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Abstract 
For an external radiotherapy procedure, the tissue phantom ratio (TPR20,10) is used as a photon beam quality index. This work 
presents an estimate of TPR20,10 using two cylindrical ionization chambers (NE2571 Farmer and PTW30013) in three high-energy 
photon modes (6, 10 and 15 MV) using both the Monte Carlo simulation and the experimental setup. The MCNPX (version 2.6.0) 
was used for the simulation of photon beams delivered by Varian-2300CD linac for the determination of TPR20,10 according to 
technical report series (TRS) 398. Again, applying the same protocol TPR20,10 values were measured experimentally with NE2571 
Farmer and PTW30013 chambers for the same medical linear accelerator (LINAC). The differences of TPR20, 10 between MCNPX 
and experimental values were found for NE2571 Farmer chamber within 4.17 percent, 2.9 percent and 2.5 percent and similarly, 
these were within 3.89 percent, 2.71 percent and 1.98 percent at 6, 10 and 15 MV respectively for PTW30013. The TPR20,10 values 
simulated by MCNPX demonstrated close agreement with our experimental results. 
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1. Introduction  
Radiotherapy is one of the most efficient and reliable 
treatment modalities for the management of cancer 
patient. Today more than 50% patient are treated with 
radiation therapy [1-2]. Modern RT technique often uses 
high energy photon beam from medical linear 
accelerators for the irradiation of deeply located cancer 
cells. It is because the high energy photon beam provides 
lower surface dose where depth doses are higher and a 
lower scatter dose outside of the treatment field which 
are essential for the management of deep cancer tumor 
[3].  

The photon beam spectra produced by a clinical 
linear accelerator is very essential for numerous 
dosimetric studies. However, it is not easier to measure 
the spectra for megavoltage photon beam. Moreover, 
various dosimetric quantities like wall correction factor, 
stopping power ratio, central electrode correction factor, 
etc. depend upon the quality of the incident photon beam 
[4]. In the medical radiotherapy photon energy range, the 

main photon beam quality indices are TPR20,10, 
percentage depth dose PDD(10)x and d80,etc. However, 
most of the dosimetry protocols (IPEM, IAEA TRS-398, 
etc) based on absorbed dose to water calibration using 
TPR20,10, as photon beam quality index [5-8]. The 
parameter TPR20, 10 is defined as the ratio of absorbed 
doses on the beam axis at depth of 20 cm and 10 cm in a 
water phantom, obtained with a constant source-chamber 
distance (SCD) of 100 cm and 10 cm × 10 cm field size 
at the detector position of the water phantom. The most 
important characteristic of the beam quality parameter 
TPR20, 10 is its independence of the electron 
contamination in the incident beam [9-12]. 

There are some studies on TPR by using several 
Monte Carlo codes. A paper by Fonseca et al. [13] 
presented TPR for 6 MV photon beam by MCNP 6, 
EGSnrc, and PENELOPE MC codes. In that work, 
authors used a simplified MC model which contains a 
point photon source spectrum (extracted from the 
previously published works), X & Y-jaws, and a water 
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Figure 1. 2-D simulation geometry of linac including water phantom. 
 
phantom. They also performed experimental 
measurements by using PTW30013 chamber. Monte 
Carlo and experimental values were 0.67 and 0.667 
respectively. In another work by Wulff et al. [14] 
determined beam quality specifier for several photon 
beams using egs chamber user code. They also used 
published megavoltage photon beam spectra as source 
particles. They computed TPR for 4 MV, 6MV, 18MV, 
and 24 MV as 0.621, 0.662, 0.780, 0.806 respectively 
and uncertainty were within 0.3%. Baumgartner et al. 
[15] calculated the photon energy spectra as well as TPR 
for Varian 2100C and 2300C/D by using PENELOPE 
MC code. In their work, TPR values were computed as 
0.601, 0.665, and 0.735 for 4MV,6MV, and 10 MV 
respectively and uncertainty were within 2.6%. 
Moreover, they considered a simplified model of source 
electron. After close investigation of previously 
published literatures, we found that there is lack of study 
of the detailed simulation of medical linac for direct 
determination of tissue phantom ratio. Moreover, most 
of the works used EGSnrc and PENELOPE MC codes to 
obtain TPR values.  

