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NOTE



SpekCalc: a program to calculate photon spectra from tungsten anode x-ray tubes G Po l u d n i o w s k i t,



G Landry' ,



F D eB l oi r' ' t,



P M



E vansl



and F



Verhae gerr2,4 lJoint Department of Physics,Institute of Cancer Researchand Royal Marsden NHS Foundation Trust, Downs Road, Sutton, Surrey, SM2 5PT, UK 2Medical Physics Department, McGill University, Montreal General Hospital, 1650 Cedar Avenue, Montreal, QuebecH3G 1A4, Canada 3SMBD JewishHospital, 3755 Cte Ste-Catherine,Montreal, QuebecH3T 1E2, Canada aDepartment of Radiation Oncology (MAASTRO), GROW ResearchInstitute, University Medical Centre Maastricht, Maastricht, the Netherlands E-mail: Gavin. Poludniowski@icr . ac . uk Abstract. A software program, SpekCalc,rs presented,for the calculation of x-ray spectrafrom tungsten anodex-ray tubes. SpekCatcwas designedprimarily for use in a medical physicscontext, for both researchand educationpurposes,but may also be of interest to those working with x-ray tubes in industry. Noteworthy is the particularly wide range of tube potentials and anode anglesthat can be modelled: the program is therefore potentially of use to those working in superficial/orthovoltageradiotherapy, as well as diagnostic radiology. The utility is free to download and is based on a published and experimentally validated model of x-ray spectrum generation. Here, SpekCalc is describedand illustrative examplesshown. Predictions are compared to those of a state-of-the-artMonte Carlo code (BEAMnrc) and, where possible,to an alternative, widely-used,spectrum calculation program (IPEM78).



1. Introduction The x-ray tube, although first developed in the late 1800s, remains, today, a vital piece of equipment in hospitals, industry and research. As such there is a need to be able to efficiently predict x-ray emission spectra from a given tube, as well as the associated measures of beam quality such as the Half-Value-Layer (HVL). We present a free-to-download Graphical User Interface (GUI) ,, SpekCalc, for simulating x-ray spectra emitted from thick-target tungsten anode x-ray tubes. SpekCalc was primarily developed for research and education in medical physics, although applications in other fields of radiation physics are possible. The range of tube potentials covered is such that, within medicai physics, the program is of interest to those working in superficial and orthovoltage radiotherapy as well as in diagnostic radiology. In this Note we describe the GUI, briefly explain the underlying model and provide some examples. The primary



SpekCalc: a program to calculate photon spectra from tungsten anode r-raA tubes objective of this short paper is to introduce the SpekCalc utility, not to rigorously evaluate it against data. For the illustrative examples, we do, however, compare against calculations with a state-of-the-art Monte Carlo code (Rogers et al 2002) and to a commonly used software program (Cranley et al 1997) that is based on a simpler theory. 2. Background In an x-ray tube, an electron beam is directed to a focal spot on a metal anode. As these electronspenetrate the target, they scatter from electronsand nuclei in the target, resulting in bremsstrahlung and, depending on their energies,characteristic emissions. These emissions produce the observed x-ray spectrum. The coupled equations for the transport of electrons and photons in the target are, however, difficult to solve. The Monte Carlo method is the Gold Standard technique for solving this type of problem. Such calculations are becoming increasingly fast for this task: see,for example, Verhaegenet al (L999), Mainegra-Hing and Kawrakow (2006) and AIi and Rogers (2007). Currently, however, these methods do not provide efficient predictions with negligible statistical uncertainties, in a form that is convenient for those working with x-ray tubes. Computer programs, aimed at those working in diagnostic radiology, do exist, but these have typically been empirically or semi-empirically based. An example of such a program is the Spectrum Processor of the Institute of Physics and Engineering in Medicine's Report 78 (IPtrM7B), available on a CD-ROM for a small fee, based on the now dated model of Birch and Marshall (1979). Although the theoretical model underlying SpekCalc is more approximate than that of a state-of-the-art Monte Carlo code, such as BEAMnrc (Rogers et aI 2004), it is more sophisticated than the family of models descended from Birch and Marshall. It has also shown satisfactory agreement with experimentally measured spectra, where tested (Poludniowski and Evans 2007, Poludniowski 2007\. 3. The SpekCalc program SpekCalc was created using REALbasic (REAL software, Inc.). The GUI allows the user to calculate, display and save, in energy bins of variable width, the x-ray spectra emitted from tungsten anode x-ray tubes. A screenshot of the GUI is shown in figure 1. The user selects the tube potential in kV, the take-off/anode angle and the amount 'Calculate' button, a central-axis spectrum is of filtration. Following a click of the presented within a few seconds. Several beam qualifiers are provided, such as the lst and 2nd HVL, in mm of both AI and Cu. The mean energy of the spectrum, E*.o,, and the effective energy, E"f f, in keV, are also shown. Additionally, the estimated bremsstrahlung and characteristic contributions to the tube output (pGal*As @ 1m) are displayed. Filtration can be selectedin ffiffi, for 7 materials: AI, Cu, W, Sn, Be, water and air. This allows an exploration of the filtration effects of materials of differing atomic number. The range of potentials that can be modeled is wide (40-300 kV) making the
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utility useful to both the diagnostic imaging and superficial/orthovoltage radiotherapy fields. It should be emphasized that, currently, SpekCalc does not provide predictions relevant to mammography, where various anode materials and tube potentials below 40 kV would have to be considered. Nor are the predictions of the program suitable for the modelling of transmission targets. SpekCalc may be downloaded from the following webpage: http : f f uuu.icr.ac.ukf researchf research-sectionsfphysicsl3S++.shtml. 4. Illustrative



