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Plan of lectures
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Lecture 1 Lecture 2

Lecture 3
Lecture 4

Why/what calorimeters ?

Physics of EM & HAD showers

Calorimeter Energy Resolution

Example of Calorimeter

Calorimeter Objects & Triggering

Exercises

Future of calorimetry

Exercises

Example of calorimeters (suite)
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Calorimeter Features
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üMeasure energy of charged (p, p, K, e, é),and neutral (g, n,é) particles

üPrecision improves with energy 

üPosition Measurement
Á Important for neutral particles

üParticle ID
Á Longitudinal (if sampling calorimeter) and lateral profiles different for e and p.

üTiming

üTriggering

üCan be built at 4pdetectors 
Á Hermiticity! Important for missing energy measurement (see later)



Two types of calorimeters
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ü Two types of calorimeters:

Á Homogenous:

Á Absorber == active medium

Á Material denseenough to contain shower, scintillatingand transparent(for light transportation)

or non-scintillating Cerenkov

Å Ex: CMS (PbWO4 scintillating crystals), L3  (BGO scintillating crystals), Lead Glass (Cerenkov), é

Á Sampling

Á Sandwich of high-Z absorber (Pb, W, Ur,é) and low-Z active media(liquid, gaz, é)

Å Ex: ATLAS (Pb/LAr), DØ (Ur/LAr), é 

Á Best resolution

Á Compact

Á Very expensive

Á Longitudinal segmentation

Å Good for particle ID, 

position measurement,é

Á Cheaper than homogenousé

Á é but worst resolution 

(only part of the shower is sampled)



Hadronic Showers
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HAD showers have two components:

üPart of the energy is lost in breaking nuclei (nuclear binding energy)

Ý Invisible part of the shower ! Only part of the shower energy is sampled !

Á Large, non-Gaussian fluctuations of each component (EM vs non-EM)

Á Large, non-Gaussianfluctuations in ñinvisibleò energy losses.

Electromagnetic component:

Á Electrons, photons 

(from excitation, radiation, decay of 

hadrons, photo-effect, é)

Á Neutral pions(eg, p0gg, hgg)

Hadronic component:

Á Charged hadrons p°, K°, p, é
Å ionization, excitation, nuclei interaction 

(spallation p/nproduction, evaporation n, 

spallation products)

Á Neutrons, 
Å Elastic collisions, thermalization+capture(=>gôs)

Á Break-up of nuclei 



Hadronic Showers properties

7

).(35 23/1

int

-º cmgAl
ü The hadronic shower is governed by the interaction length lint

Álint: Mean free path between inelastic interaction

ü Need about ~10 lint to contain most of the hadronic showers

ü Lateral containment increases with energy ! 

Á Transverse radius for 95% containment ~ 1.5lint

<fEM>=EEM/Etot is large, energy dependent (ŷ with energy) and material dependent 



Compensation
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p: response to pions-induced showers

e: response to emshower component

h: response to non-emshower component

ü Compensation if e/h = 1

ü If compensated calorimeter

ü Same energy scale for electrons/photons and hadrons

ü Calibrate with electrons and you are done !

Á Better resolution on hadrons

Á Response linearity

ü How ?

Á Build a sampling calorimeter 

Á Boost the non-EM response 

Å Amplify neutron and soft photons component 

Å fission, content of H in active material to capture neutrons,é

Å long integration time in electronics

Á Suppress EM response 

Á Offline compensation
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Calorimeters: example

NA48 liquid Kr calorimeter

ATLAS & CMS Calorimeters in details in Appendix

ATLAS Liquid Argon Calorimeter
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outside the calorimeter

=>compact calorimeters ! 


