















































Jay Borders





Purdue University Calumet





Hammond, Indiana







































































Abstract





	This paper deals with the partial revision of the computer program that is used by the Neutron Therapy Facility that helps determine the necessary radiation dosage to be used to treat cancerous tumors. The revision consisted of converting a major subprogram to a program that can produce independently in Fortran and in C programming which produced a table of tissue standard ratios (TSR).  It also describes how a program was written that produces data from the interpolation of the table produced from the independent program.





Introduction


 


	The 500-CeV proton accelerator at Fermi National Accelerator Laboratory consists of four individual accelerators operating in series.  The first three operate at 15 Hz for 13/15 of one second to fill the vacuum chamber of the main accelerator with 8 GeV protons.  The acceleration of the protons to the chosen final energy, extraction of the beam from the accelerator, and return of the magnetic field to injection conditions takes anywhere from 8 to 15 seconds.  While the acceleration is taking place inside the main accelerator, the neutron therapy facility is able to use the beam.  The beam is used in the treatment of persons having large , slow-growing malignant tumors that won’t respond to conventional methods of treatment such as chemotherapy.


	The neutron beam at the Neutron Therapy Facility is produced by the bombardment of a beryllium target with 66.18 Mev either protons or negative hydrogen ions.  For this operation to occur, the first three sections of a nine section linear accelerator are used to impart energy to the protons or the negative hydrogen ions.  The beam then travels through linac tank four and it is forced between  sections four and five.  It is then transported a distance of approximately sixteen feet by a system consisting of two bending magnets, seven quadrupole magnets, three beam position monitoring systems, and a non interfering beam current monitor.





Project


	Once the beam has reached the Neutron Therapy Facility, a computer program, written in FORTRAN is used to determine the intensity of the beam.  The assignment of the author involving the computer program consisted of the following: modify the Fortran subprogram  newcalc.f, which calculates  the tissue standard ratio, to stand alone, write a C program that uses newcalc.f to produce a table of results of newcalc.f as a function of depth (from skin to tumor), off-axis distance, and equivalent square (collimator size), determine what should be done at very short depths, determine the proper resolution for spacing of elements in the table,  and include interpolation so one can receive values at non-integer points. 


      


	To understand how to convert and manipulate the  program, an initial understanding of  the following had to be known or  attained: what the program accomplished, FORTRAN programming language, C programming language.  Additional research of the function of the other subprograms either directly or non directly had to be understood.  The final goal of the program was to determine the tissue standard ratio which needs to be know in the treatment of cancerous tumors.  Three of the main variables the program must have are, collimator size (equivalent square), the depth of the tumor within the skin, and the distance off the axis of the beam.   


	When the beam has reached the Neutron Therapy Facility and is ready for use it has to be shaped and directed through hollowed out columns referred to as collimators.  These collimators are made of a special polyethylene cement mixture that is placed in the line of the beam directed towards its target.  The size of the collimator varies depending on the size and shape of the tumor.  The program is designed to use square shaped collimators, but it may sometimes be necessary to use rectangular shaped collimators because of the shape of the tumor.  Because of this, a function which calculates an approximate square size for a certain size rectangular is used in the program.  Two other factors that affect the tissue ratio are the depth of the tumor from the skin referred to as skin depth and the distance from the axis of the beam.  With these variables, a three dimensional table was set up.  For each collimator ranging from an ESQ. (estimated square) of 3 to 18 there are 26 units of skin depth.  For those units of skin depth there is a possible range of an off axis distance from 0 to 20 units.  The initial stand alone version of this program was written in FORTRAN and later revised in C programming.  Depending on the size of the collimator being used and the location of the skin depth had a significant effect on how much the tissue standard ratio changed from one off axis distance to the next.  In some areas the differences were great whereas in other locations the change was practically insignificant.  Because of this factor the program was enhanced by using finer increments in the variables depending on the location in the table.  It should be noted that the program was written to be able to detect on its own where the finer increments needed to be made. 


	Once the stand alone program was written which produced a three dimensional chart, another program was written that would accept any ESQ. ranging from 3.00 to 18.00 (i.e. 13.46), any skin depth (i.e. 4.78), and any off axis distance (i.e. 17.32) from the keyboard and through an involved interpolation technique a tissue standard ratio could be produced.    











Conclusion


	There are advantageous reasons for using C in place of Fortran for this programming project.  Although C is a complex language and takes time and experience to master, it can greatly simplify a program when compared to Fortran.  The Fortran version of this program was originally created in 1970’s.  When using a C version of the program, simplicity in debugging, revising, and additions can be achieved.  The data produced from the C program was on target from the data produced from the earlier program written in Fortran.
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Appendix A











The computer program following this page is the additional programming written to the FORTRAN file newcalc.f, by the author of this paper, for running independently and to produce a three dimensional table of radiation dose data.  The page following the partial program is a sample of the data produced from the program.  The numbers produced are proportional to one another and therefore eliminates the need for units

































































Appendix B








The program on the following page is the C version of program in Appendix A.






























































