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HLT Tracking Plots
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HLT tracking 

Events preselection
- All plots from a single run (195774) with a Pile-Up comprised between 
16 and 28 interactions per bunch crossing.

- Tracks reconstructed by using only the Pixel detector (“pixel tracks”): 
built from triplet hits; PT>0.1GeV; cluster shape compatibility applied.

- Vertices reconstructed by using only the Pixel detector (“pixel 
vertices”): divisive vertex finder (only z position calculated, xy from the 
beamspot); using tracks with PT>1GeV; at least three tracks per vertex.
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HLT tracking 

Number of 
reconstructed tracks 
as a function of the 
nominal number of 
interactions (Pile-Up), 
computed from the 
instantaneous 
luminosity (measured 
with the HF) and the pp 
inelastic cross section. 
The measurement is 
done during the LHC 
fill #2712. Tracks 
reconstructed from 
pixel hits only.
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Fill #2712
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HLT tracking 

Number of 
reconstructed vertices 
as a function of the 
nominal number of 
interactions (Pile-Up), 
computed from the 
instantaneous 
luminosity (measured 
with the HF) and the pp 
inelastic cross section. 
The measurement is 
done during the LHC 
fill #2712. Tracks 
reconstructed from 
pixel hits only.
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Offline Tracking Plots
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Z→μμ tag and probe
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A. Tropiano, Tracking and vertexing performance in CMS, Vertex 2012, Jeju 

Tracking Performance

30 5 Track reconstruction performance

of the probe muons are not genuine. This correction is obtained by fitting the dilepton mass873

spectrum in order to subtract the non-resonant background, (since only genuine dimuons will874

contribute to the resonance). This must be done separately for candidates in which the probe875

is or is not associated to a track.876

Figure 13: Tracking efficiency measured with a tag-and-probe technique, for muons from Z0

decay, as a function of the muon ⇥ (left) and the number of reconstructed primary vertices in
the event (right) for data (black) and simulation (blue).

From physics reasoning and simulation studies, the tracking efficiency for muons is not ex-877

pected to depend on pT in the energy range relevant for this measurement. The results of the878

T&P fit are shown in Fig. 13 as a function of the probe ⇥ and number of reconstructed primary879

vertices in the event. The measured tracking efficiency for muons from Z0 decay is well over880

99% in both data and simulation. The data displays a small drop in tracking efficiency with881

increasing pileup, which is not reproduced by the simulation. This may be explained by the882

dynamic (pileup dependent) inefficiency of the pixel detector, described in Sect. 3.3, which is883

not modelled in the simulation.884

5.2 Track parameter resolution885

This section quantifies the level of precision that is achieved in estimating the parameters of886

the reconstructed trajectories. In the context of the reconstruction software of CMS, the five887

parameters used to describe a track are: d0, z0, ⇤, cot � and the transverse momentum pT.888

These track parameters are defined at the point of closest approach of the track to the beam889

axis. This point is called the impact point, with coordinates (x0, y0). Thus d0 and z0 measure the890

coordinates of the impact point in the radial and z directions (d0 = y0 ⇥ cos ⇤ � x0 ⇥ sin ⇤), ⇤ is891

the azimuthal angle of the momentum vector of the track and � the polar angle.892

The resolution is studied using simulated events. For each of the five track parameters, the893

resolution is plotted as a function of the ⇥ or pT of the simulated charged particle. In every ⇥894

or pT bin, the resolution is calculated in two different ways: firstly from the fitted width of a895

gaussian fit of the residual distribution1 and secondly as the RMS of the same distribution.896

1The residual is the difference between the parameter of the reconstructed track and the corresponding value of
the simulated particle’s parameter.

Tracking efficiency for muons measured in data, with a tag and 
probe technique. 
Tag muon reconstructed in the muon chambers and in the 
tracker. 
Probe muon reconstructed with the muon chamber only.  
Efficiency is very high and compatible with simulation. 
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Vertex efficiency from split method
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44 6 Beamspot and primary vertex reconstruction and performance

(a) (b)

Figure 21: Primary vertex resolution in x (a) and z (b) as a function of the number of tracks, for
two different kinds of events with tracks of different average transverse momentum.

Figure 22: Primary vertex efficiency as a function of the number of tracks in a cluster, measured
in minimum bias data and simulation.

the probability to produce a minimal number of charged particles in a minimum bias interac-1085

tion is considered.1086

Just as in the measurement of the resolution, the primary vertex reconstruction efficiency de-1087

pends strongly on the number of tracks in the cluster. The same split method described in1088

the previous section can be used to measure the reconstruction efficiency as a function of the1089

number of tracks in the cluster. In this implementation of the split method, the tracks used in1090

the primary vertex in an event are ordered first in descending order of pT and then split into1091
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Primary Vertex resolution from split method
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A. Tropiano, Tracking and vertexing performance in CMS, Vertex 2012, Jeju 

Vertex Resolution

Primary Vertex resolution strongly depends on number of tracks. 
Already with 30-40 tracks you get the maximum resolution. 44 6 Beamspot and primary vertex reconstruction and performance

(a) (b)

Figure 21: Primary vertex resolution in x (a) and z (b) as a function of the number of tracks, for
two different kinds of events with tracks of different average transverse momentum.

Figure 22: Primary vertex efficiency as a function of the number of tracks in a cluster, measured
in minimum bias data and simulation.

the probability to produce a minimal number of charged particles in a minimum bias interac-1085

tion is considered.1086

Just as in the measurement of the resolution, the primary vertex reconstruction efficiency de-1087

pends strongly on the number of tracks in the cluster. The same split method described in1088

the previous section can be used to measure the reconstruction efficiency as a function of the1089

number of tracks in the cluster. In this implementation of the split method, the tracks used in1090

the primary vertex in an event are ordered first in descending order of pT and then split into1091
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