examples



To illustrate the predictions of SpekCalc,three x-ray tubes were simulated. The first was assumed to have a 10" anode angle and a fiiter of 2.5 mm of Al. Spectra were calculated for 50 and 70 kV tube potentials. The second tube was taken to have a 16" anode angle and 5.0 mm of AI filtration. Spectra were calculated for this tube at 100 and 140 kV potentials. For the final x-ray tube, a 24o anode angle was selectedcombined with 1.0 mm of Cu filtration and spectra were calculated at potentials of 190 and 250 kV. To demonstrate the agreement of the SpekCatc predictions with a more exact treatment, the predictions of the GUI were compared with those of BEAMnrc. The 'Component Modules'in the BEAMnrc simulations consistedof an'XTUBE' (the xray target) and a'SLABS'(the



filter). The cross-sectionsfrom the NIST database were selected. AE and PE were set to 512 keV and 1keV, respectively,with trCUT and PCUT set to 52I and 10 keV. Rayleigh scatter and bound Compton scattering were switched on, along with atomic relaxations and impact ionization. Directional bremsstrahlung-splitting was selected, with a splitting factor of 104, in the direction of the scoring region. This scoring region was a circle of 1.0 cm radius placed at 50 cm from the focus, at right angles to the incident electron beam. The photons in the resulting phase-spacefiles were assigned into energy bins of width 2 keV. Simulations were performed for multiples of 108 histories, taking several hours in each case. These relatively long simulation times were used to ensure negligible statistical uncertainties for each energy bin. HVLs were calculated deterministically from the BtrAMnrc spectra, as in the SpekCalc program, using the Physical Reference Data of NIST (Berger et al 2005, Hubbell and Seltzer L996) for the relevant materials. The predictions of SpekCalc are presentedin figure 2, along with those of BEAMnrc and where possible, IPEM78. Note that IPEMTB has a maximum limit on the tube potential of 150 kV and a limit of. 22o on the anode angle. The spectra have all been assigned 2 keV bin widths and renormahzed to unit area. The agreement for the wide range of tube potentials (50-250kV) and anode angles (10-24 ) appearsgenerally good. The spectral predictions of IPEM7S are, however, consistently slightly harder than the other two models, as has been observed elsewhere (Poludniowski 2007). Table 1 presents a comparison of the 1st HVLs and Ern.on,derived from the spectra. In all cases,the HVL predictions of SpekCalc are closer to those of BEAMnrc than those of IPEMTB. The maximum discrepancy in HVL between BEAMnrc and SpekCalc ts x3To. Also, in ali cases)except one, the E*"o, predictions of SpekCalcare closerto those of BEAMnrc than
