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Electromagnetic “shower” in Pb plates; 
each plate is probably 2-3 Xo
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Ee� = incident electron energy, say Ee� = 100 GeV

Ec = energy at which dE/dx(ionization) ⇡ dE/dx(bremsstrahlung):

E

Cu
c ⇡ 20 MeV (copper)

X0 ⇡ 1.4 cm

Total number of particles in shower: Ee�/Ec ⇡ 5, 000

Sampled every 1/4-radiation-length, ( t = 0.25X0 ⇡ 0.35 cm)

Total number of samples: N = 5, 000/t ⇡ 20, 000

�N/N ⇠ 1/

p
N ⇠ 1/

p
20, 000 ⇡ 0.7% at 100 GeV.

�/E ⇡ 7%/

p
E (a pretty normal EM calorimeter resolution)

Electromagnetic
EM “showers”
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These examples are mostly for optical readout of 
calorimeters, preferred at fast colliders, but slower 

readout from wire chambers, RPCs, MMG, and 
ionization chambers (LAr, e.g.) are all possible.

This brief, and nearly random, 
walk through calorimeters does not 
do the subject justice.  I am sorry!
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