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Description of radiation fields

Eirik Malinen

lonizing radiation field

e Field of ionizing particles, where the particles
may have a directional- and energy distribution

e Radiation field striking a small sphere:
SPHERE S

GREAT CIRCLE
AREA a OR da

VOLUME V OR dV
MASS m OR dm

e Number of particles N striking the sphere is
proportional to dose

Fluence

¢ Fluence F: number of particles dN striking the
sphere per unit area da:

dN

b=—o (da is the great circle area)

da
¢ The small sphere defines a point in space

e Fluence is as an expectation value; N is in reality a
stochastic quantity

¢ For aradiation field through a medium, the
fluence varies due to absorption, scattering and
creation of new particles = ®©=®(r)
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Fluence 2
¢ The fluence may vary in time - the fluence rate is
defined as:
_do _ &N
'dt  dida
e Thus
t0
®=[ddt
0
¢ For atime-independent field:
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Fluence 3

e The radiation field may have a an energy and
directional dependence. The differential fluence is:

do do .
— , ®, = dQ =sin6ded
dT ¢ dQ ( 2

e @, is the number of particles per energy and area
in the energy interval [T, T+dT] striking the sphere

o, =

dQ

Sphere with great
circle area da
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Energy fluence

e How much energy ’strikes’ the sphere?

e The energy fluence is defined as:
Tmax
W= [ To.dT
0

e For a monoenergetic field:

Y=Td= Td—N
da
¢ Differentiated:
Tmax
W, =d7qJ=T¢T W, =d7qJ: J TchT dT
dT Q § do
ot G Syt

Fluence vs energy fluence

« Differential fluence with respect to energy is
constantup to T, ,,:
P, =0, > O= mfchdT @y

(DD
>0=T,9%,

« Differential energy fluence is:
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Average particle energy in field

e Differential fluence and energy fluence are
distribution functions

e Average energy defined as:

Trmax
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Fluence vs energy fluence 2

o X-ray spectrum is either differential fluence or

differential energy fluence
e Problem: is often given as "intensity”
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Fluence vs energy fluence 3

¢ Inour example:
<T>,=48keV
<T>,=54 keV

¢ Always ask what the unit of the ordinate is in X-
ray (or e.g. e’) spectra!
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