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RevMexAA (Serie de Conferenias), 27, 222{224 (2007)RADIO AND X-RAY MONITORING OF SS433Z. Paragi,1 S. Chakrabarti,2 S. Pal,3 K. Borkowski,4 P. Cassaro,5 T. Foley,6 G. Hrynek,4 X. Huang,7A. Kraus,8 M. Lindqvist,9 A. Orlati,10 L. Xiang,11 and A. Nandi12RESUMENSS433 es la fuente binaria de rayos X persistente en radio m�as potente en la galaxia. Sus horros en radiose forman probablemente en forma pareida a los que ourren en otras binarias, pero su enorme potenia sedebe posiblemente a una tasa de arei�on super-Eddington y a la interai�on on un viento denso. La metade nuestra ampa~na de observai�on era el estableer una relai�on entre los rayos X y la emisi�on en radio paradiferentes geometr��as del diso y el horro. Aqu�� reportamos resultados iniiales, basados prinipalmente enobservaiones on el VLBI. ABSTRACTSS433 is the most powerful permanent radio-jet X-ray binary (XRB) in the Galaxy. Its unique radio jets areprobably formed similar to other XRBs, but their superior radio power is thought to be a result of super-Eddington aretion rate and interation with a dense disk wind. The goal of our monitoring ampaign wasto establish the relation between the X-ray and radio properties of the system at di�erent aretion disk/jetgeometries. Here we report on early results, mainly from the VLBI observations.Key Words: ISM: JETS AND OUTFLOWS | STARS: INDIVIDUAL (SS433) | RADIO CONTIN-UUM: STARS | TECHNIQUES: INTERFEROMETRY1. INTRODUCTIONSS433 is the �rst radio-jet X-ray binary in theGalaxy, disovered more than 25 years ago. Themehanism by whih its unique radio beams areformed is still not known. A good review on reentobservational and theoretial works is given by Fab-rika (2004). A possible solution to address this prob-lem an be multifrequeny monitoring ampaignssuh as the pioneering work done by Vermeulen etal. (1993), and more reently by Chakrabarti et al.(2005) and Revnivtsev et al. (2004).We arried out joint EVN/GMRT/RXTE mon-itoring of the soure to see how hanges in the a-retion environment and jet geometry are related tothe strutural hanges in the jet. Here we summarisemainly the radio results, fousing on the total uxdensity hanges and the VLBI struture. A detailed1JIVE, Dwingeloo, The Netherlands.2S.N. Bose Nat. Center for Basi Sienes, Kolkata, India.3Centre for Spae Physis, Kolkata, India.4Niolaus Copernius University, Torun, Poland.5Istituto di Radioastronomia, Noto, Italy.6Astron, Dwingeloo, The Netherlands.7Shanghai Astronomial Obs., Shanghai, P.R. China.8Max-Plank Institut f�ur Radioastronomie, Bonn, Ger-many.9Onsala Spae Observatory, Onsala, Sweden.10Istituto di Radioastronomia, Mediina, Italy.11Urumqi Astronomial Observatory, Urumqi, P.R. China.12Centre for Spae Physis, Kolkata, India.

analysis of all the data and interpretation will begiven by Chakrabarti et al. (in prep.).2. THE OBSERVING CAMPAIGNRXTE observations of SS433 took plae in Au-gust 2004, as a ontinuation of an earlier multi-frequeny ampaign (Chakrabarti et al. 2005).In parallel, radio observations were arried out at1280 MHz with the GMRT, Pune, India, and at4990 MHz with a sub-array of the European VLBINetwork (EVN), outside the EVN observing ses-sions. The GMRT observations took plae on 23,24, 25 and 28 August 2004 using 16 MHz bandwidth.Exept on the last date when the full array was oper-ational, 29 telesopes observed. The EVN observedfor four hours on 23, 25 and 27 August with the disk-based MkV reording system. The reording ratewas 256 Mbps, whih resulted in 4�8 MHz hannelsin both left and right irular polarization. The datawere orrelated at the EVN Data Proessor at JIVE.The ore of the ad-ho VLBI array was E�elsberg,Torun, Noto and Westerbork, available at all epohs.Mediina, Onsala, Shanghai and Urumqi also joinedat one or two epohs, making the total number oftelesopes six at any time. Some data were trans-ferred through the Internet and proessed with theNICT (formerly CRL, Japan) software orrelator tomonitor network performane (ftp fringe tests; seehttp://www.evlbi.org/tog/ftp fringes/ftp.html). We222
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RADIO AND X-RAY MONITORING OF SS433 223

