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Abstract:-
The function |F,m(K)2 / K® has been studied theoretically in the collisions process of

95 MeV/u Ar*with Li atom in ground state 2s and exited states 3s and 4s for
emission energies of electrons(10,30,100 eV.). The results show that the function

|F|m(K)|2 /K*® has many peaks in different ranges of momentum transfer K but strong

peak at K — 0 and reaches to minimum at K ~ k (momentum of emitted electron) for
ground state 2s but reaches to minimum at K <k for exited states 3s and 4s. The

function |F|m(K)|2/K3decreased with increasing of energy of electrons emission.

Computer program in Fortran language has been built to solve the numerical formulas
in this work.

1.Introduction:-
The atomic form factor F, (K)as a function to momentum transfer K is an important

parameter to be evaluated in the most theoretical studies and in calculation of inelastic
collision cross section for electrons emission in charge particles-atom collisions!™.
Scattering or collision of the charge particles and atoms can be classified into two types
elastic scattering and inelastic scattering. The internal state of the atoms or the system
are not be change in elastic scattering but change in inelastic scattering!?!. Theoretical
treatment of inelastic collision of charge particles with atom can be classified into two
types those dealing with fast collisions and those dealing with slow ones. The velocity
of the incident particle used in this classification is that the particle velocity is fast or
slow relative to a mean orbital velocity of atomic electrons in the shell or subshell],
When the charge particles is in

cident, significant momenta can be transfer in this collision to the atomic electrons as
a virtual photons. This momenta or energy change the internal state of atom, as ionized
this atom[*5. The emission of electrons in the ionization of atoms process by fast ions
are emitted from bound state to continuum state along the ion beam direction. This
electrons move slowly in the projectile-centered reference system, their behavior is
mainly studied by study of their differential cross section(®-l.

To study the differential cross section the electrons emission; must be study the atomic
form factor which is a function of the momentum transfer and the velocity of the
charge particles. The final state and initial state of emitted electron describes the atomic
form factor, Therefore atomic form factor is very important in theoretical treatment in
inelastic collisions®.
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This work was carried out to study the atomic form factor in ion-atom collision process
has been represented by the function |F,(K)*/K®. Atomic units (7 =e =m, =1) are

used in this work.

2.Theory

In general case the differential cross section for electrons emission with energy E is
given by [20]

2
4Z M —k dQ (1
dEdQ I K“ f @
Where Z, and M are projectile charge and reduced mass, respectively,
K=K, -K, (2

is the momentum transfer, so Krand K; is the final and initial momentum of projectile,
and

k =2E )
is the momentum of ejected electron, dQ, is solid angle of the scattered projectile, Kmax
and Kpmin is the maximum and minimum momentum transfer and the F, (K) is the
atomic form factor ;it is given by

K)= [y (r.6.9)e "y, (r.6,4)d° (4
Where . and y, are the final and initial wave functions for ejected electrons.
The atomic form factor is useful to expand it over the final angular momentum state;
that allow for use of numerical wave functions w, and w, 1312, The expansion is
given by

K):IZFIm(K)YIm(Q) ..(5)

Where Y, are the spherical harmonics for the angular momentum |and the magnetic

quantum number m of the final state.
By using equation (5) into equation (1) one obtain

dng—4z Mz—kj ™ F'm(K)Ylm(K) dQ, ..(6)
So

dQ, =sing,do, dg, ~(7)
The integral over azimuthal angle d¢, gives 27, equation (7) become

dQ, =27sing,do; ..(8)
From equation (2), one obtains

do, =L_dK ..(9)

KK, sin g,

By using equation (9) into equation (8), one obtains

dQ, = 27— dK .(10)

i'f
By using equation (10) into equation (6), one obtains
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4o _g 72
dEdQ P

The function |F,m(K)|2/K3 in equation (11) is the key parameter to calculate the

differential cross section for electron emission, therefore it is very important to study
this function.
3.Atomic form factor calculation

The atomic form factor F,_(K)is given by [19

2 1

K-2

ks |Fim (K )
k[."™ > %Mﬂ(K] dK -(11)

Kmin Im

Fin (K) = Va7e"Y, (Q, )fe), -(12)
Where
fen = [ Rey (1) J (KR, 9r)r*dr ..(13)

is the redial matrix element which contain a Bessel function j,(Kr) and the redial
wave functions R and R associated with v, and v, , respectively, the solid angle

Q, specifics the direction of the momentum transfer and ¢, is the phase shift which
calculated by partial wave method 131

4. Result and Discussion :-
Redial wave functions R . have been estimated by Clementi et all**! and it is normalize

over the position of electron r because the electron is bounded and it is in negative
energy . In this study ; redial wave functions R represented the redial wave function

of electron in 2s-orbital of Li atom. But can not normalize redial wave functions R,

over the position of electron r because the electron is not bounded and it is in positive
energy. Redial wave functions R represented the redial wave function of emitted

electron and this emitted electron transition to continuum spectra (positive energy). The
final redial wave function of ejected electron normalize over its energy because of the
electron ejected can be in an orbital Es,Ep,Ed,Ef,Eg,etc., final continuum states*?l.

