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 Interlude

Charged particle in magnetic field



 

2

Carl David Anderson
(1905-1991)

Phys. Rev. 51 (1937) 884 

Observation

B

For a given B and P
the black track corresponds 
to a heavier object than blue track.
So the red track correspond to an intermediate
mass object

Charged particle in magnetic field
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Charged particle in magnetic field

proton

positron

Proton    mass:  ~1
Muon      mass:  ~0.100
Electron  mass:  ~5.10-4

Lorentz force: 

P: momentum      (GeV)
R: curvature         (m)
B: Magnetic field  (Tesla)

muon+

Remark: the curvature in this example does not correspond to the relative curvature between proton, muon & electron 

B

p

m

e
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Charged particle in magnetic field

Lorentz force: 

P: momentum      (GeV)
R: curvature         (m)
B: Magnetic field  (Tesla)

B

Solenoid (CMS,ATLAS,Delphi...)

R
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Charged particle in magnetic field

Lorentz force: 

P: momentum      (GeV)
R: curvature         (m)
B: Magnetic field  (Tesla)

B

Solenoid (ATLAS Inner Tracker)

S

Charged track  =>  signal in detectors
                        =>   reconstruction program
                        =>   Sagitta (=1/R) determination 
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Charged particle in magnetic field

Lorentz force: 

P: momentum      (GeV)
R: curvature         (m)
B: Magnetic field  (Tesla)

B

Solenoid (ATLAS Inner Tracker)

S

Charged track  =>  signal in detectors
                        =>   reconstruction program
                        =>   Sagitta (=1/R) determination

Reconstruction can be complicated 



 

7

 Muon Detection

Why Muon Detection?
● Determine intrinsic properties of  this elementary particle 

● Constraint on the Standard Model (SM) ex: g
m
- 2

● Very clean probe for many physic domains 
● Astroparticle: proton(cosmic rays) + atm →  p  →  m
● Particle physics: Higgs →  4 m
● Neutrino signature for both domain

● As a tool:
● Trigger
● Veto
● Detector calibration: MIP
● Muo-graphy

● How?
● Detection mechanism: 

● Ionisation, Scintillation, Cherenkov radiation
● Identification: 

● Tag after “walls”, dE/dx, Cherenkov
● + Magnetic Field => momentum measurment  
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Charged particle in magnetic field
All detectors D0 to ATLAS,CMS,...until AMS are using
Magnetic Field to measure the particle momentum.
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Charged particle in magnetic field

ATLAS magnetic field
1 solenoid
3 toroids
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Charged particle in magnetic field

R-f projection

ATLAS magnetic field
1 solenoid
3 toroids
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Charged particle in magnetic field

R-Z projection
R-f projection

ATLAS magnetic field
1 solenoid
3 toroids
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Charged particle in magnetic field

Order of Magnitude:
Toroid     ATLAS:             B~0.5 Tesla 
Solenoid ATLAS(R=1m): B~2.0 Telsa
Solenoid CMS   (R=3m): B~3.8 Telsa

CMS

Solenoid Return Yoke 
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Charged particle in magnetic field

Order of Magnitude:
Toroid     ATLAS:             B~0.5 Tesla 
Solenoid ATLAS(R=1m): B~2.0 Telsa
Solenoid CMS   (R=3m): B~3.8 Telsa

Int Bdl is the relevant parameter for a magnet 

h=-ln(tan(q/2))

q

Z

RSolenoid: IntBdl h

Toroid:     IntBdl   →  with h 
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Charged particle in magnetic field

P1

P2

P3

Sagitta

3 measurement points (p1,p2,p3): d(p1,p3) straight line 
Sagitta: distance between d(p1,p3) & p2



  

 Interlude: Detectors conception 



 

 

 Interlude: Detectors conception 

Principle
● Muon detection:

● Tracker (charged particle)
● MIP in calorimeter
● Tracks in Muon chambers

Traker

Electromagnetic Calorimeter 

Hadron Calorimeter 

Muon Chambers

e± m±g p,k±,p±...
Charged
Hadrons

n,p0,l,...
Neutral 
Hadrons



 

 

 Interlude: Detectors conception 

Principle
● Muon as Tool

● Trigger
● Veto

● Ice Cube
● Double Chose

● Calibration MIP
● LHC
● Hess (Telescope)

Traker

Electromagnetic Calorimeter 

Hadron Calorimeter 

Muon Chambers

e± m±g p,k±,p±...
Charged
Hadrons

n,p0,l,...
Neutral 
Hadrons



 

 

 Interlude: Detectors conception 

Principle
●

Coulomb scattering 
– Multiple scattering : perturbation (degradation)

● Deflection 
● => minimize matter ex:  Muon spectrometer (ATLAS) 



 

 

 Detectors conception  

Principle

Muon detection:
● Tracker (charged particle)
● MIP in calorimeter
● Tracks in Muon chambers CMS


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

