5Layer Track Reconstruction Documentation

March 14, 2007

This document is intended to be a continuation of the earlier written efficiency analysis.  It contains further analysis of the original Trackfinder algorithm, as well as changes to the algorithm itself.  We first began by developing, for the purposes of further study, a more restrictive definition of “findable” MC particles.  The intention was to better understand the performance of the Trackfinder for particles which hit each of the 5 outer layers of the detector once and only once.  

Keeping the same Jet Accept Test:

Cosine of the Thrust Angle < 0.5

Thrust Value >  0.94

We therefore changed the “Findable MC Particle” bank as follows 

Final State or Intermediate State with R Origin < 400mm and Pathlength > 500mm

Transverse Momentum > 0.75GeV

Carry a charge

|Cosine Theta| < 0.8

Not backscatter off of the Calorimeter

Have Hits on the 5 Outer Detector Layers Once and Only Once [In fact, the addition of this criterion was the only change to this list]
This prevents particles which decay midway through the detector, thereby only making hits on the outermost few layers, and also so-called “loopers” which circle completely around and leave extra hits.

Tracker Efficiency

With these conditions in place the AxialBarrelTracker algorithm was run and obtained the following, using the same histogram methods as stated in the prior efficiency documentation. As for that study, Z-pole b-bbar events were used.
******************************* Note ***********************************  

The Java Analysis Studio (JAS) has some kind of bug where it occasionally runs through each event in an event file twice.  Though many tries have been made we cannot seem to prevent this from happening.  It simply doubles all the numbers, but the ratios always stay the same, hence it does not skew our results.  Figures 1, 2, 3, 4 were created in this manner.

******************************* Note ************************************
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Figure 1:  Histogram of the number of hits an MC particle was found with, where

“0” hits represents low purity tracks (<0.75%).  Due to the bug mentioned above, each event was run through twice.  (Actual Number of found “findable” particles is 153)
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Figure 2:  The number of MC Particles which were not found at all.  

(Actual Number 13)

As one can verify with these histograms, there are now

166 “Findable” MC Particles

(304 Before the 5Layer Cut)

113 Found with 5 Hits (68%)

(43% Before)

25 Found with 4 Hits (15%)

(33% Before)

15 Found with Low Purity (9%)

(12% Before)

13 Missed (8%)

(12% Before)

This is a drastic improvement from our earlier analysis, yet we would hope that we would have nearly 100% efficiency for these tracks.  So, we will continue studying the algorithm, attempting to further the efficiency and purity of the Trackfinder Algorithm, using the 5layer condition.  Once this is done sufficiently, the results will be extended to apply for all particles regardless of the number of layers it hits.  

Seed Exploration

The first task which was undertaken is a re-examination of the “Seed” which the Trackfinder uses to begin its fits.  In summary, the algorithm uses three hits, known as the Seed, from which it fits a circle.  If the fitted distance of closest approach to the collision point (DCA) is reasonable, and there are other hits which lie in the path of this fitted circle, then the track is created, followed by another search for the 4th and 5th hits.  


Our hypothesis was that if the seed is near perfect, then the efficiency and purity would drastically improve.  Perhaps “Bad Seeds” were the major cause of missed and low-purity tracks.  In order to explore this, we set a new condition in determining the seed: that all three hits originate from the same MC particle (there was no requirement that the 4th and 5th attached hits be from that same particle).  Of course in practice this would not be possible, but it will at least give an indicator as to how the quality of the seed plays a role, and is a great illustration of the benefits of Monte-Carlo Simulations.

With these changes the event file was run (again going through each event twice), the results follow:
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Figure 3:  Number of hits associated with found MC Particles
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Figure 4:  MC Particles which were not found at all but considered “Findable”

The data from the histograms is presented:

166 “Findable” MC Particles

144 Found with 5 Hits (87%)

15 Found with 4 Hits (9%)

4 Found with Low Purity (2%)

3 Missed (2%)

Our predictions were correct in that the “perfect seed” made a drastic difference.  These numbers show significant improvement.

In order to more fully understand the impact of this new seed, we removed the restrictions on the required proximity of the attached 4th and 5th hits to the track, and the required minimum distance to the nearest hit (“isolation”). The default requirement was that the track pass within 0.5mm and 0.25mm of the 4th and 5th attached hits, respectively, and that no additional hit be within 1.0 mm of the trial hit.  This implies that the closest hit to the 3 point fit will pass the attachment requirements regardless of its nature.  The following results occurred:
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Figure 5:  Found MC Particles, as one can see there are no low purity tracks.
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Figure 6:  Particles which were not found at all

The results are a little ambiguous: 139/166 (84%) have all five hits from the same particle, 25/166 (15%) have four of five hits from the same particle, and 2/166 (1%) are not found.  There are no low purity tracks, and fewer missed ones as well, although the fraction of perfect tracks has decreased.  This is an indicator that thought and inquiry into the seed of these tracks, as well as varying the restrictions on the fits, will help us greatly increase the benefit from the tracker program.