In this work, we present the tissue phantom ratio 
(TPR) for 6 MV, 10 MV, and 15 MV photon beam from 
Varian clinac using MCNP Monte Carlo code by 
detailed simulation of the geometry of linac and 
validates the MC obtained results with experimental 
measurements carried out by two thimble type 
cylindrical ion chambers.   
 
1. Materials and Methods 
2.1 Monte Carlo simulation 
To perform a simulation in MCNP, it is needed to write 
the input files describing the geometry, the materials 
used, the particles of interest, the physical process of 
interaction and the function main that indicates where 
the program will start and manage its execution [16-21]. 
The MC simulation of the accelerator head of a medical 
LINAC was performed by MCNPX MC code. The 
following sections describe the geometry of several 
components used in this simulation. 
 
2.1.1 Accelerator geometry 
In this research work, the head structure of Varian Clinac 
(model 2300 C/D) was simulated by using MCNPX 
(version 2.6.0) Monte Carlo code [22]. The major 
components of linac head such as, Bremsstrahlung target 
(converter), absorber (electron stopper), primary conical 
collimator, flattening filter, and the treatment field 
defining secondary collimators (jaws) were modeled in 
this study. The materials compositions (density) and 
dimensions of these components were collected from the 
technical drawing of linac provided by Varian medical 
system. The target of the medical LINAC was defined as 

two cylinders, one made of tungsten and the other was 
copper. The primary collimator is made of tungsten, 
about 7.47 cm thickness, located just below the x-ray 
target. The conical- shaped flattening filter provided 
uniform radiation intensity distribution across X-ray 
fields at any depth of treatment. There was also a unique 
specification of the FF dimension for each photon beam. 
The secondary collimators consisted of two pairs of 
jaws, one above the other. The pair of jaws was made of 
tungsten of about 7.77 and 7.80 cm thickness 
respectively. 

Figure 1 shows the simulated head diagram of Varian 
2300 C/D Clinac. Moreover, the source electron 
(primary electron beam) which impinges perpendicularly 
on the target (converter) to produce Bremsstrahlung 
photons was defined as monodirectional and 
monoenergetic beam with 5 mm beam radius. Besides, a 
standard IAEA cubic water phantom (30 cm × 30 cm × 
30 cm) was also simulated at 100 cm distance from the 
target location to obtain the dose distribution within 
phantom.         
 
2.1.2 Ion chamber geometry 
Two thimble type cylindrical ionization chambers were 
modeled by declaring necessary materials and 
dimensions in the input file of MCNPX code. The 
dimensions of the chambers were taken from the IAEA 
TRS-398 protocol [23]. The NE2571 chamber cavity had 
a diameter of 0.64 cm and a length of 2.4 cm and 
includes a central electrode with 0.1 cm diameter. The 
wall of this chamber was made of graphite with 0.065 
g.cm-2 thickness. As this chamber was non-waterproof, a 
waterproofing sleeve made of 1.0 mm PMMA was also 
used. The air gap of 0.1 mm between the chamber wall 
and waterproofing sleeve was taken to allow the air 
pressure in the chamber to equilibrate. Although the 
necessary dimensions of the NE2571 Farmer chamber 
were given in the IAEA TRS-398 protocol, the chamber 
stem material might be different for different Farmer- 
like chambers. In this case, we modeled the chamber 
stem material using PMMA as also used by Ma and 
Nahum [24].  

The 0.6 cm3 PTW30013 chamber was also modeled 
by taking necessary materials and dimensions from 
IAEA TRS-398 protocols [23]. The chamber cavity had 
a diameter of 0.62 cm and a length of 2.3 cm and 
includes a 2.05 cm central electrode of aluminum with 
0.1 cm diameter. The wall material was of PMMA with 
0.057 g.cm-2 thickness. The remaining parts were used as 
the same as the NE2571 chamber. The sensitive volume 
of each chamber was filled with ambient air of 0.001225 
g.cm-3 density. 

Besides ion chambers, IAEA standard cubic water 
phantom with dimensions 30 × 30 × 30 cm3 was also 
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Figure 2. 3-D geometry of linac for photon dose calculations. 
 

 
Figure 3. Experimental set-up for measuring TPR20,10. 
 
modeled. The complete geometry for photon dose 
calculations is illustrated in Figure 2. 
 
