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from the fall of the fast Si* ions using the Beth - Bloch equation
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ABSTRACT

The energy deposition of slo® * ions interacting withC4, molecule is determined theoretically, by usinghBet

Bloch equation which is applied at high energy. dh&ined result is compared with Local Density Aypimation

equation at the energy (0.5 MeV) and found goocageent between the two formulas. The behavior efggn
deposition with the atomic numbers has been caledlaStopping number for both equations has beempeaced

too.
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INTRODUCTION

The energy deposition of a swift particle in matter unit path(—dE/ dX), referred to as the stopping power of

the material, has been made in the context of aemwetere energy transferred from ion projectiléte electron
,and to a lesser extent , to the nuclei of theetangaterial [1,2]. The energy loss rate (stoppiaggr) of matter for
energetic particles is of recurring interest in giby, the understanding of the slow down of thes#gbes is of great
fundamental and applied physics relevance [3]. Tilgh velocity ions are passing through a matteudsally
assumes two major simplifications in stopping tlye¢t) the ions are moving much faster than thgetaelectrons
and fully stripped of its electrons, (2) the iome enuch heavier than the target electrons [4]. {féwesferred energy
occurs from energetic projectile to surface elerand nucleus, fraction of this energy is depdditeelectronic
degree of freedom. The deposited energy is pgptiyisfor ionization (binding energy of electrong dheir kinetic
energy) and excitation the target atoms. Howevamespart of the deposited “electronic energy” ansferred to
the vibration degree of freedom (i.e. to the indé¢renergy of the molecular ion) [4, 5]. Most stigdigsed Local
Density Approximation (LDA) equation to calculatestelectronic energy loss; it was introduced bydbard [4].
The Lindhard treatment is a many —body self-coasistreatment of an electron gas responding tatanbpation by
a charged particle. It naturally includes the paktion of the electrons by the charged particld #re resultant
charge screening and the plasma density fluctustitintreats smoothly both individual electron ¢éation and
collective plasmon excitation without separatetadit and 'close’ collision processes. Lindhargisr@ach to the
interaction of particle with a free electron gaskemathe following assumption:

» The free electron gas consists of electrons atteenperature (single electrons are described yepheaave) on a
fixed uniform positive background with overall charneutrality.
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» The initial electron gas is of uniform density.
» The interaction of the charged particle is a sipeiturbation on the electron gas.
« All particles are non-relativistic.

Under this assumption Lindhard and Scharff in restudy were suggested considering each volumeegieof the
target atom independently as an electron gas édnumidensity that is equal to the electron densitthe atom.

In this work the Bethe —Bloch equation has beerd usecalculate the deposition energy (which apbhé high
energy limit) and compared it with LDA equation tae primary energy (0.5 MeV) for the incident iof.he
behavior of energy deposition as a function of atonumber has been found it .The bethe stoppingbeurand
LDA stopping number have been comported.

In this study, the use of equation Beth - Blocltatculate the residual energy resulting from thiedfthe ions on
the surface of silicon particle in carbon energy After a closer the following: as density scattaeeter are the
same density of electrons. The result was compaitdthe equivalent density approximation spot. t8yswas
considered atomic unit in our calculations.

2. Mathematical description of Local Density approimation and Bethe —Bloch equation:
2.1-Local Density Approximation
The electronic energy loss can be described bfollwving equation [6, 10]:

9E 2727 Ly L p(r)0) o
dz U

Where Z ,U andr are the charge , velocity and position of thedent ion, measured from cent€i,, molecule

, p(r) is electron density and it is given by the anabjtexpression[11,12]:

Incident ion

M

z —direction

Center Force

(Target Atom)

p(r)= Ol46exp(—w

27 ) @

Fig.(1) represent collision incident ion at an impat parameter b with target atom.
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Fig.(2) Contour plot showing the electron densify the CGO experienced by the projectile along its path at

different impact parameters[6]. The electron dgrisiexpressed by the density parameter ( 4 m(r ))-1/3[13].
3

Wherer =4/b*+2* b represent the impact paramezers the direction of the incident ion (see fig.(1)h the
fig. (2) at (Z=0) the incident ion enter in the maximum inelastiergy loss region .L(0(r),v) is the
stopping number

2

L(p(r).0) =In(-22y -3 &),

3
w,(r)” 5 v )

U (r) is the Fermi velocity,U, (r) =[371°0(r)]"*with plasma frequency w,(r)= [4mp(r)]"?, the
deposition energyE ; (b) calculated by integration of eq.(1) along the cfien of incident ion g—axis):

2mZ*
Ey(b) == 7= [ PN L(p(r).0) dz @
2m -
EEF?!bEd(b)db 5)

2.2 Bethe —Bloch equation:
Consider energetic ion passing through surfacgetanas the charg(;Zle), moving at velocity,l) with impact
parameteb . There are two basic approaches used to evalys¢tiales's energy loss to target electrons. These

Bohr approach, which is dependent on the impacrpater between the particle's trajectory and targeteus, and
the Bethe approach which depends on the momentansfar from the particles to target electrons.

