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Plan of lectures

Lecture 1 Lecture 2
Example of Calorimeter
Calorimeter Objects & Triggering

Exercises

Lecture 3 Lecture 4







Calorimeter Features

Measure energy of chargead (p, K, and neutred) , npargcles
Precision improves with energy

Position Measurement
A Important for neutral particles

Particle ID
A Longitudinal (if sampling calorimeter) and lateral profiles diffenent for e and

1 Timing
1 Triggering

Can be built gb detectors
A Hermiticitylmportant for missing energy measurement (see later)



Two types of calorimeters

1. Particles interact with matter

0 Two typeS of calorimeters: depends on particle and matenal
A Homogenous:
A Absorber == active medium

A Materialenseenough to contain shos@ntillatingandtransparen(for light transportatic
or norscintillatinGerenkov

A Ex: CM®bwWO4 scintillating crystaBfBGGscintillating crysjalsead GlagsCe r e n

A Best resolution
A Compact
A Very expensive

A Sampling

A Sandwich bfghZ absorbe(Ph W,  UlowZédtive aned@fliquidgaz € )
A Ex: ATLARULA), DG (ILA) , é

, ANV
A Longitudinal segmentation \\ﬁ hé’%
A Good for particle ID, YA A \’§
position measute N A

A Cheaper than homojgeH YA A
A 6 but , Ilgtk"" vc% /,NW
é u WO T S resol Q:/\/t:'/‘“t’/'\//\\/\/\//\/\\/\
: " YAVAVAVAVAVA
(only part of the shower is sampled) \/\/'%/\/\/\/'\/\/\/\/\/\/\




Hadronic Showers
HAD showers hawe components

Electromagneticomponent:
A Electronghotons
— (fromexcitation, radiatiolecay of
_ hadrons, phetof f ect , é)

~ A Neutrapiongegp® g.d - 9g

I ABSORBER

________________________

| T ey 1 [ Hadronic component:

| T eavy rragmen I'e ° ,

N A | N . A Charged hadrops K,p, ¢é

. ! A ionization, excitation, nuclei interaction
(spallatiop/nproduction, evaporation n,
spallation products)

A Neutrons
A Elastic collisioniBermalization+capiixed

A Breakup of nuclei

U Part of the energy is lost in breaking nuclei (nucleané&igd)ng

Ve

Y Invisible parof the showeOhly part of the shower energy is sampled !

A LargenonGaussiarluctuations of each component (EMEMhon

A LargeponGaussiaf | uctuations in Ainvisi blg



Hadronic Showers properties

A | . : Mean free path between inelastic interaction

int

U The hadronic shower is governed by the interactign Ien%w / © 35AU3(g.cm?)
int )

U Need aboutlO ... to contain most of the hadronic showelrs

int

U Lateral containment increases with energy !
A Transverse radius for 95% containment 1.5

<fo,p=E\E. IS large energy dependent (w i t handenmaterralgdgpendept




Compensation

e

(e/h) p: response fwonsnduced showers

€. response émshower component

Y 1- fEM (1' e/ h) h: response to Remshower component

U Compensationife/h=1

U If compensated calorimeter
U Same energy scale for electrons/photons and hadrons
U Calibrate with electrons and you are done !
A Better resolution on hadrons
A Response linearity

U How ?
A Build a sampling calorimeter
A Boost the nofEM response

A Amplifjpeutron and soft photons component

Afission, content of H in active mat
A long integration time in electronics

A Suppress E¥esponse
A Offlinecompensation



Calorimeters: example

-4 e .
253345
- \‘;‘“4 4(‘;.':'. 3
"'\'3:"‘{““‘1’.-".*:.'-"
= 3!‘ ‘.,; '11.‘ 43
a2 )
AL AT

el

W 53

w

o,

€ -~

&3 3
v wrvee

= = K-
-_, im
. :
r-‘;
T R

ndix




outside the calorimete

=>compact calorimete
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