2.1.3 Simulation strategy: calculation of TPR20, 10 

The F4 tally was used to calculate the dose rate (Gy/hr) 
in chamber sensitive volume. As the F4 tally scores 
average flux in a cell, the ICRP 21 photon flux to dose 
conversion factors [25] was employed to obtain dose 
values by using dose energy (DE) and dose function 
DF(E) (rem/hr)/(p/cm2-s) cards. Moreover, the tally 
multiplier FM4 card was used to incorporate the beam 
current (particle rate) which was 1E10. Since the quality 
factor for X-ray photon is one so the resultant tally is 
equivalent to the unit of absorbed dose. The modified F4 
tally score the dose value per source particle. A number 
of input files were run with NPS at least 3E8 till the R-
value (relative error) were within 0.1 and passes 10 
statistical tests. Dose values were computed at 20 cm and 
10 cm depth of water phantom with SCD 100 cm and 
field size 100 cm2 at chamber location. In addition, the 
tally energy card E4 was also used to see the dose score 
by individual energy bin. To reduce the computing time, 
IMP card was employed as variance reduction technique.  
 
2.2 Experimental Measurement of TPR20, 10 
Experimental tissue phantom ratio (TPR20, 10) was 
determined for 6 MV, 10 MV, and 15 MV photon beam 
from Varian linac (2300C/D) at the National Institute of 
Cancer Research & Hospital (NICRH) in Dhaka, 

Bangladesh. Measurements were performed using IAEA 
standard cubic water phantom and two cylindrical ion 
chambers NE2571 and PTW30013 with 0.6 cc sensitive 
volume. These ion chambers were connected to a IBA 
dose-1 dosimeter. The calibration of these chambers was 
done in Secondary Standard Dosimetry Laboratory 
(SSDL), Bangladesh. The water phantom was placed 
below the linac gantry and the ion chamber was 
immersed at 10 cm and 20 cm depth of water phantom 
respectively. The set-up consists of 100 cm SCD (Source 
to Chamber Distance) and 100 cm2 field size at detector 
location. The reference conditions of experimental 
measurements were according to TRS-398 protocol [15]. 
The TPR20,10 was calculated using the following 
equations 

 raw,20, Q
20,1 0

raw,10, Q

M
TPR

M
  (1) 

Where Mraw,20,Q and Mraw,10,Q are the ion chamber 
reading (nC) at depths of 20 cm and 10 cm, respectively. 
Figure 3 shows the experimental set-up used for the 
measurements.  
 
3. Results 
3.1 Monte Carlo calculated values of TPR20, 10 
Monte Carlo calculated dose- energy data were plotted 
(dose rate per unit energy vs energy) for each photon 
mode and ionization chamber. The total dose rate at 20 
cm and 10 cm depth of water phantom at the reference 
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(a) (b) 

Figure 4. Dose energy spectrum of 6 MeV photon beam at (a) 20 cm and (b) 10 cm depth of water phantom for NE2571 Farmer 
Chamber. 
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(a) (b) 

Figure 5. Dose energy spectrum of 10 MeV photon beam at (a) 20 cm and (b) 10 cm depth of water phantom for NE2571 Farmer 
Chamber. 
 
point of chamber were taken from the MCNPX output 
file for each photon beam. 
 
NE2571 Farmer Chamber 
Using Figure 4 the dose rate for 6 MV photon beam at 
two depths of water phantom at SCD 100 cm were 
calculated and given by 

1
1

20

0

10.414664 0.122500 Gy.hr and

0.593459 0.099100 Gy.hr

D

D









   

   




 

Taking the ratio of the above two equations, we 
obtained MC TPR20,10 for 6 MV photon beam as . 

Using Figure 5 the dose rate for 10 MV photon beam at 
two depths of water phantom were calculated and given by 

20

10

1

1

 1.661100 0.075800 Gy.hr  and

 2.30855

D

D 0 0.064000 Gy.hr





   

   




 

The TPR20,10 for 10 MV photon beam was obtained 
by taking the ratio of these two values 

20, 10TPR  0.719 0.018  From Figure 6 the dose rate 

for 15 MV photon beam at 20 cm and 10 cm depth of 
water phantom were obtained as 3.963460 ± 0.057200 
[Gy.hr-1] and 5.094420 ± 0.051900 [Gy.hr-1] 
respectively. Taking the ratio of these value, the TPR20, 10 

for 15 MV was found 0.778 ± 0.004. 
 
