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Detection Of 
Ionizing Radiation

Gas Amplification 
Counters
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2

Signal Generation in Ionization Counters

Primary ionization: Gases I  20-30 eV/IP, Si: I  3.6 eV/IP   Ge: I  3.0 eV/IP 

                                           Band gaps (300K)     1.11 eV                  0.67 eV

Energy loss De:  n= nI =ne= De /I number 
of n primary ion pairs (I+,e-) at x0, t0

Electrostatic force: Fe = -eU0/d = -FI

Energy content of detector capacitance C:
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3

Time-Dependent Signal Shape
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Total signal: e & I components 

Both components 
measure De and 
depend on position 
of primary ion pairs

      x0 = w-(te-t0)

For fast 
counting use 
only electron 
component.



Gas Amplification, Avalanche Formation

Townsend Coefficient a

Strong E field: secondary 
electron-ion pairs through 
gas ionization → larger signal
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Electrons in outer shells are more 
readily removed, ionization energies 
are smaller for heavier elements.

Incident radiation: n0 DE primary IP
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5

Sparking and Spark Counters

a/p
g

Impact ionization 
Probability g

Prevent spark by reducing l for ions: 
collisions with large organic molecules → 
quenching additives, self-quenching gases
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6

Gas Counters 

Most commercial 
counters are 
permanently sealed.

Exponential increase 
of signal amplitude 
with voltage.

Moderate (10%) 
resolution, but 
economic counter.

Plateau→
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7

Proportional Counter

Anode wire: small radius          
RA ≈ 50 mm or less

Voltage U0 ≈ (300-500) V
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Avalanche RI→ RA, several mean 
free paths needed

Pulse height mainly due to 
positive ions (q+)
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Practical RC-Signal Shape
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for each event (= incoming 
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1
0

Gas Counters 

Most commercial 
counters are 
permanently sealed.

Exponential increase 
of signal amplitude 
with voltage.

Moderate (10%) 
resolution, but 
economic counter.

Plateau→



Absorption of X Rays in Gases
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1
1

Low-energy X and g-
ray photons interact 
with matter 
dominantly via photo 
effect (ionization), 
mostly with K-shell 
(1s) electrons. 
→ Mössbauer expt.

PE absorber
Z  5

→High-Z counting gas



X Ray Energies
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1
2

Photon

Conrad Rőntgen

Discovered  X rays:

Electron Transitions

Photon

Conrad Rőntgen



Example: 57Co g-Rays
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1
3

Low-energy X rays: 
interact with matter 
dominantly via photo 
effect, mostly with K 
shell (1s → ). 

K-hole migrates to 
higher atomic levels in 
cascade of additional 
electronic X ray 
transitions 

X g

EC: Electron capture b decay



Complex PC Response to he Photons 

X ray photons from 
recombination or Auger cascade 
can escape a “thin” detector → 

escape lines

(remember escape lines for 

scintillation/SSD gamma detectors)

Also: Wall effects. 

Io
n

iz
a

ti
o
n

/R
a

d
ia

ti
o
n

 D
e

te
c
to

rs

W. Udo Schröder, 2022

1
4

low-energy 
transitions 
absorbed 
in PC

high-energy 
transition 
escape

High-energy: 
2p-1s, 3d-2p  
E1 transitions 

K-X ray energy 
missing from 
full-energy peak

Kr: IE(K)=14.263 keV
2p-1s  12.6 keV
3d-2p  1.64 keV

Energy    | Continuum

Escape

Recombination Auger Cascade
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1
5

Solid-State Gamma Detectors
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