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Energy transferred,

* Aphoton field with total energy;}, enters a volume,
while R, 1S the energy leaving the volume:

R
iy $ Rv:)ut,u-rl

» Energy transferred:
Etr = I:zin,u - I:zou'(,ufrl + ZQ
* g, lis the total energy transferred from photons to
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Indirectly ionizing radiation

« Indirectly ionizing radiation experience few
interactions, but releases relatively large amounts o
energy in each interaction

« Example: photons, neutrons

e Secondary charged particles (electrons most
relevant) will deposit the transferred energy over a
short distance

« How large are the energy transfers from e.g. photons
to matter for a given volume element?

* The energy-mass budget is important!
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electrons, and is the sum of all kinetic energy releaded

Energy transferred, 2

¢ u-rl: uncharged minus radiative losses; radiative
losses by secondary electrons should not be included

* g, Is astochastic quantity

¢ 2Q: energy from conversion of rest masvice
versa

« Example, pair productionzQ=-2m,¢
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KERMA

* Kinetic Energy Release per MAss:
K =% unit: [J/kg]
dm
« Kis the expectation value of the energy transferred
per unit mass in a point of interest

» Consider monoenergetic photons (quantum energy
hv) passing a thin layer:

w S: cross section of photon field

Ax
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KERMA 3

 KERMA is determined by the energy fluence and th
mass energy transfer coeffecient

» For a distribution of photons:

hV ax “
j W fd(hv)

0

K
* Remember that,/p is dependent on the photon

energy and atomic number of the absorber
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KERMA 2

« Probability per unit lenght for photon interaction
multiplied with fraction of energy transferregd,;

» Total energy transferred to electroas=N(hv)u,Ax
< Energy fluence for monoenergetic photons:
N(hv)

S
« KERMA becomes:K =t = Nk, Ax _ N(w ), Ax
' pV PSAX

W= (hv)d =

m
:lp&
p
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Components of KERMA

« Kerma includes all kinetic energy given to secondar
electrons, and this energy may be lost by:

— Collisions
— Radiative losses

« Kerma may be divided into two components:
K=K +K,

* K, collision Kerma; provides a measure of the
energy loss per unit mass from photons resulting in
collisional losses for secondary electrons!
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Net energy transferred;

» ¢, is defined as:

s?r = Rin,u - Roul,u+zQ
* Ry e€ris all photon energy leaving the volume
element (including brehmsstrahlung)

» ¢, is thus the total kinetic energy of secondary
electrons which is not lost as brehmsstrahlung
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Collision Kermaz

* K.,isthus:
K, =wHen
p

* Generally: K<K

e Special case: Low energy photons releases low
energy electrons in an absorber of low atomic numb
Z. Radiative losses are insignificant, and gind
K&K

er
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Collision Kerma

¢ Is defined by:

_ Geg

“dm

« May take radiative losses into account by defining the
gantity g; the fraction of kinetic energi lost as

brehmsstrahlung
K,=K{-9) = w%a—g)

[

« Definition: Hen=Huy_g)
P P

*  U{P: mass energy absorption coeffecient
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Energy imparted and absorbed dose

* Look at all energy transport (both charged and
uncharged particles) through the volume of interest:

R\n,u+Rmc %?C Rom,u+RouLc

R

‘S:Rin,u+Ri -R

n,c out,u

+>Q

out,c

e Absorbed dose is (at last) defined as:

Dzde

— it: [Gy] = [JI/k
am unit: [Gy] = [J/kg]
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Absorbed dose

* The absorbed dose is all energy imparted to the
volume per mass

* May not be directly related to photon interaction
coefficients

» However, in some cases the dose may be
approximated by K

n

€, » & ,E . €xample

« Two photons interacts in a volume of intereXD€0):

hv-T,
hv hv,
hv
Ty
Ts
)
T,
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* Photon 1:
&= R1'n,u - Roul,u—rl =hv- (hV - Tl) = Tl
Strn = R1'n,u - Rout,u: hv — (hV - Tl) - hVZ = Tl - hVZ
€ :Rin,u + Rin,c_ Rout,u_ Rout,c
=tv+0-(hv-T)—-hv,-T;=T,—hv,—- T,
* Photon 2:
6= v—0=H
g"=hv—0=h
= +0-T,-To=hv— T, -Ty
o s ¢ J -

Charged particle equilibrium (CPE)

* Photons enter a volume V, which includes a smaller

volume v:
Photons——— &**“‘V

« CPE: Number of charged patrticles of a given type a
energy entering v is equal to the number of particleg
of the same type and energy leaving

+ Certain conditions must be fullfilled:

— V must be homogeneous
— Photon attenuation must be negligible
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CPE2

CPE:

« If CPE is present, R, = Roytc
» Energy imparted:
ce=R R

n
1

in,u + Rin,c ~ Routu™ Rout,c: Rin,u_ Rout.u: €

* In this case, absorbed dose equals collision Kerma:

n
c;Eetr = K = LIJ IJen
c

Do & e
m m p
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CPE, example

[¢)

» Two small volumes of water and air is placed in sam

point in a radiation field (1 MeV photons) where CPE
exists. What is the dose ratio?

* Use tabulated values for,/p (Attix):
Me/P(water) = 0.0309
He/P(air) =0.0278
- D(air) / D(water) = 0.90
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Absorbed doses under CPE

* K, and thus dose, is given B, /p, and is thus
proportional to the interaction probability in a given
absorber

* Two different absorbers A og B placed in the same
point in a radiation field:
D, o

oLl (%)
D, P Jn_\P )
DB l_p(uen] (Henj

P Jg P Jg
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CPE, example
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CPE, problems
* When the photon energy increases, the range of the
secondary electrons increases more than the photop
pathlenght
Photon attenuation (%) in water
Photon energy(MeV) within the range of a secondary
electron
0.1 0
1 1
10 7
30 15
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TCPE

» Transient Charged Particle Equilibrium: electrons
originating from upstream contributes to the dose,
while the photon contribution (R-R, ) is given by
the collision Kerma

* Assumption: absorbed dose propotional to K

Ko
TCPE ANNNNNNANY / D
D = Klthoed  momecny,

@
13
H K= K
fTCPE 20 'Vvlsw\zflylgl\z) v.;a ‘
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CPE, problems
Y €
NN | —
NN | —
AN | =

e with long range contributes to the dose at therldkoton beam
significantly attenuated between the interactiomiand the layer — fewer
electrons are generated in the layer than whatgemsrated upstream.

* Thus: R,.> R, .and:
=e=R,,+R,.~R
=D>K,

* Most relevant for high photon energies

n
t

R

>€

out,u out,c
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