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An Efficient Method for Heavy Ion Dose Calculations
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Heavy charged particles deposit much of their kinetic energy at very high rates in
small volumes near the end of their range. This characteristic, coupled with the
availability of modern particle accelerators, has sparked a revival of interest in the use of
ions as a possible treatment tool for certain types of cancers."*  Collisions between
projectile ions and atoms in the target medium can result in ion fragments that are
different from the original projectile species. The energy deposition characteristics of
these fragments differ from those of the projectile in a manner that allows them to travel
beyond the range of the original particle. This can result in deposition of doses in healthy
tissue beyond the tumor. The loss of projectiles due to the fragmentation process will also
affect the dose deposited in the target tumor. An accurate dose calculation requires that
these effects be taken into account. Monte Carlo calculations are expensive, time
consuming, and can be limited in the number of ion species considered. Linear methods
can yield high-order accuracy but can sometimes exhibit the undesirable characteristic of
calculating negative fluxes. In order to bypass these difficulties, we have applied the
recently developed exponential discontinuous (ED) finite-element method to a calculation
of dose deposition by relativistic heavy ion projectiles and fragments.> The ED method

has been shown to yield strictly positive solutions for positive sources of neutral

MASTER

particles.*




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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The ELDRHIT code described in Reference 3 solves the heavy ion transport

equation

WA2E) ) —-;-E—[S"(E)wn(x,E)] = 0,(x.E) (1)

ox

in space and energy in terms of an exponential ansatz of the form
(//"(X,E) = an,i,g '1nJ.g 3 (x )“h..l.g”l( ) (2)

where B(x) =22;(x—x,)andP,(E) = A2E
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(E—Eg) and a,,., 4,;,adn,;  are

unknowns. The flux in a phase space cell of dimensions Ax; by AE, is determined and

the dose rate in that cell is then calculated. In general the dose rate at a point x due to an

n-type particle with energy E is simply the product of the particle’s stopping power and
its flux : D,(x,E)=S,(E)y,(x,E). For tumor irradiation, a spatial distribution of the
dose is desired and this is given by integréting D,(x,E) over energy:

D,(x)= [ 5,(E)w,(x. E)dE 3
where E__ is the maximum particle energy. As configured at present, the ELDRHIT
code describes the dose distribution for an n-type particle whose energy variable is

separated into G groups, as a spatial average of the sum of the doses due to all energy

groups in the it spatial cell or
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* Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for
the United States Department of Energy under contract DE-AC04-94AL85000.




where the stopping power is treated as a group constant. The total cell dose due to all
particles is then determined by summing equation (4) over all particle species.

Using an exact solution of equatién (1) for the projectile particle and an ED
solution for the fragments, ELDRHIT calculations were compared with the results of
Schimmerling ef al. * The ELDRHIT calculations demonstrated excellent agreement with
the experiment’ The dose distribution of the calculation corresponding to the
Schimmerling experimental conditions is given in Figure 1. This calculation indicates
that the dose due to all fragments represents approximately 16 percent of the total dose in
the region of the neon Bragg peak. The fragments also deposit a noticeable dose beyond
that point. A comparison of the ELDRHIT and Schimmerling flux distributions for the
nitrogen fragments is given in Figure 2. Similar agreement for the flux was obtained for
other particle species.

The agreement of ELDRHIT énd Schimmerling linear energy transfer results
shown in Reference 3 and the agreement of the particle flux distributions lead us to
conclude that this method possesses excellent potential for use as a descriptor of dose
distributions for relativistic heavy ion projectiles and their fragments.
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