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Basic principle of detectors

e Radiation produces free charges when passing through matter

e Free charges are collected, generating a signal




Basic principle of detectors

e e.g. Geiger Counter
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e In silicon detectors, the 'ionizating chamber' is a p-n junction



Band structure

e Periodical boundary conditions in Schroedinger equation gives rise to the

band structure

e The width of the gap is determined by the lattice spacing between the

atoms
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Doped semiconductors

e Dopping the silicon (Z=14) with phosphorous (Z=15) creates a new
energy level close to the conduction band
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Doped semiconductors

e Dopping the silicon (Z=14) with gallium (Z=31) creates a new, empty
energy level close to the valence band
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The p-n junction

o Putting them together, the diffusion of electrons turns the (initially neutral)
n-material positive, and the p-material negative, creating an eleciric field
between them
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The p-n junction

o Under reverse bias (+V on n-side, -V on p-side) the electric field region

Increases
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p-n junctions

e When a particle passes through the sensitive region, it ionizes the
medium, liberating charges which are collected by the elecitric field

e In silicon, the minimum energy for electron-hole creation is 3.62 eV
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Practical example

e Photodiode as an example of a p-n junction
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Silicon detectores in the CMS

e p-njunctions can be arranged in several ways to make a detector

e The CMS has a pixel and microstrips system, which compose the tracker
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e The pixel system has a track
accuracy of 2 micro, almost
the 1 micro resolution of
photographic emusion

Fig. 2.3: Perspective view of the CMS pixel system in the high-luminosity configuration. e Sl ;




The Micro Strip System

e The micro strips system consist of p-type strips
on a n-type base
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The Micro Strip System

e The micro strips system is less accurate than pixels and subjected to
more noise, because each strip may receive several hits; that's because
pixels are closer to the beam than strips
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Micro Strips

e Micro strips can be arranged in a way to give (X,y) position
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dE/dx measurement

o dE/dx information is proportional to the number of ionized atoms
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dE/dx analysis

o dE/dx depends on the mass of each particle
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dE/dx analysis

o Using dE/dx information it is possible to identify the particle
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dE/dx analisys

e One can select particles defining a region in the (dEdx, P) plane

dE/dx (MeV/cm)
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dE/dx analisys

o Example of protons selection
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dE/dx analisys

e Once selected, one are able to extract informations from the particle, e.g.
the pT distribution of the protons

proton pt proton pt
Entries 594

Mean 0.5
RMS 0.2397
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