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▪Tracking 
▪ Basic principles 

▪ Momentum resolution

▪ Impact parameter resolution

▪ Examples

What is this lecture about?



• Homogeneous and sampling calorimeter key differences

• Crystalline scintillator for homogeneous EM calorimeters

• Many sensor options for sampling calorimeters (EM and hadronic)

• Significant variation of radiation length with material Z, smaller differences for hadronic 
interaction length .

• Challenge in hadron calorimeters of π0 →  generating EM showers which interact 
differently from the hadronic component (e/π ratio varies with incident hadron energy)

Key points from previous lecture



Particle ID (idealised)

Minimum 
X0 here ~ 20 X0 and 

~ 2 here

~ 7  here
Muons with 
E > ~3 GeV

Beams collide at centre 
of a GPD detector such 
as ATLAS or CMS



Tracking goals



Bending in a magnetic field

R
Using units such that the radius, R, is in 
metres, the magnetic field, B, is in Tesla and 
the momentum p is in GeV



Path in a uniform field



Tracking in a fixed target experiment

A spectrometer with a 
magnetised region (of length L)



Magnets 
at LEP 
and LHC



Sensors
inside
magnetic
field

Note that resolution decreases as p 
increases, in contrast to the energy 
resolution improvement of a 
calorimeter

Taylor series 
expansion …



Sensors 
inside 
magnetic 
field



Sensors 
inside 
magnetic 
field



Multiple scattering effects



N is the number of sample 
points (typically 5 to 15)



Reconstructing a vertex

“b tagging” very important at LHC, c is 455 µm for B0



Impact parameter



Impact Parameter resolution
Beam pipe



CMS

Silicon strip detectors in the “barrel” module (TIB and 
TOB).



IP performance (2018)       Material budget



Simulated transverse momentum (pT) resolution



More information

An excellent set of lecture slides by Francesco Ragusa, with a great deal more technical detail on
track fitting and errors, is available from here:
http://www0.mi.infn.it/~ragusa/tracking_sns_28.05.2014.pdf

Also this open access paper: F Ragusa and L Rolandi, “Tracking at the LHC” New J. Phys. 9 (2007) 336
and this paper on pattern recognition:  R Mankel, “Pattern Recognition and Event Reconstruction
in Particle Physics Experiments”, arXiv:physics/0402039v1 [physics.data-an] (2004)

The CMS plots are publicly available data: http://cms-results.web.cern.ch/cms-results/public-
results/publications/

http://www0.mi.infn.it/~ragusa/tracking_sns_28.05.2014.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/

