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The CMS experiment is designed with a two-level trigger system: the Level 1 (L1) Trigger, implemented on custom-designed electronics,
and the High Level Trigger (HLT), a streamlined version of the CMS reconstruction running on a computer farm.

Muon Trigger Stages

Overview of CMS Muon Trigger

L1: Hardware based, uses muon detectors only

HLT: Software based, uses muon, calorimeter, and tracker detectors

L2: Builds muon tracks in muon system
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Muon triggers require one or more candidates (Single Muon Triggers)
or two or more candidates (Double Muon Triggers) and use isolation,

good track guality, good vertex, etc. to select muons
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3. Filter on L2 muon to reduce rate

Information

momentum resolution at high p-
Steps:

2. Reconstruct tracker track
3. Match tracker track and L2 muon

Try different seeding algorithms in the L3 cascade algorithm (see below)

Filter on L3 muon to reduce rate

deposits in a cone around the L3 muon

1. Build seed from patterns of DT and CSC segments
2. Start reconstruction of track from seed, using measurements from all muon Drift Tubes (DT) Chambers (RPC)
<1.2

L3: Builds full muon tracks from L2 muon tracks and tracker

Exploits excellent momentum and vertexing resolution of tracker to improve

1. Build seed for tracker reconstruction, starting from L2 info

Isolation: Can be measured by searching for tracks and calorimeter

In|<1.6

Muon System
All 3 muon subdetectors used In trigger

Resistive Plate

Cathode Strip
Chambers (CSC)

Run | Single Muon Triggers Performance
Efficiency of HLT Mu40 in 2012

Computed with the Z resonance tag and probe method, using Z — pyy MC
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Improvements for Run Il:

Muon Triggers Isolation

Single Muon Isolation

* Motivation: Recover efficiency loss at high pileup
(PU) and reduce CPU time
* Done by optimizing PU mitigation and tracking
configurations
* |solation improvements due to:
* Tracking algorithm improvements
* PU subtraction algorithm improvements
» Efficiency computed with tag and probe method,
using data from the end of 2012

CMS Data, 2012, s = 8 TeV, Preliminary
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Number of offline vertices

2012 Configuration (98.5+£0.2)% (37.8x0.7)% (*)
Proposed improvements for 2015 (99.1 £0.2)% (37.810.2)%

*Statistical errors only

CPU timing of HLT IsoMu24 eta2pl

<PU>~33
Intel® Xeon® L5420 2.5 GHz processors

Overall trigger timing reduction

CMS Data, 2012, {'s = 8 TeV, Preliminary
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HLT IsoMu24 eta2pl timing for
events firing L1 trigger

Double Muon Isolation

 Motivation: Reduce rate of Double Muon trigger
 Done by introducing loose tracker isolation
» |solation including improvements due to:
* Tracking algorithm improvements
* Rates and efficiencies are computed relative to a
non isolated muon HLT trigger, using data from the
end of 2012

Original Trigger Relative Relative Relative Rate
(to which isolation is applied) Efficiency Efficiency

(w.r.t. “Loose” (w.r.t. “Tight”
muon [2]) muon [3])

HLT Mul/ Mu8 (99.220.2)% (99.6+£0.1)% (55.7 £0.7)% (*)
*Statistical errors only

Offline reconstructed muons with p;>17(8) GeV and |d,| < 0.5 cm,
geometrical matching between offline and HLT is required (AR<0.2)

CMS Data, 2012, ys = 8 TeV, Preliminary
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* Invariant mass distribution for muons passing the
Isolated and non isolated versions of
HIL e MItUL7Z WIS
 Muons in these distributions:
1. Genuine muons in the Z boson peak in the
opposite-sign sample
2. Muons from QCD, which dominate the same-
sign sample
3. Muons from J/Psi decay In the low invariant
mass bin
Isolation requirements suppress muons from QCD but
keep high efficiency for di-muons from Z boson
decays and the non resonant Drell-Yan contribution

Improvements for Run Il: L3 Muon Triggers

Motivation: Recover efficiency loss for L3 muon triggers, at high pileup
* Done by implementing changes in the L3 cascade algorithm

L3 Cascade Algorithm
OlState OIHit

WN =

IOHit

Seed Generation Seed Generation 1
Trajectory Building Trajectory Building 2.
TrackerTrack Creation —_— TrackerTrack Creation e R

3.1. Filter on Quality Cuts* No L3 3.1. Filter on Quality Cuts* No L3
TrackTrack-L2Muon Matching | Track |4, TrackTrack-L2Muon Matching | Track | 4,
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. TrackerTrack Creation
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TrackTrack-L2Muon Matching

*Available only in l A e Tl l Has L3 Track

l Has L3 Track

the version of the
algorithm used for

Collection Merging and L3 Muon Filter

Run Il preparation

A sequence of three algorithms is tried in “cascade” from the fastest to the
most CPU consuming one and exits as soon as a L3 track Is found
« QlState: seeds to reconstruct tracker tracks are built on the basis of

L2 muons propagated to tracker layers

* OIHit: seeds are built on the basis of L2 muons propagated to tracker

iIncluding also information from one tracker hit

 |OHIt: L2 muons are used to build regions where to look for hits but

seeds are built using pixel/tracker hit information
Cascade algorithm improvements:
« Default version: exit as soon as L3 track was built

» |dea: a step of the cascade can build a track failing final cuts, but

next ones might do better

« Update: filter on quality cuts at each step of the cascade

Efficiency for the L3 step

Before and after cascade algorithm improvements

Using W—puv MC
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Number of offline vertices
Denominator: Number of generated muons matched with a L2 track passing HLT trigger

guality cuts

Numerator: Number of generated muons as above that also match a L3 track passing the

final L3 Muon filter quality cuts and whose tracker track component has >75% shared hits

Rate increase moving from 2012 configuration to proposed improvements

for 2015 with quality cuts:
 4.3% for HLT IsoMu24
 6.8% for HLT Mu40
* EXxpected rate to increase with efficiency
* Rate increase is acceptable
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