Detectors

The energy loss of particles in matter can be used detect and identify those
particles. There are different types o

- Gasfilled counters

- Semiconductor counters

(Germanium, Silicon, Nal,k é.)
- Scintillation counters
(Organic & Inorganic: Solid, liquid)
Figures in this presentation are

physicso by Keneth Krane.



Gasfilled counters

An electric field is used to separate and count the ions (or electrons) formed by
the passage of radiation through the detector
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Figure 6-2 The different regions of operation of gas-filled detectors. The observed
pulse amplitude is plotted for events depositing two different amounts of energy within the
gas.




Proportional counter t Geiger Mueller Counter

In the proportional counter the amplitude of the signal formed is proportional to
the energy deposited.

&(r) =

rin(b/a)
V = voltage applied between anode and cathode
a = anode wire radius

b = cathode inner radius.

Figure 6-4 Orthogonal views of an avalanche triggered by a single electron as simu-
lated by a Monte Carlo calculation. The density of the shading indicates the concentration
of electrons formed in the avalanche. (From Matoba et al.*)

Figure 6-3 Basic elements of a proportional counter. The outer cathode must also
provide a vacuum-tight enclosure for the fill gas. The output pulse is developed across the
load resistance R;.
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Scintillation detectors

The disadvantage of gas filled counters is their low efficiency. This can be overcome
by going to detectors with higher densities (solids, liquids).

However to be a workable solid detector we need:
1) material must support high E (to collect the e - and ions)

2) little or no current must flow in the absence of radiation
3) e must be easily removed by radiation and must be able to travel

(1) & (2): (3):
SEMICONDUCTORS

Bulk material in large size was long unavailable. A Scintillation counters (1950)
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Principle of scintillation detectors

1) Incident radiation interact
with material

2) Atoms are raised to excited
states

3) Excited states emit visible
light: fluorescence

4) Light strikes photosensitive
a surface

5) Release of aphotoelectron

l

multiplication

FET RIS

Figure 7.14 The basic processes in a scintillation detector.

There are organic (liquid or solid)
and inorganic scintillators (Nal)



Semiconductor detectors

Ge and Si are solid semiconductor materials (they form solid crystals with valence-

4 atoms). They can be AnAndopedo to contrc
v

With valence 3 or 5 atoms introduced into the lattice

Donor states: n-type semiconductor
Acceptor states: p-type semiconductor
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Energy measurement

Multichannel analyzer

Detector Preamplifier

Source
* (0

Escaping scattered proton Photopeak
(incomplete energy loss)

Double
escape
_~ Compton scattering peak

photons

hotoelectric
absorption
Compton continuum

Energy

Escaping 511-keV
annihilation radiation

What is the shape of the spectrum for
a large detector?



Colnclidence measurement
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Figure 7.29 Schematic diagram of equipment to determine whether two radia-
tions from the source are in time coincidence (that is, whether they come close
enough together in time to originate from the same nucleus in a sequential or
cascade emission). The short rise time of each preamp signal triggers a timing
circuit; the fast timing signals start and stop a time-to-amplitude converter (TAC),
the output of which has a pulse height AV that is proportional to the time difference
between the start and stop pulses. The spectrum of pulse heights (and therefore of
times) can be displayed on a MCA.




Magnetic Spectragrapns & counter telesecopes



