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1. INTRODUCTION

Charged particles are generated in acceleratodearudecays, or in the cosmic ray field. All s
particles interact with matter through the Lorefdece, primarily the Coulomb force. In addition,ei
strongly interacting particles, such as protord alpha particles, interact with nuclei through short-range
nuclear force [1].

When fast ion passes through mattelosesenergy principally by scattering electrons in thatter it
passes through andone importantly at low energi by scatteing from the nuclei of the atoms. The ene
loss bya- particle per unit distance is an important termadiation physic [2]. Charged particles are oft
used for radiation therapy because they have e«defined penetration in tissues, the deis dependent on
the nature of the irradiatethaterial and the incident energy of particles. @ed particles (protons,
deuterons, alpha particles) havsignifican effect in radiation therapy sintlkeey have the ability to delivt
their energies to the target [3].

2. Methodology:
2.1 Theory:

Over the years, the study of the interaction ohalparticles wit matterhas evolved into large reseal
field due to new powerful experimental methods &amilities around the world. The interaction of lady
ions with matter is a unique method to investighge processes in complex atomic systems, which @
leading rolein the development of modern phys[4].

In calculating the alpha particles ranges and $tgpim solid targets, there are numerous technigunet
calculation methods [5, 6Among these techniques, one method was imp by Biersack for slowing
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down ions in the matter based on the analysis rectional angular spread of ion motion as a fumctd
energy [7].
2.1.1 Energy Loss Mechanisms:

In any radiation, energy is transferred from thdiaton particle to the electrons of the interagtor
absorbing medium. If the energy of radiation isadbptransferred to the matter within a short digta of the
interacting matter, the number of electric examasi and ionizations of the interacting atoms arg gh
and hence more damage is done to the interactinggemAt any given time the particle is interactwih
many electrons, so the net electric charge is toedese its velocity continuously until the partidestopped
[1]. A moving a particle penetrates matter; the major interactsotine collision between particle and the
orbiting electron. Very rarelg- particle collides with the nucleus of an atom dodhe extremely small
volume occupied by a nucleus in space.

The energy transferred to the orbiting elettroa collision by am- particle is only a small fraction of
the a- particle energy due to the very small mass oélantron compared to that of anparticle. This can
be shown for the maximum energy transfer which ocethena- particle has a head on collision with an
electron [11].

These processes are responsible for the dgodawn of alpha particles in matter. Charged plaic
interact with electrons and nuclei via coulomb fiattion. Due to coulomb interaction; particles may
excite an electron to higher energy state. loropatind excitation break a chemical bond and gemerat
reactive species that cause further chemical @i

2.1.2 The Bethe-Bloch

Formula Bohr's stopping model was unique fanynyears. However, Bohr understood the limitst®f i
application. The model didn't take into account thiscrete energy of target electrons. Some yeaes, la
Bohr pointed out that the binding effects are vemportant during the slowing-down process. Distant
collisions are treated as free-electron scattdrsinthe projectile ion. However, interactions at Brdestances
were considered as electromagnetic excitationawohbnic oscillators and could not be described bgams
of classical mechanics. Hans Bethe treated theggriess process by means of the quantum mechanics
using the first Bohr approximation [7]. He used thementum transfer rather than impact parameter to
characterize collisions [12]. Bethe-Bloch expresdmr the stopping power of an alpha particle dsgtifrom
using relativistic quantum mechanics is given by

_dE = [{ j |n(2meczﬂzzJ_ﬁ2
dx  m.c? ,8 ATE 1.(1-87)

Where B=v/cy is velocity of the particlek is energy of the particle,is distance travelled by the particte,
the speed of lightze the particle chargeg is charge of the electrome is rest mass of the electram,s
electron density of the target ahi$ excitation potential of the target.
2.1.3 Range

In passing through matter, charged particdeize and thus lose energy in a number of stepbthair
energy is (almost) zero. The range is the averégarate traveled before a particle has lost alisobriginal
kinetic energy [15].The randgeis continuously slowing down and the approximaigiven by

(1)

R=[dx=[ i;‘,’f = 3 @)

Wheredx= the path lengths= the stopping poweE,= the initial kinetic energy of the charged pad#i;=
some lower limit of energy.
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2.2SRIM

SRIM is a software package concerning the [@tgpand Range of lons in Matter. Since its inticichn
in 1985, major upgrades are made about every sixsy€urrently, more than 700 scientific citati@e
made to SRIM every year. For SRIM-2010, the follogvimajor improvements have been made: (1) about
2,800 new experimental stopping powers were adoddet database, increasing it to over 28,000 sbgppi
values. (2) Improved corrections were made for gtepping of ions in compounds. (3) New heavy ion
stopping calculations have led to significant imgnments on SRIM stopping accuracy. (4) A self-ciomiz
SRIM module has been included to allow SRIM stogEnd range values to be controlled and read k®r oth
software applications. (5) Individual interatomiot@ntials have been included for all ion/atom eadins,
and these potentials are now included in the SRikkage [8, 9].

