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Abstract

The first purpose of this work is to report the ion-impact excitation cross sections’ o\l

The generalized oscillator strength has been calculated and numerical results obtained for Al
Li-like ion, 1€ nl configuration The approximation used for atomic data calculation is
presented.

1. Introduction

We extend the procedure discussed by E.J. McGuire [1] to calculate the ion-impact excitation
cross sections in Li-like ions, ’hé configuration. In the intermediate and high centre-of mass
energy region where the impact phenomena are dominated by elastic scattering of the
projectile with the excitation of the target ion, our interest is mainly directed to the following
processes:

D4+ 1821 > 1€ 21+ 1€ nl’ (1)

2. Method of calculation

The concept of a generalized oscillator strength (GQ®)), fwas first defined by Bethe [2]

to clarify the relationship between excitation by electron-impact and optical absorption
measurements, (K) is an even function of &, and for the excitation by electron impact
from the initial stat€0| to the final statén) of energies [Fand E, respectively, is defined by:

8n’m(E, - E
() = =50 | (o S i | @

In the equation (2), is the position vector of the s-th electron in the scattererKaisd
the vector momentum change of the colliding electron. The contribution of different
excitation transition mode E (A=0,1,2 for electric-dipole, quadrupole and octupole
transition, respectively) to the GOS can be obtained by expanding the exponential in powers

of (Ka,)* for small (Ka,), [3]:
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(K9 =§; (Kao)™ fon /0! 3)
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on ( ) [ ( ao)z] On( )‘K:O Ryd =t M'(Z}\-+2_H)I n n ( )
here: w_ L ZI oy o d ( )/
where: (O —g : Yz, dr....d an E\Kr [T K.

The first expansion coefficient ® is the optical oscillator strength For optical allowed
transitions® ™ vanishes for all even, and for optically forbidden transitions it vanishes
either for all odd or all even, depending on the parity of the excited states.

In the center-of mass system we consider the projectile aAlidhof mass M, nuclear
charge Ze and carrying Nbound electrons described by the electronic eigenét@té. The
other ion, also AY", acting as target, is rising from the stéiteo > to the state m > by the
impact. Within the range of validity of the first approximation of Born’s theory, the cross
section and energy loss for ion-ion scattering is obtained from integrals over the squared
matrix elements of the interaction. We wrote the matrix element for elastic scattering of the
projectile, 1, and the excitation of target, 2, in momentum transfer variable of the projectile:

M(n, M, ) = ~(1-8,6,,) 8, 0, [Z, - F.0)] (4n/k) (m, | (Zexp[ikrzﬂ\m (5)

where F(K) is the atomic form factor. We note by the position vector of the electrpmof
the projectile and target with respect to the correspondingly centres of mass, respectively,
1,2. For [k| > 0, F, (&) > Z, -z, the number of electrons on the ion. Finally, the cross
sections for the processes of type (1) were evaluated as :
K nax
o(k.E / M) = [ 4na2/(mE /M )] fae2 | F, (k) (mo \(Zexp[ ik ]) lmy [k (6)
K 2min i
In the centre of mass system the reduced riwhsand energye, are given byM =
(MM,)/ (M, +M,) andE, = (1/2) M, (v,)°, respectively, where, is the projectile initial
velocity in the laboratory frame. With the energies in Rydbergs and lengths in Bohr radii, the
cross section in the equation (6) is given irf.cm

3. Atomic data calculation

The 14821, 1<3I, 14l and 1%l states of Af" have been carefully considered. The target wave
functions were represented by configuration interaction (C.l.) wavefunctions where radial
part of each orbital is a sum of Slater-type functions. Fifteen orthogonal one-electron orbitals
1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d, 4f, 5s, 5p5SHdgwere used in our work. The large C.I.
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computer code developed by Hibbert [5] was used in all of our bound state calculations.
Using these C.l. wavefunctions we were able to calculate the energy diffend¢hcand
transition linestrengths,’5 =0, 1, 2 (dipole, quadrupole, octupole) between all 14 states as
output from RMATRIX Il [6]. Correspondingly matrix elements for atomic data calculations
have been evaluated using the non-relativistic LS coupling code. To carry out finestructure
linestrengths we used the properties of tensor operators and 6-j symbols [7].

4. Results

The equations (3) - (6) have been applied for a large number of electric - dipole, quadrupole
and octupole transitions to calculate the generalized oscillator strength*foioAl The
following results have been obtained:

the excited state the total generalized oscillator strength
182s, 0.57865+0.142392155°%0.0012864 K
1$2p,, 0.822528+2.466649K*+3.5472154" K*
1< 2p,, 0.870424+0.15499535%K0.010930757 K

where the values as 1'Signify 1.5 x 10",

The figures 1 and 2 present our results on the calculated cross sectiof fmpaAdt
excitation of 182s,, and 182p,, states, respectively, as function of the projectile velocity.
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Fig.1. The cross section (cm?) for Al
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Fig.2. The cross section (cm?) for Al

The projectile velocity (cnvs)
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impact excitation of 1s’2p(*P) state in Al

projectile velocity (cm/s).
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