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Outline of Talk

ü Interactions of Particles with Matter

ü Atomic / Molecular Excitation

ü Ionization

ü Collective Effects 

ü Radiation Damage to Detectors

ü Detectors Effects on the Particle 

ü Using the Interactions:Particle 
Detectors

ü Detectors that sense Charge

ü Aside: Avalanche Multiplication

ü Ionization Chambers

ü Aside: Tracking

ü Detectors that sense Light

ü Photomultipliers  to detect 

Cerenkov  Photons

ü Scintillators

ü Detectors sensitive to the Amount of  

light or charge - Calorimeters

ü A Little Deeperé

ü Using second order effects

ü Particle Identification

ü Systems of Detectors 

ü Halls A,B,C  Base  Equipment
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Interactions of Particles with 

Matter - Photoemission

ü Excitation (followed by de -

excitation)

ü Atomic electron is promoted to 

higher energy state by energy 

provided by particle. When it falls 

back to ground state, energy may 

be released as a photon.

Photoemission
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Interactions of Particles with 

Matter - Ionization

ü Ionization
ü Atomic electron is knocked free 

from the atom.

ü The remaining atom now has 
charge as well (it is an ion).

ü The atom may also be left in an 
excited state and emit a photon.

ü If you are a Solid State Physicist, 
ÙÍÊdÎÔÓÎßÊÉdÆÙÔÒdÎØdÆd̆ÍÔÑÊ̇r

Charged

Particle

Free Electron

Electric Field

Ion
Ionization
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Interactions of Particles with 

Matter - Collective Effects

The electric field of a 
particle may have a long -
range interaction with 
material as it passes 
through a continuous 
medium.

Cerenkov Effect :
Turns ON when particle speed 

is greater than light speed in 
the medium:   b= v/c > 1/n

Light is emitted at the angle

Q= cos - 1 (1/bn)

1/n b
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Interactions of Particles with 

Matter - Collective Effects

Transition Radiation :
The sudden change in electric 

field as an ultrarelativistic 
charged particle passes from 
one medium to another 
results in ~keV photons.

Ultrarelativistic: g>~ 1000

g= (1 - b2)- 1/2 = E/m

Light is emitted at the angle

Q~  1/ g

Transition Radiation
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Interactions of Particles with 

Matter - Radiation Damage

ü Particles can have lasting effects on the detector 
materials.
ü Nuclear Collision

ü Particle undergoes interaction directly with atomic nucleus. 

ü May transmute the element (radiation damage).

ü May lead to secondary particles which themselves are detectable.

ü Lattice Dislocation
ü Crystalline structure of a material may be disrupted.

ü Chemical Change
ü Photographic Film or Emulsion

While these effects can be exploited as a type of 
particle detection, they may also cause permanent 
damage to detector components resulting in a detector 
which stops working. This is sometimes referred to as 
̆ÆÌÎÓÌ̇r
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Interactions of Particles with 

Matter - Effect on the Particle

üFor a particle to be detected it must interact with 
our apparatus.

üACTION = REACTION

üThe properties of the particle may be different 
after we have detected it.
üLower Energy

üDifferent Momentum (direction)

üCompletely Stopped

®ÓdËÆÈÙpdÔÓÊdÒÊÙÍÔÉdÔËdÉÊÙÊ×ÒÎÓÎÓÌdÆdÕÆ×ÙÎÈÑỄØd
energy is simply to measure how far it goes 
before stopping.
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Interactions of Particles with 

Matter - Summary

üWhen particles pass through matter they usually 
produce either free electric charges (ionization) 
or light (photoemission).

üHow can we use this?

üMost particle detectors actually detect the light 
or the charge that a particle leaves behind.

ü In all cases we finally need an electronic signal 
to record.
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Particle Detectorsé

aside: Avalanche Multiplication

We need devices that are sensitive to only a few electron 
charges:

( An Ampere is 6.2x10 18 electrons/second! )

we need to amplify this charge.

By giving the charges a push, we can make them move fast 
enough so that they ionize other atoms when they collide. 
After this has happened several times we have a sizeable 
free charge that can be sensed by an electronic circuit.