Bloch evaluated the differences between the clakgiBohr) and quantum-mechanical (Bethe) approadbes
particles with velocities much larger than the &trglectrons. Thus

Bloch found the bridging formulation between thasslical Bohr impact —parameter approach, and thetiged
Bethe momentum transfer approach to energy loskdrfallowing equation which called Bethe —Blochuatipn

[4]:
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dE _ 4nz:z,e’
iz~ mu?

N represents the scattering densim, is the mass of the ion, e is electron charge Z@de are atomic numbers
of incident ion and target atoms respectively. ihal the deposition energy as an approximations replaced by
p(r) and then by integrating over direction of incidimt, one gets

L®*"(v) n (6)

—_ 4.77-212 22e4 Bethe T
Ey(b) === 5 L) [ olr) a2 @
The average value dE; is estimated from the following [9]:
_omh
Ed—;fJ;bEd(b)db ®)
LB (v) is the Bethe stopping number (including relatiziserms:

2mw’®

L (v) =1In( )=In(1-B?)-B*-0/2 )

As usual B =v/c where c is light velocity and is the density correction term which corrects rtbkativistic
polarization effect when projectile velocities be@mcomparable to projectile rest mass [13, 14].

|, is the averaged excitation potentidIO(E 10 Z2 €V ). In this study conside( b=10 a.u )[8] and
(=R, = z< R,)) have been useR Is projectile range [15].

6E.(Kev) (Z¥9+Z3®)  m,

R(nm)= 2 (10)
p.(gm/cm*) Z,Z, (my +m, )m,
R, = Rm
(1+ %)
2m,

Where R is the ion range angD, is the mass density of target surface.

RESULTS AND DISCUSSION

Numerical solution of equations (5) and (8) be cled-ig (3), one can note the difference betwémentivo peaks. In
the current study we note the shift of the peak b§l.5 a.u) because of the different equatioms s calculate the
energy deposited.

The widths of curve of LDA equation is greater thha ones of the Bethe-Bloch equation since thegial in the
first equation over two quantitiesa(r ), L(,0(r),u) ) while in the second equation over one quanti(K()).

The area under the two curves (i.e. total energosition) is differing by about 26%, for any valo& impact
parameter where the peak occurflaE 6.3 a.u). The correction term does not have an effect ervitiue of the

energy deposits. Figures (4) represents the chahgaergy deposited with the atomic number increagavards
and have oscillating behavior with him, this metrat the projectile found the average density e€ebns. Energy

deposited by light ions)(< Z < 8 ) are small because of their small mass and theredble to penetrate the
surface and as a result not lose energy, whilehdwy ions §0< Z< 70) have a high value of the energy
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deposited. Fig. (5) represent the behavior of Betbpping number in comparison with LDA stoppingnier as a
function of ion velocity. Generally the stoppingnmiber (L ) increases with the ion velocity. The two quaatiti
almost equal each other at high velocities, if wterded the range of the velocity we'll find thettize stopping
number become greater than LDA stopping number. Béthe stopping number varie(sO < L?ahe < 9.8)

more than LDA stopping number. Its has positiveugalor this range of the ion velocity, below thange the
stopping number has negative value.

In the present work, the primary enerdfe ) of the incident ion is(1.34 MeV ), above this value the numerical

solution program is terminate because the secanddéequation (8) going to infinite value. Themping number
increases with the ion velocity, the Bethe and L&@&pping numbers having same values at high vascit
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Fig. (4) The deposition energy is displayed as arfation of the atomic number athb = 10 a.u and primary energy

(E o = 0.5 MeV ), using surface ofC60 molecule as a target.

Fig.(3) The deposition energy is displayed as atfon of the impact parameter. The (solid line)resent the
present study and (dot line) local density appration (LDA) .
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Fig.(5) Represent comparison between of Bethe —Blo stopping number (solid line) and local density
approximation (LDA) stopping number at (b = 10a.u, z =10a.u) ( dotline) .
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CONCLUSION

In this research was to test the validity Beth ¢iquato calculate the energy deposited at the lowary energy
(E, = 05MeV)and found the following :

We got a good consensus between the energy depasiteulated using the equation of Bethe-Bloch ggonaand
the LDA.

Energy deposited increases with atomic numberhawve the disposal be patchy and low value for thallsions
and high value for the heavy ions.

was the comparison between the stopping numbesed by Beth-Bloch and the stopping number is usdbte
LDA equation, where we found that they are incregisvith the velocity of ion and uncompromising whagh
velocities .

According to these standards Almmattabrp by masgarchers conclude that the application of equdBiethe-
Bloch possible to calculate the energy depositethatgy abou.5MeV .
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