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Disclaimer
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Calorimetry is a vast topic. 

This series of lectures only scratch the surfaceé 

No way to cover all technologies, detectors, features. 

This is thus a selective, personaland (surely) biasedpresentation of calorimetry.

Also, it is likely some (unavoidable) redundancy is there wrtthe previous lectures. 
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A few words about myself
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üThesis at DØ (at Tevatronppbarcollider)

Á Jet Calibration, 

Á Jet+MissingET Trigger, 

ÁSearch for Higgs boson

üPost-doc ATLAS (at LHC pp collider)

Á JetTriggers

ÁZ+jetscross section

ü In CMS (LHC) since 2009.

ÁSearch and discovery of Higgs boson

ÅHZZ*4 lepton channels

ÁElectron Identification

ÁSince 2014,convener of Engineering 

of the High Granularity CALorimeter

upgrade project



What is a calorimeter ? 
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Concept comes from thermodynamics. 

üCalor: latinfor ñheatò

üCalorimeter: thermally isolated box containing a substance to study (e.g., measure its 

temperature)

Ex: Calorimeter of Curie-Laborde(1903) to measure heat 

produced by radium radioactivity (~100 cal/ g / h). 

ü 1 calorie (4,185 J) is the necessary energy to increase the T° of 1g of water at 15°C by 1 degree

üAt hadron colliders, we measure GeV particles (0.1 ï1000)

1 GeV = 109 eV ~ 109 x 10-19J = 2.4.10-9 cal! 

<=> 1 GeV particle will heat up 1L water (20°C) byé ~10-14K !

The increase of heat in a material by the passage of particle is negligible ! 

More sophisticated methods have to be used to detect stable particlesé



What is a calorimeteré in high energy physics ?
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Calorimeters in HEP: detection & measurement of properties of particles 

through their absorption in a block of (dense) matter.  

ü Up to 1970õ, mostly tracking system (with magnetic field) were used:

Á Measure charged particlesé (curvature => momentum, charge, dE/dX: information on mass)

Á é and neutrals, through interaction with matter (e.g. p0ggwith conversion: ge+e- )

ü But:

Á Very poor efficiency and/or resolution on p0

Á Necessity to measure particles of higher and higher mass (W/Z, top quark, Higgs, W/Zô, SUSYé)
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The measurement in process with calorimeters is destructive!

Resolution improves with E

with Calorimeter

=> Calorimeter became more and more crucial in HEP 

Á Measure charged AND neutrals 

Á Resolution:

Magnetic analysis

Note: in the absorption, almost all particleôs energy is eventually converted to heat, hence the term ñcalorimeterò 



Some (historical) examplesé (1)
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A wide variety of calorimetersé for a wide physics program !

1940õs: calorimeters used for detection of 

a, b, gfrom nuclear decays

Scintillating crystals

+ PhotoMultiplierTubes (PMT)

1960õs: first semi-conductor detectors (Si, Ge)

Impressive improvement in resolution !



Some (historical) examplesé (2)
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WA1 Experiment (1976 - 1984)

Á First neutrino experiment at SPS (CERN)

Á Looking at deep inelastic neutrinos interactions.

Á Integrated Target (target, calorimeter, tracker):

Å Slabs of (magnetized) Iron, interleaved with scintillators

Å + wire chamber to track muons

A wide variety of calorimetersé for a wide physics program !



Some (historical) examplesé (2)
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A wide variety of calorimetersé for a wide physics program !

Kamiokande
Á Water tank placed in an underground 

mine

Á >2140 t of water 

Á Surrounded by 1k of large phototubes

Á Detect Cerenkov light emitted by the 

scattering of neutrinos with electron 

or nuclei of water

Measurement of solar neutrinos flux deficit (together with ñHomestakeò experiment) in 1990ôs

Nobel Prize in 2002 


