio soures, mostly not observed before with VLBI; (2) toimage the soures deteted in the previous step, in order to reveal their VLBI struture; and (3) to determinean aurate astrometri position for the most point{like soures of the sample.3 VLBI resultsInitial VLBI observations for this projet were arried out in June and Otober 2007 (during two 48{hoursexperiments), with a network of 4 or 5 VLBI antennas from the EVN. The purpose of these two experimentswas to determine the VLBI detetability of the 447 weak radio soures in our sample based on snapshotobservations. Our results indiate exellent detetion rates of 97% at X band and 89% at S band. Overall, 398soures were deteted at both frequenies. The overall mean orrelated ux densities were determined for eahsoure and band by the mean over all sans and baselines deteted. At X band, 432 soures were deteted andthe mean orrelated uxes range from 1 mJy to 190 mJy, with a median value of 26 mJy. At S band, 399 soureswere deteted and the mean orrelated uxes range from 8 mJy to 481 mJy, with a median value of 46 mJy.A omparison between the X-band ux density distribution for our soures, those from the VCS and the ICRFshows that the soures of our sample are indeed muh weaker. On average, they are 27 times weaker than theICRF soures and 8 times weaker than the VCS soures. The spetral index � (S / ��, S being the soureux density and � the frequeny) was determined for the 398 radio soures deteted at both frequenies; thesoures with a ompat ore are expeted to have � > �0:5. The median value of � in our sample is �0:34 andabout 70% of the soures have � > �0:5, hene indiating that they must have a dominating ore omponent,whih is very promising for the future stages of this projet. The next step will be targeted at imaging the 398soures that we have deteted at both frequenies, by using the global VLBI network (EVN+VLBA), in orderto identify the most point{like soures and therefore the most suitable ones for the ICRF{Gaia link.ReferenesArias, E. F., Charlot, P., Feissel, M., & Lestrade, J.-F. 1995, A&A, 303, 604Bourda, G., Charlot, P., & Le Campion, J.-F. 2008, A&A (in press)Condon, J. J., Cotton, W. D., Greisen, E. W., Yin, Q. F., Perley, R., et al. 1998, AJ, 115, 1693Fey, A. L., Ma, C., Arias, E. F., Charlot, P., Feissel-Vernier, M., et al. 2004, AJ, 127, 3587Ma, C., Arias, E. F., Eubanks, T. M., Fey, A. L., Gontier, A.-M., et al. 1998, AJ, 116, 516Mignard, F. 2002, In: Gaia: A European spae projet, O. Bienaym�e & C. Turon (eds.), EAS Publiations series, 2, 327Mignard, F. 2003, In: IAU XXV, Joint Disussion 16, R. Gaume, D. MCarthy & J. Souhay (eds.), 133Perryman, M. A. C., de Boer, K. S., Gilmore, G., Hog, E., Lattanzi, M. G., et al. 2001, A&A, 369, 339Petrov, L., Kovalev, Y., Fomalont, E., & Gordon, D. 2008, AJ, 136, 580V�eron-Cetty, M.-P., & V�eron, P. 2006, A&A, 455, 773


