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Outline of Talk

U Interactions of Particles with Matter

U Atomic / Molecular Excitation (i Detectors that sense Light

U lonization i Photomultipliers to detect
Cerenkov Photons
i Collective Effects

U Scintillators
U Radiation Damage to Detectors

i Detectors sensitive to the Amount of

U Detectors Effects on the Particle light or charge - Calorimeters
U Using the Interactions:Particle i A Little Deeperé
Detectors

) U Using second order effects
U Detectors that sense Charge

U Particle Identification
U Aside: Avalanche Multiplication AUl e catlo

Cc:

il lonization Chambers Systems of Detectors

i Aside: Tracking U Halls A,B,C Base Equipment
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* Interactions of Particles with
Matter - Photoemission

U EXxcitation (followed by de - ..
c_ a_o ( y Photoemissi
excitation)
N \\OXMW

U 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.
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* Interactions of Particles with
Matter - lonization

U lonization

I Atomic electron is knocked free lonization
from the atom.

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

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

Particl
U If you are a Solid State Physicist, S
Ul EdI OOl BREEd AUOOGd |

Free Electron

Electric Field
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The electric field of a Cerenkov Effect

particle may have a long Turns ON when particle speed

Y LIEEIE e sl IS greater than light speed in

material as it passes the medium: b =v/c > 1/n

through a continuous . )
e Lightis emitted at the angle

Photon Yield in 1cm of n=1.41 material Q j— COS - l (1/ bn)
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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 >~ 10(
g=(1- b?) Y2 =E/m
Light is emitted at the ang|
Q~1/g

Transition Radiation
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Particles can have lasting effects on the detector
materials.

Nuclear Collision

Particle undergoes interaction directly with atomic nucleus.
May transmute the element (radiation damage).
May lead to secondary particles which themselves are detectable.

Lattice Dislocation
Crystalline structure of a material may be disrupted.

Chemical Change
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
I =T I I O N I ¢
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* Interactions of Particles with
Matter - Effect on the Particle

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

U ACTION = REACTION

U The properties of the particle may be different
after we have detected it.
U Lower Energy
U Different Momentum (direction)
U Completely Stopped
®OdEAFEUPpd OOEd OEUI OEd OEd EEUE >
energy Is simply to measure how far it goes
before stopping.
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When particles pass through matter they usually
produce either free electric charges (ionization)
or light (photoemission).

How can we use this?

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

In all cases we finally need an electronic signal
to record.
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We need devices that are sensitive to only a few electron
charges:

we need to amplify this charge.

By giving the charges a  push, we can make them move fast
enough so that they /onize other atoms when they collide.
After this has happe RS e have a sizeable
free charge that can electronic circuit.
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