PTW30013 chamber 
The MC calculated dose rate from Figure 7 for 6 MV 
photon beam at 20 cm and 10 cm depth of water 
phantom were 0.410123 ± 0.128000 [Gy.hr-1] and 
0.590955 ± 0.103700 [Gy.hr-1] respectively. 
Accordingly, TPR20,10 was obtained as 0.694 ± 0.014 for 
6 MV photon beam. 

The total dose rate of 10 MV photon beam from 
Figure 8 were calculated and given as 1.662930 ± 
0.079000 [Gy.hr-1] and 2.317890 ± 0.066500 [Gyhr-1] for 
20 cm and 10 cm depth of water phantom respectively. 
So, the MC calculated tissue phantom ratio for 10 MV 
photon was 0.717 ± 0.019. 

From Figure 9 the MC calculated dose rate for 15 
MV photon mode at 20 and 10 cm depth of water were 
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(a) (b) 

Figure 6. Dose energy spectrum of 15 MeV photon beam at (a) 20 cm and (b) 10 cm depth of water phantom for NE2571 Farmer Chamber. 
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(a) (b) 

Figure 7. Dose energy spectrum of 6 MeV photon beam at (a) 20 cm and (b) 10 cm depth of water phantom for PTW30013 chamber. 
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(a) (b) 

Figure 8. Dose energy spectrum of 10 MeV photon beam at (a) 20 cm and (b) 10 cm depth of water phantom for PTW30013 
chamber. 
 
3.922410 ± 0.062400 [Gy.hr-1] and 5.074340 ± 0.079800 
[Gy.hr-1] respectively. Using these data, the tissue 
phantom ratio was obtained 0.772 ± 0.001. 

3.2 Experimental values of TPR20, 10 

Using photon beam from Varian 2300CD medical LINAC 
following IAEA TRS-398 protocol [01] TPR20,10 values 
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(a) (b) 

Figure 9. Dose energy spectrum of 15 MeV photon beam using PTW30013 chamber at (a) 20 cm and (b) 10 cm depth of water 
phantom. 
 
Table 1. Experimental measurement of TPR20,10. 

Chamber 
Serial 

number 
Tube 

Voltage (MV) 
Mraw,20,Q (nC) 

Mraw,10,Q 

(nC) 
TPR20,10 

NE2571 1205 
6 23.61 35.18 0.671  0.004 
10 29.05 39.21 0.741  0.009 
15 15.45 20.34 0.759  0.004 

PTW30013 0364 
6 19.93 29.82 0.668  0.005 
10 24.56 33.31 0.737  0.007 
15 13.09 17.30 0.757  0.005 

 
Table 2. Comparison of Experimental and MC calculated values of TPR20,10. 

Chamber 
Tube  

Voltage (MV) 
Experimental 

TPR20,10 

MC calculated 
TPR20,10 

Difference between 
simulated and 

experimental values 

NE2571 
6 0.671  0.004 0.699  0.013 4 % 

10 0.741  0.009 0.719  0.018 3 % 
15 0.759  0.004 0.778  0.004 2.5 % 

PTW30013 
6 0.668  0.005 0.694  0.014 3.7 % 

10 0.737  0.007 0.717  0.019 2.7 % 
15 0.757  0.005 0.772  0.001 2% 

 
were measured experimentally and listed in Table 1.  
Table 2 shows the comparison between experimental and 
MC calculated values of TPR20, 10. 

 

4. Discussions 
The experimentally measured values of TPR20, 10 shows 
dependency on the energy of incident photon beam. The 
TPR20,10 values also vary with the internal structural 
materials of ionization chambers. It is because the 
geometric dimensions and materials are not same for all 
chambers. Particularly, wall material and central 
electrode have greater impact on the photon interactions 
and electron interactions produced in the surrounding 
medium (water). However, the influence of materials on 
TPR20,10 values is very small. 
 
5. Conclusions 
For the determination of Tissue Phantom Ratio, TPR20,10 

for 6, 10 and 15 MV photon modes, we performed both 

Monte Carlo simulation and experimental measurements 
using two cylindrical ionization chambers, NE2571 
Farmer and PTW30013. Within the parameters of the 
International Code of Radiological Units (ICRU) 
recommendation, the simulated and experimental values 
are in good agreement with each other.  
 
6. List of Abbreviations 
Tissue phantom ratio (TPR20,10), Monte Carlo N-Particle 
EXtended (MCNPX), Technical Report Series (TRS), 
Linear accelerator (LINAC), Percentage Depth Dose 
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