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Abstract: It is becoming increasingly clear how exactly the helium atom fragments
completely after absorbing a single photon. In this review, the significant theoretical and
experimental developments that have contributed to our comprehension of this basic
photo-double-ionization process—particularly with regard to multiple differential cross-
sections—are summarized. We discuss how the time-dependent close-coupling method, and
the convergent close-coupling method were developed to explore atomic and molecular
body dynamics.
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1. INTRODUCTION

Double photoionization is the process by which an atom or an ion emits two electrons into the
continuum following the absorption of a single photon. Since it displays the kinetics and
relationships between the two emitted electrons, double photoionization is an interesting
process. Scientists working on both theoretical and Practical studies are interested in learning
more about the two-electron and double He atom photoionization system. Recoil ion
spectroscopy momentum methods are needed to take absolute triple differential cross section
and double-to-single ratio measurements for the exploratory side Double photoionization of
Him. However, a number of non-perturbative theoretical methods that are in agreement with
the experiment are used to calculate the double photoionization cross-section of Him. These
methods include double-screened Coulomb, converging close coupling (CCC), time-
dependent close coupling (TDCC), R-matrix, and exterior complex scaling (ECS).[1].

The cross sections photoionization of helium and hydrogen are two very important values
when it comes to figuring out the structure of the ionized cosmic gas that has been affected
by ultraviolet light and X-ray radiation. A function of photon energy is used to analyze the
cross-section of H. [2].

Copyright The Author(s) 2023.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 50



http://journal.hmjournals.com/index.php/IJRISE
http://journal.hmjournals.com/index.php/IJRISE
https://doi.org/10.55529/ijrise.33.50.57
http://creativecommons.org/licenses/by/4.0/
mailto:ahlam.ashour.sci@uobasrah.edu.iq

International Journal of Research in Science & Engineering

ISSN: 2394-8299

Vol: 03, No. 03, April-May 2023

http://journal.nmjournals.com/index.php/IJRISE URISE
DOI: https://doi.org/10.55529/ijrise.33.50.57

The double photo ionization of helium via the concentration of a only photon has been
studied for quite some time. This is because it is the simplest mechanism when two electrons
can be emitted to the continuum. The three-body problem is unperturbed prior to and
following the photon's absorption. For this reason, it is the gold standard for evaluating the
possibility of a bound-to-continuum transition involving three bodies. This system's
measurements, along with those of others like it, can be obtained in numerous source[3].

The double photoionization of helium via the single photon absorption was studied. On the
experimental side, a number of groups from several countries achieved quick progress, In the
atomic world, double photoionization of helium is a fundamental process. Since it involves
complicated three-body impacts and association’s electron that aren’t yet fully understood, it
is still worth investigating in greater depth. Multiple groups have measured the helium total
DPI cross section[3],[4][5],[6]. and also studied hypothetically by various others [7],[8],[9].
Cross sections estimated using different methods are generally in agreement with those
obtained through observation[10]

Convergent Close-Coupling Method

Particle collisions on the subatomic scale are widespread in the universe. In particular, we are
curious about what happens when elementary particles like protons, positrons, electrons, and
photons collide with molecular and atomic structures. solid interactional methods, both
hypothetical and exploratory, should exist in the field of the work to address crash related
issues. It is expected that is that models of the theoretical may be evaluated against
established standards using data from experiments. Furthermore, when the models are
deemed realistic enough, they supply a wealth of information that can be put to good use in
other programs. Astronomy, nuclear fission, LEDs, nanotechnology, and medicine are all
examples of the latter Diagnostics and treatment. In light of this, it is quite worrying anytime
there are major not fully explained differences between theory and experiment. A three-body
collision problem is an example where there was a discrepancy the typical Coulomb e-H
excitation of the 2p state in the angular correlation parameters [11],[12].

Theoretically, calculating the scattering of e-H is challenging because of the target's
countably infinite number of discrete states, The fact that the Coulomb interaction for
charged particles extends over an infinitely large continuum. Technique for convergent close
coupling (CCC)[13],[14]. We provide a mathematically and methodical rigorous method of
dealing with the main computing issues in order to address the aforementioned gap. A target
finite number of states N that are created by expanding the target wave-functions on a
completely truncated Laguerre basis serve as a representation of the desired state. Due to the
exponential basis, the interactions don't continue towards the horizon indefinitely. Fall off.
Getting relevant scattering amplitudes to converge as N increases becomes the only
remaining challenge. Despite this convergence, the CCC technique did not reconcile the
discrepancy with the experiment and produced outcomes that were consistent with other
sophisticated theoretical methods[14]. However, it was possible to provide very high
agreement with measurements of its spin asymmetry and total ionization cross section [15].

