
  

Introduction to detector physics



  

Outline

● Lecture 1 and 2: the generic general purpose 
high energy detector
– The ATLAS experiment 

● Lecture 3 and 4: particle identification 
detectors, detector simulations, and the Time 
Projection Chamber
– The ALICE TPC



  

ATLAS detector



  

ATLAS detector



  

Goal of detectors

● The goal of the experiment is to provide the 4 
momentum vector for (ideally) each particle 
produced in the collision p = (E, p)

● We just remind here the relativistic definitions:
– β= |p|/E 

– γ=E/m  



  

Executive summary (1/3)



  

Executive summary (2/3)



  

Layers, like an onion
(even everybody loves cake)



  

Executive summary (3/3)



  

Tracking chambers

Minimal interaction
Low material



  

Energy loss in matter:
the Bethe-Bloch equation

● Depends only on βγ (but γ also only depends 
on β)

● It is useful to remember that βγ = p/m, since 
β= p/E and γ=E/m  



  

Examples of dE/dx



  

Can we understand parts of the 
Bethe-Bloch formula?



  

What materials to use

● To minimize material (that causes distortions) 
one often uses gas detectors for tracking (and 
often nowadays silicon detectors)



  

Example of gas detectors



  

Amplification to get a signal out



  

Silicon semi-conductor detectors

● Extremely good resolution and segmentation 
especially for pixel detectors as shown here

● Semi-conductor: low ionization potential and 
easy to read out



  

Electromagnetic calorimeter

Absorb electrons
and photons



  

Energyloss of electrons



  

Energyloss of photons

Z



  

Scales wit 1/mass2

→ only relevant for electrons



  

And photons:



  

How the EMCAL works



  

Choice of material: large Z
e.g. Pb crystals!



  

Showers in the crystal



  

Organize crystals in detectors
Light output is proportional to 

energy deposit



  

Alternative EMCAL



  

Hadron calorimeter

Absorb hadrons



  

We need to absorb the hadrons

● We use the strong interactions so it means 
that the particle interacts inelastically with 
nucleons in the detector material



  

Hadronic reactions with nuclei



  

Hadronic interactions with nuclei



  

Hadronic shower



  

Basic calorimeter
1. scintillating plates, 2. lead 

absorber

Measure a 



  

32 GeV pion in Digital Hadronic 
calorimeter (CALICE collaboration)



  

Muon chamber



  

The muon chamber is easy!

● The muons are basicly tracks that goes 
through all the material

● Too large mass for EM cal
● Not interacting strongly so it also passes 

hadron caorimeter
● Lifetime is so long that it does not decay (this τ 

does because of its large mass)
● So the muon chamber is a normal tracking 

chamber



  

Summary

● Tracking: energloss due to EM interaction with 
electrons in matter

● EMCAL: dE/dx due to EM interaction with nuclei
● HCAL: dE/dx due to STRONG interaction with 

nuclei 



  

The what is this quiz!



  



  



  



  



  



  

What about particles that do not 
interact?

● What if we created a completely new heavy 
particle that doe not interact?

● How would we observe that?



  

The reason for the 4π design
(Simulated event)



  

Simulated SUSY Missing 
Transverse Energy (MET) event
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