
Detectors

The energy loss of particles in matter can be used detect and identify those 
particles. There are different types of “detectors”:

- Gas-filled counters

- Semi-conductor counters

(Germanium, Silicon, NaI,….)

- Scintillation counters

(Organic & Inorganic: Solid, liquid)

Figures in this presentation are from “Introductory nuclear 
physics” by Keneth Krane.



Gas-filled counters
An electric field is used to separate and count the ions (or electrons) formed by 
the passage of radiation through the detector



Proportional counter – Geiger Mueller Counter

Position sensitive PPAC

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



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): Insulator (3): conductor

SEMICONDUCTORS

Bulk material in large size was long unavailable.  Scintillation counters (1950)

e- formed by the ionization  e- that form the pulse



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 a photoelectron

multiplication

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



Semiconductor detectors
Ge and Si are solid semiconductor materials (they form solid crystals with valence-
4 atoms). They can be “doped” to control electrical conductions

With valence 3 or 5 atoms introduced into the lattice

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

n- and p-
type brought 
into contact

Junction 
under 
reverse bias



Energy measurement

When the detector 
has a large size

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



Coincidence measurement



Magnetic spectrographs & counter telescopes




