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Introduction: This study aimed to report the measurement of photon and electron beams to configure the 
Analytical Anisotropic Algorithm and Electron Monte Carlo used in clinical treatment. 
Material and Methods: All measurements were performed in a large water phantom using a 3-dimensional 
scanning system (PTW, Germany). For photon beams, the data were measured with a 0.125cc cylindrical 
chamber. For electron, the data were performed with a Roos chamber. 
Results: In photon beams, flatness and symmetry for reference field size 10×10cm2 were within the tolerance 
intervals. Flatness were 0.79% and 1.55% for X6MV and X18MV, respectively. Symmetry were 0.57 and 
0.25 for X6MV and X18MV, respectively. The output factor vary between 0.83 and 1.11 for X6MV. 
Moreover, it varies between 0.74 and 1.09 for X18MV. The leaf transmission factors were 0.97% for X6MV 
and1.14% for X18MV. The DLG were 1.31 and 1.34 for X6MV and X18MV, respectively. For electron 
beams, the quality index R50 for applicator 15×15cm2 were in the tolerance. Maximum depth dose for 6, 9, 
12, 16 and 20MeV were 1.2, 1.9, 2.7, 2.99 and 2.4cm, respectively. Bremsstrahlung tail were 6MeV–2.86cm, 
9MeV–4.32cm, 12MeV–5.96cm, 16MeV–7.93cm, and 20MeV–10.08cm per energy levels. 
Conclusion: The obtained results and international recommendations were in a good agrement. 
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Introduction 
A linear accelerator is a system that uses 

electromagnetic waves of high frequencies (close to 
3000 MHz) to accelerate electrons up to very high 
energies (of the order of 25 MeV) through a linear 
tube. After passing through lead scatters, the 
produced electron beams can be used to treat 
superficial lesions, or to strike a metal target 
(tungsten), or to produce X-rays that can treat deeper 
tumors. 

At Sheikh Khalifa Ibn Zaid Hospital in Casablanca, 
Morocco, a new linear accelerator Clinac iX S/N 5753 
(Varian Medical System, USA) was recently installed 
with  2 photon beams of 6 and 18 MV energies and 
5electron beams of6, 9, 12, 16, 20 MeV energies. After 
the installation of the machine, the medical physicist 
in the presence of the specialists from the 
manufacturing company must took several tests to 
verify the machine and the technical specification, if 
they corresponded to the clinical need. This step was 
called acceptance of the machine. The acceptance of 

the machine was obligatory step, which served the 
purpose of checking the safety of radiation and 
controlling the mechanical and dosimetric parameters 
of the machine. 

Once the acceptance tests were completed, the 
medical physicists performed the commissioning 
beam data measurements. The Varian had the 
upgraded version of Eclipse dosimetry software, in 
particular by making new algorithms available 
(Analytical Anisotropic Algorithm [AAA] and Electron 
Monte Carlo [eMC]). This calculation software allowed 
physicists to perform the ballistics treatment 
calculating the dose deposited by beams after 
contouring targets and organs at risk by physician. 
This made irradiation to the tumor as well as 
maintenance of the organs at risk and healthy tissues 
at its best. 

The AAA calculation algorithm was developed by 
Dr. Waldemar Ulmer [1, 2] and Dr. Wolfgang Kaissl 
[3].This algorithm uses a Monte Carlo model, the 
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integral components of the modeled beam are the 
main source of photons, the secondary source of 
photons (scattered), and the source of electron 
contamination. 

The eMC algorithm is a clinically-used algorithm 
that calculates the dose distribution for high energy 
electron beams in a fast way [4]. This algorithm uses 
precalculations of particle transport in spheres with 
different diameters and constant density, meaning 
that it combines two components: 
 A coupled multisource model of spatial phase 

for the simulation of electron and photon 
transport through the radiation of a linear 
accelerator 

 The dose calculation code for the transport of 
electrons and photons. 

