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Introduction 

On August 22, 2019, Joe Priest, Chief Operating Officer of Artemis Shielding LLC asked 
Versant Medical Physics and Radiation Safety to perform attenuation measurements on their 
XYZ material using X-ray energies used for radiation therapy.   The purpose of these 
measurements was to assess the shielding attenuation and relative lead equivalence of the 
XYZ material for therapeutic X-ray energies.   Lee Myers and Jaclyn Carroll performed 
attenuation measurements at Anne Arundel Medical Center (AAMC) on August 27, 2019 
using 6 MV and 15 MV X-rays.   This report describes those measurements and the 
calculated lead equivalence that was determined. 

 

Experimental Setup 

Measurements were made using the AAMC Varian linear accelerator (linac) with a narrow 
beam geometry as shown in Figure 1 and with an inverse broad beam geometry where the 
attenuators were placed adjacent to the detector.   The detector used was a 0.6 cc Farmer 
chamber (PTW TN30013, S/N 007086), calibration due date- July 15, 2020, .  The detector 
was placed 150 cm from the source of X-rays (50 cm from isocenter) with an appropriate 
build-up cap.   All measurements were made in air.  The linac was operated at 600 monitor 
units per minute (600 MU/min) and the linearity of the detector response was  verified 
before measurements were made. 

The linac collimator was set to 2 cm x 2 cm.  Narrow beam geometry measurements were 
made by stacking the XYZ attenuator next to the treatment head with thickness varying 
from 0 cm to 54.5 cm.  Inverse broad beam geometry measurements were made by 
stacking the XYZ attenuator next to the detector.  The data collected for each energy, 6 MV 
and 15 MV, with each geometry, narrow beam geometry and inverse broad beam geometry, 
are shown in Table 1 (narrow beam) and Table 2 (inverse broad beam). 

 

Data Analysis 

The data measured for each attenuation thickness were normalized to the unattenuated 
measurement.  By taking the natural logarithm of each of these normalized values plotting 
as a function of attenuator thickness, we obtain curves that can be used to determine the 
linear attenuation coefficient, µ, which is given by the slope of the linear fit to the data 
points.   These curves are shown in Figure 2.  The linear fits are included on the curves. 
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Figure 1:   Measurement Setup for Narrow Beam Geometry 

with Linear Accelerator 
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Table 1 

Narrow Beam Geometry Measurements 
 

Narrow Beam Geometry Measurement Data 
            

6X thickness (mm) reading (nC) Normalized rdg Ln(norm rdg) Fit 

 0 35.69 1.0000 0.0000 -0.0746 

 3.45 34.04 0.9538 -0.0473 -0.1132 

 6.9 32.45 0.9092 -0.0952 -0.1519 

 13.8 29.58 0.8288 -0.1878 -0.2292 

 27.6 24.69 0.6918 -0.3685 -0.3837 

 55.2 17.62 0.4937 -0.7058 -0.6928 

 110.4 9.025 0.2529 -1.3749 -1.3111 

 165.6 4.758 0.1333 -2.0150 -1.9293 

 220.8 2.547 0.0714 -2.6400 -2.5476 

 276 1.384 0.0388 -3.2499 -3.1658 

 386.4 0.4195 0.0118 -4.4436 -4.4023 

 496.8 0.1356 0.0038 -5.5729 -5.6388 

 545.1 0.08528 0.0024 -6.0367 -6.1797 

           
15X 545.1 0.1538 0.0044 -5.4306 -5.4823 

 496.8 0.2404 0.0068 -4.9839 -4.9993 

 331.2 1.198 0.0341 -3.3778 -3.3433 

 165.6 6.293 0.1792 -1.7190 -1.6873 

 55.2 19.59 0.5580 -0.5835 -0.5833 

 27.6 26.19 0.7459 -0.2931 -0.3073 

 0 35.11 1.0000 0.0000 -0.0313 
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Table 2 

Inverse Broad Beam Geometry Measurements 
 

 

Inverse Broad Beam Geometry Measurement Data 
            

6X thickness (mm) reading (nC) Normalized rdg Ln(norm rdg) Fit 

 0 33.89 1.0000 0.0000 -0.0386 

 55.2 18.44 0.5441 -0.6086 -0.6000 

 110.4 9.84 0.2904 -1.2367 -1.1614 

 220.8 2.949 0.0870 -2.4417 -2.2841 

 331.2 0.9005 0.0266 -3.6279 -3.4069 

 441.6 0.2835 0.0084 -4.7837 -4.5297 

 496.8 0.1609 0.0047 -5.3501 -5.0911 

 545.1 0.1007 0.0030 -5.8187 -5.5823 

           

15X 0 33.22 1.0000 0.0000 0.0775 

 55.2 22.16 0.6671 -0.4049 -0.4414 

 110.4 13.06 0.3931 -0.9336 -0.9603 

 220.8 4.604 0.1386 -1.9762 -1.9980 

 331.2 1.592 0.0479 -3.0382 -3.0358 

 441.6 0.5495 0.0165 -4.1019 -4.0735 

 496.8 0.3267 0.0098 -4.6219 -4.5924 

 545.1 0.2078 0.0063 -5.0743 -5.0464 
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Figure 2(a):  Ln (I0/I) vs. attenuator thickness (mm) for 
Narrow Beam Geometry—6MV 

 

Figure 2(b):  Ln (I0/I) vs. attenuator thickness (mm) for 
Narrow Beam Geometry—15MV 
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Figure 2(c):  Ln (I0/I) vs. attenuator thickness (mm) for 
Inverse Broad Beam Geometry—6MV 

 

 

Figure 2(d):  Ln (I0/I) vs. attenuator thickness (mm) for 
Inverse Broad Beam Geometry—15MV 
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Tenth-value layers (TVL) can then be determined with the relation: 

 

TVL = Ln(10)/µ 
 

Table 3 

Material Attenuation Comparison 

Comparison XYZ and Pb 
Narrow Beam Geometry         
  XYZ XYZ Pb   

  

linear 
attenuation 

(1/mm) TVL(mm) TVL(mm) Ratio 
6MV 0.011 205.588 57.000 3.607 

15MV 0.010 230.259 57.000 4.040 
          

Inverse Broad Beam Geometry         
          

6MV 0.011 215.195 57.000 3.775 
15MV 0.009 244.956 57.000 4.297 

 

 

The calculated TVL’s are shown in Table 3.  The linear attenuation coefficients are taken 
from the linear fits to the curves shown in Figure 2 and do not vary appreciably as is 
expected in this energy range.  The TVL for lead at these energies is 5.7 cm.   For 6 MV, the 
ratio is similar to the ratio of the densities of the two materials.  Lead is 11.35 g/cc and XYZ 
is 3.1 g/cc, which implies a ratio of 3.66.  The ratio increases by about 14% for 15 MV.  This 
reflects the fact that the density ratio is reasonable to use where the Compton effect is 
dominant (~80 kV to 10 MV).   Below 80 kV, the photoelectric effect becomes significant 
and has a strong dependence on the atomic number.   Above 10 MV, pair production 
(threshold energy of 1.022 MeV) becomes important.  Pair production also has a strong 
dependence on the atomic number. 
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Summary 

A standard 2” lead brick provides about 1 TVL of attenuation for therapeutic X-rays.  To 
accomplish the same level of attenuation with the XYZ material would require about 4 bricks 
of comparable thickness.  If the intent is to make a standard brick that could be used for 
both 6MV and 15MV, 1 TVL of XYZ material will be about 9” on average, which could be 
accommodated with 4 blocks, each being 2.25” in thickness. 
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