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THE CERN LARGE HADRON COLLIDER: ACCELERATOR AND EXPERIMENTS

The LHCb Detector at the LHC

The LHCb Collaboration

ABSTRACT: The LHCb experiment is dedicated to precision measurements of CP violation and
rare decays of B hadrons at the Large Hadron Collider (LHC) at CERN (Geneva). The initial
configuration and expected performance of the detector and associated systems, as established by
test beam measurements and simulation studies, is described.

KEYWORDS: Large detector systems for particle and astroparticle physics; Particle tracking
detectors; Gaseous detectors; Calorimeters; Cherenkov detectors; Particle identification methods;
Photon detectors for UV, visible and IR photons; Detector alignment and calibration methods;
Detector cooling and thermo-stabilization; Detector design and construction technologies and
materials.

2008 IOP Publishing Ltd and SISSA http://www.iop.org/EJ/jinst/
© g


http://www.iop.org/EJ/jinst/

Contents

The LHCDb Collaboration
1 Physics motivations and requirements
2 The LHCDb Detector
2.1 Detector layout
2.2 Architecture of the front-end electronics
3 The interface to the LHC machine
3.1 Beampipe
3.1.1 Layout
3.1.2  Vacuum chamber
3.2 The Beam Conditions Monitor
4 Magnet
4.1 General description
4.2 Field mapping
5 Tracking
5.1 Vertex locator
5.1.1 Requirements and constraints
5.1.2 Sensors and modules
5.1.3 Mechanics
5.1.4 Electronics chain
5.1.5 Material budget
5.1.6  Test Beam detector commissioning
5.1.7 VELO software
5.1.8 VELO performance
5.2 Silicon Tracker
5.2.1 Tracker Turicensis
5.2.2 Inner Tracker
5.2.3 Electronics
5.2.4  Detector performance
5.3 Outer Tracker
5.3.1 Detector layout
5.3.2 Detector technology
5.3.3 Electronics
5.3.4 Test Beam results
5.3.5 Alignment and monitoring
6 Particle identification

ii

W N

O O N &N &

11
11
13

15
15
16
20
25
28
33
34
36
40
42
43
49
55
58
61
62
63
66
69
70

72



6.1 RICH
6.1.1 RICH1
6.1.2 RICH?2
6.1.3 Radiators
6.1.4  Mirror reflectivity studies
6.1.5 Photon Detectors
6.1.6  Electronics
6.1.7 Monitoring and control
6.1.8 RICH performance

6.2 Calorimeters
6.2.1 General detector structure
6.2.2 Electronics overview
6.2.3 The pad/preshower detector
6.2.4 The electromagnetic calorimeter
6.2.5 The hadron calorimeter
6.2.6  Electronics of ECAL/HCAL
6.2.7 Electronics of PS and SPD detectors
6.2.8 Monitoring and high voltage system

6.3 Muon System
6.3.1 Overview
6.3.2  Wire chambers
6.3.3 GEM chambers
6.3.4 Muon System mechanics
6.3.5 Electronics
6.3.6 LV and HV systems
6.3.7 Experiment control system
6.3.8 Gas system
6.3.9 Performance

7 Trigger

7.1 Level O trigger
7.1.1  Overview
7.1.2  Architecture
7.1.3  Technology

7.2 High Level Trigger

7.3 HLTI1

7.4 HLT2

7.5 HLT monitoring

8 Online System

8.1

System decomposition and architecture

8.2 Data Acquisition System
8.3 Timing and Fast Control

—Xi—

72
72
77
81
82
83
87
90
93
96
97
98
98
103
107
113
118
122
125
125
130
137
141
142
146
147
147
148

151
153
153
154
161
164
165
166
166

167
167
167
170



8.4 Experiment Control System

9 Computing and Resources

10 Performance

10.1 Track reconstruction
10.2 Particle identification

10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6

11 Summary

Bibliography

Hadron identification
Muon identification
Electron identification
Photon identification
70 reconstruction

Expected global performance

171

174

177
177
180
181
182
182
184
184
185

187

190

—xil —