3. Results:
Tablel (The range af Particle in different element with different engrg
E./MeV Range ofa Particle/um
P Mg Ca C H N o
0.1 0.7994 0.8123 1.3400 0.4901 6.1600 1.4100 1.1400
0.11 0.8508 0.8712  0.1.4400 0.5247 6.5300 1.5100 1.2200
0.12 0.8998 09284 0.1.5300 0.5581 6.8700 1.6000 1.2900
0.13 0.9476 09840 0.1.6100 0.5905 7.2000 1.6900 1.3700
0.14 0.9940  1.0400 0.1.6900 0.6221 7.5100 1.7800 1.4400
0.15 1.0400  1.0900 0.1.7700 0.6528 7.8200 1.8600 1.5000
0.16 1.0800 1.1400 0.1.8500 0.6828 8.1100 1.9400 1.5700
0.17 1.1300  1.1900 0.1.9300 0.7122 8.3900 2.0200 1.6300
0.18 1.1700  1.2400 2.0000 0.7410 8.6600 2.0900 1.7000
0.2 12500  1.3400 2.1400 0.7971 9.1800 2.2400 1.8200
0.22 1.3500  1.4600 2.3100 0.8648 9.8000 2.4200 1.9600
0.25 1.4500  1.5800 2.4700 0.9303  10.3800 2.5800 2.1000
0.275 1.5500  1.6900 2.6300 0.9941  10.9300 2.7500 2.2300
0.3 16500  1.8000 2.7800 1.0600  11.4600 2.9000 2.3600
0.325  1.7400  1.9000 2.9300 1.1200  11.9800 3.0500 2.4900
0.35 1.8400  2.0100 3.0700 1.1800  12.4800 3.2000 2.6100
0.375 1.9300  2.1200 3.2200 1.2400  12.9700 3.3400 2.7300
0.4 2.0200 2.2200 3.3500 1.3000  13.4400 3.4800 2.8400
0.45 22100  2.4300 3.6300 1.4100  14.3800 3.7600 3.0700
0.5 24000 2.6300 3.9000 1.5300  15.3000 4.0200 3.2900
0.55 2.5900  2.8300 4.1600 1.6400  16.2100 4.2800 3.5100
0.6 27800  3.0300 4.4200 1.7600  17.1200 4.5400 3.7200
0.65 2.9800  3.2300 4.6800 1.8700  18.0300 4.8000 3.9300
0.7 3.1700  3.4300 4.9400 1.9900  18.9600 5.0500 4.1400
0.8 35700  3.8400 5.4700 2.2200  20.8500 5.5600 4.5500
0.9 3.9900  4.2500 5.9900 2.4600  22.8300 6.0800 4.9700
1 44100 4.6700 6.5300 2.7000  24.8900 6.6000 5.4000
1.1  4.8600  5.0900 7.0700 2.9500 27.0500 7.1400 5.8300
1.2 53100 5.5300 7.6300 3.2000  29.3100 7.6900 6.2700
1.3 57800  5.9700 8.2000 34600  31.6800 8.2600 6.7200
1.4 62600 6.4200 8.7800 3.7200  34.1600 8.8500 7.1800
1.5 67600  6.8900 9.3700 4.0000  36.7500 9.4600 7.6500
1.6 7.2600  7.3600 9.9800 4.2800  39.4400 10.0800 8.1400
1.7 7.7900 7.8500  10.6000 45700  42.2500 10.7200 8.6400
1.8 83300 83500  11.2400 4.8600  45.1600 11.3900 9.1500