Hydrogen Atom is not an excellent experimental model, which was the starting point for
investigating any electron-atom scattering theory.. Alkali atoms like Na and Li are easier to
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produce in the lab because they only require one additional electron to complete their shell,
despite the fact that chemistry is remarkably like as of H. Consequently, the whole ionization
cross-section and associated spin asymmetry can be precisely calculated using e-Li.
However, it was able to provide a highly favorable result[16],[17],[18]. Therefore, extending
the (CCC) approach to the atoms alkali was next step in the effort to comprehend the
disparity for the system of e-H. The Miron Amusia group released the computational code for
the Hartree-Fock public. [19],[20]. There are reviews of the CCC method's development,
including its use for differential ionization, available[21],[22][23],[24]. The ultimate state of
DPI on He was established via the e-He+ collision mechanism in a similar manner. And here.
However, the result experiment was not always consistent with the theoretical predictions. a
team of researchers under the direction of Mergel et al. measured on He, DPI using light that
was circularly polarized. On the other hand, the results of the matching CCC calculations did
not match the data[26]. Achler et al. [27] later reexamined the experiment and found that it
closely matched the CCC predictions. The He double ionization via impact electron (which
also called (e,2e) process) was then modeled using the CCC approach[28],[29]. The two-
photon double ionization of He was then expanded upon[30],[31]. As it turned out, these
theoretical predictions were spot-on with experimental results[32]. The theory HF was
recently used in study time-resolved atomic photoemission using the CCC technique. With
the development of new experimental techniques, the photoemission lag time, is now within
reach, as shown Dby the complicated ionization amplitude's phase[33],[34]. Current
experimental capabilities are limited to studying targets with a single active electron,
however, theoretical estimates for multiple targets have been produced. [35],[36]. Recent
work has examined the effects of the fundamental threshold rules on the photo detachment
time delay[37].

approach of CCC was created on the close-coupling method, which uses a collection of
well-known target-space states n(r2) to expand the whole e-H wavefunction yi @ (rt, r2)
(r1, r2) The Temkin-Poet model has the effect of making the problematic less dimensional
by changing the r coordinates from being vectors to scalars. In other words, the
scattering's angular dependency is disregarded. The target states

N
0w ) Cmeld ()
n=

Where £“4 ) because the hydrogen Hamiltonian is diagonalized to create the original
Laguerre-based CCC method [21], where n is a Laguerre origin with an exponential fall-
off factor.

A A A ,

In recent years [22], the eigenstate problem in a box has been used as a different
method of acquiring the desired states.
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for r < Ro, with ¢®? (0) = #®R? (Ro) = 0. By referring to the two sets of states
mentioned above as CCC-B ,CCC-L, one-to-one, we distinguish between the CCC

approaches.
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Fig. 1: Hydrogen excited-state energy levels in CCC-L (NI =30 -1, X = 1.84) calculations.
And CCC-B (Ro = 66a0).

The energy levels that can be acquired by means of Laguerre-based (CCC-L) or box-based
(CCC-B) calculations are shown in figure 1. The parameters mentioned were selected in a
way that suggests there is a lot of overlap between the two methodologies. Only the higher
energies vary from the low positive and negative energies, which are nearly the same for
completely 1.
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The time-dependent close-coupling method

Since these processes represent the most straightforward examples of quantal three-body
Coulomb breakdown difficulties, total cross sections of the single ionization electron-impact
of H [38,[39] and the double ionization photon-impact of He[40,[41] were first calculated
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using the time-dependent close-coupling method.. In light of the aforementioned temporal
evolution of a spatially isolated wave packet eliminates the need for spatial coherence as
pointed out by Bottcher[41]. looking for solutions of problems with the peculiarities of the
asymptotic shape of the wave function in position space and momentum space. The close-
coupling approach that depends on time is that similar to the packet wave solution which is
same closely connected set of partial differential equations as the Wang and Callaway's
approach of time-independent electron-atom scattering [42][43]. Lattice that was utilized to
calculate the cross-sections for the time-dependent close-coupling process suggested on Total
2D numerical as well as the differential electron impact cross-sections. Close coupling in
time on a 3D numerical lattice was used for the calculations. The double ionization electron-
impact cross sections for He and H ,triple ionization photon-impact of Li [44-46] is the four
body system Coulomb simplest. Separations. A 4D close-coupling time-dependent approach
Calculations for single ionization electron-impact of H*?, H, and double ionization photon-
impact of Hz [47-84] involving a field of nuclear non-spherical. Some non-perturbative
theories to calculate Accurately simulate atomic and molecular collisions. Several Quantal
three-body Coulomb breakup has numerical solutions. Used to compare with the data of
experimental. Close-coupling convergence [24] reviewed electron-helium scattering.. [49]
studied electron and photon atom collisions. R-matrix method processes molecular and
atomic collision [50-53] This paper reviews TDCC theory.

2. CONCLUSION

The Convergent close-coupling (CCC) technique and close-coupling time-dependent ways
which has been applied and developed successfully completed to a wide between collisions
between photons and electrons and molecules and atoms. In general, the results of scattering
produced agreement by using of Excellent scaling methods include close-coupling
convergent, close- connecting a pseudo-hyperspherical, R-matrix state, and an external
complex. For a variety of collision processes, non-perturbative approaches have been used to
effectively map the accuracy ranges of the more well-liked perturbative quantal and semi-
classical procedures. Non-perturbative techniques have also applied to the selection of
experimental results that are in contention and to the benchmarking of experimental
measures. In order to apply the time-dependent close-coupling technique to a range of atomic
and molecular collision events in the future, we are interested in refining it.
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