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From Amaldi and Kraft, “Radiotherapy with beams of carbon ions, Reports on
Progress in Physics, 68, (2005)
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Stochastic Quantities (Dose)
« Values occur randomly and determined by a probability distribution

« Defined for finite volumes only
» The expectation value N, of a stochastic quantity is the mean N of its

measured values as the number of observations approached infinity (Monte
Carlo simulations).

Non-Stochastic Quantities (Kerma)
 Value can be “calculated”

* A “point function” defined for infinitesimal volumes.
« Continuous and differentiable

 With respect to ionizing radiation its value is equal to or based upon the
expectation value of a related stochastic quantity.

Intro and Definitions for Ionizing Radiation



 finite sphere

olume V or dV
Mass m or dm

Intro and Definitions for Ionizing Radiation



Chilton’s

- The flue actation value

of the s ght) that
occur Ir

Intro and Definitions for Ionizing Radiation



INCIEPENGIENISHIGIENC

Intro and Definitions for Ionizing Radiation



~ Intro and Definitions for Ionizing Radiation



ro and Definitions for Ionizing Radiation



0) then

Intro and Definitions for Ionizing Radiation



g =1.602x10" J

Intro and Definitions for Ionizing Radiation



* Isotropic point

Intro and Definitions for Ionizing Radiation



* |sotropic pol

Intro and Definitions for Ionizing Radiation



Intro and Definitions for Ionizing Radiation



T, =100 keV Bremsstrahlung intensity distribution

(Dragnostic)
Tungsten
Target
/ e>s CATHODE
V.
1.20E+05 ": |I
1.00E+05 :: I:
% 8.00E+04 l'l ': :-
% 6.00E+04 ',’ vV Vv ¥ 3
E 4.00E+04
X-rays

2.00E+04

0.00E+00

60 80
Energy (keV)

Intro and Definitions for Ionizing Radiation



Quantities for Describing| the Interaction
of Ionizing Radiation with Matter

If we use an e as our

reference lo

- Absorbed inds of

» Exposure ( of their

Intro and Definitions for Ionizing Radiation



cles

annihilation)




Intro and Definitions for Ionizing Radiation



it (Rout) UnonR
bremsstrahl

«20Q = net
negative).

« Radiant Ene
emitted, transf

Energy transferr

energy.

specified finite vol

xcept from
. E to mass

g rest energy)

ed particles in the
ey in turn spend that

Intro and Definitions for Ionizing Radiation



An electr c radiative
interactiol ant fraction

An ant hilated in
encounte ic energy of
the positron

Intro and Definitions for Ionizing Radiation



Kerma for photons
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Dose
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« The expects mass at a point.

e units of rer

tor relating the

* D represen .
p Xx-rays, and N

biological effect
represents other fac
* Necessary when evaluatin of different types of radiation
to the whole body.

Intro and Definitions for Ionizing Radiation



th

with energy

‘ohe
oton (hvs) and
2 with energy T'

ung photon hv, is
ced outside of the volume.

Intro and Definitions for Ionizing Radiation



Intro and Definitions for Ionizing Radiation



/ay from the i/a site

Intro and Definitions for Ionizing Radiation






via radioactive decay

air production

) an electron and
and T,

deposit all

Intro and Definitions for Ionizing Radiation






)osited on the spot.

Intro and Definitions for Ionizing Radiation









Compton Effect

Volume V hv

\ brems

hv

brems

Intro and Definitions for Ionizing Radiation



Pair production with
annihilation in flight

T = [)
Volume V 5.

N T,)

» hv, =511keV +

+
4

AN
hv, =511keV+( )

e, =T) +(T),
er'=(T,), +(T),. - [(T), +(T,), ]

Intro and Definitions for Ionizing Radiation



3. Forthe geometry depicted in the figure below, calculate the energy transterred
to charged particles, &, and the net energy transferred, £ inside the volume

encompassed by the circle. Interaction A 1s a Compton interaction, B 1s
bremsstrahlung production, C 1s pair production, and D 1s positron annihilation.
Assume that electrons T5 and T, and positron T; expend all kinetic energy within

the volume.

hv, =51 1keV

hv, =311 keV
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EXxposure

* The absol produced in

air when
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Where H; and w- IS
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Bremsstrahlung itensity distribution

(Therapy) l e-’s
— Target
TO — 10 MeV | ' =74 (W)
t=0.9 mm

4 6
Energy (MeV)
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Planar fltience

- The number of particles crossing a fixed plane in either direction
(i.e., summed by scalar addition) per unit area of the plane.

The number of incident
particles striking each
detector above the
scattering foil is the same
and the planar fluence Is
equal to the fluence. This Is
only true for a plane-
parallel beam orthogonal to
the flat detector.

Incoming beam

Scattering medium

\\\

Scattered rays
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Incoming beam

For the sphere

» The number of scattered particles striking

the spherical detector below the foil is 1/coso "lll" IIIII
| .l-l‘

times the number striking above.

Scattering medium

* The average track length through the sphere

B

* The number of scattered particles striking

the foil detector is the same above and
below. In broad beam geometry, the

fluence behind an attenuating layer

 The average track length through the foil 1S can be greater than that incident.
1/cosO times the number striking above.

Scattered rays

Planar Fluence
cosd

Fluence =
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