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Plan of lectures

Lecture 1 Lecture 2

Physics of hadronic showers
ATLAS & CMS calorimeters

Calorimeter Objects

Lecture 3 Lecture 4




Disclaimer

DISCLAIMER

Calorimetry is a vast topic.
Thi s series of |l ectures only sdgrat
No way to cover all technologies, detectors, features.

This Is thusselectivgepersonaand (surely)asedpresentation of calorimetry.

Also, it is likely some (unavoidable) redundanacyntibgresvious lectures.
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A few words about myself

U Thesis at D@ (devatrorppbarcollider)
A Jet Calibration
A Jet+Missings; Trigger,
A Search for Higgs boson

U Postdoc ATLAS (at LHC pp collider)
A JetTriggers
A Z+jetgross section

0 In CMS (LHC) since 2009
A Search and discovery of Higgs boson
A H ZZ* 4 lepton channels
A Electron Identification
A Since 2014pnvener of Engineering
of theHigh Granularit¢ ALorimeter
upgrade project




What I1s a calorimeter ?

Concept comes from thermodynamics.

U Calorlatiff or nheat o
U Calorimeterthermally isolated box containing a substance to study (e.g., measult

temperature) Lid <— Thermometer
Ex: Calorimeter of Guabord¢1903) to measure heat —— b |
produced by radium radioactivitydal1@0 h). {__'I"s”'la?“’;’
container
. < Solution

U 1 calorie (4,185 J) is the necessary energy to increabéghef Water at’Coby 1 degr
U At hadron colliders, we measure GeV particl#800)1

1 GeV = 2@V ~ 10x 10°J = 2.4.18%cal!
<=>1 GeV particle will heat up 1L wae) (20b y&K!~1 0

The increase of heat in a material by the passage of particle is negligibl
More sophisticated met hods have



Wh at |l s a cal ori meter éé 1 n

Calorimeters in HEP: detection & measurement of properties of particles
through their absorption in a block of (dense) matter.

U Up t omasty fracking system (with magnetic field) were used:
A Measure charged parti cl aeSd informationom@rhass) e

Aé and neutral s, thr % g Withconversiamaced)i on Wwi
U But:

A Very poor efficiency and/or resolupin on
A Necessity to measure particles of higt

=> Calorimeter became more and more crucial in HEP

A Measure charged AND neutrals
A Resolution:

S
(pp) =apAb Magnetic analysis

o/E(p)

S (E) o @ Resolution improves with E
withCalorimeter
E VE

The measurement in process with calorindet&rsicsive

E(p) (GeV)

Note: in the absorption, al most all particl eds;



Some (historical) exam

A wide vari ety of calori meter :

1 9 4 Oafrsmeters used for detection ok
a, b, gfrom nuclear decays f%
Scintillating crystals S -
+ PhotoMultipli€abes (PMT) - Scintillator
S Nal(TI)
N—
S o
o) m
g High-purity Ge
1 9 6 frsissmiconductor detectorSl, Gey M%L S o
= T i
Impressive improvement in resolutlo% WFJW} w

0 500 1000 1500
Energy (keV)



Some (histor@®cal)

exam

A wide vari ety of calori meter:c

WAL Experiment (19-/1084)
A First neutrino experiment at SPS (CERN)
A Looking at deep inelastic neutrinos interactions.

A Integrated Target (target, calorimeter, tracker):
A Slabs of (magnetized) Iron, interleaved with scintillators
A+ wire chamber to track muons



Some (historical) exam

A wide vari ety of calori meter :

Kamiokande
A Water tank placed in an undergt
mine
>2140 t of water
Surrounded by 1k of large photc
Detect Cerenkov light emitted b
scattering of neutrinos with elec
or nuclei of water

> > I

Measurement of sol ar Hanedstake rxp efrli ume nd «
Nobel Prize in 2002
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