2 9.4400 9.3800 12.5500 5.4800 51.3000 12.7700 10.2100
2.25 10.9100 10.7400 14.2800 6.2900 59.5500 14.6000 11.6200
2.5 12.4600 12.1700 16.1000 7.1400 68.4600 16.5500 13.1100
2.75 14.0900 13.6700 18.0100 8.0500 78.0100 18.6200 14.6800
3 15.8000 15.2600 20.0100 9.0100 88.1900 20.8000 16.3400
3.25 17.5900 16.9200 22.1100 10.0100 99.0100 23.0900 18.0900
3.5 19.4500 18.6500 24.2900 11.0700 110.4600 25.4900 19.9200
3.75 21.3900 20.4700  26.5700 12.1700 122.5400 28.0100 21.8300
4 23.4000 22.3600  28.9300 13.3200 135.2400 30.6400 23.8200
4.5 27.6400 26.3600 33.9200 15.7700 162.4900 36.2300 28.0500
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Table 2 (The electron.8VleV/(mg/cnf)) and Nuclear stopping,$MeV/(mg/cnf)) of o Particle in difference element
with difference energy)

Phosphor Magnesium Calcium Carbon Hydrogen Nitroge

E/ Se S S S Se S S S Se S S Sy
MeV

0.1 0.983 0.01027 0.904 0.01136 0.606 0.0100 1.221 30@.01 3.677 0.0627 0.9540.0133
0.11 1.028 0.00960 0.939 0.01060 0.641 0.0093 1.267 2031 3.889 0.0581 0.9990.0123
0.12 1.069 0.00901 0.971 0.00994 0.674 0.0088 1.312 1091 4.093 0.0541 1.0420.0115
0.13 1.107 0.00850 1.001 0.00937 0.705 0.0083 1.353 1a®1 4.29 0.0508 1.0820.0109
0.14 1.141 0.00805 1.028 0.00886 0.735 0.0079 1.393 06®1 4.478 0.0478 1.1210.0103
0.15 1.172 0.00765 1.054 0.00841 0.763 0.0075 1.430 99®0 4.66  0.0452 1.1590.0097
0.16 1.201 0.00729 1.079 0.00801 0.789 0.0071 1.465 9490 4.835 0.0429 1.1940.0092
0.17 1.226 0.00697 1.101 0.00765 0.814 0.0068 1.498 90®0 5.003 0.0408 1.2280.0088
0.18 1.250 0.00668 1.123 0.00733 0.838 0.0066 1.529 86®0 5.165 0.0389 1.2610.0084
0.2 1.291 0.00617 1.162 0.00676 0.882 0.0061 1.585 70®0 5.471 0.0357 1.3230.0077
0.22 1.332 0.00564 1.204 0.00617 0.932 0.0056 1.646 7230 5.82 0.0324 1.3930.0070
0.25 1.365 0.00520 1.240 0.00568 0.975 0.0051 1.697 66®0 6.133 0.0297 1.4580.0065
0.275 1.390 0.00483 1.272 0.00528 1.013 0.0048 1.742 60%0 6.412 0.0274 1.5160.0060
0.3 1.409 0.00452 1.298 0.00493 1.047 0.0045 1.779 50®0 6.659 0.0255 1.5690.0056
0.325 1.422 0.00424 1.322 0.00462 1.076 0.0042 1.811 5800 6.874 0.0239 1.6170.0052
0.35 1.432 0.00400 1.341 0.00436 1.102 0.0040 1.837 S0®0 7.06 0.0224 1.6610.0049
0.375 1.438 0.00379 1.358 0.00413 1.124 0.0038 1.859 4000 7.218 0.0212 1.7000.0047
0.4 1.442 0.00360 1.372 0.00392 1.144 0.0036 1.878 4630 7.349 0.0200 1.7350.0044
0.45 1.442 0.00328 1.394 0.00357 1.175 0.0033 1.904 0.00415387. 0.0181 1.793 0.0040
0.5 1435 0.00302 1.408 0.00327 1.197 0.0030 1.920 30®0 7.644 0.0166 1.8380.0037
0.55 1.424 0.00279 1.417 0.00303 1.212 0.0028 1.927 3@®07.679 0.0153 1.871 0.0034
0.6 1410 0.00261 1.420 0.00282 1.222 0.0026928 0.00323 7.659 0.0142 1.8930.0032
0.65 1.393 0.00244 1.420 0.00265 1.227 0.0024 1.923 0.00302 7.594 0.0133051.9.0030
0.7 1.375 0.00230 1.417 0.002491.229 0.0023 1.914 0.00284 7.497 0.0123.909 0.0028
0.8 1.336 0.00206 1.404 0.00223 1.223 0.0021 1.887 2640 7.238 0.0111 1.8990.0025
0.9 1.297 0.00187 1.384 0.00202 1.209 0.0019 1.852 28MO0 6.936 0.0100 1.8700.0023
1 1.258 0.00172 1.360 0.00185 1.191 0.0017 1.812 20MO0 6.622 0.0092 1.8290.0021
1.1 1.220 0.00159 1.334 0.00171 1.170 0.0016 1.770 1640 6.317 0.0084 1.7820.0019
1.2 1.184 0.00148 1.306 0.00159 1.146 0.0015 1.727 18M0 6.028 0.0078 1.7310.0018
1.3 1.150 0.00138 1.277 0.00149 1.122 0.0014 1.684 1680 5.76 0.0073 1.6800.0017
1.4 1.117 0.00130 1.249 0.00140 1.098 0.0013 1.641 1680 5.513 0.0068 1.6290.0016
15 1.087 0.00123 1.220 0.00132 1.074 0.0012 1.559 1@®0 5.287 0.0064 1.5800.0015
1.6 1.058 0.00116 1.192 0.00125 1.050 0.0012 1.558 1@®O 5.079 0.0061 1.5340.0014
1.7 1.030 0.00110 1.165 0.00119 1.026 0.0011 1.519 1830 4.889 0.0058 1.4890.0013
1.8 1.005 0.00105 1.139 0.00113 1.004 0.0011 1.481 1@DO 4.713 0.0055 1.4470.0013
2 0.957 0.00096 1.088 0.00104 0.961 0.0010 1.409 10®0 4.4 0.0050 1.3700.0011
225 0.905 0.00087 1.030 0.00094 0.911 0.0008 1.328 10%0 4.067 0.0045 1.2860.0010
2.5 0.859 0.00080 0.977 0.00086 0.866 0.0008 1.255 00®0 3.784 0.0041 1.2110.0009
2,75 0.818 0.00073 0.929 0.00079 0.826 0.0007 1.189 08®0 3.539 0.0038 1.1460.0009
3 0.782 0.00068 0.885 0.00073 0.789 0.0007 1.130 08MO 3.325 0.0035 1.0880.0008
3.25 0.749 0.00064 0.845 0.00068 0.756 0.0006 1.076 0@®0 3.137 0.0033 1.0350.0008
3.5 0.720 0.00060 0.809 0.00064 0.725 0.0006 1.027 0GDO 2.969 0.0031 0.9880.0007
3.75 0.693 0.00056 0.776 0.00060 0.697 0.0006 0.983 06.00 2.819 0.0029 0.9460.0007
4 0.668 0.00053 0.745 0.00057 0.672 0.0005 0.942 0630 2.684 0.0027 0.9070.0006
4.5 0.625 0.00048 0.691 0.00052 0.626 0.0005 0.80@O057 2.451 0.0025 0.838 0.0006
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Figure.1l The Total stopping power for Alpha Paeticin Human Bones with different of energy
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Figure.2 The nuclear stopping power for Alpha &t in Human Bones with different of energy.
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Figure.3 Represented the electronic stopping pdoveklpha Particles in Human Bones with differefieaergy.
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Figure.4 The Electron Stopping power of Alpha Rt in Carbon with different of energy.

