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Detectors in Particle Physics 

Let’s talk about detectors for a bit. 
Let’s do this with Atlas and CMS 

in mind. 
Suggested References: 
PDG Chapter 27 & 28 
http://pdg.lbl.gov/2009/reviews/rpp2009-rev-passage-particles-matter.pdf 
http://pdg.lbl.gov/2009/reviews/rpp2009-rev-particle-detectors.pdf 

Kleinknecht (see website for citation) 
CMS physics TDR vol. 1 (on the web at: 
http://cmsdoc.cern.ch/cms/cpt/tdr/ ) 



Overview 

•  We will go through this in 3 rounds: 
– Round 1: basic concept overview of a 

collider detector. 
– Round 2: the detection principles, i.e. 

particle interactions with matter. 
– Round 3: performance characteristics of 

the detector.  



What do we need to detect? 

•  Momenta of all stable particles: 
–  Charged: Pion, kaon, proton, electron, muon 
–  Neutral: photon, K0

s , neutron, K0
L , neutrino, dark 

matter (if it is produced) 
•  Particle identification for all of the above. 
•  “Unstable” particles: 

–  Pizero  
–  b-quark, c-quark, tau, top-quark 
–  Gluon and light quarks 
–  W,Z,Higgs 
– … anything new we might discover …  



All modern collider detectors look alike 
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Tracking 
•  Zylindrical geometry of central tracking detector. 

–  Charged particles leave energy in segmented 
detectors. 
⇒  Determines position at N radial layers 

•  Solenoidal field forces charged particles onto 
helical trajectory 

–  Curvature measurement determines charged particle 
momentum. 

•  Limits to precision are given by: 
–  Precision of each position measurement 
–  Number of measurements 
–  B field and lever arm 
–  Multiple scattering 



Momentum Resolution 
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Device resolution 

Multiple cattering 

Will go through multiple scattering in more detail next lecture 



ECAL 
•  Detects electrons and photons via 

energy deposited by electromagnetic 
showers. 
– Electrons and photons are completely 

contained in the ECAL. 
– ECAL needs to have sufficient radiation 

length X0 to contain particles of the 
relevant energy scale. 

•  Energy resolution ∝ 1/√E 

We will talk more about this next lecture. 



HCAL 
•  Only stable hadrons and muons reach the HCAL. 
•  Hadrons create hadronic showers via strong 

interactions 
•  Similar to EM showers, except that the length 

scale is determined by the nuclear absorption 
length λ, instead of the electromagnetic radiation 
length X0 for obvious reason. 

•  Energy resolution ∝ 1/√E 



Difference in objective 
between HCAL and ECAL 

•  ECAL’s objective is  
–  measure single isolated particles: photons and 

electrons. 
–  measure the primary photon content of jets. 

•  HCAL’s objective is to measure “jets”. 
–  Quarks and gluons turn into “sprays of hadrons” 

because of confinement over fm distance scales. 
–  The detector thus sees “jets” of hadrons in the 

direction of the original quark or gluon. 
•  Both Calorimeters combined measure 
“missing transverse energy” (MET). 



Primary vs “secondary” photons 

•  When a quark or gluon “hadronizes”, it turns 
into a jet of hadrons, mostly pions. 
–  Charged pions are long lived 
–  Neutral pions decay to two photons immediately 

=> primary photons detected in ECAL. 
•  Charged pions hit HCAL, and cause hadronic 

showers. 
–  Again mostly pions 
–  Charged pions “feed” the showering 
–  Neutral pions decay to two photons immediately 

=> “secondary” photons detected in HCAL 



“Compensating” Calorimeter 
•  Due to isospin, roughly half as many neutral pions 

are produced in hadronic shower than charged 
pions. 

•  However, only charged pions “feed” the hadronic 
shower as pi0 immediately decay to di-photons, 
thus creating an electromagnetic component of 
the shower. 

•  Resolution is best if the HCAL has similar energy 
response to the EM part of the shower as the 
hadronic part. 

One of the big differences between ATLAS and CMS is that 
ATLAS HCAL is compensating, while CMS has a much better  
ECAL but a much worse HCAL response to photons. 



Muon Detectors 

•  Muons are minimum ionizing particles, i.e. 
small energy release, in all detectors. 

•  Thus the only particles that range through the 
HCAL. 

•  Muon detectors generally are another set of 
tracking chambers, interspersed with steal or 
iron absorbers to stop any hadrons that might 
have “punched through” the HCAL. 



More Details on all of this next 
lecture. 