Fig. 1. GMRT lighturves at 1280 MHz. The soureux density varied between 600 and 900 mJy during ourobserving ampaign. Chakrabarti et al. (in preparation).quikly realised that there were no fringes to Noto,but the problem ould not be �xed in the short timeavailable, making the total number of telesopes �vefor eah epoh.The VLBI data were proessed in AIPS (Di-amond 1995) using the EVN Data CalibrationPipeline (Reynolds, Garrett, & Paragi 2002). Self-alibration and imaging was done manually, us-ing Difmap (Shepherd 1997). The rms noise lev-els ahieved were 50-100 miroJy/beam, about whatwas expeted with our limited array and short ob-serving time available.3. COMPARISON OF THE GMRT, EVN ANDRXTE RESULTSThe radio lighturves at 1280 MHz are shown inFig 1, while the high-resolution images at 4990 MHzan be seen in Figure 2. SS433 was in a quiet state,but showed signi�ant variations. The total ux den-sity inreased by about 200 mJy between 24 and 25August, and then dropped by 300 mJy by 27 Au-gust. Intriguingly, the high resolution images do notshow this brightening at 4990 MHz. Instead, theorrelated ux density on the shortest EVN base-line E�elsberg-Westerbork (� 3M�) dereased by atleast 40 mJy (at the visibility maximum, measuredat the same hour angle at all three epohs), whilethe radio ore brightness remained roughly onstant,it dereased only slightly. The orresponding spe-tral indies (stritly speaking, lower limits) on these

Fig. 2. High-resolution EVN images at 4990 MHz on 23(top), 25 (middle) and 27 August (below). Peak bright-nesses were 87, 75, and 112 mJy/beam, in the same or-der. All the images were restored with 20 � 5 mas N-Sbeam. The ontour levels inrease with a fator of two,the lowest being 0.4 mJy/beam for 25 August, and 0.2mJy/beam at the other two epohs.dates were � � �0:6, � � �0:9 and � � �0:5 (S /��). These are onsistent with RATAN measure-ments (http://ats.sao.ru/gi-bin/ss433.gi) in earlyAugust 2004, and with the general spetral proper-ties of the soure (e.g. Trushkin, Bursov & Nizhel-skij 2003). The steep spetral index on 25 Augustindiates an inrease in jet dominane. Beause themaximum proper motion of SS433 jet omponents is9 mas/day, these daily ux variations must originatein a region with a size of this order: individual blobswithin 100 mas from the ore, or the ore-jets them-selves. Sine the ore-jets have a at spetral indexdue to partial self-absorption and additional free-free
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224 PARAGI ET AL.

Fig. 3. X-ray spetrum of SS433 on 23 August 2005. Twoiron lines and a bremsstrahlung omponent was �tted tothe data. Chakrabarti et al. (in preparation).absorption (Paragi et al. 1999), the observed in-rease in low-frequeny ux is unlikely to originatefrom the inner parts of the radio jets. A possibleandidate region is the brightening zone 40-50 mil-liarseond from the ore (Vermeulen et al. 1993).Although some moving jet features an be identi�edon the VLBI images, there is no obvious brighten-ing observed in the brightening zone, neither in thesoure as a whole at this frequeny.The RXTE spetrum on the 23 August is shownin Figure 3. Observational data taken at otherepohs are being analysed. The spetrum is �ttedwith two iron lines (related to the approahing andthe reeding jet) and a bremsstrahlung omponent.

Zsolt Paragi: Joint Institute for VLBI in Europe, Postbus 2, 7990 AA Dwingeloo, The Netherlands (zparagi�jive.nl).

There is no sign of a Keplerian disk from these data.The overall X-ray ux of the soure dereased be-tween 23 and 24 August. This was due to a geomtrie�et: at this epoh the ompanion bloked emissionfrom the base of the X-ray jets. A more thoroughdesription of the radio and X-ray data analysis andresults will be given by Chakrabarti et al. (in prepa-ration).The European VLBI Network is a joint failityof European, Chinese, South Afrian and other ra-dio astronomy institutes funded by their national re-searh ounils. REFERENCESChakrabarti, S. K., Anandarao, B. G., Pal, S., et al. 2005,MNRAS, 362, 957Fabrika, S. 2004, Astrophys. Spae Phys. Rev., 12, 1Diamond, P. J. 1995, in ASP Conf. Ser. 82, Very LongBaseline Interferometry and the VLBA, ed. J. A. Zen-sus, P. J. Diamond, & P. J. Napier (San Franiso:ASP), 227Paragi, Z., Vermeulen, R. C., Fejes, I., Shilizzi, R. T.,Spener, R. E., & Stirling, A. M. 1999, A&A, 348,910Revnivtsev, M., Burenin, R., Fabrika, S., Postnov, K.,Bikmaev, I. Pavlinsky, M. et al. 2004, A&A, 424, L5Reynolds, C., Paragi, Z., & Garrett, M. 2002, in Pro. ofthe XXVIIth General Assembly of the InternationalUnion of Radio Siene (URSI: (Gent: URSI), Paper924, Session J8.P4Shepherd, M. C. 1997, in ASP Conf. Ser. 125, Astronom-ial Data Analysis Software and Systems VI, ed. G.Hunt & H. E. Payne (San Franiso: ASP), 77Trushkin, S. A., Bursov, N. N., & Nizhelskij, N. A. 2003,Bull. Spe. Astrophys. Obs., 56, 57Vermeulen, R. C., Shilizzi, R. T., Spener, R. E., Rom-ney, J. D., & Fejes, I. 1993, A&A, 270, 177


