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Why add a track-trigger @ L1?

✓ Sharp turn-on 
efficiency curve
✓ Rate reduction 
allows for low 
object thresholds

 Expected improvements
‣charged lepton ID/PT resolution
‣isolation of e/γ

Great complements 
to current triggers

W. Smith - Tracking Trigger Workshop @FNAL

Novelties
‣vertex reconstruction           
from L1 tracks
‣ reject PU jets 
‣ improve MET performances 
‣ ...

Full Menu Rate @ 140 PU (KHz)

PU 140, 14 TeV
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Track-trigger for HL-LHC: the challenge
• Want to reconstruct the trajectory of charged particles

• in an extremely dense environment (<PU> ~ 140)
[<PU> ~ 30 at highest instaneous luminosities in LHC Run-1]

• at an input rate of 40 MHz
• with few μs of latency 
[total allowed latency for L1 trigger ~ 12.5 μs] 

• Never done before with such conditions
✓ a track-trigger was implemented at CDF (Tevatron)

• tracks were reconstructed at L2
[input ~ 30 KHz, latency 20 μs]

• in a less dense environment

✓  a track-trigger will be part of the ATLAS Phase-I upgrade
• will operate at lower input rates

[after L1 (~ 1 KHz ouput rate)]
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A track-trigger in two steps

1. Selection of high PT stubs

2. Track finding
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First step

• Goal: reduce the input rate to something bearable
• Solution: select only high-PT stubs

• chosen (preliminary) threshold: 2 GeV/c
[getting close to the limit of the available bandwith in the first layer]

• Data reduction of one order of magnitude
• Full efficiency at ~2.2 GeV/c

same electronics reads two sensors

• Implementation: “PT modules” 
(see next slides)
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PT modules

• two closely-spaced silicon sensors

• read out by common front-end ASICs
[different sensor spacing over the tracking  volume (e.g: large spacing at large radii)

• radiation hard 
[need to survive 3000/fb]

• less material 
[~no electrical connectivity in the tracking volume]
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Second step: track finding

Time/Regional Data Multiplexing

Pattern Recognition

Track Fitting

*

*

*

*

*: data transfer not in this talk Tr
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Time/Regional Multiplexing (MUX)
• MUX is a general approach used in 
telecommunications
๏ aims: share expensive resources, parallelize 
processes
✓ already proposed for the Phase-1 upgrade of the 
calorimeter trigger

• Requirements: 
• high bandwidth/low latency 
• flexible time communication

 [should not be a problem given the rapid technological progress expected in the coming years]

Wikipedia

shared medium

• Two MUX proposed:
1. Regional multiplexing: Partition detector in different trigger towers/sectors
2. Time multiplexing: multiple process engines are assigned to the same tower
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1. Associative Memory Approach:
• PR performed before track fitting to speed up the fitting stage

• many coarse patterns (“roads”) pre-emptively stored in the AM chip
• when a road has stubs in all (or all but one) detecting layers a track candidate is found 

• Track fitting performed in the FPGA 
•possible track fitting algorithms: Principal Component analysis, Hough transform, and Retina

1/2

Two approaches being explored at CMS
Pattern Recognition (PR) and Track Fitting
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• PR and track fitting performed at the same time 
[similar to the traditional offline search]

• form track seeds (“tracklets”) by compatible pairs of stubs
          [all tracklets assumed to have the same origin]

• tracklets are projected to other layer searching for matching stubs in 
neghboring layers
• track parameters are extracted using a linearized χ2 fit over the hits 
matched to the tracklets

2. Fully FPGA Approach (“tracklet” approach as example):

Expected performances of the tracklet approach

Pattern Recognition (PR) and Track Fitting 2/2
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Conclusions

• Physics case established: a track-trigger for HL-LHC is 
something we “must have” for an optimal physics reach
[PU mitigation, improved lepton ID for lower thresholds, etc...]

• CMS tracking trigger R&D project is a pioneering effort 
which will pave the way for future hadron colliders

• Exploring two approaches in CMS, system 
demonstrations planned for 2016
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backup
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PU = 140, 14 TeV

More details in W. Smith's talk
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https://indico.cern.ch/event/326723/session/4/contribution/9/material/slides/0.pdf
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TP_Tracker 
Phase2
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link
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https://indico.cern.ch/event/326723/session/8/contribution/47/material/paper/0.pdf
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hits distribution through “columns”

match finding through 
“rows”

(1 row 1 pattern)
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link
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link
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