
Calorimetry
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• Basic principles
• Interaction of charged particles and photons
• Electromagnetic cascades
• Nuclear interactions
• Hadronic cascades
• Homogeneous calorimeters
• Sampling calorimeters



Calorimetry:

Energy measurement by total absorption, combined with spatial 
reconstruction.

Calorimetry is a “destructive” method

Detector response α E

Calorimetry works both for
• charged (e± and hadrons) and 
• neutral particles (n,γ)

Basic mechanism: formation of electromagnetic or hadronic showers.

Finally, the energy is converted into ionization or excitation of the matter.



Generic LHC Detector for all Particles
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Magnetic field: Bends charged particles
enabling momentum measurement

Low-mass tracker: Performs
precision measurement of
several hits along particle trajectory

Electromagnetic calorimenter: 
Contains EM shower and measures  its energy

Hadronic calorimeter: 
Contains hadronic shower and
measures  its energy (with EM)

Muon detector: 
Re-measures muon tracks

Only neutrinos escape detection
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no





Bethe-Bloch formula
For different materials

Mean energy loss by ionisation







Electrons: fractional energy loss, 1/E dE/dx

Critical energy  Ec





Interaction of 
photons with 

matter 



 Calorimeter size depends 
only logarithmically on E0



Detailed model: ˝Rossi 
aproximaton B˝

Determined mainly by 
multiple scattering of 
shower particles



























Hadronic showers are 
much longer and 
broader than
electromagnetic ones!







Atmosphere as a calorimeter
Need: 
• detect high energy cosmic rays
• Measure their energy
• Determine the identity (gamma or hadron, which hadron)

Idea: use atmosphere as a detector + calorimeter

Virtues:
• A lot of material
• Transparent

Use Cherenkov light emitted by charged particles to determine the energy of 
the incoming cosmic ray.



HESS

Shower  mainly E-M.
Thousands of relativistic 

particles give Čerenkov light in 
upper atmosphere 



HESS 1 UHE Gamma Ray Telescope 
Stereoscopic Quartet

Khomas Highland, Namibia, (23o16'S, 16o30'E, elev. 1800m)
Four Ø = 12 m Telescopes (since 12/2003) Eth ~ 100 GeV

108 m2 /mirror [382 x Ø=60cm individually steerable  (2-motor) facets]
aluminized glass + quartz overcoating R > 80% (300<λ<600 nm)

Focal plane:
960 * 29 mm Photonis  XP-2920  PMTs (8 stage, 2 x 105 gain)

Bi-alkali photocathode: λpeak =420 nm 
+  Winston Cones
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