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HL-LHC opens new possibilities for: 
Å exploring rare processes, 
Å improving precision measurements 
Å discovering new physics beyond the 

Standard Model

Higher radiation levels, pile-up and 
occupancies will pose unprecedented 
challenges for the detectors.

Challenge for 

the detectors: 

Maintain 

performance 

under harsh 

data -taking 

conditions 
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Tracker

Muon 

Spectrometer

Electromagnetic 

calorimeter

Hadron 

calorimeter

Weight: 14000 t 

Length: 28.7 m  

Diameter: 15 m  

Magnetic field: 3.8 T

Superconducting Solenoid
Niobium titanium coil carrying 18.000 A 

Steel Return Yoke 

Integratedluminosity
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A solution to the pile-up problem!
V Vertices information can still be useful but it needs to be 

complemented to untangle the high vertex-density
regions

V Solution: New layer of detectors in order to
      discriminate tracks based on their vertex
      position AND its time information
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Resistive plate chambers 
(RPC): 

Drift Tubes (DT): 
Large rectangular constant drift velocity tubes with anodic 
wire in the center

Cathode Strip Chambers (CSC): 
multi-wire proportional counters with a finely 
segmented cathode strip readout

|ɖ| < 2.4 

double-gap bakelite 
electrode chambers operated 
in avalanche mode

Gas Electron Multiplier  (GEM): 

Micro-pattern gaseous detectors with 
successive amplification stages using triple-
GEM foils
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Resistive plate chambers 
(RPC): 

Drift Tubes (DT): 
Large rectangular constant drift velocity tubes with anodic 
wire in the center

Cathode Strip Chambers (CSC): 
multi-wire proportional counters with a finely 
segmented cathode strip readout

Gas Electron Multiplier  
(GEM): 
Micro-pattern gaseous detectors 
with successive amplification stages 
using triple-GEM foils 
(perforated with microscopic holes 
for electron multiplication)

double-gap bakelite 
electrode chambers operated 
in avalanche mode

|ɖ| < 2.4 

Substitute most of the electronics chain:
- adapt to longer latency, higher data and 
trigger rates and larger bandwidths 

Extend muon id and trigger up to 
the region of 2.4 <μʹμ ғ нΦ8

Reinforce and add redundancy in 
the forward region ~μʹμ > 1.7
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DTRPC
GEMCSC

Å CMS Muon detectors span a surface of ~28000 m2 , ensuring long term   
performance is critical => Wide experimental program at GIF++ at CERN since 2015

Å High intensity Cs137 source => replicate HL-LHC integrated dose and particle rates

Å DTs are the most sensitive to integrated dose (non-fluorinated gas mixture makes 
them more vulnerable to electrodes degradation)

Å Actions: install additional shielding: both near focusing magnets and around the 
entire DT volume

Å CSC and RPCs must undergo validation with alternative gas mixtures featuring 
lower Global Warming Potential (GWP) to comply with environmental regulations 
(CSC & RPC recuperation systems operating)

CMS 
Shielding 
structures

muon beam

ME1/1 spatial resolution 
measured with a muon beam

Nominal gas mixture: 
40% Ar + 50% CO2 + 10% CF4

No significant degradation 
was observed up to the 
charge of 700 mC/cm
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