
Camere	a	ionizzazione	
Principi	e	funzionamento	

	



Generic detector: energy to charge conversion 
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Generic detector working principle
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Wion	is	at	least	the	energy	
required	to	generate		an	
electron	ion/hole	pair		

Ep −EB > wion
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14 1 Interactions of particles and radiation with matter

Table 1.2. Compilation of some properties of gases. Given is the average effec-
tive ionisation potential per electron I0 , the average energy loss W per produced
ion pair, the number of primary (np), and total (nT ) produced electron–ion pairs
per cm at standard pressure and temperature for minimum-ionising particles
[10, 11, 31–33]

Gas Density ϱ [g/cm3] I0 [eV] W [eV] np [cm−1] nT [cm−1]

H2 8.99 · 10−5 15.4 37 5.2 9.2
He 1.78 · 10−4 24.6 41 5.9 7.8
N2 1.25 · 10−3 15.5 35 10 56
O2 1.43 · 10−3 12.2 31 22 73
Ne 9.00 · 10−4 21.6 36 12 39
Ar 1.78 · 10−3 15.8 26 29 94
Kr 3.74 · 10−3 14.0 24 22 192
Xe 5.89 · 10−3 12.1 22 44 307
CO2 1.98 · 10−3 13.7 33 34 91
CH4 7.17 · 10−4 13.1 28 16 53
C4H10 2.67 · 10−3 10.8 23 46 195

and a fraction of the energy of the incident particle can be dissipated by
excitation processes which do not lead to free electrons. The W value of
a material is constant for relativistic particles and increases only slightly
for low velocities of incident particles.

For gases, the W values are around 30 eV. They can, however, strongly
depend on impurities in the gas. Table 1.2 shows the W values for
some gases together with the number of primary (np) and total (nT)
electron–ion pairs produced by minimum-ionising particles (see Table 1.1)
[10, 11, 31–33].

The numerical values for np are somewhat uncertain because experi-
mentally it is very difficult to distinguish between primary and secondary
ionisation. The total ionisation (nT) can be computed from the total
energy loss ∆E in the detector according to

nT =
∆E

W
. (1.34)

This is only true if the transferred energy is completely deposited in the
sensitive volume of the detector.

In solid-state detectors, charged particles produce electron–hole pairs.
For the production of an electron–hole pair on the average 3.6 eV in sili-
con and 2.85 eV in germanium are required. This means that the number

Charge collec8on and collec8on efficiency


Si	 	 		 	 	3.6	
C	(diamond) 	 	 	15.5	
GaAs 	 	 	 	~1.0 	

		



Detector working principle
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													is	the	energy	missing	
once	the	the	fluorescence	
escapes	from	the	detec:on	
volume.		

Escaped 
fluorescence 
photon


-
+

Stopped 
fluorescence 
photon


+Ze +Ze

+Ze +Ze

Primary

electron

Photoelectron

(E =  – EB)

KLL Auger

electron

Photon

( )

Scattered

primary 

electron (Ep)

Secondary

electron (Es)

(Ep)

K

L

M

K
L

M

(a) Electron collision induced ionization

e–

e–

e–

e–

(b) Photoionization

(c) Fluorescent emission of characteristic radiation (d) Non-radiative Auger process

K
L

M

K
L

M

e–

Basic Ionization and Emission

Processes in Isolated Atoms

Ch01_F02VG.ai

Professor David Attwood

AST 210/EECS 213

Univ. California, Berkeley

~ · !



Detector working principle
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For	Auger	effect	on	the	L	
shell.	Normally	low	energy	
electrons	with	limited	range	.		
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Free	Air	Ioniza:on	Chamber	



Satura8on curve


5

4

3

2

1

O
u
tp

u
t 

c
u
rr

e
n
t 

[n
A

]

800600400200

HV [V]

16x10
9

14

12

10

8

6

4

2

p
h
o
to

n
s
 [1

/
s
]

!"#"$%&'"()*

+),-"./0)"%11"2-"3"%11"2-

4/5"6/77)8"9:,-+)5"

;"#"$1$<"-+,5

="#""%>?

Ions in gas : ~ 10m/s (100 m runners) 


Drift of charges in the external electric field


electrons in gas : ~ 10000m/s 

!vdrift = µ

± ⋅
!
E ⋅ P0

P
µ	mobility			cm2	V-1s-1 		
E	electric	field	
P0=normal	pressure 	
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Unita’	radiologiche	



Laboratorio	di	fisica	medica 

Unita’ radiologiche

•  Fluenza:	detector	“photon	coun:ng”	
•  Intensità’:	detector	ad	integrazione	di	carica	
•  Esposizione:	camere	a	ionizzazione	
•  Dose	e	kerma:	dosimetri	calibra:	



Exposure

ICRU	(1980)	Interna:onal	Commission	on	Radia:on	Units	and	Measurements	

Exposure	is	defined	as	dQ/dm,	where	dQ	is	the	sum	of	the	electrical	charges	of	all	ions	of	one	
sign	produced	in	air	when	all	the	electrons	and	positrons	liberated	by	photons	in	a	volume	
of	air	whose	mass	is	dm	are	completely	stopped	in	air.		

