PhiHit Track Reconstruction Documentation

March 14, 2007

This study regarding the correlation of the phi-angle for each hit in a reconstructed track was performed after anomalous tracks were discovered for which the phi values of the individual hits (as opposed to the phi track parameter) would vary by well over 90 degrees, suggesting a trajectory that doubled back towards the origin, perhaps after the decay of some long-lived particle. Thinking about this, it occurred to us that only rarely should the phi of any two hits on a track differ by more than 90 degrees, and that this might be a good criterion to place on the hits comprising a track.  We have studied the effect of imposing such a requirement, first on tracks passing through four or more layers, and later on tracks passing through all five layers.  The starting criteria is as follows:

Jet Accept Test:

-Cosine of the Thrust Angle < 0.5

-Thrust Value >  0.94

“Findable MC Particles:”

-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 Four (Or Greater) Outer Detector Layers

-Hit each layer no more than once 

Reconstructed Values:

-All phi-values of the reconstructed track must lie within 90 degrees of one another (i.e. the track must all be contained within one quadrant)

-Transverse Momentum > 0.75Gev

-Distance Closest Approach < 10cm

-|Cosine Theta|<0.8

Tracker Efficiency

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

The intention here was to balance the number of good reconstructed tracks that were cut with these restrictions, against the number of fake tracks that were cut in a similar fashion.
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Figure 1:  A histogram of the track phi angle for so-called “bad tracks” which have hits outside our restriction. 
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Figure 2:  Histogram of the actual hit values of tracks which have hits outside our restriction.  There is little evidence of bias to one region of angle being more problematic than another.
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Figure 3:  Of these tracks with bad hitphi, this histogram shows the ones which were cut away from the “low purity” section of Found MC Particles (See Fig. 6) vs. the transverse momentum.
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Figure 4: These, unfortunately, are the good tracks which have hits not passing the phi-restriction, vs. transverse momentum. 
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Figure 5:  Of the four good tracks cut, this histogram shows the purity for each.  Most of the cut tracks have only 3/4 matching hits.
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Figure 5:  Plot of the total number and types of found Monte-Carlo particles, after applying the phi restriction to already-reconstructed tracks.  Relative to earlier efficiency studies, this has a much lower rate of 0-hit tracks (which, as the same in previous studies, corresponds to tracks with low purity, under 75%).  
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Figure 7:  Histogram of the total number of fake tracks vs. hits before the restriction
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Figure 8:  Histogram of the total number of fake tracks vs. hits after the restriction.  As one can see, the numbers are improved dramatically.  This represents a 70% decrease in fake hits.  This result is stunning!

[image: image9.jpg]Missed MC Partcles with Hits

Entries : 36

45
Mean: 0

e Rms: 0
35
0

2

40 -08 08 07 06 -05 04 -03 02 -01 00 01 02 03 04 05 06 07 08 08 10 11





Figure 9:  Histogram of the number of missed MC particles.  This number has risen slightly from previous calculation due to the small amount of good tracks cut by the phi restriction.

These results illustrated a substantial improvement on the number of fake tracks, which had been a major problem for quite some time.  However, the loss of efficiency was of great concern.  Therefore, we felt it best to place the phi-hit cut inside of the actual AxialBarrelTrackfinder algorithm, to eliminate these tracks before the hits were removed from the hit-bank.  The hope was that these hits could then be used to create a proper track later on in the algorithm.  The hypothesis was also that fake tracks would retain the improvement that was seen using the hit restriction only in the analyzer.
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Figure 10:  Histogram of the total number of found Monte-Carlo Particles.  As one can see, the number rose by 31 hits (none of which were in the low-purity category).  This represented a significant increase in the efficiency.
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Figure 11:  The number of missed particles also dropped a significant amount (10).
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Figure 12:  Histogram of fake tracks vs. hits.  All fake tracks have 4 hits.

Here it is apparent that the total efficiency and the purity improved.  The fake track category dropped by 28 tracks.  Thus the phi-hit restriction was left in the TrackFinder algorithm instead of later in the analysis.

Next, the 5hit restriction was imposed on “Findable MC Particles” to correspond with earlier 5hit studies.  This restriction allowed in only those particles which pass through all 5 outer layers of the detector once and only once.  The results are quite interesting.
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Figure 13:  Histogram of the total number of found MC particles using the 5hit restriction.  
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Figure 14:  Histogram of the total number of missed MC particles using the 5hit restriction.
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Figure 16:  Histogram of the radius of origin for low purity tracks.
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Figure 17:  Radius of origin for tracks found with 4hits
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Figure 18:  Radius of origin for tracks found with 5hits

Raw Data Comparison:
166 “Findable” MC Particles

(Same as before when 5-Layer Cut was applied)

133 Found with 5 Hits (80%)

(68% Before)

27 Found with 4 Hits (16%)

(15% Before)

3 Found with Low Purity (2%)

(9% Before)

3 Missed (2%)

(8% Before)

As far as I can tell, there seems to be no pronounced correlation between the radius of origin, and the number of hits a particle is found with.  Even so, one can see that the efficiency here for 5hit found tracks is approaching that of the “perfect seed” study done earlier (80% compared to 84%).

As always, the next step is to improve upon these numbers as much as possible.  However, it may be necessary to perform these studies again for a more energetic (500GeV or greater) event file.  These events promise a more challenging array of particle tracks, so improvement here would be another great accomplishment.

