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Bortfeld parameterisation:
Energy fluence, V:
V = &(x)Eremain (X)

“Terma”, T:
(%) 1dv
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p dx

Terma is “Differential dose deposited” over fixed area
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Bortfeld parameterisation

From 9 (LET) To ¢ Em (dose)
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HT's implementation of Bortfeld parameterisation for 206 MeV kinetic energy protons in water
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From 9€ (LET) To ¢ Em (dose)
Proton slowing down
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Multiple Coulomb scattering
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From 9 (LET) To %ﬁ (dose)

Calculation for a prototypical beam

@ Take Terma, T, from HT's calculation:

1dv
T(x)= —=——
() =%

Area illuminated by beam grows due to MCS

Take radius, r, of the beam at x =0 to be rp, = 0.5cm

At x > 0, radius of beam given by: r = ry + yplane
e Approximate because yplane is an “RMS” quantity

@ So instantaneous dose deposited in a step Ax is:

1 1
(TAx) =~ s
7T(r0 + _Vplane)

AD =
Tr2Ax
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From 9 (LET) To ¢ Em (dose)

Elements of calculation of dose

T versus range (cm)

) _J

Yplane Versus range (cm

AV versus range (cm)

For next slide: arbitrarily assume MCS dominated growth of beam width “stops” at x = 25cm

AV calculated for a beam that initially has a radius r; = 0.5cm
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From € (LET) To %p—}ﬂ (dose)
Evolution of instantaneous dose, D
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Exact shape depends on ry, “regularisation” of MCS ...
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From 9 (LET) To ¢ Km (dose)

Comments

@ Energy loss, divergence of beam, much more complicated that “just” electromagnetic
effects

@ Need to be sure to understand various energy loss and scattering mechanisms in more
detail

@ Does Geant4 get it right? Some indication from HT's fits that it does, but, need to be
quantitative

@ Need to take some care with energy density and dose

@ What are the consequences for the acoustic signal?
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