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Abstract

This report supplements the publication: Ali and Rogers, “Functional forms for pho-

ton spectra of clinical linacs”, Phys. Med. Biol. 57, 31 - 50, (2012), which is referred to

henceforth as ‘the paper’. In the paper, a new photon spectral functional form is proposed

which offers improvements over existing ones. For space limitations, only representative

example fits of the proposed function are shown in the paper. This report presents the

fits of the proposed function to the entire benchmark set of 65 spectra, along with their fit

parameters. For the version of the proposed function used in this report (function 13 in

table 2 of the paper), the energy fluence values in each bin are reproduced, on average, with

a normalized root-mean-square deviation of 1.5 %. The mean incident electron kinetic en-

ergy, maximum photon energy, most-probable energy and average energy are reproduced,

on average, within 1.4 %, 4.3 %, 3.6 % and 0.6% of their true values, respectively.
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1 The functional form

The fits shown in this report are for function 13 in table 2 of the paper. Function 13 is the

version of the proposed functional form which assumes a monoenergetic incident electron beam

with a mean kinetic energy Ee, and which models the 511 keV annihilation peak. This version

is given by

ψ(E) = ψthin(E) exp (−µW(E) C2
1 − µAl(E) C2

2) ,

ψthin(E) =
[
1 + C3

E
Ee

+
(

E
Ee

)2
] [

ln
(

Ee(Ee−E)
E

+ 1.65
)
− 0.5

]
+ C4

δ(E−E511)
dE511

,
(1)

where E is the photon energy in MeV, ψ(E) is the differential energy fluence at E, Ee is the

mean incident electron kinetic energy in MeV, δ(E − E511) is the Dirac delta function at the

center of the 511 keV energy bin, dE511 is the width of the 511 keV bin in MeV (user-defined),

µW(E) and µAl(E) are, respectively, the mass attenuation coefficients in cm2/g for tungsten and

aluminum at energy E, and C1, C2, C3, C4 and Ee are free parameters. Note that C4 is the

integral energy fluence contribution of the 511 keV photons, and it is bin-size independent. The

values used for µW(E) and µAl(E) are the XCOM values (http://physics.nist.gov/xcom), with

linear interpolation in logE and log µ. If it is desired to have a self-contained function that does

not require reading or interpolating attenuation data, µW(E) and µAl(E) can be represented by

their parameterized versions given in table 3 of the paper. The fit parameters given in this

report can be used with either representation of µ values, with negligible differences in the

resulting spectra.

2 Spectral fits

Section 2.3 of the paper presents a detailed description of the diverse benchmark set of spectra,

including how the spectra are generated and the rationale for including them. In this report,

table 1 gives the parameters of fitting the proposed functional form (equation 1 above) to the

energy fluence spectra of the benchmark set. The fits to the full benchmark set are graphically

shown in figures 1 – 19. The observations based on the data in the table and graphs can be

found in the paper.
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Figure 1: For the energy fluence spectra of the Varian Clinac 4 MV beam, the figure shows
the fits of the proposed functional form (equation 1 in this report) to the spectra of the
benchmark set. Fits are in solid lines and the original spectra are in dots. For graph clarity,
only every other original spectral point is shown. The terms ‘central’, ‘off-axis’, ‘WFF’ and
‘FFF’ refer to, respectively, a central-axis spectrum, an off-axis spectrum, with flattening filter,
and flattening-filter free. Spectra are normalized to unit energy fluence.
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Figure 2: . . . same as figure 1 but for the spectra of the Varian Clinac 6 MV beam.
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Figure 3: . . . same as figure 1 but for the spectra of the Varian Clinac 10 MV beam.
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Figure 4: . . . same as figure 1 but for the spectra of the Varian Clinac 15 MV beam.
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Figure 5: . . . same as figure 1 but for the spectra of the Varian Clinac 18 MV beam.
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Figure 6: . . . same as figure 1 but for the spectra of the Elekta SL 6 MV beam.

0 4 8 12 16 20
photon energy / MeV

0.00

0.03

0.06

0.09

no
rm

al
iz

ed
 e

ne
rg

y 
flu

en
ce

 / 
M

eV
-1

1: WFF, central

Elekta SL 25 MV

2: WFF, off-axis
3: FFF, central
4: FFF, off-axis

1

2
3

4

1

2

3

4

Figure 7: . . . same as figure 1 but for the spectra of the Elekta SL 25 MV beam.
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Figure 8: . . . same as figure 1 but for the spectra of the Siemens KD 6 MV beam.
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Figure 9: . . . same as figure 1 but for the spectra of the Siemens KD 18 MV beam.
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Figure 10: . . . same as figure 1 but for the spectra of the NRC Vickers 10 MV beam.
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Figure 11: . . . same as figure 1 but for the spectra of the NRC Vickers 15 MV beam.
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Figure 12: . . . same as figure 1 but for the spectra of the NRC Vickers 20 MV beams.
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Figure 13: . . . same as figure 1 but for the spectra of the NRC Vickers 25 MV beam.
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Figure 14: . . . same as figure 1 but for the spectra of the NRC Vickers 30 MV beams.
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Figure 15: . . . same as figure 1 but for the spectra of the NPL 4 and 6 MV beams.
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Figure 16: . . . same as figure 1 but for the spectra of the NPL 8 and 10 MV beams.
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Figure 17: . . . same as figure 1 but for the spectra of the NPL 12 and 16 MV beams.
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Figure 18: . . . same as figure 1 but for the spectra of the NPL 19 MV beams.
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Figure 19: . . . same as figure 1 but for the spectra of Tomotherapy and Cyberknife.