The current study is a report of the performed 
measurements and the obtained results from the 
commissioning of this algorithm for clinical use. This 
study is conducted to assist medical physicists to 
perform commissioning of a new linear accelerator, 
provide the necessary information about equipment 
and the measurement conditions, and check the 
measured data before the first use of the machine for 
cancer treatment. 

In order to configure AAA [5-8], there is a need to 
measure the percentage depth dose (PDD) curves, 
profiles crossplane, transmission factor, and 
dosimetric leaf gap (DLG). Fore MC algorithm [9-11], 
the PDD measurements for five applicators, PDD 
without applicator, and the profile in air were 
performed. All these measurements were performed 
in a large water phantom using a 3-
dimensionalscanning system MP3 water Phantom 
(PTW, Freiburg, Germany), with MEPHYSTO mc² 
software using a cylindrical chamber Semiflex 0.125cc 
and pinpoint 0.016cc for photon beams, plane parallel 
chamber with a sensitive volume 0.35cc for electron 
beams. 

 

Materials and Methods 
Clinac linear accelerator 
In this article, all data and measurements were made 

using a medical accelerator called Clinac iX with 
multileaf collimator 120MLC. This accelerator has been 
installed at Sheikh Khalifa Ibn Zaid Hospital in 
Morocco since 2015. It can deliver dual energy of 6 MV 
and 18 MV photon beams with a maximum dose rate of 
600 Gy/min, as well as multi-energy electron beams of 
6, 9, 12, 16, and 20 MeV. The maximum treatment field 
sizeis40 × 40 cm2 that can be defined by a pair of X and 
Y jaws. It represents an evolution of the previous series 
of linacs, where it contains new treatment modalities 
like Volumetric Modulated Arc Therapy, as well as 
advances in imaging modalities. It is equipped with 
Portal Vision aS1000 MV Imaging System that allows 
the verification of the patient setups. This imaging 
system has an amorphous silicon detector with an active 
imaging area of 40×30 cm2 (resolution of 1024×768). 
Another system is located at the gantry called the On-

Board Imager, this tool captures high-quality kV images 
in the treatment room for target localization, patient 
positioning, and motion management.  

 

Multileaf collimator MLC 
The Millennium 120-leaf MLC is a system that 

conforms to tumor volumes, to preserve healthy tissue 
and organs at risk. It consists of 120 leaves (a pair of 60 
opposed leaves). These leaves can be used in the 
following 3 modes:  

 

 Static mode reserved for the 3-dimensional 
conformal radiotherapy technique in which the 
leaves remain at a fixed position during treatment.  

 Dynamic mode reserved for the intensity 
modulated conformal radiotherapy technique in 
which the leaves change the position during the 
treatment in order to modulate the intensity of the 
beam.  

 Conformal arc mode in which the leaves always 
conform to the outer boundary of the target as the 
gantry rotates around the patient. 

In order to include the effect of MLCs on dose 
calculation, Eclipse treatment planning systems requires 
two parameters, including transmission factor and DLG. 

 

Commissioning beam data of the treatment 
planning system 

The dosimetric data required for routine accelerator 
operation were performed according to the 
recommendations of The American Association of 
Physicists in medicine Task Group 106 (AAPM TG-
106) and European Society for Radiotherapy and 
Oncology (ESTRO) codes of practice [12, 13] using an 
MP3 water phantom connected to a computer. The 
system is controlled for the acquisition of measurement 
data by MEPHYSTO mc2 software. 

 

Commissioning Photon Beams 
The PDDs, profiles crossplane, transmission factor, 

and DLG were measured with a 0.125 cc cylindrical 
chamber; model 31010 Semiflex(PTW, Germany) for 
both ionization field and reference. The properties of the 
chamber includes an active length of 6.5mm and an 
internal diameter of 5.5mm. The output factor was 
measured with a PTW pinpoint chamber; model 31016 
(PTW, Germany) with the nominal sensitive volume of 
0.016 cc, the active length of2.9mm, and internal 
diameter of2.9mm. 