163




JZS (2017)19 -1 (Part-A)

dE/p dx nuclear(Mev.cm”2/mg)

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0 1 2 Alpha energy(Mev)3 4 5

Figure.5 The nuclear Stopping power of Alpha Pbasiin Carbon with different of energy.
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Figure.6 The range of Alpha Particles in Carborhwifferent of energy.
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Figure.7 The nuclear Stopping power of Alpha Pkasi¢n Calcium with different of energy.

164




JZS (2017)19 -1 (Part-A)

dE/pdXelect(MeV/mg/cn?)

0 T T T T 1
0 1 2 3 4 5

lon Energy(MeV)

Figure.8 The Electron Stopping power of Alpha Rtat in Calcium with differences of energy
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Figure. 9 The range of Alpha Particles in Calciuithwifferent of energy
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Figure.10 The Electronic Stopping power of Alphatiekes in Phosphor with differences of energy.
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Figure.11 The Nuclear Stopping power of Alpha R&s in Phosphor with different of energy.
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Figure.12 The range of Alpha Particles in Phosptitir differenct of energy
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Figure.13 The Nuclear Stopping power of Alpha Rt in Magnesium with differences of energy
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Figure.14 The Electronic Stopping power of Alptatkles in Magnesium with different of energy.
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Figure.15 The range of Alpha Particles in Magneswith different of energy.
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Figure.16 The electronic stopping power for Alftaticles in different element with different ofeegy.
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Figure.17 The range of Alpha Particles in differelement as function energy.