The function |F|m(K)2/K3 has been studied for electrons emission from Li atom in
ground state (2s) and exited states (3s and 4s) in the collisions process of 95 MeV/u
Ar'®*with Li atom. The function |F,m(K)2/K3 has been calculated for dipole
transitions (I = 1)after regrouping the diagonal (I =1) and nondiagonal (I #1") terms
in equation (11). The result illustrated in figure (1) that the function |F,, (K )"/ K® for

the ground state 2s of Li for E=10,30 and 100eV has many peaks but strong peak at
K —0 and it is reaches to its minimum value at momentum transfer K =k

momentum of emitted electron. Also figure (1) shows that the function |F,m(K)|2/K3
decreases with increases of energy of emitted electrons. Figure (2) shows the function
|F|m(K)|2 / K?® for the exited state 3s for E=10,30 and 100eV. The results show that the

function |F,,(K)"/K? reaches to its minimum value at momentum transfer K <K.

Figure (3)shows the function |F,,(K)*/K?® for the exited state 4s for E=10,30 and
100eV.
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Fig. (1) : The function |F,(K)*/K* for the ground state 2s for E=10,30
and 100eV
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Fig. (2): The function |F,,(K)’/K? for the exited state 3s for E=10,30
and 100eV
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Fig. (2): The function |F,,(K)’/K? for the exited state 4s for E=10,30
and 100eV
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5-Conclusions
1- The function |F|m(K)|2/K3 has many peaks but strong peak at K — 0 and it

reaches to its minimum value at K = k (momentum of emitted electron) for ground
state 2s.

2-  The function |F,,(K)*/K® reaches to its minimum value at K <k for exited
states 3s and 4s.
3- The value of the function |F,m(K)|2/K3decreases with increases of energy of

emitted electron.

References:-
1-L.D. Landau and E. M. Ltfshits"Quantum Mechanics Non Relativistic,
transition by J. B. Sykes and J. S. Bell, ( Pergoman. London, (1965),2" ed.).
2-A. S. davydove: "Quantum Mechanics " Progman press Ltd., printed in great
Britain ,pp 487 (1971).
3-M. Inokuti, Rev. Mod. Phys. 43, 297(1971).
4-M. R. Fiori, Ginetti Jalbert, C. E. Bielschowsky and W. Cravero, Phys. Rev.
64,012705(2001).
5-N. Stolterfoht. Nuclear Instruments and Methods in Physics Research, B 154,
13-24(1999).
6-L. Sarkadi, Nucl. Instrum. And Meth. B 205 (2003) 533-538.
7-1. F. Barna, A. C. Gagyi-Palffy, L. Gulyas and K. Tokesi, Nuclear
Instruments and Methods in Physics Research, B 233 (2005)176-181.
8-A. L. Godunov, Colm T. Whelan and H. R. J. Walters, J. Phys. B: At. Mol.
Opt. Phys. 37 (2004) L201-L.208.
9-F. Gounand and L. Petitjean, Phys. Rev. A30,61(1984).
10- N. Stolterfoht,J. Y. Chesnel, M. Grether and J. A. Tanis, Phys. Rev.
A59,1262(1999).
11-D. H. Madison, Phys. Rev. A8,2449(1973).
12-S. T. Manson, L. . Toburen, D. H. Madison and N. Stolterfoht, Phys. Rev.
A12,60(1975).
13-L. I. Schiff, "Quantum Mechanics ",(McGraw-Hill, New York,1968),3"%ed.
14-E. Clemeneti, Roetti, Nucl. Data Tables,14,177(1974).

101



AL-Qadisiya Journal For Scince VOL. 16 No.1 Year 2011

XY adlual Ll L;é LfJM‘ JSE Jale Al ya

G B 3 lab
i) Al ol A

—sdadal)

553¢a 95 MeV/U &g Art®* o) s (s palaai Alensy Lol [ (K| /KA o o
(10,30, 100 <L Loy Lmiall i 5 I 455 35 (il cpillall 5 28 A ) ANl o sl
K —> 0 e sala dad dllia (K1, A0 add s ||:|m(K)|2/K3;uu\ 03] O il ¢ yekal gV)
K~ K )onsial 05 SSIY1 a5 i Ly 8 g sy K il o 501 (55, Laie Ly 5 ial) el ) o
Os.4s 535 oilal glall K < K Ledie Ly 85 Lnall dadl) ) daiy (815,28 dmaa )YV Al (40 (
O Bl ol el s S il ¢ 5 I B 3 s | (K /K A1) e
il Al gall Jal

102