 

Commissioning Electron Beams 
The PDD measurements for each applicator, PDD 

without applicator, and the profile in air for a large field 
size 40×40 cm2were performed with a Roos plane 
parallel chamber; model 34001 (PTW, Germany) that 
has a radius of 7.8 mm and nominal sensitive volume of 
0.35cc.  

 

 PDD and Profiles 
The PDD is defined as the variation of dose 

absorbed in water Dw(x, y) (z), on the axis of the beam 

http://www.ptw.de/mephysto.html?&cId=5721
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as a function of the depth of the measuring point for a 
constant SSD. For a given field size (f), it is generally 
normalized by the maximum value of the dose Dw(x, y) 
(Zmax) on the axis of the beam multiplied by 100.                                

𝑃𝐷𝐷(𝑧) =
Dfw(z,r⊥= 0)

Dfw( z=zmax,r⊥= 0) 
∗ 100                       (1) 

The PDD in a water environment depends on three 
parameters, including beam energy, irradiation field 
size, and source-surface distance. For photon beams, 
PDD was measured for a variety of square fields with 
the size ranged from 4×4 cm2 to 40×40 cm2at the 
nominal treatment distance SSD=100cm. The ratio of 
ionizations J20 and J10 were at 20 cm and 10 cm 
depths, respectively, for reference field size 10×10cm2 

called quality index. This factor gives an idea of the 
photon beam stability. For electron beams, PDD was 
measured for each applicator and without applicator for 
a large field size 40×40 cm2 at SSD=100cm.The quality 
index is the depth of half-attenuation in water, R50 for 
field size of 15×15 cm2. 

The dose profile corresponds to the variation of the 
dose in water, along with an axis perpendicular to the 
beam axis, at a different depth and for a different field 
size. Dose values are generally normalized by the value 
of the dose at beam axis. 

𝑃𝑅𝐷(𝑧) =
𝐷𝑓𝑤(𝑧,𝑟⊥)

𝐷𝑓𝑤(𝑧 ,𝑟⊥= 0) 
                                         (2) 

This equation is used to determine the dose rate 
outside the beam axis at any depth in the water from the 
reference dose rate, the collimating aperture factor, and 
the PDD. An area called "penumbra" is corresponding to 
the area where the dose at the edge of the field is 
between 20% and 80% of the dose on the axis. 

Photon beam profiles were measured in principal X 
and Y axes at SSD=100cm, at 5  depth (Zmax, 5, 10, 20, 
and 30 cm) in water, for a variety of square fields with 
the size within the range of 4×4-20×20 cm2. The water 
phantom cannot measure complete profiles for field 
sizes exceeding 20 cm, where the treatment planning 
system TPS accepts half profiles.  In the current study, 
we cannot expose the data to these fields. Electron beam 
profile without applicator in air was measured for a 
large field size of 40×40 cm2at SSD=95cm. 

For beam profiles analysis, field size was defined at 
50% beam profile intensity. Field symmetry was defined 
as the maximum ratio between symmetric points within 
the flattened region (80% of the field size) expressed in 
percentage. 

𝑆 =
𝐷(𝑥)

𝐷(−𝑥) 
∗ 100                                                      (3) 

Homogeneity was defined within the flattened 
region as: 

𝐻 =
𝐷𝑚𝑎𝑥−𝐷𝑚𝑖𝑛

𝐷𝑚𝑎𝑥+𝐷𝑚𝑖𝑛
∗ 100                                            (4) 

Output factor 
The output factor (OF) is defined by the ratio of the 

absorbed dose in water Dw(x, y), on the beam axis, for a 
field size(X, Y), and the dose absorbed in water Dw (10, 
10) at the same distance and same depth, for the 
reference field size (10, 10) [14]. 

𝑂𝐹(𝑥, 𝑦) =
𝐷𝑤(𝑥,𝑦)

𝐷𝑤(10,10) 
                                             (5) 

This factor makes it possible to take into account the 
variation of the scatter in the head of the accelerator and 
in water phantom, which allows to calculate the dose 
rate on the beam axis for any field size from the 
reference dose rate. 