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those of IPEM7S. In the exception, the difference between the IPEM78 and SpekCalc predictions are marginal in any case. 5. Summary A freely available and user-friendly GUI program was presented for calculating tungsten anode x-ray tube spectra. SpekCalc provides predictions almost-instantly, models a wide-range of tube-potentials and provides predictions in satisfactory agreement with state-of-the-art Monte Carlo calculations. The program is of interest to those working with x-ray tubes in diagnostic radiology, radiotherapy and industry, as a research and educational tool. Acknowledgments This work was partially supported by research grant C461A2131 from Cancer Research UK. The project was also partially supported by a teaching innovation grant from McGill University (MTALIF grant). We acknowledge IIIHR funding to the NHS Biomedical Research Centre. References i,n EGSnrcuser-codes of r-raA si,mulat'ions Ali ESM and RogersDWO 2007Effic'iency'improuements enhancement(BCSE) Med. Phys. 34(6) 2143-54. us'ingbremsstrahlungcross-secti,on r-raA spectraand comparisonwith spectra Birch R and Marshall M 1979 Computat'ionof bremsstrahlung measuredwith a Ge(Li,) detectorPhys. Med. BroI. 24, 505517. Berger MJ, Hubbell JH, Seltzer SM, Chang J, Coursey JS, Sukumar R and Ztcker DS 2005 XCOM: Photon CrossSectionDatabaseuersion -1.3(Gaithersburg,MD, US: NIST). Cranley K, Gilmore BJ, Fogarty GWA, and Deponds L 1997 Catalogueof diagnosticr-ray spectraand other data (York: IPEM Report No. 78). Hubbell JH and Seltzer SM 1996 Tables of X-Ray Mass Attenuati,on Coefficientsand Mass EnergyAbsorpt'ionCoeffici,ents from 1 keV to 20 MeV for Elements Z : 1 to 92 and 48 Additional Substancesof Dosimetric Interest (Gaithersburg,MD, US: NIST). Med. Phys. 37(8),26832690. Mainegra-HingE and Kawrakow I2006 Efficient n-ray tube s'imulat'ions Poludniowski GG and Evans PM 2007 Calculat'ion of r-ray spectra emergingfrom an rraA tube. Part I. Electron penetration characterist'ics'in r-ray targetsMed. Phys. 34(6) 21,64-74. Poludniowski GG 2007 Calculation of Tro,y spectra emerging from an r-ray tube. Part II. X-ray production and filtrati,on 'in r-ray targetsMed. Phys. 34(6) 2\75-76. RogersD W O, Ma C-M, Ding G X, Walters B, Sheikh-BagheriD, and Zhang GG 2004 NRCC Report PIRS-0509(A)reuK: BEAMnrc UsersManual (Ottawa, Canada: NRCC). VerhaegenF, Nahum A, Van de Putte S, Namito Y 1999 Monte Carlo modelling of radiotherapgkV r-ralJ unztsPhys. Med. BioL 44 7767-1789.
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Figure 1. Screenshotof the SpekCalcGUI.
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Figure 2. X-ray tube spectrum predictionsfor SpekCalc,IPEM7S and the BEAMnrc model: (a) 50 kV, (b) 70 kV, (c) 100 kV, (d) 140kV, (e) 190 kV and (f) 250 kV. Note: IPEM78 predictions not avalilablefor (e) and (f).
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Table 1. HVL and meanenergypredictions IPtrM78and the BEAMnrc of SpekCalc,



BEAMnrc



KV



HVL



IPtrM78



SpekCalc E,N'



HVL



E^'



HVL



Ern"o



[mmAI] tk"vi [mmAI] lk.vi [mmAI] lkevi 50 70 100 I40



r.77 2.45 4.81 6.48



KV



HVL



32.3 39.7 52.7 62.5 E*.o,,



lmmCul lkevl 190 250



1.36 1.87



93.5 r07.7



r.74 2.38 4.78 6.46 HVL



32.4 39.6 53.0 62.8 E*"on



1.83 2.59 4.9r 6.70 HVL



32.5 40.r 52.9 62.9 E-",



fmmCu] [kev] fmmCu] lk.;i 1.37 1.93



94.6 109.0
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