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Abstract:

Double photoionization cross sections has been calculated using Hartree-Dirac-Slater method for Be, Ca
and Mg atoms, the result were compared with Colgan et.al and Kheifets et.al theoretical data. Experimental
measurements of photoioniztion cross sections was not available in order to make a comparison with our
calculations. In general our results of the photoionization cross sections gave a good match with the
theoretical data that compared with for Be and Ca atoms specially at high energies, and the same behavior
for Mg atom but with no matching.

1.Introduction:

The double K-Shell photoionization ( or the so-called double K-Shell photoeffect) is a fundamental
process, being persistently investigated for more than three decades™. The extended interest in the problem
is due to the fact that the two-electron ejected is exclusively caused by the correlation interactions ™.

We has been done by, A work single cross sections of ionization by photon impact with atoms. In this
research, we use the same line in double photoionization cross section for alkali earth atoms (Be, Mg and
Ca).Accordingly, it serves as a testing ground for different theoretical approaches . Most of the
experimental measurements were about the energy behavior of the ratio of double-to-single photoionization
cross sections in neutral helium . The other atomic targets are investigated much less thoroughly ™.
Therefore, the theoretical study of the universal scaling is of particular importance, because it provides
information about most generic features of the double-ionization process for a whole family of atomic
systems 1. During the past decade, double photoionization of atoms has been under intensive investigation,
both experimentally and theoretically ). Because photoelectric operator is a single-particle operator, the
simultaneous detachment of two electrons by a single photon stems purely from electron correlation effects,
which cannot be accounted for by the independent electron approximation. This makes from the double
photoionization an ideal test case for our understanding of electron correlations and theories still exist,
agreement has greatly improved over the years **!. The field of photoionization is very rich in phenomena of
atomic and molecular physics which demonstrate the great importance of electron correlation interactions,
and these phenomena are of great interest to both theorists and experimenters. The main research of atomic
photoionization has been in the measurements and calculations of the cross sections [*%.
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However, beryllium (Be) is the most important close-shell atom which is simple enough to be calculated
by ab initio methods. The double-photoionization process in other alkaline earths, such as calcium (Ca) has
also attracted attention %!,

2.Theory:

An analytic fit to the photoionization cross section o(E) for alkali atoms using Hartree-Dirac-Slater
method , may be written ast*™!:

c(E)=0c.F(y) Mb ...(1)

F(y)=[(x=2% +yaly** > (1 + \/yz)_p -(2)
E

X=E_o_y° ...(3)

y =X +y’ ...(4)

where (E) is refers to the photon energy in (eV), and o,,E.,Y,, Y., Y, Y. and p are the fit parameters.

All the fitting parameters taken from Verner et al.™! as we present it in table(1).The Close-Coupling
method was the method used by the groups which we will compare our data with it.

Table (1): Present the fitting parameters for atoms under investigation 4/,

Element

E (ely | o.(Mb) Y, P Yy v, ¥
Be 0539 | 2932+5 | 4301-1 | 1.052+1 | 3.655-1 | 82784 | 1.2692
Mg 1.197+1 | 1.372+8 | 2.228-1 | 1.574+1 | 2.805-1 0.0 0.0
Ca 1.553+1 | 1.064+7 | 7.790-1 | 2.130+1 | 6.433-1 | 2.161-3 | 6.706-2

3.Results & Discussion:

In this research double photoionization (DPI) cross sections of Be“(2s?) and Mg**(3s®), Ca®’(4s?)

has been calculated using equ. (1). Figure (1) show a comparison of the present results of (DPI) for Be-atom
interact with photon for energy range from (200-400) eV with the calculations Colgan et al.(2005) 2.
Figure (2) shows the same comparison for energy range from (400-1000) eV compared with the calculations
of Kheifets et. al. (2009) 3. Fi?ures (3) shows our results of (DPI) for Mg-atom which compared with the
data of Kheifets et. al. (2009) ™! for the energy range from (2000-9000). Whereas figure (4) shows our
results of (DPI) for Ca-atom compared with the calculations of Kheifets et. al. (2009) ™! for energy range
(10000-30000) eV.

The calculated double photoionization cross sections were found to be in a reasonable agreement with
the calculations for Be & Ca-atoms in figures (2) and (4) respectively. The results in figure (3) for Mg-atom
were found very similar and reasonable. In figure (1) the results weren't in matching with data has compared
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with. It is important to mention that the (DPI) cross sections of (Ca & Mg)-atoms have been calculated with
error about 10%. The beaks here are irregular behavior of the cross section we have deal with it.

From these results, we conclude that our method of calculating (DPI) cross section is quite good for
intermediate and high energies, but not good for low energies of the incident photons, mentioning we get
the same behavior of the cross section in the case of Be-atom. The other reason that we didn’t have a
matching in the case of Mg-atom because the other researchers used a different method in calculating the
double photoionization cross sections, whereas the method had been used by us was depending on fitting
parameters gives a good results in some cases and reasonable in other cases.
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Fig. (2): The double photoionization
cross section of Be-atom
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Fig. (4): The double photoionization
cross section of Ca-atom
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