X=dQ/dM	
The	ioniza-on	arising	from	the	absorp-on	of	bremsstrahlung	or	annihila-on	radia-on	emi8ed	
by	the	electrons	is	not	to	be	included	in	dQ.	

Owing	 to	 the	 difficulty	 of	 measurement,	 exposure	 is	 not	 normally	 used	 when	 the	 photon	
energy	exceeds	3	MeV.	

Unita’	di	misura:	
	Sistema	Internazionale	C	kg-1	

	Roentgen	R=2.58	10-4	C	kg-1	
	

NB:	Average	atomic	number	of	air	and	soI	-ssue	is	about	the	same	!		

Exposure is defined as dQ/dm, where dQ is the sum of the electrical charges of all ions of one sign produced in air when all the electrons  liberated by photons in a volume of air having mass  dm are completely stopped in air.



Misura di esposizione

…tug	gli	elehroni	libera:	dai	fotoni	
in	 una	 massa	 d’aria	 dm	 si	 sono	
completamente	ferma:	in	aria.	

Equilibrio di particelle 
cariche 



Dose 
• Dose is the energy absorbed by the unit of mass  

•  Not volume !! 
• 1 Gy (gray) = 1 J/kg  

• This relates to the amount of energy actually absorbed 
•  Scatter radiation not negligible 

• The gray unit can be used for any type of radiation, but it does not 
describe the biological effects of the different radiations.  

D =
dE
dm



Exposure and absorbed dose in air

How	do	we	measure	them	X	rays?	X-ray	beam	can	be	measured	using	the	ioniza:on	it	produces	in	air.	An	
ioniza-on	chamber	is	an	air-filled	chamber	surrounded	by	electrodes	(a	posi:ve	and	nega:ve	electrode).	
X	rays	ionize	the	molecules	of	air	present	in	the	chamber,	and	the	electrons	follow	the	electric	field	lines	
and	are	collected	on	the	posi:ve	electrode,	while	the	posi:ve	ions	are	collected	on	the	nega:ve	
electrode.	The	net	charge	is	collected	on	the	electrodes.	The	unit	of	exposure	is	the	roentgen	(R),	where:	
	
																																																																															1R	=	2.58	x	10-4	C/kg	

A	typical	ioniza:on	chamber	for	general	diagnos:c	measurements	has	a	volume	of	approximately	6	cm3.	At	
standard	temperature	and	pressure,	the	mass	of	air	in	6	cm3	is	about	7.8	mg.	A	1-R	exposure	will	liberate	a	
charge	of	2.0	×	10−9	coulombs	inside	the	chamber,	corresponding	to	1.2	×	1010	ions.		
The	roentgen	is	defined	only	in	air,	and	under	condi:ons	of	electron	equilibrium.	Electron	equilibrium	occurs	
when	the	number	of	energe:c	ions	entering	the	measurement	volume	equal	those	leaving	it.		

Empirically		it	takes	W=33.97	eV	to	produce	an	ion	pair	in	air,		equal	to	33.97	joules/C.	Thus	the	energy	
absorbed	in	air/mass,	i.e.	absorbed	dose	in	air,	by	a	1-R	exposure	is:	

Dair	=	Eabs/m	=	2.58	×	10−4	C/kg	×	33.97	J/C	=	0.00876	J/kg	=	0.00876	Gy	

Exposure	(X)	corresponds	to	absorbed	dose	in	air:	

Dair	(mGy)	=	0.00876	X(mR)	

Dair	(mGy)	=	8.76	X(R)	



Effective biological effects 
• The Sievert (Sv) is the unit of the equivalent dose.  

• Equivalent dose relates the absorbed dose in human tissue to the 
effective biological damage of the radiation.  

• Not all radiation has the same biological effect, even for the same 
amount of absorbed dose.  

• To determine equivalent dose (Sv), the absorbed dose (Gy) is 
multiplied by a quality factor (Q) that is unique to the type of 
incident radiation.  



Calibrazione di IC

•  L’esposizione	e’	la	sola	grandezza	dosimetrica	per	cui	esistano	degli	standard	
nazionali.		

•  in	Italia	e’�competenza	dell’ENEA	
•  Standard	primari,	secondari	e	oltre	…	

•  IC	“pra:che”�vanno	calibrate	con	uno	standard		
•  le	calibrazioni	avvengono	con	gli	standard	secondari	
•  La	calibrazione	e’�funzione	dell’energia	

• Problemi	che	richiedono	correzioni:	
•  Ahenuazione		finestra	dello	strumento		
•  La	eventuale	ricombinazione	di	elehroni	
•  Vapor	d’acqua	
•  Ionizzazione	secondaria	(bremsstrahlung	o	altro)	



The PTW 23344 ioniza8on 
chamber


Plane	parallel	chambers	with	thin	membranes	for	measuring	therapeu:c	
X-rays	in	air	and	solid	state	phantoms	
• Vented	sensi:ve	volumes	of	0.20	cm³	
• Very	thin	flat	entrance	windows	for	dose	measurements	of	low	
energy	X-ray	beams	



Laboratorio	di	fisica	medica 

The calibra8on factor




Calibra8on condi8ons



