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Interactions with Matter 
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Photo-multipliers 
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Photomultipliers 
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Photomultipliers 
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Calorimeters 
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Calorimeters: Why? 
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A Shower… 
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Calorimeters 
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Electromagnetic Showers 
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Electromagnetic Showers 
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Electromagnetic Showers 

Project: EM Calorimeters 
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Shower Profile and Containement 
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Electromagnetic Shower 
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Energy Resolution 

Project:  derive the resolution formula in calorimeters 

S can be 2%-15% 
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Shower Position 
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Interaction Lenght  
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Hadronic Showers 
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Material Characteristics 
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Hadronic Shower 
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Hadronic Showers 
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Hadronic Shower 

cm 
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Hadronic Showers 
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EM Fraction of Charged Pion Showers 
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Types of Calorimeters 



  29  

Total Absorption Calorimeter 
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Sampling Calorimeters 
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Sampling Calorimeters 
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Resolution for a Calorimeter 
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Compensation 

Project! 
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Sampling Calorimeter Design 
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Sampling Calorimeters 
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Sampling Calorimeter 
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Sampling Calorimeters 



ECAL: Barrel 36 super modules/1700 crystals 
Endcaps detectors completed in summer 2008 
Total of  ~75000 crystals for this detector 

Hadronic Calorimeter  (brass/scintillator) 
completed in 2006 
Lowering  in the experimental hall  

Central ECAL installation in CMS 

Lead tungstate. 
Transparent like glass 
Heavy as lead!! 

CMS: Calorimeters 



  

Showers  & Calorimeters… 

Total absorption calorimeter 
or sampling calorimeter 



Parameter! Barrel! Endcaps!
Coverage! |η|<1.48! 1.48<|η|<3.0!
Δφ x Δη! 0.0175 x 

0.0175!
0.0175 x 0.0175 to 

0.05 x 0.05!
Depth in X0! 25.8! 24.7!

# of crystals! 61200! 14648!
Volume! 8.14m3! 2.7m3!

Xtal mass (t)! 67.4! 22.0!

The Electromagnetic Calorimeter 



•  Excellent energy resolution of  EM calorimeters 
  for e/γ  and of the tracking devices for µ in  
  order to extract a signal over the backgrounds.  

                 Example :   H →γγ	



H  → γγ good resolution	



mγγ 

background from 
      pp →γγ  

H  → γγ bad resolution 

Calorimeter Resolution: eg. for Higgs 

B

S

N
N  =S NS= signal events 

NB= background events 

CMS ECAL 



CMS: Lead Tungstate EM Calorimeter 

H 
W* 

W* 

W* γ 

γ	



If the Higgs is light (115-120 GeV) 
then one of the most promising  
signals is H→γγ  (i.e. 2 photons)  

Excellent calorimetery needed (PbWO4)  

100 fb-1 



Higgs Search Results 
Higgs  2 photons!! 



Energy resolution HCAL+ECAL 

Hadron Calorimeter 
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Lead Glass Calorimeter (WA79) 
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CsI Crystals (KTeV) 
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Spaghetti Calorimeter (SpaCal) 
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Spacal Resolution 
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Particle Identification 
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Particle Idenfication 
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Radiation of Charged Particles 
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Particle Idenfication 
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Time of Flight 
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Time of Flight in ALICE 

Fast RPC detectors: 50-100 ps time resolution 
Identify particles in range 2-4 GeV 

3 GeV 
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Transition Radiation 
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Transition Radiation Detector 
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Cherenkov Radiation 
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Ring Imagine Cherenkov 
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Ring Imagine Cherenkov 
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Ring Imagine Cherenkov 
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RICH 
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LHCb:  b-physics at the LHC 

Sensitive to  
new physics 
complementary  
to ATLAS/CMS 

Examples 

CKM 
triangle 

Measurement 
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VErtex LOcater 
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LHCb Particle Identification 
Based on cherekov light emission  

π, K, p separation 

Ring Imaging Cherenkov 
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Particle Identification 
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END 