In this study, output factors for photon beams were 
measured at 5cm (SSD=95cm) and 10cm (SSD=90cm) 
depth respectively for X6MV and X18MV, for squared 
and rectangular fields in water with the same range as 
PDDs and profiles. 

 

Transmission factor 
The multileaf collimator do not completely block 

radiation as a small part, which is transmitted directly 
among the leafs[15]. The Transmission factor can be 
estimated as the ratio of measured dose, in an open field, 
and the dose measured using the same size for all MLCs 
closed behind the jaws. 

𝑇𝐹 =
𝑅 𝑐𝑙𝑜𝑠𝑒𝑑

𝑅 𝑜𝑝𝑒𝑛 
                                                         (6) 

 

Dosimetric leaf gap (DLG) 
A part of radiation could pass through the opposite 

leaves even though they are completely closed, because 
the Varian MLCs are characterized by a rounded leaf 
tips. Therefore, DLG as an important factor must be 
measured to quantify the contribution of this 
transmission to the calculation of the dose delivered to 
the patient. In fact, DLG is related to the space between 
the light field and the irradiation field formed by the 
MLCs [15-17]. 

To calculate DLG factor, the reading transmission 
values for banks A (RT, A) and B (RT, B) are measured, 
and averaged. 

 𝑅𝑇 =
𝑅𝑇,𝐴+𝑅𝑇,𝐵

2 
                                                      (7) 

Afterwards, the readings (Rg) for the eight moving 
gaps (2, 4, 6, 8, 10, 14, 16, and 20mm) are taken, since 
the transmission through the MLC contributes to the gap 
readings. 

RgT= RT (1-g/120)                                            (8) 
The corrected gap reading Rg' is calculated for each 

gap g. Rg'= Rg – RgT                                                  (9) 
A linear function g (Rg')= aRg'+b is fitted, the DLG 

is defined as the extrapolated gap that would give zero 
corrected reading at zero gap, DLG equal the absolute 
value of b.  

 

Results 
Photon Beams 

a) PDD 

The PDD curves of all photon energies increasing 

the area of field size affect the dose value in tail region 

due to the contribution amount of particle (figures 1 and 

2). The measured maximum depth dose (dmax), quality 

indices of both photon beams for field size of 10×10 

cm2 (Table 1) were used for characterizing the photon 

beams energy.  
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Figure 1.Percentage depth dose graph using 6 MV for field sizes 

 
Figure 2. Percentage depth dose graph using 18 MV for field sizes 

 

 
Table 1. Depth dose parameter using 6 MV and 18 MV energies for different field sizes 

 

Energy Field Size D max (cm) PDD(10cm) PDD(20cm) TPR (20,10) 

X6 MV 10×10 cm2 1.50 66.23 37.93 0.6657 

X18 MV 10×10 cm2 3.00 79.07 52.34 0.7785 

 

b) Profiles 

Figures 3 and 4 show the profile curves of some 

photon energies, the half profiles were presented in 

figure 5.The data extracted from curves (Table 2) show 

that the flatness rates were 0.79% and 1.55% for X6MV 

and X18MV, respectively. Moreover, symmetry values 

were 0.57% and 0.25% for X6MV and X18MV, 

respectively. 

For X6MV the left and right penumbra region were 

5.78±0.40 mm and 5.61±0.37 mm, respectively. 

Additionally, with regard to X18MV, the penumbra was 

7.93±0.69 mm in left side and 7.31±0.66 mm in right 

side. 
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Figure 3.  Profile dose graph using 6 MV photon energy for field sizes 

 

 
 

Figure 4. Profile dose graph using 18 MV photon energy for field sizes 
 

 

Table 2. Profile dose parameters using 6 MV and 18 MV energies for different field sizes 

 

 

Energy 

 

Field Size(cm2) 

 

Flatness (%) 

 

Symmetry (%) 
Left Penumbra (mm) Right Penumbra (mm) 

 

 
 

