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Articlelnfo | Abstract

The retarding force of the charged particles when interacts with matter causing loss of particle
energy, this physical phenomenon in nuclear physics called stopping power. it has a lot of im-
portant applications such as in nuclear medicine and privation effects of radiations. The charge
particles are alpha and beta particles. in this paper we studies the stopping power, collision and
the stopping power of radioactivity of nuclear elements and to find the relationship between stop-
ping power collision and stopping power of radioactivity, with arrange of CSDA range for the
low energy electrons data of element F. the CSDA range he CSDA range it is an average distant
length of the moving charge particles when it is path slows to stop. By using approximation of
CSDA range we can calculate the rate of the loss in the energy at any point along the path of the
travel by assuming these energies loss at points of the track are equal to whole stopping power
loss. The CSDA range can be found by reciprocal integration of the total stopping power. from
the Figures (3),(4),(5) and(6)we can get good results
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Introduction

Charged particles when passing through can ion-
ize the atom of the matter, the speed of the
charge particles loss energy in many stopping
point. The stopping power of the particles can be
estimated for Avery unites of the track length by
—dE /dx.

The stopping power is determined by the nature
of the matter and the particle energy.

The ion pair needs an amount of energy and the
amount of ionization along the tracts is related to
stopping power of the matter. The property of the
matter determent the stopping power, the loss of
the energy for Avery points along the track de-
scribes the event of the particles during its travel.
Both units and numerical values are identical.

Collision Stopping Power

The collision stopping power is resulted from
energy of incident of electrons on the atoms of
matter. The differential cross-section per atomic
electron da/dW for inelastic collisions leading
to an energy transfer of W, the stopping power of
mass collision can be denoted as:

N, zjw—dw )

Where Z the atomic number of the medium, p
its density Ny is Avogadro’s number, A the
atomic weight of the medium. The ionised ener-
gy loss is estimated from Bethe-Bloch formula

[2]:
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Where 7,the radius of the electron, m,c?is rest
energy of the electron, Jis the density effect,
Bthe electron velocity, I is the mean excitation
energy and T is the energy of the incident elec-
tron on its rest energy. The polarization of the
atoms of the matter is result when an electron
passing through it. This leads to decreases of
electric field of the electron. The extent is in turn
leading to decrease in the stopping power. For
high energy value, the density can be approxi-

mated as [3]:
sz}rzm(r +1)-1

The mean excitation energy values can be seen in
the following table 1for various matterles

coll —

272rmc Z

S 2
yZ;

Se2ln [28 816

|+a-p)e

. Mean Excita-

Element nAJ?angﬁ tion Energy |
[eV]
Beryllium 4 63.7

Carbon (graphite) 6 78

Aluminum 13 166
Iron 26 286
Copper 29 322
Germanium 32 350
Tungsten 74 727
Lead 82 823
Uranium 92 890

Stopping Power of Radiative

The deflection of the electron path when passing
electron through electric field

Causing radiative energy loss, this phenomenon
is called bremsstrahlung. The collision occurs in
electron, emitted photon and the value of the
scattering of nucleus can be neglected because of
it high mass. The deflection of the electron path
will be more when the nucleus charge is high;
therefore the energy loss is significant especially
when the atomic number of the matter is high.
The deflection of an electron path can occur even
at low energies. And this of the deflection is pro-
portionate with electron energy. So the collision
losses decrees when energy electron increase.

203

72/8 — (27 +1)In 2
(z +1)2

—5} ()

The energy loss becomes significant for contri-
bution of the Bremsstrahlung phenomenon espe-
cially above 10 MeV for high atomic number and
about 100 MeV for low-atomic number of the
matter. The radiation photons of the incident
electrons have a wide spectrum starting from ze-
ro to kinetic energy and the photons number pro-
portionate inversely with there energy. The in-
crease in the electron energy causing increase in
the forward peaked of the emitted photons. In the
following Figure the bremsstrahlung cross-
sections differential is function of the photon en-
ergy for 4 values of electron energy for the lead
and Copper [4].
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Figure (1. a) bremsstrahlung cross-sections for Lead (for 4
different electron energies) [4].
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Figure (1. b): Bremsstrahlung cross-sections of Copper

element (4 different electron energies) [4].
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Total Stopping Power

Its total stopping power of electron and positron
means the energy loss for every unit of the path
length as a loss of ionization, excitation and the
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radiations. And this is can be revealed by analyt-
ical expressions involving the use of these ener-
gy loss. a lot of works has been conducted now a
days [5-8], the total stopping power in nuclear
physics has a lot of application like in nuclear
spectroscopy, surface layer analysis and semi-
conductor detectors[ 9,10]. The collision losses
of electrons and positron are depends on the na-
tures and properties of the materials. By using
spatial formula to evaluate this loss of the elec-
tron [11]. in the last few years there have been
some important development in the techniques
and theories that inside the physical properties in
solid concept like ionic charge, atomic number
[12-18], valence electrons and these inside has
relation with property of the chemical bond that
explain and to categorize a lot of essential prop-
erties of the solid. Although this relation does not
give an accurate hints for every matter but we
can get benefit to study the properties of the ma-
terials. Below the two Figures show the total
stopping power of collision for Lead and Graph-
Ite Eleciwa mass siqppiag povers [ MeV o2/ g
kad dessiy = H. .3 g/ o3
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Figure (2a) stopping powers as an energy function (Graph-

ite element) [2].
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Figure (2b) stopping powers of Electron for lead as energy

function [2].

