Positive ion induced drift distortion in the TPC -  What to look for

The following diagram illustrates the effect of drift distortion caused by positive space charge.   The B field in this figure comes out of the page, so in the present configuration of the TPC this is the view from the West end looking East.  Calculations and intuition show that the E field is strongest at the inner and outer field cage boundary.   The components of the drift velocity vector that lead to distortion are shown in the diagram.  The E term directs the electrons away from the field cage boundary toward the contained space charge cloud.   In addition there is an EXB term and it is this term that has the greatest effect on the data.  As shown the distortion tends to rotate the track clockwise generating a DCA in the direction of the radius.   Switching to negative tracks reverses the helix radius so that the sign of the DCA relative to the radius changes, but of course the distortion remains on the same side of the primary vertex.  See below for a summary of points to be considered.
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Diagram showing how positive ion space charge distorts tracks measured in the TPC.  This is an end view of the TPC at the West end looking East.  The black curve is the true track and the red curve shows the distorted image.

· Mean(DCA*track sign) ( 0, this is better than track residuals for measuring space charge effects.

· The effect is the same in both halves of the TPC

· If the central vertex or an SVT point is included in the fit then the measured momentum for positive particle tracks will be artificially low.  The opposite is true for negative particle tracks.

· The negative/positive particle ratio on a falling Pt curve will be artificially high

· The negative/positive ratio will not change when the B direction is switched

· The DCA switches side when the B direction is switched

· Event by Event measures of Mean(DCA*track sign) in high multiplicity events could provide a method to correct the data if positive ion space charge is a problem