X6 MV 

3×3 
4×4 

6×6 

8×8 
10×10 

12×12 

15×15 
20× 20 

8.91 
5.69 

2.15 

1.30 
0.79 

0.66 

1.06 
1.64 

2.01 
0.89 

0.52 

0.38 
0.57 

0.51 

0.78 
0.88 

5.39 
5.46 

5.64 

5.82 
5.96 

5.98 

6.09 
6.18 

5.27 
5.24 

5.44 

5.63 
5.66 

5.73 

5.90 
5.98 

 

X18  MV 

3×3 

4×4 
6×6 

8×8 

10×10 
12×12 

15×15 

20× 20 

1.33 

8.06 
4.34 

2.21 

1.55 
1.39 

1.26 

1.65 

0.77 

0.80 
0.61 

0.43 

0.25 
0.48 

0.64 

0.70 

6.70 

6.94 
7.29 

7.34 
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c) Output factor 

Figure 6 illustrates the output factor curves for X6 

MV and X18 MV. Considering X6 MV, this factor 

varied between 0.83 for the smaller field size 4×4 cm2 

and 1.11 for the larger field size 40×40 cm2. Regarding 

X18 MV, it varies between 0.74 and 1.09 for filed size 

4×4 cm2 and 40×40 cm2, respectively. . 

 

d) Transmission factor 

Table 3 summarizes the measurement and the mean 

value of MLC transmission factor for the Bank A and 

Bank B. 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Diagonal profile graph for field size 40x40 cm2 using different energies 6 MV & 18 MV 

  

 

 
 

Figure 6. Output factor for different field sizes and energies 
 

 

Table 3. Transmission factor for X16 MV and X18 MV 
 

Energy Reading average « MLC closed » Reading average « MLC opened » Transmission Factor 

X6 MeV 0.009 0.93 0.009677419 
X18 MeV 0.01 0.877 0.011402509 
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Figure 7.Obtained results from DLG measurements for X6MV 

 

 
Figure 8. Obtained results from DLG measurements for X18MV 

 
Figure 9. Percentage depth dose graph for applicator 15×15 cm2 using different energies 
 

e) DLG Measurement  

The figure 7 and 8 show the dosimetry leaf gap 

curves for all photon beams, and the DLG value 

correspond to zero corrected reading. 
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Figure 10. Percentage depth dose graph for field size 40×40 cm2 without applicator using different energies 

 
 

Table 4.  Depth dose parameter using 6 MV and 18 MV energies for different field sizes 

Energy Applicator Dmax(mm) R50 (mm) R90 (mm) RP (mm) 

 

E6 MeV 

6×6 
10×10 

15×15 

20×20 
25x25 

 40×40* 

12.01 
12.49 

12.49 

12.03 
12.49 

12.49 

22.95 
22.80 

22.85 

22.86 
22.90 

22.97 

16.79 
17.05 

17.11 

17.07 
17.11 

17.15 

28.27 
28.56 

28.63 

28.63 
28.74 

28.82 

 

E9 MeV 

6×6 

10×10 
15×15 

20×20 

25×25 
 40×40* 

18.99 

19.50 
19.52 

19.97 

19.51 
20.00 

34.88 

35.14 
35.20 

35.26 

35.32 
35.43 

26.53 

26.86 
26.93 

26.98 

27.01 
27.22 

42.86 

43.16 
43.25 

43.33 

43.40 
43.33 

 

E12 MeV 

6×6 

10×10 
15×15 

20×20 

25×25 
 40×40* 

24.47 

27.01 
27.01 

27.00 

26.98 
27.52 

48.60 

49.09 
49.21 

49.21 

49.32 
49.49 

36.72 

37.86 
37.99 

37.86 

38.03 
38.38 

59.44 

59.53 
59.66 

59.79 

59.84 
59.88 

 
E16 MeV 

6×6 

10×10 

15×15 
20×20 

25×25 
 40×40* 

25.50 

29.50 

29.99 
28.51 

31.00 
33.48 

64.03 

65.60 

65.74 
65.77 

65.93 
66.26 

46.03 

49.82 

50.08 
49.89 

50.13 
50.93 

79.41 

79.31 

79.34 
79.42 

79.48 
79.72 

 
E20 MeV 

6×6 

10×10 

15×15 
20×20 

25×25 

40×40* 

18.00 

19.96 

23.99 
23.51 

21.99 

29.99 

78.93 

82.49 

82.91 
83.00 

83.19 

83.76 

52.03 

58.03 

59.44 
59.31 

59.69 

61.59 

100.50 

100.57 

100.78 
100.76 

100.88 

101.01 

 

