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Number of pixel tracks and vertices reconstructed at HLT.
The number of interactions is calculated from the instantaneous luminosity as measured by 

the forward calorimeters (HF). A linear behaviour with PU is shown. 

Turn-on curve of the Track Counting High Purity 
(TCHP) discriminator efficiency at HLT, with respect to 

the same variable computed offline.
The TCHP b-tagging discriminator is the third highest 

impact parameter significance for the tracks 
associated to a jet.

The online cut for this HLT path is TCHP > 2.
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The CMS experiment features a two-level trigger:
   

● first level (L1), hardware, selecting events to a maximum rate ~100 kHz
This upper limit is imposed by the CMS data acquisition electronics

● High Level Trigger (HLT), software, further reducing the rate to ~1 kHz
  on average, for offline data storage on local disk or CMS Tier-0

The CMS High Level Trigger:
  

● aims to maximize efficiency while keeping CPU-time and rate low
● must work within a peak CPU time: 200 ms/evt @ 100 kHz input rate
● its algorithms use the same software framework and most of the same 

reconstruction code used for offline reconstruction and analyses
● must be flexible to adapt to changes in data-taking conditions, like 

changes in luminosity or special conditions occurring during the CMS 
commissioning or dedicated LHC fills

● must provide on-line detector monitoring (→specific trigger paths 
for calibration and alignment)

● its performance should be robust with respect to changes in alignment 
and calibration constants and stable with respect to pileup (PU)

Track and vertex reconstruction at HLTTrack and vertex reconstruction at HLT Particle Flow jetsParticle Flow jets

Most of the events are 
rejected after a quick 

reconstruction

Pixel-only tracking, 
regional tracking, 

lepton reconstruction

Turn-on cuve measured vs.
 offline Particle Flow jet pT.

Trigger efficiency measured on an unbiased 
data sample from Run2012C.

Valentina Gori, Università e INFN Firenze, on behalf of the CMS collaboration

Timing during a short run taken in Nov. 2012 (av. luminosity ~ 7·1033 cm-2 s-1)
Intel® Xeon® L5420 2.5 GHz processor

Average: 180 ms

Full iterative tracking and 
Particle Flow reconstruction

b-taggingb-tagging

Iterative tracking:Iterative tracking:  pattern recognition "step by step"

First, pattern recognition of tracks 
with high pT, large number of hits,

associated vertex close to the 
  beam-spot region.

Tight constraints are required

The clusters 
associated with the hits 

of the found tracks 
are removed

New collections of hits from the 
remaining clusters are created.
Pattern recognition is repeated, 

with looser constraints → lower pT or 
displaced tracks are reconstructed

Track reconstruction in CMSTrack reconstruction in CMS

Starts from the innermost layers.
Made from hits triplets or doublets compatible 

with the beamspot.
Seeds not compatible with the luminous region 

are discarded.

Each seed is propagated to the successive layers, 
using a Kalman filter technique.

If a compatible hit is found the propagation 
continues, otherwise it stops.

More hits are added and 
the track parameters estimation is updated 

every time a new hit is found.
A final fit is performed to obtain 
the track parameters value at 

the interaction point.

Seeding

Trajectory Building

Track Fitting

Using reconstructed tracks at HLT:
   
● reduces the fake-rate and improves efficiency
● improves isolation in leptonic trigger paths
● reduces the event rate 

Using iterative tracking at HLT:
    
●  reduces the combinatorics → the CPU-time
●  allows to have Particle Flow reconstruction

 at HLT level with better performance

Better performance for efficiency, fake rate, timing!

Iterations:
iter0: prompt tracks with high pT  
iter1: prompt tracks with low pT  
iter2: recovering of prompt tracks with high pT 
Iter(3),4: recovering displaced tracks when needed

Tracking at HLTTracking at HLT

Performance of trigger path 
HLT_DiCentralPFJet30_PFMet80_BTagCSV07

(using the Combined Secondary Vertex btagging algorithm)
on simulated TTbar events (13 TeV, PU 20, BS 25 ns).

Regional tracking is performed around the jets.
With the new setting we have an increase of efficiency 

(same fake rate) and a faster trigger.

2012 configuration: 
regional tracking is done using a single 
step tracking. FastPVs and tracks are 

used as input to b-tagging.

2015 configuration: 
regional tracking is done using 

Iterative Tracking.
The iterative tracking configuration uses 

a PV constraint on the first iterations,
the ones for the reconstruction 

of prompt tracks.
The deterministic annealing PV made 
out of the regional iterative tracks is 

used as input to b-tagging.
Resolution along the z axis of the vertex reconstructed 

with the FastPV algorithm, with respect to the 
simulated primary vertex.

Simulated Z(νν)H(bb) events with <PU>= 60 are used. 
Improved algorithm for FastPV uses weighted clusters 

and an extended jet acceptance (|η|<2.4) 
instead of |η|<1.6 (2012).

Tracking and vertexing for b-tagging in Run IITracking and vertexing for b-tagging in Run II

Timing of trigger path 
HLT_DiCentralPFJet30_PFMet80_BTagCSV07, 

produced on simulated TTbar events
(13 TeV, PU 20, bunch spacing (BS) 25 ns).  

The Fast pixel Primary Vertex (Fast PV) is an algorithm used to find the Primary Vertex (PV) before tracking. It allows to have a first fast reconstruction of the primary vertex, in order to have a constraint for the subsequent 
reconstruction of PixelTracks used in Iterative Tracking. This reduces the combinatorics and aims to reach better performance.
Given a jet (pT>40 GeV) the compatible pixel clusters are selected along the jet direction. These clusters are projected along the jet direction onto the z axis. The FastPV is reconstructed from the z position of the highest peak. 
Once the FastPV is found, full pixel tracking is performed and a pixel primary vertex is reconstructed.
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