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~1-200m2 

~1-6000m2 
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3 

𝜂=− ln tan𝜃/2    

Coordinate convention: 

x 

y 

z 
θ

φ

θ: Polar angle 
φ: Azimuthal angle 
x: radially inward toward the 
LHC center 
y: vertically upward 
z: along the beam line, from 
LHC Point 5 toward the Jura 
Mountains    

Pseudorapidity: 

Beam 

Beam 

Multipurpose detector 
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Exploit full potential of LHC physics with muons 
 
Higgs decays (4µ, 2µ ), SUSY (multi-lepton), top, Z’, B physics 
 
Quarkonia in Heavy Ion collisions 
 
Requires reliable offline muon identification for η < 2.4 
 
Muon trigger capability for η < 2.1, with pT thresholds from a few GeV to 100 GeV 
 
Precision ∆pT /pT measurements for muons with pT< 100 GeV : 

 ~2% resolution in combination with the central tracker 
 ~10% standalone resolution 

 
Muon sign determination with 99% confidence level up to the LHC kinematic limit (p < 7 
TeV) 

Muon System Design Goals 
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Drift Tubes (DT) 
l  Central coverage: |η | < 1.2 
l  Measurement and triggering 
l  12 layers each chamber: 8 in φ, 4 in z 
 
Cathode Strip Chambers (CSC) 
l  Forward coverage: 0.9 < |η| < 2.4 
l  Measurement and triggering 
l  6 layers each chamber: each with φ, z 
 
Resistive Plate Chambers (RPC) 
l  Central and Forward coverage: 
   |η | < 2.1 
l  Redundancy in triggering 
l  2 gaps each chamber, 1 sensitive layer 
 
Gas Electron Multiplier (GEM) 
l  Fast triggering and precise tracking 
l  Endcap coverage : 1.6 < |η| < 2.4 

Gas Detector technologies  
 

Phase-II 
6 
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How do “typical” gaseous detectors work? 
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•  Ionization chambers operate at a low 
voltage, à no gas multiplication takes place.  

Pros: 
•   Good uniform response to gamma radiation  
•   Accurate overall dose reading 
•   Sustains very high radiation rates 
Cons: 
•   Very low electronic output 

•  In Proportional counters the output current pulse generated is 
proportional to the energy deposited by the radiation. The Multiwire 
chamber is an example of proportional counter used as a research tool. 

Pros: 
•  Can measure energy of radiation and provide spectrographic information 
•  Can discriminate between alpha and beta particles 
•  Large area detectors can be constructed 
Cons: 
•  Anode wires delicate 
•  Time resolution limited by distance between the wires 
•  Aging 
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Advantages and limitations of “typical” gaseous detectors 

Pros   

•  Large area at low price 
•  Flexible geometries 
•  Good spatial, energy & time 

resolution 

Cons 

•  Slow ion motion à fast gain drop at high 
fluxes: 

•  Space charge accumulation, distortion of electric 
field… 

•  Limited multi-track separation: minimum 
wire distance ~1mm 

•  Aging 
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DT Barrel Muon System : MDT 

4 stations in radius 
5 wheels in z 
250 drift chambers 

10 
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DT Chamber – XY View 
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l  Up to 3.4 m long, 1.5 m wide 
l  6 planes per chamber 
l  9.5 mm gas gap (per plane) 
 
 
l  50 µm wires spaced by 3.2 mm 
l  60 ns maximum drift-time per plane 
l  5 to 16 wires ganged in groups 
l  Wires measure r 
 
 
 
l  6.7 to 16.0 mm strip width 
l  Strips run radially to measure φ 
l  150 µm resolution for chambers 
  (75 µ m in station 1) 
 
 
l  Gas: Ar(40%)+CO2 (50%)+CF4 (10%) 
l  HV ~3.6 kV 
l  B-field up to 3 T in station 1 

CSC Endcap Muon System 

12 
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CSC Endcap Muon System 
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Endcap RPCs contain trapezoidal shaped HPL  
gas gaps,  that are organized in a double-layer  
configuration with  a copper strip readout 
panel placed in between 
 
Each CMS RPC endcap station 
consists of three concentric rings,  
called REx/1-3 (station x=1,2,3) 
 
 
 
 
Limitations  
RPC rate capability which is limited by  
space charge 
 
Problem of Aging Basic design of a RPC 

Resistive Plate Chambers 
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