Electron Beams 

a) PDD 

Figure 9 and 10 indicates PDD curves of all electron 

energies for reference applicator and for large field size 

40 x 40 cm2 without applicator respectively; moreover, 

table4 tabulates the data extracted from the curves. The 

quality index R50 for applicator 15×15 cm2were within 

tolerance (R50< 4 g.cm-2 for E0< 10 MeV and R50>4 

g.cm-2 for E0>10 MeV). The maximum depth dose for 

the energies of 6, 9, 12, 16, and 20 MeV were 1.2, 1.9, 

2.7, 2.99, and 2.4 cm, respectively. Bremsstrahlung tail 

per energy levels were obtained as 6 MeV–2.86 cm, 9 

MeV–4.32 cm, 12 MeV–5.96 cm, 16 MeV–7.93 cm and 

20 MeV–10.08 cm. 

 

b) Profile in air  

Figure 11 demonstrates the data for electron beams. 

As can be seen, the profile in air for a large field size 

was40×40cm2 for electron beams. 
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Figure 11. Profile in air graph for field size 40×40 cm2 without applicator using different energies 

 
 

Discussion 
Photon Beams 
a) PDD 

All the parameters were within the recommended 
values defined in IAEA TRS398 (QI<0.7 for X6 MV, 
QI>0.7 for X18 MV) [18], which are presented in Table 
1. Energy stability is tested by ensuring that dmax (1.5cm 
and 3cm for X6MV and X18MV, respectively) and QI 
(0.6657 and 0.7785 for X6MV and X18MV, 
respectively) does not vary within the time for photon 
beam. 

b) Profiles 
Table 2 shows the data extracted from curves. 

Flatness and symmetry of both photon beams for 
reference field size 10 ×10 cm2werewithin the tolerance 
intervals (flatness<± 3%, Symmetry<2%). A small 
difference in doses was found between the left and right 
penumbra region, the penumbra value increased with the 
field size due to scattering within the water phantom and 
with the energy. 

c) Output factor 
As shown in figure 6, the output factor of photon 

beams increased when field size became greater due to 
more scattered components of radiation in bigger sizes. 

 

d) Transmission factor 
The MLC transmission factor were obtained as 

0.97% and 1.14% for 6 MV and 18 MV, respectively. 
This factor can increase along with the energy since 
when energy increases more particle penetrates the 
leaves. 

 
 

e) DLG Measurement  
The DLG curves were linear with a correlation 

coefficient equal to 99.99% and 100% for photon energy 
X6 MV and X18 MV, respectively. After the 
extrapolation of the curves, the values of the DLG 
factors were 1.31 and 1.34 for X6 MV and X18 MV in 
order to have zero corrected reading, respectively. 

 Electron Beams 

a) PDD 
As illustrated in figures 9 and 10, the curve of the 

PDD of an electron beam is characterized by a high 
surface dose, followed by a rapid dose increase to dmax. 
Beyond dmax, there is a fast descent and the curve ends 
with a region of low dose, which is the tail of 
bremsstrahlung. 

 

b) Profile in air  
In this case, the profile is accepted without checking 

the values of the symmetry and flatness; therefore, the 
profile forms are verified. 

 

Conclusion 
The present study aimed to measure the 

commissioning of new delivery system of Clinac iX and 
employ it into the treatment planning system of Eclipse. 
In doing so, the dosimetric data were compared with a 
model given by Varian, which revealed good respect 
manufacturer margins and specifications.  
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