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Abstract:


SS433, an X-ray binary located in the constellation Aquila and the supernova remnant W50, has been studied extensively in the radio and optical for over 20 years. 

The currently accepted model was developed to explain the moving optical lines, and also fits very well the morphology of the twin precessing radio jets. SS 433 is the one case for which the outflow velocity in the jet (0.26c) is determined by Doppler shifted line emission. 

This summer I/we analyzed a sequence of images from ~40 daily VLBA observations of SS 433, to study the kinematics of bright radio-emitting regions in the jet outflow. The motion of 8 pairs of ejected blobs can be followed for ~40 days in this unprecedented data set spanning one quarter of a precession cycle of ~164 days.  We demonstrate clearly that the apparent velocities of individual components deviate from the kinematic model by more than 10 percent, even though the model still fits the radio morphology on scales of 50-500 AU. This means the radio emission does not trace the ballistic flow of material, but rather the motion of an overlying pattern of enhanced density, magnetic field or shocks in the jet.
 Introduction:

SS433 is an X-ray binary system located in the constellation Aquila and the supernova remnant W50. It is composed of a black hole and a companion star of type A3 (Hillwig et al 2004). Within the system there is an accretion disk with two opposing jets perpendicular to the disk. There are some properties in this system that makes it unique in comparison to other x-ray binary systems. First it is found to have baryons, where theoretically in other systems there are electrons and positrons, which was theorized because of the movement of H and He lines (Margon et al 1979) and X-ray lines in recent Chandra data (Marshall et al 2002). It also has a large precession angle, perhaps the largest in this galaxy. 


Knowing all of these properties there was a model determined using the optical observations showing the H alpha lines movement. The H alpha lines displayed discrete components that moved out over time. Unlike most X-ray binaries which seem to show only X-ray flux, SS433 has been observed to have Doppler-shifted optical lines illustrating ballistic ejection of H-alpha emitting material over time (Margon 1984).  The optical model traced the ballistic symmetric jets extremely well in the optical and the radio. The parameters such as the distance of approximately 5 kilo parsecs and the precessional phase of 164 days were especially important to determining this model. Figure 1.1 shows the fit of the model to the radio image. It is obvious that the radio morphology fits the ballistic motion model well (Hjellming 1981).
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Figure 1.1 Radio image overlaid with the model based on optical H alpha lines (Mioduszewski, Rupen)

Even though there were great connections between the optical spectra and the radio images, Eikenberry did explore the residuals of the optical data and found (see Figure 1.2) that there was approximately a ten percent deviation. His data was a compilation of optical measurements over 20 years; therefore he could cover the entire precessional period (Eikenberry 2001). 


[image: image2]
Figure 1.2 Doppler Shift versus the Precessional Phase of the jet on one side; the bottom portion of the graph shows the residuals over precessional phase without the model to show the greatest deviations (Eikenberry 2001) 
Observations for Analysis:


The data that was analyzed was a compilation of 39 observations over 42 days using the Very Large Baseline Array. It gave us approximately ¼ of the precessional period and also a flaring period that occurred about half way through the observations. Each image was analyzed by looking at individual components. Each component was followed out over time until it seemed to disappear or separate into indistinguishable blobs. I looked mainly at the rate at which they moved out, but also looked briefly at the intensity of each component.


There was an anomalous emission perpendicular to the jet axis that was of some interest, but the results attained were inconclusive and will need to be examined in greater depth later.
Results and Analysis:


The initial step to the process of analyzing all of the images was to find the distance from the core of each component over time. In doing this the velocity of each component could be determined. Because there were two jets, I plotted one from the eastern jet data and one from the western jet data. It should be noted that because this is moving at relativistic speeds (~.26c) (Margon 1984) the western jet which is approaching should appear to be moving faster than the eastern jet which is receding. In Figure 3.1 and 3.2 you can see that most components follow a linear progression with enough points to consider these linear motions real. In other words you can follow these components out over many days. The most interesting information that one gains from these plots is that the slope are not the same. This plot also gives approximate ejection dates. There was also one component that seemed to appear only in the west at a specific ejection date. 
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Figure 3.1 and Figure 3.2 The distance from the core (mas) over time (MJD) for the western (top) and eastern jet (bottom) (Schillemat 2004)

In Figure 3.3 shows the model based of the optical H alpha lines. It also includes the deviations of about ten percent. It is apparent that the results I found did not co-inside with the model. Even with the ten percent deviation it does not account for the components such as H.  Just as a reminder, this is only approximately ¼ of precessional period. However, that still does not account for the extreme fluctuations in velocity. 


[image: image5]
Figure 3.3: Velocity (mas/day) versus precessional phase including model with eastern and western components. Solid red is western components solid green is eastern components. Dotted lines are the 10% uncertainties of each model. 

Figure 3.4 and Figure 3.5 shows the intensity of each component over time. This was not researched in great depth, but initial conclusions were made. It was found that the components that brightened and faded did not have any effect on the velocity in comparison to the components that simply faded. This indicates that the intensity did not correlate with the velocity. This may have some implications for the origin of component composition and brightening regions. 


[image: image6]
Figure 3.4 Western Components: The Integral Intensity (Janskys) versus the Time (MJD).

[image: image7]
Figure 3.5 Eastern Components: The Integral Intensity (Janskys) versus the Time (MJD).
Conclusions:


This new result initializes a new thought about the kinematics of these jets. Because we know that the ballistic model fits the optical lines and radio morphology, we know that there must be something different about the components themselves. One of the best explanations would be to say that this is not a bulk motion, or a constant motion that is born in the core itself, but rather a pattern motion; which is to say that each component has an individual and unique speed. The explanation for these velocity modulations is unknown but if there was to be any kind of determination it could be explained by some kind of density enhancement or shocks. Unfortunately this form of analysis does not provide us with that kind of information. 


Further analysis must take into account the flaring period, which may give some indication as to why these components have differing speeds. It is interesting that many of these components are born in the core and then move out. The next step to the process of understand this very unique system would be to analytically understand the distances and positions of each component and determine if they are following the curved jet morphology or in a straight line. In the case of the straight line one could echo the ballistic model theory and a different approach to the differing kinematics must be taken. However if it follows the jet then the pattern speed model may describe some of the differing velocities. This is assuming that all of these components arise from the same physical process. It is not out of the question that we may be seeing a combination of ballistic components, as seen in the optical spectra, and a pattern on top of the underlying flow. 
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