Composition of Bone Bone Contains ...
> Calcium 39% 99% of the body's Galcium
Potassium  0.2% 4% of the body's Potassium
. - Sodium  0.7% 35% of the body’s Sodium
> et i I 50% of the body's Magnesium
Organic Magnasium 0.5% 5 e fe]
compounds — Carbonate 9.8% 80% of the body's Carbonate

{mostly collagen)
33%

¥ Phosphate 17% 99% of the body’s Phosphate

Total inorganic 67%
components

Figure.18 Chemical composition of human bone [13].
4. Discussion

The present work measures the mass stoppuhgaange of alpha particles in the essential elesneft
human bones as shown in Figure.18 with energyvatd0.1- 4.5) MeV by using SRIM (2013) Computer
program code, in order to understand which chemébainent responsible for absorbing alpha particles
energy. It is known that the chemical compositimishuman tissues are of importance in studying
microdosimetric distributions in human irradiateithwradiation[10].

Table (1) represents the range of incidentalparticles inside each element of the bonesetisauh as
P, Mg, Ca, C, H, N, O values were ranged from (@47/9.8123, 1.34, 0.4901, 6.16, 1.41 and 1.140 {o
(27.64, 26.36, 33.92, 15.77, 162.49, 36.23 and52f.0n respectively, maximum value of range record H
and minimum was recorded from C, since the derddityd is smaller than C, it means the penetratibn o
alpha particles inside H is greater C as shownignrgé 17. The results indicated that good agreemht
ref [11] were reported by (IAEA), as well as th@uiies. 6, 9, 12 and 15 represented the range ioleinic
alpha particles inside C, Ca, P, Mg respectivelst &sction of energy for that particles, they shtberange
increases in all elements with increasing energhose particles, it refers to the ref. [1], aslvasl for the
same energy the range of alpha inside the H atgmre&ter than Ca atom in that medium (bones).

The results of mass electronic and nuclegpstg power were reported in the table (2). Theil@almass
electronic stopping power varied from (0.624, 0,62626, 0.87, 2.451, and 0.838) Mev/(mgfcto (1.442,
1.420, 1.229, 1.928, 7.679 and 1.909 ) Mev/(md)cfor individual elements P, Mg, Ca, C, H, N, O
respectively, results were agreement with'féf. The maximum value of electronic stopping powesaane
energy is found in H element and minimum valueisnd from C because of having H gaseous molecales i
the traversing path of the alpha particle ionsceethe more probability of interaction, the monergy lost
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referred by [12]The valued mass nuclear stopping power varied {6102, 0.0136, 0.01, 0.0137, 0.0627,
and 0.0133) Mev/(mg/cfpto (0.00048, 0.00052, 0.0005, 0.00057, 0.0025@AA06 ) Mev/(mg/ch) for
each individual element P, Mg, Ca, C, H, N, O resipely, and the results were in agreement with'fkef
The maximum value of electronic stopping powerhat $ame energy found in H element and minimum
value found from C, Figure (1, 2 and 3) showsda pf total nuclear and electronic energy lossumhn
bones as a function of projected energy of alphtighes in the energy range of (0.1- 4.5) MeV. Fagi 5,
7,11, and 13. This graph reveals that as projemtedgy of the alpha particles increases the nueleargy
loss decreases exponentially at low energy. Thikiésto the interaction mechanism by which thelises
energy by elastic collision with the nuclei of targtoms of media.

The Figures. 4, 8, 10 and 14 shows thetenic stopping power of alpha particles in C, Baand
Mg respectively. From these figures representes etectronic stopping power of alpha particle inses
rapidly as the energy of alpha particle increasearly at dominates (0.1 to 0.7) MeV. When the gyef
the alpha particles increases from (0.7 to 4.5) Mie&/behavior of the electronic stopping powerxaoctly
different. As represented, the stopping power phalparticle decays exponentially due to passinmutih
matter, charged patrticles ionize. Thus, they losagy gradually but continuously along its pathiluheir
energy is (almost) zero, after traveling a certhstance referred [10].

5. CONCLUSIONS

* Range of alpha particle increases with the incredsenergy of alpha particles inside the human
bone.

» At a very low energy of alpha, nuclear stopping powontributes in the energy losing of alpha
particles in that medium.

* The nuclear stopping power decreases exponentvihyincreasing energy of alpha particles.

* For alpha particles energy smaller than (0.7) M tlectronic stopping power is directly
proportional with energy.

» For alpha particles energy greater than (0.7) Mb¥ e¢lectronic stopping power is indirectly
proportional with energy.

* The Hydrogen atoms are most responsible for erlesgyg in human bones.
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