Results and Discussions

From Theoretical point the results can be found
by calculating stopping power collision and radi-
ative stopping power together with CSDA data
for F element. In the Figures 3a and 3b, the cal-
culations represent a function of stopping powers
to Kinetic energy, for both sets Lin/Logelectron
value after and before for F element.
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Figure (3a) shows total powers collision as a function to
kinetic energy.
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Figure (3b) the function Sets Lin/Log electron data of F
element

Figures 4a and 4b denote to the stopping powers
recitatives as a kinetic energy function after and
before set Lin/Log electron data of F element.
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Figure (4a) radiative Stopping power as a Kinetic energy
function.

T0E+004=

Stopping Power - Radiative (MeV crm™2/g)

1.0E-03

1.0E-02 1.0E-01 00 1.0E+01 1.0E402 1.0E+03

Kinetic Energy (MeV)

Figure (4b) Set Lin/Log data of radiative stopping power
as a kinetic energy function.

Figures 5a and 5b for the total stopping powers
function of kinetic energy after and before
Lin/Log electron data for F element.
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Figure (5a) the sum of stopping power as a kinetic energy
function.
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Figure (5b) Lin/Log the sum of stopping power as kinetic
energy function.

The CSDA approximation for the range tracks
the distance for charging all particles travelling
when become to rest. The rate of lossing energy
in CSDA approximation, in every point of its
path, is assuming equal losses to total stopping
power. We can obtain it from the integrating of
total stopping power reciprocal to energy.
Figures 6a and 6b show the CSDA range the re-
sult of calculations.
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Figure (6a) CSDA calculations as a function of kinetic
energy.
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Figure (6b) Lin/Log CSDA range function to kinetic ener-
ay.
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Conclusions

From the study of the total power we conclude
that the collision of stopping power of electrons
proportionate inversely with energy, it means for
lower energies of electrons we can obtain height
result of collision of stopping power.

The stopping power of radiative electrons in-
creases when the energy increases. While the
loss of the energy at any point on the path of the
charge particle equals to the sum of stopping
power in CSDA approximation.

References

[1] VibhutiYadav, S. N. L. Sirisha, Sonali
Bhatnagar, "Study for Stopping Power of
Proton in Different materials—A Geant4
Simulation"”, Proceedings of the DAE
Symp. On Nucl. Phys. 57, pp.734-735,
2012.

[2] M. J. Berger, S. M. Seltzer, “Stopping
powers and ranges of electrons and posi-
tron”, National Bureau of Standards report
NBSIR 82-2550, (1982).

[3] Shielding against high energy radiation,
Landolt-Bornstein new series, volume 1/11,
Editor H. Schopper, Springer-Verlag,
1990.

[4] P. Berkvens, "Radiation Safety”, Joint
University, Accelerator School, 2007.

[5] Batra, R. K., Sehgal, M. L., "Empirical re-
lation for total stopping power of positrons
and electrons”, Nuclear Physics A., 156,
314, 1970.

[6] Batra, R. K., Sehgal, M. L., "Approximate
stopping power law of electrons and Posi-
trons”, Nucl. Inst. Methods, 109, 565,
1973.

[7] Gupta, S. K., Govil, J. C., Gupta,K. K.,
Tyagi,R. K. and Verma,O. P., "Empirical
equations for the stopping power and c. s.
d. a. range difference of 0.2 to 10 MeV
positrons”, Int. J. Appl. Radiat. Isot., 33,
773,1982.

[8] Unak, T.Ongun, B., Unak, P.,and Kumru,
M. N., "Comparison of the calculated and
measured stoppingpowers of low-energy
electrons in different metals”, Appl Radiat.
Isot.46, 561, 1995.

[9] Berger, M. J. and Seltzer, S. M., "Nat. Bur.
Stand. Report”, No. NBSIR, 82-2550-A,
1983.

[10] Seltzer, S. M. and Berger, M. J., "Proce-
dure for calculating the radiation stopping
power for electrons”, Int. J. Appl. Radiat.
Isot., 33, 1219, 1982.

[11] Paul, H. and Schinner, A., "Atomic Data
and Nucl Data Tables", 85, 377, 2003.

[12] Akar, A. and Gumus, H., "Electron stop-
ping power in biological compounds for
low and intermediate energies with the
generalized oscillator strength (GOS)
model",Raditation Phys. Chem., 73, 196,
2005.

[13] Gumus, H., "Simple stopping power for-
mula for low and intermediate energy elec-
trons", Raditation Phys. Chem., 72, 7,
2005.

[14] Oller, J. C., Munoz, A., Percz, J. M., Blan-
co, F., Vieira, P. L. and Garcia, G.
,"Inelastic scattering and stopping power
of electrons in methane based tissue equiv-
alent materials at intermediate and high
energies”, 10-10 000 eV., Chem. Phys.
Letts., 421, 439, 2006.

[15] Tanuma, S., Powell, C. J. and Penn, D. R,
"Calculations of stopping powers of 100
eV-30 keV electrons in 31 elemental sol-
ids", J. Appl. Phys., 063707,103, 2008.

[16] Pauling, L. ,"The Nature of the Chemical
Bond", 3" ed., Cornell University Press,
Ithaca, 1960.

[17] Verma, A.S., "Bond-stretching and bond-
bending force constant of binary tetrahe-
dral (AlIIBV and AlIBVI) semiconduc-
tors", Phys. Letts. A., 372, 7196, 2008.

[18] Verma, A.S., "Thermal properties of chal-
copyrite semiconductors', Phil. Mag., 89,
183, 20009.

@ @ Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-
NonCommercial 4. 0 International Licenses.



