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Applying mathematical equations and computer
programming to obtain transferred energy into body

tissue

Abstract

In this paper, a mathematical method is investigated for therapy by fast neutron. This
method can be applied for all tissues and investigations in connection with cancer
therapy. The mathematical method is considered using equations and computer
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programming. The amounts of Kerma are calculated by this mathematical method in a

liver tissue for a wide range of energies as a result of collision between neutrons with
nuclei of constituent elements of tissue that have various mass numbers. This method
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can be applied to estimate the energy of neutrons reached the appropriate energy range

through deducing the incident neutron energy emitted from clinical neutron source for

a wide spectrum of neutron energies.
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Introduction

Radiation therapy is a technique that has been designed to treat
tumors through high LET heavy charged particles radiation at the
cellular level. The explanation of the unusually large thermal neutron
capture cross section for natural isotope ''B by Goldhaber was
performed in 1934. He explored that '°B is having an unusually high
willingness to absorb either slow or thermal neutrons (for E<0.1¢V).
It is considered that reactor based epithermal neutron beams with
near optimum characteristics are currently available, and more can
be constructed at existing reactors. The suitable reactors those which
include low power reactors generally, using the core as a source of
neutrons and also existing moderator might be used for radiation
therapy, if the mono energy neutron source is not accessible.'? The
boric acid solution moderator might be suitable for the spectrum
measurement of an epithermal neutron irradiation field. Thus,
computation and modeling of the delivered energy before practical
treatment is also recommended.’ In this research, there are two
goals. First of all is calculation of the amount of Kerma in the liver
tissue within the course of radiation therapy by neutron.* The second
objective is to find out a way to reach eligible energy range of neutrons
according to acceptable dose in radiation therapy and also studying
the deduction of incident neutron energy emitted from neutron source
for a wide spectrum of neutrons in a way that it can obtain the accurate
amounts of Kerma and neutron energy reached components of a tissue
during the therapy, and subsequently obtaining the required irradiation
time for radiation therapy.> The different forms of tissues like cubic
format for body parts of human in some research have already been
applied.” A liver tissue includes substances such as water, glycogen
and heavy molecules like protein and glucose. But in general, in such
kind of research, the main aim is to simulate the nuclear and atomic
interactions in the material.*®

Materials and methods

Applying mathematical method

The advantage of the adopted analytical method is application of a
method except usual methods like Monte Carlo simulation so that this
method is based on diffusion equation instead of transport equation

which MCNP code uses. Neutrons are emitted from a neutron source,
and pass through carbon, and are slowed down. There is the analytical
method scrutinized to find out the behavior of neutron interactions
in tissue considering effectiveness of the neutron collision in various
energies, thereby the absorbed energy is computed by analytical
computations. In this method, passing the neutrons through the
cited tissue and also having the knowledge about neutron angular
distribution after scattering are actually essential. There are three
major types of interactions with carbon and hydrogen nuclei. These
are elastic scattering, inelastic scattering, and radioactive capture.'
Collision of neutrons on carbon and hydrogen nuclei causes some
energy to transfer from neutrons to the target nuclei.

Two of neutron collision systems are according to Figures 1-3.
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Figure 2 Laboratory system.
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Figure 3 Conversion of CM system into the laboratory system.

There can be two following equations written:
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Where:
E, : initial energy of neutron before interaction
E, : final energy of neutron after interaction

A: atomic weight of recoiled nucleolus resulting from neutron
collision

0: The angle between target nucleolus path and recoiled neutron in
the center of mass system

And also:
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If thev; andv,, are the initial velocities of proton and neutron
respectively, then the v o and Vi, which are the final velocities, will
be as following equation (Eq.5):
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After collision at 0 degree angle and head to head collision and
also having been recoiled of the proton, there will be the final velocity
of proton and neutron respectively as below:

V=Vip and v,=v, (6)
1 1
E, =Emnv,-21 and F, =Empv;2 @)

The recoiled nucleus moves a short distance through the matter,
and deposits its energy along the path. The problem is to compute
the energy of recoiled nucleus, and it involves applying the neutron
diffusion equation.'2

Therefore, the maximum rate of % (or on the other hand

1
minimum lost energy) occurs whenever 6=0 and the maximum lost
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energy will occur in the case of 6 = x.
0: collision angle of incident neutron

The tissues which are in this path are: adipose tissue and skin
tissue. One of the most important tissues, which sets in front of the
liver, is adipose tissue.

The high LET includes protons resulting from the capture reaction
of thermal neutrons with nitrogen atoms ['“N(n,p)'*C] and also recoiled
protons resulting from the collision of fast neutrons with hydrogen
atoms. In addition, the high LET of protons is produced through fast
neutrons scattering. The low LET of gamma rays is resulting from
the capture of thermal neutrons with tissue and also hydrogen atoms
['H(n;y)?H]."

In the laboratory system, because of having collision between a
neutron and a nucleus, the amount of energy transferred to a recoiled
nucleus is computed with Eq.8:"

Er=E,~(E;+E,) ©)
The energy and scattering angle in inelastic scattering are obtained
as following equations (Eqs.9-11):
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Where:

Ej : transferred energy

E . : the excitation energy in recoiled nuclei

E': scattered neutron energy in the centre of mass system

w : the angle between the path of recoiled nucleus and incident
neutron in the laboratory system

For high neutron energies, the reaction of neutron and alpha plays
an important role among all the reactions in a way that in this state,
some part of Kerma is because of alpha particles. In this case, the
calculation is performed by neutron angular distribution after scattering
and random sampling of neutron collision in either elastic or inelastic
scattering. The atomic composition of the soft tissue is approximated
with hydrocarbon materials. In this investigation, neutron slowing
down has been taken into account as well. Therefore, according to
Eq.8, the amount of dose in the tissue is obtained. In order to reach the
required absorbed dose according to energy of neutron source, using
the Eqs.8-11, the amount of dose in the mentioned tissue is obtained.
The Eq.10 is defined based on calculation of Cos6 and generation of
random numbers. Finally, the irradiation time can be obtained to reach
the eligible KERMA in a way that it might be applied for a patient
who sets under radiation therapy by neutron.

Results

The amount of Kerma is calculated because of emitting a neutron
beam with constituent elements of tissue having various mass numbers
(for a wide range) per the mass number of constituent elements of
it. The amount of Kerma is calculated in the mentioned liver tissue.
The derived results are illustrated in Figure 4 using mathematical
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equations and computer programming for wide neutron energy.
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Figure 4 Amounts of kerma in the compounds of tissue for a wide range of

energies.

Conclusion

The mathematical method provides dose calculation based on
mathematical equations and considering y and neutron energies
despite being carried out the calculation based on neutron tracking
and transport equation in some of nuclear codes like MCNP code.
By the mentioned method, it can be inferred that how much time as
the required irradiation time will take as long as the eligible dose is
reached for treating liver cancer by radiation therapy for every one
of liver tissues which have various dimensions and components.
Therefore for each patient, given the desired dose for therapy and
also specifications of neutron source, the required irradiation time for
similar liver tissues can also be obtained. As it is observed in Figure 4,
the maximum Kerma arises for elements having small mass number
like hydrogen. It means the most amounts of absorbed dose Kerma
are related to liver tissue because of abundance of hydrogen in it. This
figure implies that with higher neutron energy, more doses may be
delivered to the liver tissue.
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