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Reference detector for the CDR

• 4T 10m solenoid
• Forward solenoids
• Silicon tracker
• Barrel ECAL LAr
• Barrel HCAL Fe/Sci
• Endcap HCAL/ECAL LAr
• Forward HCAL/ECAL LAr



we are here

Status of Muon System Studies



CDR will discuss performance with forward dipoles
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Comparison to ATLAS & CMS



Central tracker:
o first IB layer (2.5 cm ): ~1.2 1010 cm-2s-1

o external part: 3 106 cm-2s-1

o Barrel muon chambers: ~300 cm-2s-1 to ~500 cm-2s-1

Charged Particle Fluence @ L=30x1034cm-2s-1

o Endcap Muon Chambers: 104 cm-2s-1

Talk by I. Besana



Muon Systems ATLAS muon system HL-LHC rates (kHz/cm2):
MDTs barrel: 0.28
MDTs endcap: 0.42
RPCs: 0.35
TGCs: 2
Micromegas und sTGCs: 9-10

<10kHz/cm2

r>1m rate<500kHz/cm2

<0.5kHz/cm2

LHCb

HL-LHC muon system gas detector technology will work for most of the FCC detector area



Example ATLAS MDT Drift Tubes



Pt=3.9GeV enters muon system

Pt=5.5GeV leaves coil at 45 degrees

Pt=10GeV

Muon Pt cutoff and minimum trigger threshold in the main solenoid 



Muon system performance estimate
We assume a constant magnetic field 
inside the coil radius L1.

The measurement points in the tracker 
of radius L0 are equidistant and have all 
the same resolution σ0.

The measurement point at L1 has a 
position error σ1 that is given by the 
multiple scattering inside the 
calorimeters
(σy in the following).

The formula for the momentum 
resolution is given in the next slide.

L1

L0

LCalo

Three ways to measure the muon momentum

1) Tracker only with identification in the muon system
2) Muon system only by measuring the muon angle where it exits the coil
3) Tracker combined with the position of the muon where it exists the coil 



Muon System standalone by measuring the angle of the muon when exiting the coil

Inner Tracker of radius L0 with N+1 equidistant layers of resolution σ0

Combined

Muon system performance estimate



The lines represent the 
formulas from the 
previous pages.

CMS muon resolution at η=0



CMS muon resolution at η=0
The CMS muon system performance is well 
represented by assuming:

10 layers of tracker with 23um resolution.

170 microrad of angular resolution where the 
muon exits the coil.

Better than 100um position resolution where 
the muon exits the coil.



Comparing CMS to possible FCC resolution 

The FCC muon system performance assumes:

13 layers of tracker with 10um resolution and 1.55m radius.

70 microrad of angular resolution where the muon exits the coil.

Better than 25um position resolution where the muon exits the 
coil.



Combined performance for varying position resolution 

With 50μm position 70μRad angular 
resolution resolution we find (η=0)

<10% standalone momentum 
resolution up to 3TeV/c 

<10% combined momentum 
resolution up to 20TeV



muons

Delphes

5% @10TeV

Parametrized Muon Performance



FCC detector muon system
A 50μm position resolution and 70μRad angular resolution for muons exciting the 
solenoid will give excellent standalone and combined muon resolution at η=0.

E.g. Two redundant stations of detectors with 50μm position resolution at a 
separation of 1-2 meters will realize this requirement.

The expected charged particle rates will probably allow the use of present muon
system technology. 

The distance between the stations must be large enough to make sure that 
correlated background is eliminated.

The existing magnetic fields around 1.5Tm should  be sufficient for that. Simulations 
have to prove this fact.

The muon trigger performance still has to be studied in detail.


